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Prevalence and Risk Factors for Refractive Errors in
Adult Chinese in Singapore
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Sek Jin Chew,1,2 Gordon J. Johnson,4 and Steve K. L. Seah1

PURPOSE. To determine the epidemiology of refractive errors in an adult Chinese population in
Singapore.

METHODS. A disproportionate, stratified, clustered, random-sampling procedure was used to select
names of 2000 Chinese people aged 40 to 79 years from the 1996 Singapore electoral register in the
Tanjong Pagar district in Singapore. These people were invited to a centralized clinic for a
comprehensive eye examination, including refraction. Refraction was also performed on nonre-
spondents in their homes. Myopia, high myopia, and hyperopia were defined as a spherical
equivalent (SE) in the right eye of less than �0.5 D, less than �5.0 D, and more than �0.5 D,
respectively. Astigmatism was defined as less than �0.5 D of cylinder. Anisometropia was defined
as a difference in SE of more than 1.0 D between the two eyes. Only phakic eyes were analyzed.

RESULTS. From 1717 eligible people, 1232 (71.8%) were examined. Adjusted to the 1997 Singapore
population, the overall prevalence of myopia, hyperopia, astigmatism, and anisometropia was
38.7% (95% confidence interval [CI]: 35.5, 42.1), 28.4% (95% CI: 25.3, 31.3), 37.8% (95% CI: 34.6,
41.1), and 15.9% (95% CI: 13.5, 18.4), respectively. The prevalence of high myopia was 9.1% (95%
CI: 7.2, 11.2), with women having significantly higher rates than men. The age pattern of myopia
was bimodal, with higher prevalence in the 40 to 49 and 70 to 81 age groups and lower prevalence
between those age ranges. Prevalence was reversed in hyperopia, with a higher prevalence in
subjects aged 50 to 69. There was a monotonic increase in prevalence with age for both
astigmatism and anisometropia. Increasing educational levels, higher individual income, profes-
sional or office-related occupations, better housing, and greater severity of nuclear opacity were all
significantly associated with higher rates of myopia, after adjustment for age and sex.

CONCLUSIONS. The results indicate that whereas myopia is 1.5 to 2.5 times more prevalent in adult
Chinese residing in Singapore than in similarly aged European-derived populations in the United
States and Australia, the sociodemographic associations are similar. (Invest Ophthalmol Vis Sci.
2000;41:2486–2494)

The few available population-based studies on myopia
and other refractive errors have been conducted almost
solely in white European-derived populations. In the

1970s, a prevalence of 25% was reported in a United States
study among persons aged 12 to 54 years.1 In persons more
than 40 years of age, prevalence observed in recent surveys in
the United States was 22.7% in the Baltimore Eye Survey2 and
26.2% in the Beaver Dam Study.3 In Australia, the overall

prevalence of myopia was 17% in the Visual Impairment
Project4 and 15% in the Blue Mountains Eye Study,5 and in
Israel, a prevalence of 18.4% was reported.6

For other racial groups, population-based data are sparse.
In the Baltimore Eye Survey, the prevalence of myopia in
blacks (19.4%) was lower than in whites (28.1%).2 In the
Barbados Eye Study the prevalence of myopia in black persons
more than 40 years of age was 21.9%.7

In East Asia, although the prevalence of myopia is often
presumed to be much higher, precise population-based data
are not available.8 At present, the available information is based
on studies conducted in selected subgroups of the population.
In Taiwan, two studies covering school children aged 6 to 18
showed a prevalence of more than 80% by age 18 years.9,10

Another study in a Japanese student population showed an
overall prevalence of approximately 50%,11 and a pilot study in
Hong Kong in 355 adult Chinese aged 40 or more years
showed a prevalence of approximately 40%.12 In Singapore,
several studies in students and army recruits have indicated
that the prevalence may be among the highest in the
world.13,14 However, the prevalence of myopia in the adult
population of Singapore or other East Asian countries is not
known.
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PERSPECTIVE

Epidemiology and Disease Burden of Pathologic Myopia

and Myopic Choroidal Neovascularization:

An Evidence-Based Systematic Review

TIEN Y. WONG, ALBERTO FERREIRA, ROWENA HUGHES, GEMMA CARTER, AND PAUL MITCHELL

� PURPOSE: To summarize the epidemiology of patho-

logic myopia and myopic choroidal neovascularization

(CNV) and their impact on vision.

� DESIGN: Systematic literature review of all English-

language studies evaluating the epidemiology and visual

burden of pathologic myopia or myopic CNV.

� METHODS: PubMed and EMBASE were searched with

no time limits using predefined search strings for English-

language studies evaluating the epidemiology and visual

burden of pathologic myopia and myopic CNV.

� RESULTS: In total, 39 relevant publications were id
en-

tified. Population-based studies reported pathologic

myopia to be the first to thirdmost frequent cause of blind-

ness. The prevalence of patho
logicmyopia was reported to

be 0.9%-3.1%, and the prevalence of visual impairment

attributable to pathologic myopia ranged from 0.1%-

0.5% (European studies) and from 0.2%-1.4% (Asian

studies). The prevalence ofC
NV in individuals with path-

ologic myopia was reported to be 5.2%-11.3%, and was

bilateral in approximately 15% of patients. All studies

of visual outcome in patients with myopic CNV (duration

ranging from less than 3 months to 21.5 years) reported

deterioration in best-corrected visual acuity over time.

Older age, subfoveal CNV location, and larger baseline

lesion size were predictors of worse
visual outcomes.

� CONCLUSIONS: Pathologic myopia is an important

cause of vision loss worldwide, affecting up to 3% of

the population. Of these, a substantial proportion of

patients develop myopic CNV, which mostly causes

a significant progressive decrease in visual acuity.

This condition should therefore be a target for new

treatment strategies. (Am J Ophthalmol 2014;157:

9–25. � 2014 by Elsevier Inc. All rights reserved.)

M
YOPIA IS A COMMON EYECONDITION, AFFECTING

20%-40% of adults, which poses a significant

public health burden and cost to society.
1,2 A

proportion of people with myopia have pathologic

myopia, which is characterized by excessive and

progressive elongation of the globe, and is now considered

to be an important cause of impaired vision and blindness

worldwide. Choroidal neovascularization (CNV) is

a frequent complication associated with pathologic

myopia that threatens vision, and is characterized by the

occurrence of newly formed abnormal blood vessels that

grow under the retinal pigment epithelium or retina and

can penetrate the Bruch membrane to extend into the

subretinal space, with subsequent scarring.
3 The precise

pathogenesis of CNV in eyes with pathologic myopia is

unclear, and a range of hypotheses were d
iscussed in detail

in a recent review.
4 CNV is acutely symptomatic, is associ-

ated with the occurrence of a central scotoma, and can

result in a rapid deterioration
of central vision; hence, ther

e

is a need for urgent clinical treatment.

Data on the epidemiology of pathologic myopia and

CNV secondary to pathologic myopia (myopic CNV) in

the literature are inconsistent, and the impact of this

condition on vision remains unclear; hence, we cond
ucted

a systematic review to describe the epidemiology and visual

burden of pathologic myopia and myopic CNV.

METHODS

� SOURCES AND METHODS OF LITERATURE SEARCH: We

conducted a systematic review of all English-language

studies that evaluated the epidemiology and visual burden

of pathologic myopia or myopic CNV. A core search string

was developed to identify all English-language human

studies examining pathologic myopia or myopic CNV.

Medical Subject Heading terms and keywords were used

and included the following: degenerative myopia,
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Macular Degeneration?

Chee Wai Wong,1,2 Val Phua,1 Shu Yen Lee,1,2 Tien Yin Wong,1,2 and Chui Ming Gemmy
Cheung1,2

1Singapore Eye Research Institute, Singapore National Eye Centre, Singapore
2Ophthalmology and Visual Sciences Academic Clinical Program, Duke-NUS Medical School, National University of Singapore,
Singapore

Correspondence: Chui Ming Gemmy
Cheung, Singapore National Eye
Centre, 11 Third Hospital Avenue,
Singapore 168751;
gemmy.cheung.c.m@snec.com.sg.

Submitted: September 13, 2016
Accepted: December 26, 2016

Citation: Wong CW, Phua V, Lee SY,
Wong TY, Cheung CMG. Is choroidal
or scleral thickness related to myopic
macular degeneration? Invest Oph-
thalmol Vis Sci. 2017;58:907–913.
DOI:10.1167/iovs.16-20742

PURPOSE. The relative contribution of mechanical and vascular factors to the pathogenesis of
myopic macular degeneration (MMD) is unclear. To address this gap, we examined the
association of choroidal thickness (CT) and scleral thickness (ST) with MMD.

METHODS. Prospective, clinic-based case series of 62 eyes of 41 patients with high myopia (�
�6 diopters or axial length ‡26.5 mm). Swept-source optical coherence tomography (SSOCT)
was performed to measure subfoveal CT and ST. Myopic macular degeneration was graded
from fundus photographs according to the International Meta-Analysis for Pathologic Myopia
(META-PM) classification. Presence of MMD was defined as META-PM category ‡ 2 and severe
MMD was defined as category ‡ 3.

RESULTS. The distribution of MMD severity was 15 (24.2%) in category 1, 28 (45.2%) in
category 2, 10 (16.1%) in category 3, and 9 (14.5%) in category 4. Correlation of MMD severity
was strong for subfoveal CT (r ¼ �0.70, P < 0.001) but weak for subfoveal ST (r ¼ �0.31, P
¼ 0.01). Subfoveal CT, but not ST, was independently associated with presence of MMD (age
and gender adjusted odds ratio [OR] per 10 lm decrease in CT 1.41, P ¼ 0.002), and
subfoveal CT, but not subfoveal ST, was significantly thinner in eyes with severe MMD (‡
category 3) than in eyes with mild MMD (CT: 31.5 6 40.5 lm versus 82.0 6 57.1 lm, P <
0.001; ST: 261.6 6 78.5 lm versus 297.0 6 73.8 lm, P ¼ 0.09).

CONCLUSIONS. We demonstrated significant thinning of the choroid with increasing MMD
severity. In contrast, ST was weakly correlated with MMD. These data suggest progressive loss
of choroid may be important in the pathogenesis of MMD.

Keywords: myopic macular degeneration, choroidal thickness, scleral thickness, swept-source
optical coherence tomography

Myopic macular degeneration (MMD) is one of the leading
causes of blindness or low vision in developed nations,

particularly in East Asia where the prevalence of myopia is
high.1–5 It is characterized by excessive axial elongation of the
eye, scleral thinning, posterior staphyloma, chorioretinal
atrophy, and choroidal neovascularization.6 The prevalence of
MMD in East Asia is estimated to be 1.7% to 3.1%,7,8 but
because MMD also affects young and middle-aged working
adults,9,10 it carries a significant socioeconomic burden.11

Furthermore, MMD has been shown to be a progressive disease
over time and with aging, leading to significant visual loss.7,12

Thus, it is important to understand the risk factors and
pathogenesis of MMD to allow the development of possible
preventative and therapeutic strategies.5

However, the exact mechanisms that lead to the develop-
ment of the macular and retinal changes in MMD are currently
unknown.13 A widely accepted view is the ‘‘mechanical’’
theory of MMD in which axial elongation of the globe causes
mechanical stretching of the retina that leads to decreased
photoreceptor density and the ultimate development of
pathologic features such as lacquer cracks and chorioretinal
atrophy seen in MMD.14,15 The sclera plays a pivotal role in
myopia development. Studies show complex biochemical

changes within the sclera in eyes with high myopia, including
reduced collagen synthesis, increased collagen degradation,
decreased glycosaminoglycan production, and decreased fibro-
blast to myofibroblast differentiation.16 Indeed, high myopes
have been shown to have thinner sclera in the posterior pole
than emmetropic eyes, independent of the presence of
posterior staphyloma.17 In addition to the ‘‘mechanical’’ theory,
it has been suggested that choroidal thinning leading to
decreased choroidal perfusion and ischemia and subsequent
upregulation of angiogenic factors in some eyes may also be a
mechanism for the development of myopic choroidal neovas-
cularization and other features of MMD.18

However, the relative contribution of ‘‘mechanical’’ versus
‘‘ischemic/vascular’’ factors in the pathogenesis of MMD is
unclear. This may be clarified by clinically studying structural
properties of the choroid and sclera simultaneously. Previously,
the study of choroidal and scleral structure in vivo has been
hampered by limitations in imaging technology, which do not
allow for the visualization of the posterior scleral border. This
limitation has been circumvented with swept-source optical
coherence tomography (SSOCT), which provides a previously
unattainable depth of visualization and is particularly useful in
high myopes with deep posterior staphyloma. To examine the
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increases in the first trimester and post-

partum period and decrease in late

pregnancy. J Reprod Immunol 1991; 20:

73–83.

Nearwork and myopia in

young children

Sir—David A Goss (Oct 28, p 1456)1

discusses the commonly-held view

that nearwork contributes to the

development of myopia, but animal

models more convincingly show a

role for properties of the retinal

image than use of the eyes for close-

up tasks in inducing experimental

myopia.2

Definitive evidence for nearwork as

a risk factor from epidemiological

studies is still lacking. In human

beings, the nearwork hypothesis is

chiefly supported by repeated and

generally universal epidemiological

associations of increased myopia

prevalence with major socioeconomic

changes that include, among other

things, increased schooling. Examples

from the 20th century of such trends

include increased myopia in the

Eskimo population3 and among

residents of many Asian cities.4

Despite the common hypothesis that

increased myopia prevalences result

from use of the eyes for nearwork

activities, there are a few well

designed studies that have made

detailed accurate nearwork assess-

ments. If nearwork causes myopia, are

certain age-groups more susceptible to

the effects of nearwork and is there a

threshold effect? Even less is

understood about the interplay of

inheritance or familial clustering and

nearwork on myopia. As Goss notes:

“It is not known whether family

history is a factor due mainly to

inheritance or to common lifestyle,

nor is it known how inheritance might

interact with nearwork”.

Since myopia is a visual disability

of epidemic proportions in Asia

and elsewhere, we studied the

possible inter-relation of nearwork

and family history as risk factors for

myopia in 1005 Singapore children

aged 7–9 years. We did cycloplegic

autorefraction with an autore-

fractometer (Canon Inc, Japan).

Parents completed a questionnaire

that included several quantitative

measures of nearwork activity, and

parental history of myopia. As in

previous reports, not all quantitative

measures of nearwork were clearly

associated with myopia. However,

reading activity as measured by the

number of books read per week, a

novel index for this very young

population, and parental history of

myopia were each positively

associated with myopia (table). Books

per week interacted with parental

myopia for moderate to high myopia

(at least �3·0 dioptres). In multiple

linear regression models, with

refractive error as the response

variable, the interaction term (books

per week�parental myopia) was

significant (p=0·003) with adjustment

for potential confounders such as age

and sex.
C Chen and colleagues5 showed

gene-environment interaction: mono-

zygotic twins with similar reading

habits were more concordant for

myopia than monozygotic twins with

dissimilar reading habits. In our

study, caution is warranted in

concluding that  gene-environment

interaction exists, since parental

myopia history could denote a genetic

marker, a common lifestyle, or both.

However, our data suggest that the

nearwork and myopia association

differs for children with no, one, or

two myopic parents. The identifi-

cation of high-risk children (eg, those

with myopic parents with high

environmental exposure) is important

because they might constitute an

especially informative subgroup to

clarify mechanisms of myopia

pathogenesis or in whom to test novel

therapies.
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Violence in the USA

Sir—Your Oct 21 editorial1 on gun

deaths in the USA states: “If

Americans want to continue to reduce

gun-related carnage in their country,

which even with the reductions in

recent years far exceeds any other

industrialised nations, the way forward

is clear: stricter handgun regulation, in

advance of an outright ban.” The

meaning of carnage is clarified in a

previous editorial,2 which states, “The

USA has the highest homicide rate in

the developed world . . . ” Thus, two

assertions are made: the USA has the

highest homicide rate in the more-

developed world, and a handgun ban

would remedy this. Both assertions are

unfounded.
23 nations admit to higher homicide

rates than the USA,3 including Belarus,

Brazil, Estonia, Latvia, Lithuania,

Mexico, Paraguay, Russia, Ukraine,

and Venezuela. It would be difficult to

argue that Russia and Ukraine are not

industrialised countries. These data

come from the UN;4 if one doubts

them, they should be refuted with

better data.
Firearms bans in the UK

(http://cbsnews.cbs.com/now/story/

0,1597,210074-412,00.shtml accessed

Jan 3, 2001) and Australia (www.

newsmax.com/articles/print.shtml?a=

2000/6/26/12629 accessed Jan 3, 2001)

have been followed by rises in violent

crime. Correlation does not prove

causation, but violent crime clearly did

not fall in these nations. That the USA

has the highest homicide rate, and that

gun bans result in less violent crime

seem to be beliefs that need not be

supported and cannot be refuted by

data. Such beliefs have a place in

religion but not in science. If one

believes that weapons are evil and self-

defence is immoral, he or she should so

state and defend these beliefs on

religous or philosophical grounds,

rather than presenting them as logical

conclusions.

David C Stolinsky

1220 N State St, Los Angeles, CA 90033, USA

1 Anon. Reducing gun deaths in the USA.

Lancet 2000; 356: 1367.

2 Anon. Guns, lies, and videotape. Lancet

1999; 354: 525.

3 Stolinsky D. America: the most violent

nation? Medical Sentinel 2000; 5: 199–201.

4 United Nations. 1996 Demographic

yearbook. New York: United Nations, 

1998.

Proportion with moderate 

to high myopia (%)

�2 books >2 books

per week per week

All participants 4·8 13·6

Parental history of myopia

None 2·5 5·3

One 3·5 15·6

Two 9·7 23·7

Proportion of children with moderate to

high myopia by books read per week and

parental history of myopia

2

Comparison of
measurements of
time outdoors and
light levels as risk
factors for myopia
in young Singapore
children

R Dharani1, C-F Lee2,3, ZX Theng1, VB Drury4,
C Ngo5, M Sandar1, T-Y Wong1,5,6, EA Finkelstein7

and S-M Saw1,5,6

Abstract

Aims To compare methods to measure
time outdoor and light levels, two
possible predictors of myopia, in
Singapore children.

Methods Outdoor time from a diary and
portable light meter over a 1-week period was
compared in 117 Singapore children aged 6–12
years with and without myopia. All children
wore a (HOBO Pendant temp/light Part #
UA-002-64) light meter for 1 week and the
parents filled the 7-day outdoor diary to
track the outdoor activity.
Results Mean outdoor time from diary and
time with light levels was 5.44 hours per week
and 7.91 hours per week, respectively, during
school term and school holidays. Time spent
with light levels of 41000 Lux from the light
meter were 7.08 h per week and 9.81 h per
week, respectively, during school term and
school holidays. The intraclass correlation
coefficients were 0.21 and 0.28 for outdoor time
from the diary and light meter (1000Lux
cut-off) during the school term and holidays,
respectively. The correlation coefficient was
0.34 (95% CI 0.05, 0.58) for a weekday during
school holidays, 0.17 (�0.14, 0.45) for a
weekday during school term, 0.07 (�0.16, 0.29)
for a weekday during school term, and
0.25 (0.02, 0.46) for a weekend during
school term.

Conclusions The agreement between the
light meter and 1-week diary was poor to fair.
Both instruments measure different
parameters, time outdoors and light intensity,
and could therefore capture different aspects
of risk in future myopia studies.

Eye (2012) 26, 911–918; doi:10.1038/eye.2012.49;
published online 4 May 2012

Keywords: myopia; outdoor activity; light meter;
outdoor diary; light intensity

Introduction

Myopia is a public health problem in East Asia,
with prevalence rates in Singapore of 8% in
5-year olds1 and 36.3% in 7–9-year-old school
children,2 and nearly 40% in adults Z40 years.3

Although there have been many studies that
have documented the risk factors for myopia,
there is no conclusive evidence that modifying
these risk factors may have an impact on the
prevalence of myopia. In one study, amongst
6-year-old Chinese children, the prevalence rate
was 29.1% in those living in Singapore,
compared with 3.3% in those living in Sydney,
Australia.4 The main difference found for this
disparity was the differential in time spent
outdoors between these two groups, estimated
to be 13.8 h per week in Sydney compared with
3.0 h per week in Singapore. Similarly, in the
Sydney Myopia Study, it was reported that
an increase in time spent outdoors was
significantly associated with a lower myopia
prevalence in 12-year-old Australian children.4

Singapore children with increased hours of
outdoor activity were less likely to be myopic.5

Few factors may underlie the relationship
between outdoor time and myopia. The first is
that an increased light intensity may trigger
dopamine release and inhibit eye growth.6–8

Animal studies in chicks show that under
light–dark cycles, light intensity is an
environmental factor that modulates the process
of emmetropization. Low intensity of ambient
light is a risk factor for developing myopia.9

The second is that ultraviolet light exposure and
increased vitamin D levels may protect from
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Refractive	error	is	the	most	common	eye	disorder	worldwide	
and	is	a	prominent	cause	of	blindness.	Myopia	affects	over	
30%	of	Western	populations	and	up	to	80%	of	Asians.		
The	CREAM	consortium	conducted	genome-wide	meta-analyses,		
including	37,382	individuals	from	27	studies	of	European	
ancestry	and	8,376	from	5	Asian	cohorts.	We	identified	16	new	
loci	for	refractive	error	in	individuals	of	European	ancestry,	
of	which	8	were	shared	with	Asians.	Combined	analysis	
identified	8	additional	associated	loci.	The	new	loci	include	
candidate	genes	with	functions	in	neurotransmission	(GRIA4),	
ion	transport	(KCNQ5),	retinoic	acid	metabolism	(RDH5),	
extracellular	matrix	remodeling	(LAMA2	and	BMP2)	and	eye	
development	(SIX6	and	PRSS56).	We	also	confirmed	previously	
reported	associations	with	GJD2	and	RASGRF1.	Risk	score	
analysis	using	associated	SNPs	showed	a	tenfold	increased	risk	
of	myopia	for	individuals	carrying	the	highest	genetic	load.	
Our	results,	based	on	a	large	meta-analysis	across	independent	
multiancestry	studies,	considerably	advance	understanding	of	
the	mechanisms	involved	in	refractive	error	and	myopia.

Refractive error is the leading cause of visual impairment in the world1. 
Myopia, or nearsightedness, in particular is associated with structural 
changes of the eye, increasing the risk of severe complications, such as 
macular degeneration, retinal detachment and glaucoma. The preva-
lence of myopia has been rising considerably 
over the past few decades2, and it is estimated 
that 2.5 billion people will be affected by myo-
pia within a decade3. Although several genetic 
loci influencing refractive error have been 
identified4–10, their contribution to pheno-
typic variance is small, and many more loci are 
expected to explain its genetic architecture.

Here, the Consortium for Refractive Error 
and Myopia (CREAM) presents results from 
the largest international genome-wide meta-
analysis on refractive error, with data from 
32 studies from Europe, the United States, 
Australia and Asia. The meta-analysis was 
performed in 3 stages. In the first stage, we 
investigated the genome-wide association 
study (GWAS) results of 37,382 individuals 

from 27 populations of European ancestry (Supplementary Table 1 
and Supplementary Note) using spherical equivalent as a continuous 
outcome. In the second stage, we aimed to test the cross-ancestry trans-
ferability of the statistically significant associations from the first stage 
in 8,376 individuals from 5 Asian cohorts (Supplementary Table 1 and 
Supplementary Note). In the third stage, we performed a GWAS meta-
analysis on the combined populations (total n = 45,758). Subsequently, 
we examined the influence of associated alleles on the risk of myopia in 
a genetic risk score analysis, and, lastly, we evaluated gene expression 
in ocular tissues and explored potential mechanisms by which newly 
found loci might exert their effects on refractive development.

In stage 1, we analyzed ~2.5 million autosomal SNPs for which 
data were obtained through whole-genome imputation of genotypes 
to HapMap 2. The inflation factors (λGC) of the test statistics in indi-
vidual studies contributing to the meta-analysis ranged between 0.992 
and 1.050, indicating excellent within-study control of population 
substructure (Supplementary Table 2). Overall λ was 1.09, consistent 
with a polygenic inheritance model for refractive error (quantile-
quantile plot; Supplementary Fig. 1). We did not perform a correc-
tion for λ, as it has been shown that, under polygenic inheritance, 
substantial genomic inflation can be expected, even in the absence of 
 population structure and technical artifacts11. We identified 309 SNPs 
that exceeded the conventional genome-wide significance threshold 
of P = 5.0 × 10−8 in the European ancestry sample. These SNPs were 

Genome-wide meta-analyses of multiancestry cohorts 
identify multiple new susceptibility loci for refractive 
error and myopia

A full list of authors and affiliations appears at the end of the paper.
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Five-Year Clinical Trial on Atropine
for the Treatment of Myopia 2

Myopia Control with Atropine 0.01% Eyedrops

Audrey Chia, FRANZCO, PhD,1,2 Qing-Shu Lu, PhD,3,4 Donald Tan, FRCS, FRCOphth1,2,4,5

Purpose: To compare the safety and efficacy of different concentrations of atropine eyedrops in controlling
myopia progression over 5 years.

Design: Randomized, double-masked clinical trial.
Participants: A total of 400 children originally randomized to receive atropine 0.5%, 0.1%, or 0.01% once

daily in both eyes in a 2:2:1 ratio.
Methods: Children received atropine for 24 months (phase 1), after which medication was stopped for 12

months (phase 2). Children who had myopia progression (��0.50 diopters [D] in at least 1 eye) during phase 2
were restarted on atropine 0.01% for a further 24 months (phase 3).

Main Outcome Measures: Change in spherical equivalent and axial length over 5 years.
Results: There was a dose-related response in phase 1 with a greater effect in higher doses, but an inverse

dose-related increase in myopia during phase 2 (washout), resulting in atropine 0.01% being most effective in
reducing myopia progression at 3 years. Some 24%, 59%, and 68% of children originally in the atropine 0.01%,
0.1%, and 0.5% groups, respectively, who progressed in phase 2 were restarted on atropine 0.01%. Younger
children and those with greater myopic progression in year 1 were more likely to require re-treatment. The lower
myopia progression in the 0.01% group persisted during phase 3, with overall myopia progression and change in
axial elongation at the end of 5 years being lowest in this group (�1.38�0.98 D; 0.75�0.48 mm) compared with
the 0.1% (�1.83�1.16 D, P ¼ 0.003; 0.85�0.53 mm, P ¼ 0.144) and 0.5% (�1.98�1.10 D, P < 0.001; 0.87�0.49
mm, P ¼ 0.075) groups. Atropine 0.01% also caused minimal pupil dilation (0.8 mm), minimal loss of accom-
modation (2e3 D), and no near visual loss compared with higher doses.

Conclusions: Over 5 years, atropine 0.01% eyedrops were more effective in slowing myopia progression
with less visual side effects compared with higher doses of atropine. Ophthalmology 2016;123:391-399 ª 2016
by the American Academy of Ophthalmology.

See Editorial on page 232.

Several studies have shown that atropine eyedrops are
effective in slowing myopia progression in young child-
ren.1e19 In our past Atropine for the Treatment of Myopia
(ATOM) 1 and 2 (phases 1 and 2) clinical trials, we
demonstrated a dose-related response to atropine, with
higher doses inhibiting myopia progression to a slightly
greater degree than lower doses, although the myopia pro-
gression of �0.49 diopters (D), �0.38 D, and �0.30 D in
the atropine 0.01%, 0.1%, and 0.5% groups, respectively,
were not significantly different at 24 months.16,19 However,
when atropine was stopped for 12 months after 24 months of
treatment (phase 2 of ATOM2), there was a rapid increase in
myopia in children originally treated with higher concen-
trations of atropine, whereas those receiving the lowest
concentration of 0.01% showed minimal change.18,20 This
resulted in myopia progression being significantly lower in
children previously assigned to the 0.01% group (�0.72 D)
at 36 months compared with that in the 0.1% (�1.04 D) and
0.5% (�1.15 D) groups. In addition, the lowest dose also
caused less photopic pupil dilation (0.74 mm, compared

with 2.25 and 3.11 mm in the 0.1% and 0.5% groups,
respectively) and no clinically significant loss in accom-
modation or near visual acuity (4.6 D, compared with 10.1
and 11.8 D in the 0.1% and 0.5% groups, respectively).20

Although proven effective and safe in the short-term,
there was concern about the long-term effectiveness of
atropine, particularly in children who experienced an in-
crease in myopia after atropine was stopped. In the final
phase (phase 3), spanning the fourth and fifth years of the
ATOM2 study, children who continued to progress (>0.5
D/year) during phase 2 (the washout year) were re-treated
with atropine 0.01%. The aim of this study was to eval-
uate the efficacy and safety of atropine over this last phase
and the entire 5-year study period.

Methods

In phase 1 of the ATOM2 study (treatment phase), 400 Asian
children (aged 6e12 years) with myopia of �2.00 D or worse in
each eye were randomized to receive atropine 0.01%, 0.1%, and

391� 2016 by the American Academy of Ophthalmology
Published by Elsevier Inc.

http://dx.doi.org/10.1016/j.ophtha.2015.07.004
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Atropine for the Treatment of Childhood
Myopia: Safety and Efficacy of 0.5%, 0.1%,
and 0.01% Doses (Atropine for the
Treatment of Myopia 2)

Audrey Chia, FRANZCO,1,2 Wei-Han Chua, FRCSEd(Ophth), FAMS,1,2 Yin-Bun Cheung, PhD,3,4

Wan-Ling Wong, Mbiostat,2 Anushia Lingham, SRN,4 Allan Fong, FRCSEd(Ophth),1,2

Donald Tan, FRCS, FRCOphth1,2,5

Purpose: Our previous study, Atropine for the Treatment of Myopia 1 (ATOM1), showed that atropine 1%

eyedrops were effective in controlling myopic progression but with visual side effects resulting from cycloplegia

and mydriasis. The aim of this study was to compare efficacy and visual side effects of 3 lower doses of atropine:

0.5%, 0.1%, and 0.01%.
Design: Single-center, double-masked, randomized study.
Participants: A total of 400 children aged 6–12 years with myopia of at least �2.0 diopters (D) and

astigmatism of �1.50 D or less.
Intervention: Children were randomly assigned in a 2:2:1 ratio to 0.5%, 0.1%, and 0.01% atropine to be

administered once nightly to both eyes for 2 years. Cycloplegic refraction, axial length, accommodation

amplitude, pupil diameter, and visual acuity were noted at baseline, 2 weeks, and then every 4 months for 2

years.
Main Outcome Measures: Myopia progression at 2 years. Changes were noted and differences between

groups were compared using the Huber–White robust standard error to allow for data clustering of 2 eyes per

person.
Results: The mean myopia progression at 2 years was �0.30�0.60, �0.38�0.60, and �0.49�0.63 D in the

atropine 0.5%, 0.1%, and 0.01% groups, respectively (P�0.02 between the 0.01% and 0.5% groups; between

other concentrations P � 0.05). In comparison, myopia progression in ATOM1 was �1.20�0.69 D in the placebo

group and �0.28�0.92 D in the atropine 1% group. The mean increase in axial length was 0.27�0.25,

0.28�0.28, and 0.41�0.32 mm in the 0.5%, 0.1%, and 0.01% groups, respectively (P � 0.01 between the 0.01%

and 0.1% groups and between the 0.01% and 0.5% groups). However, differences in myopia progression (0.19

D) and axial length change (0.14 mm) between groups were small and clinically insignificant. Atropine 0.01% had

a negligible effect on accommodation and pupil size, and no effect on near visual acuity. Allergic conjunctivitis

and dermatitis were the most common adverse effect noted, with 16 cases in the 0.1% and 0.5% atropine

groups, and no cases in the 0.01% group.
Conclusions: Atropine 0.01% has minimal side effects compared with atropine at 0.1% and 0.5%, and

retains comparable efficacy in controlling myopia progression.
Financial Disclosure(s): The author(s) have no proprietary or commercial interest in any materials discussed

in this article. Ophthalmology 2012;119:347–354 © 2012 by the American Academy of Ophthalmology.

Atropine eyedrops were first proposed as a treatment of
myopia in the 1920s.1 Since then, there have been numerous
studies on this subject.2–12 However, evidence from ran-
domized control trials has become available only over the
last 2 decades.13–18 These trials confirm that atropine eye-
drops are effective in the control of myopia in a dose-related
manner.13–18 Our previous randomized trial, Atropine for
the Treatment of Myopia 1 (ATOM1), involving 400 chil-
dren aged 6 to 12 years found that, over 2 years, atropine
1% slowed myopia progression (mean � standard devia-
tion) to �0.28�0.92 diopters (D) in children, compared with
�1.20�0.69 D in the placebo group (P � 0.001).16 Shih et

al14 showed that the myopic progression in Taiwanese children
was �0.04�0.63, �0.47�0.91, and �0.47�0.91 D/year in
the 0.5%, 0.25%, and 0.1% atropine groups, respectively,
compared with �1.06�0.61 D/year in their tropicamide (con-
trol) group. Liang et al,17 in a smaller study of 65 children,
demonstrated myopic progression of �0.15�0.15, �0.38�

0.32, and �0.21�0.23 D/year in the 0.5%, 0.25%, and 0.25%
atropine plus auricular pressure groups, respectively.

In the second study, Atropine for the Treatment of My-
opia 2 (ATOM2), we examined the effect of lower doses of
atropine to determine whether these concentrations could
result in efficacy in preventing myopia progression, with

347
© 2012 by the American Academy of Ophthalmology ISSN 0161-6420/12/$–see front matter

Published by Elsevier Inc. doi:10.1016/j.ophtha.2011.07.031
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1Katz J, Schein OD, Levy B, Cruiscullo T, Saw SM, Rajan U, Chan TK, Yew Khoo C, Chew SJ. A randomized trial of rigid gas permeable contact lenses to reduce 
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Medical Innovations to Treat Myopic-CNV

Myopic Choroidal Neovascularization

Review, Guidance, and Consensus Statement on
Management

Chui Ming Gemmy Cheung, MBBS, FRCOphth,1 Jennifer J. Arnold, MBBS, FRANZCO,2 Frank G. Holz, MD,3

Kyu Hyung Park, MD,4 Timothy Y.Y. Lai, MD,5 Michael Larsen, MD, DMSc,6 Paul Mitchell, MD, PhD,7

Kyoko Ohno-Matsui, MD, PhD,8 Shih-Jen Chen, MD, PhD,9 Sebastian Wolf, MD, PhD,10

Tien Yin Wong, MMed (Ophth), MPH1

Topic: The aim of this article is to review and compile available information on the classification, patho-

physiology, and clinical features of myopic choroidal neovascularization (CNV); to describe the latest data on the

management of this disease; and to present guidance.
Clinical Relevance: In the United States, myopia affects approximately 34 million people (2010), and similar

figures have been reported in Europe. Pathologic myopia (PM), a possible consequence of myopia, is estimated to

affect up to 3% of the global population. One of the most serious complications of PM is myopic CNV, which often

leads to a sudden onset but progressive decline in central vision and is associated with a poor prognosis unless

treated. Furthermore, 35% of patients with myopic CNV develop bilateral disease in the fellow eye within 8 years.

Although intravitreal antievascular endothelial growth factor (VEGF) therapies have had a major impact on the man-

agement of patientswithmyopic CNV, there remain significant gaps in our understanding of this condition and how to

best administer treatment. Additionally, the long-term safety and efficacy of these treatments are largely unknown.

Methods: We carried out a literature review (September 2015) of all English-language articles in PubMed

resulting from searches of the following terms: “choroidal neovascularization” AND “myopia” OR “myopic

macular degeneration” OR “degenerative myopia” OR “myopic maculopathy” OR “myopic retinopathy” OR

“pathological myopia” OR “pathologic myopia.”
Results: We screened a total of 566 abstracts, and 250 articles were deemed relevant for full publication

review. We excluded a further 71, but an additional 44 articles were identified. This resulted in 223 articles being

used to develop this review.
Conclusions: Highly myopic patients experiencing a sudden loss of central vision should be referred for

further examination. Once a diagnosis of myopic CNV has been confirmed, after fluorescein angiography,

treatment initiation should be prompt and anti-VEGF agents considered as first-line therapy, unless contra-

indicated. Continued monitoring of patients is required to assess any progression or recurrence of the

condition. Ophthalmology 2017;124:1690-1711 ª 2017 by the American Academy of Ophthalmology

Supplemental material available at www.aaojournal.org.

Myopia is a common problem worldwide. In the United
States, myopia affects 24% of adults aged >40 years,
equivalent to approximately 34 million people in 2010. This
number is predicted to reach approximately 45 million in
2050.1 Similar figures have been reported in Europe from an
analysis of refractive error in 13 population-based cohorts, in
which one quarter of patients hadmyopia (a prevalence figure
that is expected to increase2). This increase in the prevalence
of myopia is particularly prominent in East Asian countries
(e.g., Singapore, Taiwan, and mainland China), in which
myopia prevalence rates of 40% have been reported.3e13

Additionally, significant racial/ethnic variations of myopia
have been reported in the literature.12,14

Pathologic myopia (PM), sometimes termed “myopic
macular degeneration,” “myopic maculopathy,” or

“degenerative myopia” (used interchangeably in this
article), is a possible consequence of myopia, particularly in
eyes with high myopia (typically defined as spherical
equivalent of at least �6.0 diopters). It has been suggested
that PM is characterized by progressive elongation of the
globe and abnormal choroidal vasculature (mainly in eyes
with posterior staphyloma),15 with additional degenerative
changes. According to a recent meta-analysis, PM also
can be defined as eyes with chorioretinal atrophy (CRA)
equal to or more severe than diffuse atrophy.16 Pathologic
myopia is estimated to affect up to 3% of the global
population17 and is a particularly frequent cause of vision
impairment and blindness in the young working-age
population. Therefore, PM is associated with a consider-
able social and economic burden.18,19

1690 ª 2017 by the American Academy of Ophthalmology

Published by Elsevier Inc.
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Diagnosis and treatment guideline for myopic choroidal neovascularization
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A B S T R A C T

Pathologic myopia is a leading cause of visual impairment. Development of myopic choroidal neovascularization
(CNV) is one of the most common complications that leads to central vision loss in patients with pathologic
myopia. If left untreated, it can cause scarring with expanding macular atrophy leading to irreversible visual loss
in a period as short as 5 years. Advancements in multimodal imaging technology have furthered our under-
standing of the condition; however, further studies are necessary to extend its utility in the diagnosis of myopic
CNV. Intravitreal anti-vascular endothelial growth factor (anti-VEGF) therapy has become the standard-of-care
and the recommended first-line treatment option for myopic CNV. Long-term studies have demonstrated that
early treatment of confirmed myopic CNV cases with an intravitreal anti-VEGF agent is useful to avoid late-stage
complications. This strategy has also been shown to achieve visual outcome improvements for up to 4 years and
visual stabilization up to 6 years. This review article provides an overview of the current knowledge on myopic
CNV and discusses recent updates in the diagnosis and management of the condition. Furthermore, treatment
recommendations are provided based on the authors’ expert opinions.

1. Introduction

Pathologic myopia is a major cause of blindness (best-corrected
visual acuity [BCVA] < 0.1) worldwide (Wong et al., 2014). Wong
et al. reported that the prevalence of visual impairment attributable to
pathologic myopia ranged from 0.1% to 0.5% in European studies and
from 0.2% to 1.4% in Asian studies (Wong et al., 2014). Indeed, up to
3% of the world's population is affected by pathologic myopia, which is
among the top three most frequent causes of blindness, particularly in
Asian countries (Wong et al., 2014). Blindness is currently defined as
BCVA<0.1 according to the World Health Organization (ICD-10;
Version:2016). Severe visual loss develops in individuals with patho-
logic myopia because of alterations in the macula and optic nerve
secondary to axial elongation and posterior ocular segment deformity,
represented by the posterior staphyloma (Ohno-Matsui, 2014; Pruett,
1998).

Development of macular choroidal neovascularization (CNV) is one
of the most frequent causes of central vision loss. Myopic CNV presents
as a small, greyish membrane on slit-lamp biomicroscopy. It typically
appears as a “classic” pattern on fluorescein angiography (FA), with
well-defined hyperfluorescence in the early phases and fluorescein dye

leakage in the late phases. It is classified as a type 2 CNV when the CNV
grows over the retinal pigment epithelium (RPE), and is characterized
by a highly reflective area above the RPE layer on optical coherence
tomography (OCT). Unlike neovascular age-related macular degenera-
tion (AMD), exudative changes are less obvious in myopic CNV.
Although myopic CNV may be self-limiting in some patients as de-
scribed by Avila et al. (1984), a long-term follow-up study conducted
almost 20 years later showed that if left untreated, myopic CNV can
cause scarring with expanding macular atrophy. Subsequently, these
changes lead to irreversible visual loss in a period as short as 5 years
and the mean BCVA becomes ≤0.1 in approximately 10 years (Yoshida
et al., 2003).

The incidence and prevalence of myopic CNV varies in different
geographic regions and may be underestimated, partly because of a
limited understanding of its pathophysiology, lack of uniform diag-
nostic criteria, and, until recently, an absence of highly accurate ima-
ging methods. The growing interest in myopic CNV has led to an in-
creased understanding of its pathogenesis and the subsequent
development of promising treatment options. In particular, the efficacy
and safety of anti-vascular endothelial growth factor (VEGF) therapy
has been shown in both short- and long-term studies (Franqueira et al.,

https://doi.org/10.1016/j.preteyeres.2017.10.005
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AbsTrACT
background To assess the outcomes of laser-assisted 

in situ keratomileusis (LASIK) performed for the 

treatment of myopia in terms of safety, efficacy and 

predictability in an 18-year clinical audit.

Method In this single-centre, prospective, non-

randomised study, preoperative and postoperative 

refractions, uncorrected (UCVA), best-corrected Snellen 

visual acuity (BCVA) and complications of all eyes 

undergoing myopic LASIK were recorded. Safety, efficacy, 

refractive predictability, treatment trends, retreatment 

rates and complication rates were evaluated.

results Between 1998 and 2015, 53 731 eyes of 

27312 patients underwent myopic LASIK. Patients’ 

median age was 31.6 years (mean, 32.6±7.3 years); 

there were 9703 males (35.5%). Patients were 

predominantly ethnic Chinese (87.4%). Mean follow-

up time was 78±75.6 days (median, 86 days). Overall 

efficacy index was 0.91 with >99% of eyes achieving 

UCVA of ≥20/40 and >70% achieving 20/20 since 2010. 

95.43% of eyes had no loss of vision postoperatively and 

4.2% and 0.37% lost 1 and ≥2 lines BCVA, respectively. 

From 2010 the safety index has been >1.05. More 

than 94.0% of eyes achieved within ±1.0 D of target 

refraction and at least 70% achieved within ±0.50 D of 

target from 2010 onwards. Retreatment rate was 2.55% 

and after retreatment 98.4% of eyes achieved ≥20/40 

UCVA and 63.5% achieved ≥20/20 UCVA. The overall 

complication rate is 0.98%, and since 2010, the annual 

complication rate has been <0.8%.

Conclusions Myopic LASIK performed in Asian eyes 

is safe and effective with high refractive predictability 

in a comprehensive LASIK programme with appropriate 

clinical audit.

InTroduCTIon
Laser-assisted in situ keratomileusis (LASIK) is the 

most commonly performed procedure for refrac-

tive correction, with >16 million LASIK proce-

dures performed globally since being introduced in 

1990.1 The popularity of the procedure is due to its 

excellent efficacy, safety, stability and predictability 

in treating both myopia and hyperopia, with or 

without astigmatism and high patient satisfaction.2–4 

Over time, outcomes have improved with techno-

logical advancements.3 5 Most notably, creation of 

the corneal flap has shifted from using the mechan-

ical microkeratome (MK) to the femtosecond 

(FS) laser driven by the numerous advantages of 

FS laser flap creation over the MK, including the 

ability to create thinner yet more uniform, accurate 

and predictable flaps with less intraoperative flap 

complications.5–8

At the Singapore National Eye Centre (SNEC), 

all LASIK outcomes are audited since 1998 and a 

previous analysis of this data shows that LASIK 

is safe and efficacious and has high predictability 

and low complication rates.4 Since then changes 

to the equipment and practice of LASIK in SNEC 

have occurred. These include the use of newer 

patient screening modalities, improved excimer 

lasers, updated laser algorithms and the use of FS 

lasers for flap creation. In this paper, we examine 

the overall trends and outcomes of myopic 

LASIK over an 18-year period in a single public 

institution.

MeThods
General criteria for consideration of LASIK, which 

may vary in specifics from criteria used in other 

refractive practices, included age 21 years or older; 

stable refractive error for ≥12 months before 

surgery; normal ocular surface; absence of corneal 

abnormalities suggestive of keratoconus or other 

corneal ectatic diseases; normal peripheral retina 

or after prophylactic photocoagulation; absence 

of active ocular pathology or systemic disease; and 

absence of pregnancy or lactation. During the study 

period, any abnormal corneal topography findings 

that are risk factors for corneal ectatic disorders and 

ectasia after LASIK were excluded (central corneal 

thickness <480 µm, expected residual stromal bed 

<250 µm after LASIK, asymmetrical topography 

between eyes, asymmetric inferior corneal steep-

ening or asymmetric bowtie topographic patterns 

with skewed steep radial axes above and below the 

horizontal meridian). We also assessed patients using 

ectasia risk indices such as the Pentacam Belin-Am-

brósio deviation index (BAD-D) since June 2013 

and the Orbscan Screening Corneal Objective Risk 

of Ectasia (SCORE) Analyzer since January 2014. 

Patients with clinically abnormal ocular surface and 

dry eye symptoms were first put on a trial of dry 

eye treatment. Non-response to treatment or those 

with severe dry eye symptoms, persistent corneal 

staining or decreased vision due to ocular surface 

disease were excluded.
We excluded from analysis therapeutic treat-

ments (such as post-penetrating keratoplasty 

refractive correction), intended undercorrec-

tion for monovision and other modalities of 

myopic refractive surgery such as photorefractive 

keratectomy.
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PURPOSE. To estimate the economic cost of myopia among adults aged 40 years and older in
Singapore.

METHODS. A substudy of 113 Singaporean adults aged 40 years and older with myopia
(spherical equivalent refraction of at least �0.5 diopters) in the population-based ancillary
study of Singapore Chinese Eye Study (SCES) was conducted. A health expenditure
questionnaire was used to assess the direct cost of myopia.

RESULTS. A total of 113 (90.4%) of 125 myopic subjects participated in the survey. The mean
cost was approximately SGD$900 (USD$709) per person per year. The lifetime per capita cost
ranged from SGD$295 (USD$232) for those with 0 year’s duration to SGD$21,616
(USD$17,020) for those with 80 years’ duration. Costs of spectacles, contact lenses, and
optometry services were the major cost drivers, contributing to an average of 65% of total
costs. Seven subjects (6.2%) had undergone LASIK surgery, resulting in a cost of SGD$4891
(USD$3851) per patient per year. Three subjects (2.7%) reported annual costs of (SGD$33 or
USD$26) for complications due to LASIK surgery or contact lenses. There was an increasing
cost of myopia in adults who started to wear glasses at earlier ages. By applying our cost data
to age-specific myopia prevalence data in the whole population in the country, the total cost
was estimated to be approximately SGD$959 (USD$755) million per year in Singapore.

CONCLUSIONS. Myopia is associated with substantial out-of-pocket expenditure, imposing
considerable economic burden for patients. Myopia is a disorder with immense societal costs
and public health impact.

Keywords: Asians, Singapore, myopia, direct cost, health economics

Myopia is a major public health concern in Asia, especially
in urban areas, such as Japan, Taiwan, Hong Kong, and

Singapore.1–4 The prevalence of myopia in middle-aged to
elderly adults is as high as 19% in Taiwan,1 23% in China,2 39%
in Singapore,3 and 42% in Japan.4 Myopia is a huge public
health problem and the economic burden of myopia is
tremendous.5–7 The global productivity lost due to uncorrected
visual impairment is estimated to be $121.4 billion international
dollars (equivalent to USD$91.3 billion),8 and the global costs
of facilities and personnel for establishing refractive care
services are USD$20 billion.9 However, these estimates do not
reflect the burden at the regional level, especially in Asian
urban areas where myopia has reached an epidemic propor-
tion.1–3 Furthermore, although refractive correction is normally
an elective procedure, few studies have addressed its economic
burden from a patient’s perspective. Although a broader
societal perspective is useful for informing policy, the patient’s
perspective is more important for designing service models in
real-world communities,10 in which medical costs have a
significant impact on utilization and accessibility of care. In
many countries, patients have to shoulder out-of-pocket costs
for refractive correction, and economic decision-making at the

individual level (instead of at the societal level) is of great
importance to refractive services. A better understanding of the
costs of refractive examination and treatments, which repre-
sent a burden for patients and their families, is important for
developing public policies and interventions to prevent
patients from developing high myopia and associated visual
impairment.

Our study aimed to evaluate the economic cost of myopia in
a consecutive sample of adult Singaporeans aged 40 years or
older in a population-based study and to estimate the annual
costs for the country using age-specific prevalence data.

MATERIALS AND METHODS

Study Population

Data from this ancillary study were collected from the
Singapore Chinese Eye Study (SCES), a cross-sectional popula-
tion-based study of Chinese Singaporeans older than 40 years,
and the study procedures have been described elsewhere.11–13

In this ancillary study, 125 participants who had myopia
(defined below) were consecutively recruited to participate in
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www.iovs.org j ISSN: 1552-5783 7532

MYOPIC RETINOSCHISIS IN ASIANS
Structural Features and Determinants of Visual
Acuity and Prognostic Factors for Progression

CLARISSA CHENG, MMED,* KELVIN TEO, MMED,†‡ COLIN S. TAN, FRCS(ED),*

SHU YEN LEE, FRCOPHTH,†‡§ BOON KWANG LOH, FRCS(ED),† EDMUND WONG, FRCS(ED),†
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Purpose: To describe microstructural changes and schisis extent in eyes with myopic

retinoschisis and to determine their influence on visual acuity at baseline and follow-up.

Methods: In this prospective observational study, 50 eyes of 38 patients with myopic

retinoschisis were evaluated using spectral domain optical coherence tomography, and the

patients were followed for at least 12 months. The presence of microstructural changes and the

extent of retinoschisis at baseline on spectral domain optical coherence tomography, and the

association between these parameters and the risk of visual acuity deterioration were analyzed.

Results: Median presenting visual acuity and central retinal thickness were 0.31 logMAR

(�20/40) and 395 mm, respectively. Twenty-six eyes (52%) had entire macular area retino-

schisis. Common microstructural changes included photoreceptor detachment (24%), foveal

ellipsoid zone (EZ) disruption (34%), partial-thickness macular hole (26%), and full-thickness

macular hole (16%). Visual acuity was poorer in eyes with photoreceptor detachment, EZ

disruption, full-thickness macular hole, and central retinal thickness.300 mm. Eyes with entire

macular area retinoschisis had the poorest visual acuity and thickest central retinal thickness,

and they were more likely to have photoreceptor detachment, EZ disruption, and retinal

detachment. Over a mean follow-up of 31.7 ± 7.7 months, 14 eyes (28%) had worsening

visual acuity of $2 lines. Ten of these 14 eyes had entire macular retinoschisis at baseline.

Conclusion: Most eyes with myopic retinoschisis remain stable. However, eyes with

extensive retinoschisis involving the entire macular area are more likely to progress and

have microstructural abnormalities and poorer vision. Early surgery should be considered

for these eyes.
RETINA 36:717–726, 2016

Myopic retinoschisis is a common cause of pro-
gressive vision loss in highly myopic eyes. It has

been estimated that as many as one third of eyes with
posterior staphyloma have myopic retinoschisis.1–3

Several terms have previously been used to describe
this condition in earlier studies, including macular fo-
veoschisis and myopic traction maculopathy. Before
the advent of optical coherence tomography (OCT),
most cases of myopic retinoschisis remained undiag-
nosed unless complications such as retinal detachment
(RD) or macular hole (MH) develop.3 The exact path-
ogenesis is poorly understood; however, it has been
postulated to result from an interplay of tractional
forces on the retina by the internal limiting membrane
(ILM), vitreous cortex, epiretinal membrane, and pos-
terior staphyloma, combined with retinal microfolds
exerting retinal vascular traction.4–11

Visual acuity in myopic retinoschisis is variable,
with some eyes having stable good vision while others
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