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Abstract

Objective: The prevalence of myopia is increasing aroundwied, stimulating interest in
methods to slow its progression. The primary jicgtifon for slowing myopia progression is to
reduce the risk of vision loss through sight-theeatg ocular pathology in later life. The paper
analyzes whether the potential benefits of slowmgpia progression by one diopter justify the
potential risks associated with treatments.

Methods: First, the known risks associated with various hods of myopia control are
summarized, with emphasis on contact lens wearedBas available data, the risk of visual
impairment and predicted years of visual impairmaetestimated for a range of incidence levels.
Next, the increased risk of potentially sight thes@ng conditions associated with different levels
of myopia are reviewed. Finally, a model of thé a$ visual impairment as a function of myopia
level is developed, and the years of visual impaiassociated with various levels of myopia and
the years of visual impairment that could be prés@mvith achievable levels of myopia control is
estimated.

Results: Assuming an incidence of microbial keratitis bedqwd. and 25 per 10,000 patient years
and that 15% of cases result in vision loss, lg¢adthe conclusion that between 38 and 945
patients need to be exposed to five years of wegoréduce 5 years of vison loss. Each
additional diopter of myopia is associated with78&% 20%, 21%, and 30% increase in the risk
of myopic maculopathy, open angle glaucoma, pastesubcapsular cataract, and retinal
detachment, respectively. The predicted mean ydarnsual impairment ranges from 4.42 in a —
3 D myope to 9.56 in a —8 D myope and a one diagiduction would lower these by 0.74 and

1.22 respectivelyConclusions: The potential benefits of myopia control outwetgk risks: the



23 number needed to treat to prevent 5 years of visophirment is between 4.1 and 6.8 while

24  fewer than 1 in 38 will experience a loss of visama result of myopia control.
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Introduction

There is compelling evidence that the prevalenceydpia is increasing around the world. The
global prevalence is projected to reach 50% by ybar 2050 in the absence of effective
intervention measurésThe rising prevalence of myopia is also accomphmig earlier onset,
which in turn leads to an increased risk of highopig®* Increased prevalence of myopia, in
particular high myopia, in turn is leading to ingsed visual impairment due to conditions
associated with myopfd’ Indeed, myopic maculopathy, also known as myopiacutar
degeneration, is an increasing cause of visual immeait® ® The onset of myopic maculopathy
is earlier than other major causes of visual impairt, occurring as early as the fifth decade of
life,’ so the years of impairment are commensuratelytgrethan later onset conditions,
including age-related macular degeneration (AMD):! In both Europe and China, visual
impairment from myopic maculopathy is more commabant visual loss from diabetic eye

diseasé?**

These factors have stimulated interest in methods$oww myopia progression, with a number of
therapies, including topical atropine, spectactesds, dual-focus contact lenses, multifocal soft
contact lenses, and overnight orthokeratology shgwelinically meaningful slowing of
: r’+5-18 ; : ; 9, 20

progressiont>*® The preferred method varies with country and byfgssion’ Regulatory
approval can also play a role, although the majaftmyopia control in the US is performed
off-label as only one device is approved for thiglication. The influence of behavioral
modifications, such as increased time outdoorsraddced screen time, on progression rate is

less cleaf! %?
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There are, however, varying opinions regarding ne/@ontrol. Advocates for myopia control
say that “it is unethical not to offer myopia canttrand some clinical trials have moved children
out of the placebo arm and into the treatment beatithe significant treatment benefits**In
contrast, some professional organizations suchhasCollege of Optometrists in the United
Kingdom express caution, stating that there is ‘@mdugh evidence to support the widespread
roll out of myopia control® In addition, some clinicians feel that the inceshpotential risk of
serious ocular infections argue against prescriborgact lenses to children. Other organizations
are paying attention to issues related to myopiatrob The American Academy of
Ophthalmology, for example, has published two Oalmtic Technology Assessments related to
myopia control in recent yeaf%,2” having previously reviewed the safety of one apphd® and
includes “Prevention of Myopia Progression” in Refractive Errors & Refractive Surgery

Preferred Practice Pattern.?®

In a thoughtful editorial, Modjtahedi and colleaguEmphasize the need to increase awareness
about the increasing prevalence of mydfidhey state that “creating models to accurately
stratify patient risk should be a significant fodos future research endeavors” and that “it is
essential for ophthalmologists to work with optonst$, who are frontline providers, to
determine a collaborative frame work and referrattggns to prevent myopic progression,
educate patients on the risks of myopia, and pradgtaddress associated pathology to serve

the best interest of our patients.”

Methodological Considerations in Risk-Benefit Analysis of Myopia Treatment

These varying perspectives point to the centralstjpre that this paper addresses; do the

potential benefits of reducing myopia progressioithwnterventions such contact lenses or

5
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pharmaceutical options justify the potential risissociated with those treatments? The primary
justification for reducing myopia progression isrémluce the risk of vision loss through sight-
threatening ocular pathology in later life. Therefanyopia is being managed because it is a risk
factor for visual impairment. The risk-benefit aygas of any treatment can be considered on a
population or an individual basis. Not every patwith a risk factor for a condition will develop
the condition, so a number of patients will be tieldto avoid one adverse outcome, be it onset of
disease or visual impairment. The parameter, numbeded to treat (NNT), is widely used in
health assessments, and is the reciprocal of tbelb risk reduction (ARR). For example, in
the Ocular Hypertension Treatment Study (OH¥She five-year cumulative probability of
developing glaucoma was 9.5% and 4.4% in untreateftreated patients, respectively. Thus,
the ARR is 5.1% (= 9.5 — 4.4) and the NNT is 1%61(+ 0.051). In other words, 20 patients
need to be treated for 5 years in order to prewaatcase of glaucoma. The ARR and NNT can
be balanced by the corresponding parameters; tauab risk increase (ARI), which is the risk
associated with complications of the treatment tiedhumber needed to harm (NNH), which is
the number of patients who need to be treatedderdo induce a single adverse event. NNH is

the reciprocal of ARI.

Slowing myopia progression by one diopter (D) cffére prospect of leaving a myope at -3 D
with treatment rather than —4 D, or achieving alfrefraction of —7 D with treatment rather than
—8 D. On the basis of existing data, both outcooftss potential benefits but the ARR is much
greater in high myopes due to the higher preval@icayopia-related vision impairment (and
the NNT lower) in higher myopes. While the NNT wideé greater in lower myopes, they far

outnumber higher myopes, even in populations witiga prevalencé.The values of NNT and



95

96

97

98

99

100

101

102

103

104

105
106

107

108

109

110

111

112

113

114

115

116
117

118

ARR are a function of the effectiveness of a myadptarvention, irrespective of the treatment,
and the level of myopia at the start of treatmbntontrast, the values of NNH and ARI relate to
the specific method of treatment and are largefigjpendent of the level of myopia. Therefore,
the risk-benefit assessment of myopia treatmentt massider all these elements, i.e., the
effectiveness of an intervention in slowing down apia progression, the risk of vision
impairment associated with myopia, the level of pigp and the treatment-modality specific
risks. A final consideration is that complicatioofsmyopia treatment may occur many decades
before any myopia-associated visual loss, so thatidn in years of any treatment associated
complications affecting vision may greatly exceéé tduration of vision loss attributable to

myopia later in life.

In order to answer the central question of whetherbenefits of active myopia control justify
the risks, this review will first summarize the kwo risks associated with various methods of
myopia control, with an emphasis on contact lensarwBased on available data, the risk of
visual impairment and predicted years of visual ampent are estimated for a range of
incidence levels. Next, the increased risk of ptédlg sight threatening conditions associated
with different levels of myopia is reviewed. Fingla model of the risk of visual impairment as a
function of myopia level and age is developed, #rel years of visual impairment associated
with various degrees of myopia and the years afaligsnpairment that could be prevented with

achievable levels of myopia control is estimated.

Risks and Side Effects of Myopia Control

At the time of this review, there are three commgarded myopia control therapies—spectacles,

atropine, and contact lenses.
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Spectacles

Myopia control with spectacles has a 60-year hystoncluding bifocals?>* progressive
addition lensed>3" and, most recently, novel optical desighim the United States, children are
prescribed polycarbonate spectacle lenses and ithienah physical risks associated with these
devices are not increased by the incorporation ohudtifocal correction or other designs.
Spectacle wear is associated with bicycle crasheshildren, although there is no association
between myopia or habitual visual acuity and bieymlashed’ The study authors thus attribute
the increased risk to a “decrement in the perighasaal field, thus reducing rider awareness of
oncoming vehicles and road obstacles.” Of courseaecting myopia and eliminating blurred
vision has its own benefits. Some spectacle basgapia treatments, incorporating positive
dioptric power will be expected to have modest @feon peripheral vision and it is important
that this be quantifiet There is also evidence that in the elderly, muitl and bifocal
spectacles, can increase the risk of faif§.Progressive addition lens and bifocal wearers are

twice as likely to fall as non-multifocal wearéfsalthough there is no evidence that the same

risks apply in children, perhaps because theyyavelar such lenses.

Atropine

Atropine is an antimuscarinic agent that causesl plilption and loss of accommodation, even
in concentrations as low as 0.078%6* The associated symptoms of photophobia and ne&mvi
difficulties vary, as expected, with concentratidhis can be mitigated by photochromic lenses,
multifocals, or both. In the Atropine for the Trewmnt of Myopia 2 (ATOM2) study, among
children receiving 0.5%, 0.1%, and 0.01% atropif@%o, 61%, and 6%, requested combined

photochromic progressive addition spectacles, mtisady while the remainder chose single



143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

vision photochromic spectacl&sin the Low-Concentration Atropine for Myopia Pregsion
(LAMP) Study, the need for photochromic or progressaddition lenses did not vary with
atropine concentration among the over 400 childi@mdomized to 0.01%, 0.025%, 0.05%
atropine or placebd’ Between 30 and 40% children needed photochroméctaples in all
groups including the placebo. Furthermore, foutdtih needed progressive addition spectacles,
including one in the placebo group. The most commaular side effect in the aforementioned
clinical trials was allergic conjunctivitis whichcourred in 3 to 7% of children in each arm,
including those receiving placebo in the LAMP Stuglyggesting that the preservative or other

excipient in the solution may be the causative agen

With any topically applied drug, there is a risksystemic absorption. The systemic effects of
atropine are well documented and include drynesskiof, mouth and throat due to decreased
mucous membrane secretion, restlessness, irritalmli delirium due to CNS stimulation,
tachycardia, and flushed facial skin due to its-selective antimuscarinic properti€sin spite

f- 44 46 and for

of atropine’s use in a large number of clinicalalsi for myopia contrd
penalization therapy for amblyopi&>® involving hundreds of children there have been no

reports of systemic adverse events related toabpicopine.

The Ophthalmic Technology Assessment on Atropimeglfe Prevention of Myopia Progression
in Children by the American Academy of Ophthalmgiatpes not list any safety conceffis.

The review does not discuss the risks associatédimgrease retinal light levels and AMD with
atropine-induced mydriasis, but this remains aritézal possibility, although the dilation with

low concentrations is modest, along with its impactany long-term cumulative dose, and may
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be offset by sunglasses. This theoretical riskagly mitigated by the fact that myopia is a
protective risk factor for AMD. >3 possibly by the reduced light flux density thaguis from a
longer eye? There are also potential concerns from prematreshyopia induced by prolonged
partial cycloplegia, but we are only aware of am¢aldreports. A seven-year review of atropine
in Taiwan, where atropine has been used for sede@ddes, did not include any data on side
effects® This is clearly an area where further data areired. In summary, the risk of vision
loss associated with topical atropine, particuldohyer concentrations would appear to be very
low, but the prescription of photochromic spectadade soft contact lenses may be required at

higher concentrations.

Soft Contact Lenses

The complications associated with soft contact lemesr have been well documented. Non-
infectious inflammatory events may involve the @anconjunctiva, and periorbital tissues.
Those affecting the cornea are collectively ternmedneal infiltrative events and include
infiltrative keratitis, contact lens associated e3@, contact lens peripheral ulcers and occur at a
rates between 300 and 400 per 10,000 patient jreacdults>®>® These are not considered to be
sight-threatening and are managed by temporarggaditinuing contact lens wear, with the
possible addition of a topical prophylactic anttimoMicrobial keratitis is less common, with an
incidence of around 20 per 10,000 patient yearadimts wearing lenses on an overnight basis
but only between 2 and 4 per 10,000 patient yearsldily-wear patients. Major studies of the
incidence of microbial keratitis associated witlft sontact lenses are summarized in Tabié 1.

% Regardless of the incidence, 15% or fewer of caesicrobial keratitis result in vision loss.

61, 64-66

10
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With respect to soft contact lenses for myopia @nthree important variables influence the
risk of corneal infiltrative events and microbiarktitis: storage, material, and patient age. First
many contact lenses designed for myopia controligh not all, are prescribed using a daily
disposable replacement schediil@he benefits of eliminating contact lens storageaarisk
factor cannot be understated. For example, Staplket@l. found that the risk of moderate and
severe microbial keratitis in daily wear contacisl@isers was increased 6.4 times by poor storage
case hygiene and 5.4 times by infrequent storage caeplacemefif. The authors note the
previously-reported associations between solutigpet and more severe disease for
Acanthamoeba and Fusarium kerafifi&° Again, these risks can be substantially reducet wi
daily disposable lenses. Second, contact lens rahtesin also affect the risk for corneal
infiltrative events. Over the past 20 years theas been a shift from traditional hydrogel
materials towards silicone hydrogel materials whimiovide higher oxygen transmissitn.
Silicone hydrogels may increase the risk of cormefdtrative events, but the broad benefits of

these lenses outweigh this risk for many patiénts.

Third, age is a significant, but non-linear riskcttar for contact lens-related adverse events. A
retrospective, observational study evaluated thle factors that interrupt soft contact lens wear
among children, teenagers, and young adllhe authors reported 187 corneal infiltrative
events in 3,549 patients for 14,305 visits observr663 soft contact lens years including an
average of 20 months of soft contact lens wear,04L patients under the age of 18 years. The
corneal infiltrative events included 8 cases ofrofal keratitis, 110 of infiltrative keratitis, 41
contact lens peripheral ulcers (CLPUSs), 14 conkags-induced acute red eye (CLARE) with

infiltrates, and 13 CLARE without infiltrates. Thisk of a corneal infiltrative event increased in a

11
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nonlinear fashion up to age 21 and then decreagtdthe peak years at risk from age 15 to 25

years.

Figure 1 replots the published data on cornedltiafive events in terms of incidence (cases per
10,000 patient years of weaf).The figure demonstrates the marked lower rate asheal
infiltrative events in patients 8 to 12 years o®¥ (per 10,000 patient years, 95% CI, 31-235)
than in patients 13 to 17 years old (335 per 10,080ent years, 95% CI, 248-443). The
incidence of microbial keratitis per 10,000 patigaars varied dramatically with age group: 0
(95% CI, 0-70) in 8- to 12-year olds, 15 (95% CG#48) in the 13- to 17-year olds, 33 (95% CI,

12-73) in the 18- to 25-year olds, and 7 (95% CI-87) in the 26- to 33-year olds.

The low rate of corneal infiltrative events in gatis 8 to 12 years old from the above
retrospective study of soft contact lens wear ippsuted by prospective studies. Bullimore
reviewed data from nine prospective studies reptasg 1,800 patient years of wear in 7- to 19-
year-olds’® The majority of the studies were at least one yreaturation, fit children as young
as 8 years, and represented over 150 patient $&f&?Pooling data across the nine studies, 14
corneal infiltrative events were reported repreisgnan incidence of 78 per 10,000 patient years
(95% CI, 44-127). None of the studies reportedaases of microbial keratitis, giving a 95% CI
of 0 to 21 per 10,000 patient years. A subsequetndspective review of over 800 patient years
of wear in children also found no cases of micrbkéatitis® although a recent clinical trial of

nearly 900 patient years of wear in children regabxne “presumed case.”

12
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In summary, the incidence of corneal infiltrativeeets and microbial keratitis in children 12
years and younger—in whom myopia control is likedybe initiated—is no higher than that
observed in adults and may be lo®&f° The peak complication rate at 18-25 years suggests
that behavioral and lifestyle factors may have gnificant influencé’ For 8—12-year-olds,
parents are more likely to be involved in lens cHris also possible that young children wearing
contact lenses are a pre-selected group, becaageath likely to wear them responsibly. If
contact lenses were worn by a higher proportioa,ltiw complication rate could conceivably

increase.

Overnight Orthokeratology

While the incidence of adverse events associatddseit contact lenses is well established, data
for overnight orthokeratology are scarce. Evenangé-scale epidemiological studies, where all
lens types were considered, no cases of microleghtitis in orthokeratology wearers are
reported®® Of course, this reflects the relatively small mujon of patients wearing this
particular modality, rather than a low level otkrisslobally, orthokeratology represented 28% of
all rigid contact lenses prescribed among minotsvéen 2005 to 200%. In the US,all rigid
lenses account for around 10% of all contact lemdeke patients 15 years and under account for
only 11% of lens fits! Recent data suggest a steady, but small, incieasethokeratology
fitting through 2017, but only represents around ¥oall contact lens fits, with large
geographical variatiors. Studies of the incidence of microbial keratitis@sated with contact
lenses typically accrue cases from hospitals ahdrdertiary care settings and are unlikely to
identify cases associated with overnight orthokeogly due to limited exposure, rather than the

underlying risk. Beginning in 2001, case series ea&kE reports of microbial keratitis associated
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with overnight orthokeratology began to appearhe literature. The first 50 published cases

were summarized in a 2005 pafemnd updated with total of 123 cases two years.Yate

In 2008, the American Academy of Ophthalmology mmii#d an Ophthalmic Technology
Assessment for on th@afety of Overnight Orthokeratology for Myopia.?® The main source of
adverse events was 38 case reports or noncomgac#se series, representing more than 100
cases of infectious keratitis. The report was umablowever, to identify the incidence of
complications associated with overnight orthokdogp, nor the risk factors for various

complications.

The only comprehensive estimate of the incidencemidrobial keratitis associated with
overnight orthokeratology comes from a retrospectitudy, mandated and approved by the US
Food and Drug Administration (FDAY.Two hundred randomly selected practitioners, ifieelt

by company and number of lens orders were askedotode details on fitting date, and patient
age at fitting, and follow-up duration for up to S@ndomly-selected lens orders. The
practitioners were also asked to provide compratensformation on any of these patients
experiencing an episode of painful red eye thatired a visit to a practitioner’s office. Patients
treated by another practitioner or with less thaalte months of documented follow-up were
mailed a questionnaire regarding months of lensrwesay adverse events and the name and
address of the treating practitioner. Data werenstibd by 86 practitioners on 1494 unique
patients. Limiting the sample to at least three therof wear from 2005 onwards resulted in
1,317 patients (49% adults 51% children) represgn®,599 patient years of wear. Of the 50

episodes of painful red eye identified, eight pneésé with a corneal infiltrate of which six were

14
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in children. Of these cases, two were judged tonbmobial keratitis by a five-person masked,
expert review panel and neither resulted in anygd@mm loss of visual acuity. The overall
incidence of microbial keratitis was 7.7 per 10,@@@ient years (95% CI, 0.9-27.8). Both cases

occurred in children giving an incidence of 14 p@y000 patient years (95% Cl, 1.7-50%).

In summary, the incidence of microbial keratitihildren wearing overnight orthokeratology is
similar to that reported for other overnight motiedi in adults, notably extended wear of soft

contact lenses (see Table 1).

Modelling Risk of Vision Loss Associated with Myopia Treatment

Given the above evidence, the risk of vision logghvepectacle lenses and atropine are
considered negligible, and it is assumed that th@ty of risk associated with myopia control
will occur with contact lenses. The incidence otrabial keratitis varies with contact lens wear
and all available estimates have some uncertamipdicated by the breadth of the confidence
intervals. Overnight orthokeratology in childrenrreas a risk similar to other overnight
modalities with the only estimate being 14 per 00,(patient years (95% ClI, 1.7-58).
Conversely, daily soft lens wear in children appetar be at least as safe as in adults; daily
disposable lenses may further mitigate the $iskhus, in evaluating vision loss associated with

contact lens wear, a range of incidence shouldhbsidered.

The above summary of the risks associated with myopntrol expresses the data in terms of
incidence. These data must be interpreted in tefmgears of visual impairment associated with

said risk. In order to estimate years of visualampent, the following assumptions were made:
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» 15% of all cases of microbial keratitis result iisual impairment (two lines of visual
acuity or more) as this is the most conservativienese®®

» Each myopia control patient is exposed to 5 yearotact lens wear during the period
of myopia control and the risk is constant oves time. Five years was chosen so that 1-
diopter of control could be reasonably anticipated.

* Any serious adverse event occurs during this fiearyperiod of wear, at a mean age of
12 years.

* Mean life expectancy is 82 years (https://www.mldstarg), so each adverse event

causing immediate vision impairment results in 7€arg lived with this vision

impairment.

Table 2 displays the years of vision loss for thHeeels of risk, expressed as annual incidence
per 10,000 patients. The incidence values are dieigho span the range reported in the literature
from daily wear (1 per 10,000) to overnight weas (&r 10,0005> For example, the incidence
of microbial keratitis with daily-disposable so#inses could be assumed to be 1 per 10,000
patient years of wedr.The incidence of vision loss due to microbial kiisais then estimated

to be 0.15 per 10,000 patient years of wear, beg frears of exposure would result in a
cumulative incidence of vision loss of 0.75 per0DD, patients (= 5 x 0.15). Finally, this vision
loss is experienced for 70 years yielding a valug3oyears of vision loss per 10,000 patients (=
70 x 0.75). The years of vision loss are propostely higher for incidence values of 5 and 25
per 10,000 patient years, the latter representiegupper limits for overnight orthokeratology.
The effect of increasing exposure is easily catedlae.g., for 10 years of exposure the

cumulative incidence of vision loss and the nuntifeyears of vision loss would be twice that
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for five years of exposure. Likewise, using an decice of 50—the upper 95% limit for

overnight orthokeratology in childr&—the values in the final column would be doubled.

The NNH for one and five years of visual impairmarng also shown in Table 2. For example,
38 patients would have to wear contact lenses witimedium risk of microbial keratitis
(incidence =5 per 10,000 patient years) for fieang to result in one year of visual impairment.

Likewise, 190 patients would have to wear thenesult in five years of visual impairment.

The Potential Benefits of Myopia Control

Bullimore and Brennan recently summarized the hnef lowering levels of myopi&: These
include better uncorrected and corrected visualtgcimproved vision-related quality of life,
and reduced dependence on correction. Likewiseyapenis likely to consider refractive surgery
to correct their refractive error once they readhlood. In this regard, the lower the level of
myopia, the higher the likelihood of minimal residlurefractive error, leading to better
postoperative uncorrected visual acuity and fewercosdary surgical enhancements.
Furthermore, postoperative visual quality is poangpatients with higher levels of preoperative
myopia® Finally, higher myopia, thinner corneas, or bathn make them poor candidates for
LASIK due to the increased risk for postoperativeneal ectasf4 and alternative procedures
may be needed. In spite of these visual and réfeattenefits of lower levels of myopia, the
greatest benefit of lower levels of myopia is auel risk of blinding eye disease. The
following sections briefly review the associatioretlween level of myopia and myopic
maculopathy, cataract, retinal detachment and glaac The reader is also referred to the recent

comprehensive review by Haarman et al.
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351

352 Myopia and the Risk of Myopic Maculopathy

353 There have been a number of large population-basedies of the prevalence of myopic
354 maculopathy in older patients. Bullimore and Bremhaummarized data from five that present
355 the prevalence as a function of level of myopiaahular or graphical forf.*°* Figure 2A
356 shows the prevalence of myopic maculopathy as etifum of degree of myopia for these five
357 studies. Data are taken directly from each pubboatdigitizing figures to extract values when
358 necessary” *®*Where prevalence was presented with data for saafymyopia, the midpoint of
359 each range was used. The highest level of myopgoften defined without an upper limit, so
360 these data are not shown. In all studies, the fgega of myopic maculopathy increases
361 exponentially at higher levels of myopia. Figure 2Bplots the prevalence of myopic
362 maculopathy on a logarithmic scale. This resultsaamapparent linear relationship, with all
363 studies showing a similar trajectory.

364

365 Since publication of the above data, four more respof the relation between myopia level and

366 the prevalence of myopic maculopathy have beenigheall%'%

plus a fifth that does not
367 contain sufficient categorié§® All available studies are summarized in Table 8 agpresent
368 data from over 10,000 myopes. The definition of pigovaries among studies, with two limited
369 to high myopia. Likewise, the definition of myopigaculopathy varies slightly among studies
370 with data for “macular complications” used from dffeLinear regression was performed on
371 each dataset and the results displayed in Tabla&slope of log(prevalence) per diopter ranges

372 from 0.095 to 0.271. Taking the antilog of thes®sk gives the ratio of prevalence to diopter—

373 arange of 1.24x to 1.87x with a crude average. 58X Expressed as a percentage, each diopter
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of myopia increases the prevalence of myopic maaityy by 58%. Restated, controlling
myopia progression such that a patient's refracéu®r is lower by 1 D should reduce the
likelihood of them developing myopic maculopathy 826 (= 1 — 1/1.58). Furthermore, given
the apparent constant slope of the data in FigBrettls treatment benefit is constant across a
range of myopia severities. Thus, while the ovaiak of myopic maculopathy is higher in a -6
D myope than in a -3 D myope, slowing progressipri D during childhood should lower the

risk by 37% in both.

Myopia and the Risk of Other Ophthalmic Diseases

Cataract

Myopia is associated with other eye diseases. Véitipect to cataract, the association between
myopia and posterior subcapsular (PSC) cataratheésmost robust’ A few studies have
reported the prevalence of PSC at different degafesyopia (Table 43 The same
methodology as described in the previous sectiosn wead to determine the relation. The slope
of log(prevalence) per diopter ranges from 0.01@.1®3. Converting to a ratio of prevalence to
diopters of myopia shows a range of 1.02x to 1 Mfik a crude average of 1.21x. Thus, each
diopter of myopia increases the prevalence of P&Gract by 21%. While not directly
comparable, Pan et al. reported that each diopteyopia increases the odds of PSC cataract by
1.14x in a sample of 5,474 Singaporean Maf8y&or cortical cataract, three of the studies in
Table 4 show ratios of prevalence to diopter betw@86x and 1.01x while one shows a ratio of
1.16x* These same four studies show no relation betwegnedeof myopia and nuclear
cataract. The ratio of prevalence to diopters obpmy ranges from 0.95x to 0.99x with a crude

average of 0.97x. It is important to note that matydies do show a relation between any
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myopia and nuclear catard€f. Unfortunately, this relation is confounded by tgopic shift
associated with nuclear cataract. Studies that naasured the ocular components find that

nuclear cataract is associated with myopia, butittt axial length or its surrogaté¥: 108 112

Retinal Detachment

The association between retinal detachment and iayspwell established. While the global
incidence of retinal detachment has been estimate@.01% per yedr- three case-control
studies allow quantification of the relation betwemyopia level and incidence of retinal
detachment (Table 3}*'* Other studies are listed that have based estinsétie® relation on
their cases of retinal detachment and publishethats of the distribution of refractive errdr.
117 118The data from the most recent sttidywere combined with recent estimates of myopia
prevalence in the United Kingddffl to derive the relation. The slope of log(incidenper
diopter ranges from 0.096 to 0.173. Converting t@ato of incidence to diopters of myopia
shows a range of 1.15x to 1.49x with a crude awe@gl.30x. Thus, each diopter of myopia

increases the incidence of retinal detachment B%.30

Glaucoma

Individuals with myopia have around twice the risk developing open angle glaucoma
compared with those without myopia. A meta-analydfieight large studies estimated odds
ratios of 2.46 (95% ClI, 1.93-3.15) and 1.77 (95%1C11-2.23) for myopia above and below -3
D, respectively?* Table 6 summarizes data from five studies thasepredata on prevalence of
open angle glaucoma for three or more levels ofpiat3**%' The slope of log(prevalence) per

diopter ranges from 0.045 to 0.096. Converting t@téo of prevalence to diopters of myopia
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shows a range of 1.09x to 1.39x with a crude awe@gl.20x. Thus, each diopter of myopia
increases the prevalence of open angle glaucon2D¥%y Longer axial length is independently
associated with an increased prevalence of opele afigucoma?® *°Kuzin et al. estimated
that each millimeter longer axial length was assted with a 26% higher prevalen@ While

the association between degree of myopia and mes@l of open angle glaucoma appears
robust, there appears to be little or no relatigngletween myopia and rate of progression of
glaucoma? ' although higher myopes may have more severe dis@a present diagnostic

challenges.

Myopia and the Risk of Visual Impairment

Myopic maculopathy is associated with poorer viaality®” *°*Vongphanit et al. reported that
39% of 67 eyes with myopic maculopathy had visoglairment, based on a definition of 20/40
or worse?’ Wong et al. reported that among 119 study pasitip identified as having myopic
maculopathy, 26 (21.8%) had visual impairment inledst one eye, based on the same
criterion’? Finally, Gao et al. report that visual impairmewmas present in 10 participants
(17.5%) based on the better eye, and using theriorit of worse than 20/68.While most of
these studies, and the others in Table 3, pretedmternational photographic classification and
grading system for myopic maculopatfi§ the criteria used to define myopic maculopathy are
broadly similar. Category 2 (diffuse chorioretir@rophy), Category 3 (patchy chorioretinal
atrophy), Category 4: (macular atrophy) or onehaf tplus” features: lacquer cracks, myopic
choroidal neovascularization, and Fuchs spot. @ayed (tessellated fundus) is not usually
considered to represent myopic maculopathy asnbisassociated with vision loss. The risk of

vision loss is also dependent on age, refracti@ @nd myopic maculopathy category.
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Of course, any increase in the risk of visual impaint associated with myopia will be due to a
range of diseases including myopic maculopaBiyen that multiple myopia-associated diseases
can lead to visual impairment, the relevant paramet the cumulative risk of all myopia
associated pathologies. A few studies report visnphirment from all causes as a function of
level of myopia®® % 133 134Among these, Tideman et al. published the mostpcehensive
data on visual impairment and myopia, analyzingadabm 15,404 adults (mean age 61+11
years) in whom refractive error and visual acuiag tbeen measurétf In their Figure 2, they
plot the cumulative risk of visual impairment agiaction of age for five levels of myopia for a
criterion of 20/67 (0.3 decimal acuity). Their gnapras digitized, and the cumulative risk of
visual impairment is replotted as a function of migolevel for five ages in Figure 3. The
midpoint of each refractive error range was usedl arvalue of —16 D chosen for the highest
range. The data show a clear exponential trendl aigas, a feature that is emphasized by
plotting them on a logarithmic scale. On the lodpmic scale, all ages follow a similar, near
parallel trajectory. The best-fit slopes of theseed (not shown) range from 1.24 to 1.31x
indicating that the cumulative risk of visual impaent increases by between 24 and 31% per

diopter of myopia across a broad age range.

From the values in Figure 3, the odds of visualdmpent were calculated using a reference
prevalence of 1.26%. This reference was calculated the distribution of visual acuity among
the four population-based cohorts used by Tidemah eexcluding the case-control study (their
Table 1)"** Figure 4 shows the lggpdds ratio of visual impairment as a function of dar five
levels of myopia. Multiple linear regression wagdiso estimate lagodds ratio as a function of

age and refractive error. The equation for begsefiression line shown in Figure 4 is:
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Logi00dds Ratio for Visual Impairment = 0.057Age — 0R22- 4.03
Thus:
Cumulative Odds of Visual Impairment =(Qgp7Age ~0-122Rx~4.03)

Note that the coefficients show that the impacbieé diopter of myopia is around twice that of

one year of aging.

Using this equation, the age-related cumulativk ofvisual impairment can be modeled for
different myopia levels. Figure 5 shows the cumwatisk of visual impairment as a function of
age for seven levels of myopia and two differerftnitons of visual impairment. On the left is

the model for the criterion for visual impairmersied in the original dat¥ (worse than 20/67 or

6/20) which is similar to the WHO'’s ICD-11 defirati of moderate visual impairment (worse
than 20/60 or 6/18). The model on the right istfer US definition of visual impairment (worse
than 20/40) which is also the WHO'’s ICD-11 definitiof mild visual impairment. These were
calculated using the above equations for the oddgsoal impairment but using an overall
prevalence of 3.63%. This value was again calcdl&tem the visual acuity distribution among
the four population-based cohorts used by Tidemah eexcluding the case-control study (their

Table 1)*** As would be expected both sets of curves follasiganoidal pattern.

In order to further assess the impact of age angprayon the visual impairment for individuals
and the population, the above functions were coetbiwith life expectancy data for the US

population (https://www.mortality.org) to estimates number of visually impaired persons per

10,000 births as a function of age and myopia.mMp$é combination of the functions results is a
series of asymmetric bell curves shown in Figur&l& peak of the distribution shifts from 86

years for —2 D of myopia to 81 years for —8 D, #mereafter decreases by approximately one
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year for each additional diopter of myopia up t&-El (not shown). The presence of an earlier
peak in higher myopes than in lower myopes refldutsearlier onset of myopia-related retinal
complication$®™ than conditions where myopia is not a risk factod may be protective, i.e.,
AMD and diabetic retinopathy?> Beyond the peak, the influence of mortality outyhei the
increased risk of visual impairment, resulting istaadily decreasing probability of living with

visual impairment.

The mean number of years of visual impairment eepeed by a patient over their lifetime may
be estimated by simply integrating the area undeh e&urve. For example, a =3 D myope will
experience an average of 4.42 years of visual imqgait (US definition and WHO definition of

moderate visual impairment), whereas a —8 D myojk experience 9.56 years of visual

impairment. These data are summarized in Tablaiith&more, the benefit of slowing myopia
progression by one diopter of myopia can be caledlas the difference in years of visual
impairment (Table 7). Controlling myopia such tlaapatient destined to be a —3 D myope
instead ends up as a —2 D myope should preventerage of 0.84 years of visual impairment
(= 5.25 — 4.42). Likewise, one diopter of myopiantzol such that, ultimately, a -8 D myope is

instead a —7 D myope would save 1.22 years of visymirment (= 9.56 — 8.35).

Table 7 also shows the number of patients needécdabd (NNT)—the number slowed by one
diopter—to prevent five years of visual impairmdfdr —3 D of myopia the NNT is 6.75, while
for -8 D of myopia the NNT is 4.11. Finally, thedtetion in myopia needed to prevent one year
of visual impairment in a given patient can bereated. For —3 D of myopia a 1.38-D reduction

is needed, but for -8 D of myopia, only a 0.82-Ouion is required. To put these figures in
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context, the NNT for preventing one nonfatal hedtack in asymptomatic adults 40 years or

older with statin medications is 217, and the NN Ptevent one nonfatal stroke, 3£3.

The corresponding data for the WHO definition ofdate visual impairment are shown in
Table 8. Both the mean years of visual impairmeiat the years of visual impairment prevented
by a 1 diopter reduction in myopia are smaller tfarthe US definition. Likewise, the NNT to

prevent one year of visual impairment and the reédnén myopia needed to prevent one year of

visual impairment are higher.

Comparing the Risks and Benefits of Myopia Control

The above model shows the potential benefit of Blgunyopia progression such that a patient
ends up with one diopter less than their origieélactive trajectory. Recent randomized clinical
trials suggest that one diopter of myopia contsohchievable given that a 0.73 D reduction in
progression was achieved with three years of treatwith a daily-disposable soft contact lens
incorporating a dual-focus optical desffna 0.71 D reduction with three years of executive
bifocal spectacle wedr,and a 0.82 D reduction with two years of 1% ameptherapy® While
few studies have reported myopia control on pati¢rtyond 3 years® **’the above results

suggest that one diopter is feasible, but would tgkto five years of treatmetit.

The above model predicts that one diopter of myepiarol can prevent between 0.74 and 1.22
years (9 to 15 months) of visual impairment for pigolevels between —3 and —8 D. Referring
back to the years of visual impairment that mightassociated with five years of contact lens
wear (Table 2), the range corresponding to theigludd range of incidence levels of microbial

keratitis is between 53 and 1,312 years of visuglairment per 10,000 patients. This represents
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a range of 0.0053 to 0.1312 years per patient. THaids to the reasonable conclusion that the
benefits of myopia control far outweigh the riskgtte five years of contact lens wear required
to achieve this one diopter of control. Another waycompare risk and benefit is using NNH
and NNT. For the range of values in Table 2 the NfdHfive years of visual impairment is
between 38 and 945. In other words, even for thbdst incidence of microbial keratitis (25 per
10,000 years), 38 patients would need to be expmsiediuce five years of visual impairment. In
contrast, only 4.11 to 6.75 patients would neetawe their ultimate myopia level reduced by
one diopter to prevent five years of visual impann For the level of risk that might be
expected for myopia control using daily disposataetact lenses, (1 per 10,000 years) the
NNH outweighs the NNT by a ratio of 140 for a —3nyope (=945/6.75) and 230 for a -8 D
myope (=945/4.11). Thus, for therapies that caowy fisk, the benefits are compelling, but for
smaller amounts of myopia control, or higher levdlsisk, the benefits are still meaningful. For
example, slowing myopia by 0.50 D—equivalent tonshy axial elongation by 0.18 nif—
would still lower the risk of myopic maculopathy B9% and, on average, prevent six months of

visual impairment.

This comparison reflects conservative estimateshef total treatment benefit from myopia
control derived from current methods of managemefhe benefits would scale up if a greater
level of myopia control could be achieved, espécifr higher myopes. For example, the data
in Table 7 can be used to calculate the beneftdiopters of control in a patient destined to be
a —7 D myope (8.35 — 6.19 = 2.16 years of visuglaimment) or 3-diopters of slowing in a
patient who would otherwise end up at -6 D myop27— 4.42 = 2.8 years of visual

impairment).
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An important consideration is that values for vismgpairment associated with myopia are for
bilateral impairment (tables 7 and 8), whereaseftenates of vision loss associated with contact
lens wear in Table 2 are monocular and correspongites based on two lines loss of visual
acuity® Bilateral cases of contact lens-related microkéhtitis are rare. For example, among
the 367 cases reported by Dart et al., only one bilaseral®® Even in large case series of
acanthamoeba keratitis bilateral infection occursonly 5 of 183%*° and 3 of 154 case€’
Furthermore, while some cases of vision loss dueotdact lens-associated infections require
corneal transplants, less severe cases might beiossed with rigid contact lenses or
phototherapeutic keratectori{: **? In summary, the binocular visual impairment assiec
with contact lenses is far lower than the binocuweual impairment associated with each
additional diopter of myopia. Of course, a patietio has reduced vision in one eye is then at
greater risk of bilateral visual impairment throogh the rest of their life as a result of other

cause¥” and the loss of binocularity could impact futuseeer choices and quality of life.

Limitations of Model

A number of assumptions are required to produceodeinof risk/benefit from myopia control
and the accuracy of such a model is dependenteralidity of these assumptions. Our model
of visual impairment and myopia uses some intetprlaegarding age as only data through 75
years were available. It is possible that relatmtween myopia and visual impairment is
different at older ages, for example, the prevadesicage-related macular degeneration is lower
in myopes-* The rising worldwide prevalence of myopia is lemdto secular trends. A large
population-based Japanese study reported that geeadjusted prevalence of myopic

maculopathy doubled in a decdteikewise, there has been a 44% increase in tHdence of

27



585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

retinal detachment in the Netherlands over a 7-pesiod that the authors attribute to myopia,

although this is a small contributor to visual irmpaent!**

A similar increase was previously
reported in Scotlantf®> The inclusion of both age and myopia level in thedel of visual

impairment should make it relatively robust movifogvard.

The assessment of vision loss associated with coletas wear assumes that the risk is constant
over time and independent of refractive error. Asndnstrated in Figure 1, the incidence of
contact lens-related adverse events increasesildeeahbecome teenagetspresumably due to
engaging in behavior likely to increase the risladferse evenf.Likewise, higher myopes are
more likely to engage in risky behavior relatedteir contact lense’$® 4’ A value of 15% for
the proportion of cases of microbial keratitis vedi®sen, based on the two lines loss of visual
acuity®® ® Other studies have reported rates of 4% for @rit of 20/40 or wor$é and 5%
based on 20/70 or wor§eThe calculations in Table 2 are all linear, so ¢ffect of replacing
0.15 with a different value is easily calculatedir@odel of visual impairment associated with
contact lens assumes that the design of the lezs miat play a role and that the increased risk is
due to increased exposure. Intuitively, those amttid years of wear would occur when the child

is younger and their myopia relatively low.

The current model assumes a fixed treatment effgbt myopia control. While the efficacy of
these technologies show a reduction in subsequeansyof treatmerit a more sophisticated
model or simulation could explore variations iratraent duration, treatment effect, or both. The
model also uses data from only one paper repopiagominantly white Europeans, although a

recent clinic-based French study of nearly 200,08@pic adults show a similar relationship
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between myopia level and visual impairm&htBoth studies include all causes of visual
impairment and thus account for age-related ine®as AMD and the potentially protective
effect of myopia. It will be important to extencetie results to other populations as data become
available, particularly Asians where the prevaleatenyopia is higher. It should be noted that
the prevalence of visual impairment in this Dutapgplatiort*® is lower than other comparable

populations-#®- 10

Recent comprehensive reviews of the efficacy of piyeontrol are availabf¥; ** **put long-
term data on myopia control and whether the benefie sustained are scarce. Few published
studies are longer than three years in durationth®f26 studies considered by Brennan et al.,
only four exceed two years and the majority of repin the literature are one year in durafion.

C;E#,G, 137, 152and caution must

Likewise few studies demonstrate more than 1 Dedtiment effe
be exercised when extrapolating the findings oft&hauration trials, as slowing of progression
in the first year of treatment is greater thantuibsequent years.Nonetheless, a recent report of

the only FDA-approved myopia control device demiaist a six-year 0.53 mm slowing of axial

elongation, which in dioptric terms approaches D56

The extent to which benefits are sustained onedrrent is withdrawn is not settled. Dramatic
post-treatment acceleration, or rebound, has begorted with 1% atropine, but does not seem
to occur with spectacte or soft contact lens therapi€s*>*Nonetheless, some level of rebound
should be assumed until proven otherwis&he choice of treatment will be ultimately be
determined by a discussion among practitioner,pasnd patient, but influenced by regional

practice patterns and scope of practice.
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The use of NNT and their comparison with NNH is heyond reproactt***°NNTs vary with
baseline or event rate and a NNT without the treatrperiod and follow-up period is difficult to
interpret. For these reasons, a range of rategsaflvimpairment was explorgdvith care to
specify the duration of treatment and calculatesy/diging with any impairment. Comparisons
between different outcomes, for example, risks afrabial keratitis in contact lens wear with
risk of vision impairment due to increasing myopizuld also be criticizet’ In contrast, the
analyses express both NNH and NNT in a single oyetyears of visual impairment. A further
valid criticism of the presentation of NNH and NWsTthe absence of confidence intervals. The
naive approach to calculating a confidence intef@aNNT is by inverting the limits for ARR,
but this does not yield a valid interval. Our afmio has been to explore a range of underlying
assumptions and present data for a range of riskdanefits. Finally, the analysis assumes that
all years of visual impairment are created equhictvmay or not be valid. For example, visual
impairment earlier in life may impact earning pdighand comparing this with later-onset

visual impairment where comorbidities may exist isomplex problent®

Finally, this is not a cost-benefit analysis antufe work should consider the cost associated
with myopia control, including those associatedhvétiverse events, along the potential savings
associated with any reduction in ocular morbidilyonetheless, some brief comment is
warranted. First, there have been few attemptstimate the costs of visual impairment. Frick et
al**® used Medical Expenditure Panel Survey data tenesti the effect of visual impairment

with total medical expenditures, components of exigeres, days of informal care received

(direct costs), and health utility (indirect coséshong patients 40 years and older in the United
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States. The direct costs of visual impairment {itilial excess medical expenditures) were
estimated to be $1,037 (for 2004). Adjusted for2QRis is $1,446. For indirect costs, Frick et
al. assumed visual impairment corresponds to adb8905 quality-adjusted life years (QALYS)
and use a “common but arbitrary value for a QALYte US of $50,000” resulting in $2,560
Adjusted for 2020 gives $3,779. Frick et al. ackhealge that their estimate of the economic
impact is limited, because it does not include pmitity loss™>® Furthermore, all estimates can
vary dramatically with the underlying assumptioRer example, other authors apply an upper

limit of $100,000 per QALY and consider the diffece between 20/20 and 20/40 to represent

0.12 QALYs™®

The costs associated with myopia control are disdlenging to estimate. At the time of writing
only one device or drug is FDA-approved for myogaatrol in the US and was only launched in
the past year, although it has been available herotountries for some years. Analyses would
need to include costs of drugs or lenses, but thesencremental as the child will already be
wearing spectacles or contact lenses. The cosdditienal office visits and measurements,
including axial length will also need to be incorgied. All these costs will vary across

countries.

The cost to families of myopia control when thaatment is not generally covered by vision or
medical insurance may mean that the preventionlawisg of myopia to reduce the risk of

visual impairment later in life may be at the exgemf other medical conditions, such as oral
care’® This can potentially exacerbate health dispariiiesunderserved communities as

highlighted in a recent Prevent Blindness reposttipularly minority communities®? The
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supplemental material in the recently publishedorepof the American Academy of
Ophthalmology Task Force on Myopi&,includes a number of goals, including “Encouraging
government and commercial insurers to cover myogidrol as part of their medical and vision
benefits would further expand the interventionsilabée to clinicians and might allay future
vision loss and costs associated with higher degoéemyopia. Health disparities in myopic
minority children in the United States are likety hle amplified unless insurance coverage for

myopia treatments is expanded.” We feel that aketiolders should consider this issue.

Finally, those at the greatest risk of developingcuoiopathy and visual impairment are those
with higher levels of myopi&* Likewise, our model shows that the greatest imtlial
reductions in visual impairment from myopia contaoé accrued in higher myopes. Given the
strong relation between age of onset and ultimewerity of myopid; * it is most important to
direct efforts at those children who develop myagiatively early. As Brennan et &lrecently
stated, “Because of the risks of complicationsrlatdife and our current inability to predict with
great accuracy those who go on to higher degreasyopia, this leads us to recommend that all

young myopes (say 12 years of age and below) deserve treated.”

One question that is currently unresolvable, is tiviethe observed associations of refractive
error and ocular disease are directly causal anetheh a reduction in myopia with treatment

will reduce the associated risks. Due to the 4thore-year delay between myopia treatment and
the increased risk of vision loss, this is a cmgleg question to address. One suggestion that
there is a causal relationship is the increasireyglence of myopic maculopathy associated

vision loss in countries that have experiencedbet rapid increases in myopia prevalence and
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severity such as China where myopic maculopathyrisas to become the leading cause of
vision impairment* ** Myopic maculopathy is also the leading cause aourctable visual

impairment among Chinese Americdfs.

Conclusion

In summary, we have reviewed the risks associatgd various myopia control therapies,
particularly contact lenses, and the predictedalisoss from five years for therapy. We have
examined the increased risk of ocular disease mtedcwith increasing levels of myopia and,
more importantly, the relation between visual impa&nt and myopia level. Finally, we compare
the potential benefits of reducing a patient’snodtte level of myopia by one diopter. Our model
suggests the potential benefits of myopia contuthweigh the risks: the number needed to treat
to prevent 5 years of visual impairment is betwdeh and 6.8 while fewer than 1 in 38 will

experience the same loss of vision as a resultyofpra control.
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Figure Legends

Figure 1.

The incidence of different inflammatory events ilwinog the cornea and iris as a function of
patient age. Data are replotted from Chalmers 2t GLARE = contact lens-induced acute

red eye, CLPU = contact lens peripheral ulcer.

Figure 2.
The prevalence of myopic maculopathy plotted witithblinear (left) and logarithmic (right)
scales, replotted from Bullimore and BrentfarThe logarithmic scale emphasizes the similar

trajectory of each data set, the additional ridoamted with each diopter.

Figure 3.
The cumulative risk of visual impairment as a fimetof level of myopia for five ages. The left
panel uses a linear scale, while the right panes aslogarithmic scale. Data are from Figure 2 of

Tideman et at**

Figure 4.
The logo odds of visual impairment as a function of levelnoyopia for five ages plotted a

logarithmic scale. Based on data from Tideman.&al

Figure 5.

Model of visual impairment as a function of agea(g for different levels of myopia and two

different definitions of visual impairment. Thetigfanel is™* (worse than 20/67 or 6/20) which

is similar to the WHO'’s ICD-11 definition of modéeavisual impairment (worse than 20/60 or
6/18), while the right panel is for the US defiaiti (worse than 20/40) which is also the WHO’s

ICD-11 definition of mild visual impairment.
Figure 6.

By combining the risk of visual impairment as adtion of age for different levels of myopia

with mortality data, the probability of a patienvihg with visual impairment (VI) can be
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determined. The mean number of years of visual imynt experienced by a patient over their

lifetime may be estimated by integrating the aneden each curve.
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Table 1. Incidence of microbial keratitis in adults assted with daily and regular overnight wear of soft
contact lenses. Two studies distinguish betweemndggl and silicone hydrogel soft contact lensedyatb
values are showit: ®® When available, the percentage of cases leadinggsimn loss is shown. Vision loss
is defined as two lines loss of visual actfit§’, 20/40 or wors®, or 20/70 or wors&

Incidence of microbial keratitis

Country of Study Y ear l;lfu(r:nak;; (per 10,000 years of wear) L:::i?r?gtt%g\e;iosf;alfss
Daily Wear  Overnight Wear

United State¥ 1989 137 4.1 20.9 —

Scotland® 1999 20 2.4 — —

Netherland® 1999 92 3.5 20.0 5%

Hong Kong? 2002 59 3.1 9.3

England® ® 2005 38 6.4/0.0 96.4/19.8 0%

Australig® 2008 244 1.9/11.9 19.5/25.4 15%

England® 2008 349 — — 4%




Table 2. Vision loss associated with three levels of a§knicrobial keratitis (MK). It is assumed that 15%cases
of microbial keratitis result in vision loss, thatposure is five years, and that any vision losxjserienced for 70

years after the event. All values are per 10,002 pts.

Variable Multiplier

Low Risk  Medium Risk  High Risk

Annual incidence of MK

Annual incidence of vision loss x 15%
Accumulated incidence of vision loss x 5 years
Years of vision loss accrued x 70 years
NNH for one year of vision loss 10,000/

years vision loss

NNH for five years of vision loss 5 x 10,000/
years vision loss

1 5 25
0.15 0.75 53.7
0.75 3.75 18.75
53 263 1,312
189 38 7.5
945 190 38

MK: microbial keratitis; NNH: number needed to harm



Table 3. Summary of studies of the relation betwdegree of myopia and the prevalence of myopic
maculopathy.

Age Range Myopes Slope Ratio of Increase Decrease
Population ?M ean)g N (definition)  (logPrevalence Prevalence per per
per Diopter) to Diopter  Diopter Diopter
o7 >49 603 0 )
Australid (66) 3583 1p 0.271 1.87x +87% —46%
Beijing, >40 1,191 0 -390,
China® (56+10) 4,319 (<-0.5 D) 0.213 1.63x +63% 39%
Chinese 11 e R A 0.192 156x  +56%  —-36%
Handan, >30 1,705 0 o
China? (52+12) 6,409 (<-0.5 D) 0.228 1.69x +69% —41%
Hisayama, >40 1,619 eyes 0 a0
Japai®® (63+11) 1,892 (<0 D) 0.199 1.58x +58% 37%
. 02 40 to 80 3,108 0 —200
Singaporé& (57+10) 8,716 (<-0.5D) 0.095 1.24x +24% 20%
Zhongshan, 40to 70 96 0 o
China® (22+12) 96 (<—6 D) 0.230 1.70x +70% —-41%
Francé® 60+ €-0.5D) 0.143 1.39x +39% —-28%
4 35t0 74 519 0 a0
Germany” (51+10) 519 . gp) 0.182 1.52x +52% 34%




Table 4. Summary of studies of the relation betwdegree of myopia and the prevalence of posterior
subcapsular cataract.

Ade Range Slope Ratio of Increase Decrease

Population ?M ean)g N Myopes (logPrevalence Prevalence per per
per Diopter) toDiopter  Diopter  Diopter

Beaver 43t0 84 0 0
Dam, US™ (61+11) 4,470 1,149 0.145 1.40x +40% -28%
(S:'h”iﬂigg{? 40t079 1,029 340 0.009 1.02x +2% ~2%
Salisbury, 65 to 84 5,040 0 510
USLo? (7315) oyes 736 eyes 0.103 1.27x +27% 21%
Singapore 401084 5o6e 1498 0.060 1.15x +15%  —13%

Indiart®® (59+10)




Table 5. Summary of studies of the relation betwdegree of myopia and the incidence of retinal
detachment.

Slope Ratio of Increase Decrease
Population Cases Controls (loglncidence  Incidence per per
per Diopter) toDiopter  Diopter  Diopter

Japan+ 1,166 11,671 0.113 1.30x +30% —23%
EDCCS, US® 253 1,138 0.110 1.29x +29% —22%
Chind*® 61 61 0.059 1.15 +15% -13%
Switzerland® 195 — 0.096 1.25x +25% —20%
England® 452 — 0.173 1.49x +49% -33%
lowa, US" 172 — 0.156 1.43x +43% -30%
Scotland™ 1,202 — 0.096 1.25x +25% —20%




Table 6. Summary of studies of the relation betwidegree of myopia and the prevalence of primannope
angle glaucoma.

Age Range Slope Ratio of Increase Decrease

Population ?M ean)g N Myopes  (logPrevalence Prevalence per per
per Diopter) toDiopter  Diopter  Diopter

India?2 4%(1’)90 5150 — 0.032 1.08x +8% —7%
Beijing**® 4((;(;211(%1 4,319 978 0.066 1.16x +16% —~14%
Bgﬁl\'ES' 40 and older 5,277 1,241 0.053 1.13x +13% —12%
Singapore 401084 S8 14908 0.144 1.39x +39%  —28%
Indian* (59+10)
South o o
Kored? 40 and older 13,433 2,986 0.082 1.21x +21% -17%
LKJaS“lSz?r’ 35(33312')‘1” 437,438 — 0.037 1.09x +9% —8%




Table 7. Mean lifetime years of visual impairment (VI) asgunction of level of myopia using the US defioiti of
20/40, which is WHO definition of mild visual impaient. Also shown are mean years of visual impaitme
prevented by a 1 D reduction in a patient’s ultienatvel of myopia, the number of patients neededetat (NNT) in
order to prevent 5 yead visual impairment, and the reduction in myopi&eded to prevent one year of visual
impairment.

MvopiaLevd Mean Years of Yearsof VI Number Needed to  Reduction Needed

y p(D) VI per Patient Prevented by 1 Treat to Prevent to Prevent One
P Diopter Reduction S5yearsof VI Year of VI (D)

-3 4.42 0.74 6.75 1.38

-4 5.25 0.84 5.97 1.22

-5 6.19 0.93 5.35 1.07

-6 7.22 1.03 4.85 0.97

-7 8.35 1.13 4.44 0.88

-8 9.56 1.22 4.11 0.82




Table 8. Mean lifetime years of visual impairment (VI) agunction of level of myopia using the WHO definit
of moderate visual impairment: 20/60. Also showe arean years of visual impairment prevented by @ 1
reduction in a patient’s ultimate level of myoptiae number of patients needed to treat (NNT) ireotd prevent 5
years of visual impairment, and the reduction iropig needed to prevent one year of visual impaitmen

MvopiaLevd Mean Years of Yearsof VI Number Needed to  Reduction Needed
y p(D) VI per Patient Prevented by 1 Treat to Prevent to Prevent One
P Diopter Reduction 5yearsof VI Year of VI (D)
-3 2.06 0.41 12.24 —
-4 2.55 0.49 10.29 2.33
-5 3.12 0.57 8.77 1.88
-6 3.78 0.66 7.58 1.58
-7 4.53 0.75 6.63 1.36

-8 5.39 0.85 5.87 1.18
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We consider whether the potential benefits of slowing myopic progression by one diopter justify
the potential risks associated with treatments, based on published data on risks and the relation

between visual impairment and myopia.



