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Impact of amblyopia
on vision at age 12
years: findings from
a population-based
study

Abstract

Aims To report prevalence of amblyopia and
long-term impact of its treatment on vision in
a population-based sample of 12-year-old
Australian children.

Methods Logarithm of minimum angle of
resolution (logMAR) visual acuity (VA) was
measured in 2353 children (response rate
75.3%); visual impairment was defined as

VA <6/12. Amblyopia was defined using
various criteria of best-corrected VA, together
with an amblyogenic factor and absence of
significant organic pathology. Corroborative
historical data on previous diagnosis and
treatment were obtained from parental
questionnaires.

Results Forty-four children (1.9%) were
diagnosed with amblyopia, unilateral in

40 and bilateral in four. Isolated anisometropia
was the most frequent cause (41%), followed
by strabismus (25%), combined anisometropia
and strabismus (23%), and high ametropia
(9%). Myopia, hyperopia, and astigmatism
were present in 28, 51, and 44% of amblyopic
children, respectively, compared to 12, 4, and
9% of non-amblyopic children. Mean best-
corrected VA in amblyopic eyes was 44.5
logMAR letters (Snellen equivalent 6/9),
range: 11-60 letters. Most children with
amblyopia (84%) had been treated. Only 27%
were visually impaired in their amblyopic eye.
Conclusions This report documents a low
amblyopia prevalence in a population of 12-
year-old Australian children. Amblyopic visual
impairment was infrequent in this sample
despite absence of mandatory vision screening.
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Introduction

Amblyopia is an important cause of
noncorrectable unilateral visual impairment
in industrialised countries' despite knowledge
that amblyogenic risk factors are easily
detectable by trained personnel, and that
treatment is well tolerated®® and highly
effective* when instituted within the sensitive
period of development.

Snowdon and Stewart-Brown’s 1997 review
of the effectiveness of preschool vision
screening identified paucity of data on the
natural history of amblyopia and the extent of
disability attributable to it.”> Although there are
substantial data on the prevalence of amblyopia
from different populations, few studies have
examined long-term impacts of amblyopia
detection and treatment on vision in
population-based samples.®”

The Australian population benefits from a
universal healthcare system covering most costs
of both optometric and ophthalmic
consultations; preschool vision screening,
however, is now not routinely performed.

The detection of amblyopia and associated risk
factors therefore depends on parental self-
referral and a high degree of suspicion by
primary healthcare providers.

Given this context, we recently reported
findings on visual impairment and amblyopia
in a large population-based sample of 6-year-
old Australian children.®® The overall
prevalence of amblyopia was relatively low
in that younger population (1.8%), and most
children with amblyopia (72%) had already
been diagnosed and treated; newly diagnosed
children were directly referred to paediatric
ophthalmologists for further management.

The Paediatric Eye Disease Investigator Group
(PEDIG) recently demonstrated significant
response to treatment (defined as visual acuity



improvement of at least two lines) in over half of
amblyopic children aged 7-12 years.'® Therefore,
6-year-old children, such as those newly diagnosed
with amblyopia in our previous sample stand to gain
significant benefit from treatment if promptly instituted.
This second report documents the impact of amblyopia
on vision in a population-based sample of predominantly
12-year-old Australian children, representing an age
beyond which treatment of amblyopia is unlikely to
result in any substantial visual acuity improvement.'!
It therefore documents the likely extent of permanent
visual disability associated with amblyopia, and permits
appraisal of outcomes in the absence of routine preschool
vision-screening programmes.

Materials and methods
Population

This project is a population-based survey of refraction
and other eye conditions in two samples of school
children predominantly 6 and 12 years of age, resident in
the Sydney metropolitan area.®*'>'* It forms part of the
Sydney Childhood Eye Study, which is examining
childhood eye conditions across a range of ages. Methods
used to identify and select the target sample, as well as a
description of study procedures have been reported.'?
In brief, the study area was stratified by socio-economic
status to randomly select 34 primary and 21 secondary
schools from a proportional mix of public and private/
religious schools across Sydney. The following report is
based on data from the 12-year-old sample of children
examined from 2004 to 2005.

Procedures

Written informed consent from at least one parent plus
assent of each child was obtained before examination.
Approval for the study was obtained from the Human
Research Ethics Committee, University of Sydney and
Department of Education and Training, state of New
South Wales, Australia.

Distance visual acuity was tested monocularly using a
logarithm of the minimum angle of resolution (logMAR)
chart. The chart was retro-illuminated with automatic
calibration to 85 cd/m? (Vectorvision CSV-1000™,
Dayton, OH, USA) and read at eight feet (244 cm). Visual
acuity (VA) was assessed with and without spectacle
correction, if worn.® Children with presenting VA <0.02
logMAR units (i.e. <54 letters, equivalent to Snellen
acuity <6/6) underwent subjective refraction according
to the Beaver Dam Eye Study modification of the Early
Treatment Diabetic Retinopathy Study protocol.”” Using
a VA cutoff of 6/12, uncorrected and presenting visual
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impairment were defined by unaided and
spectacle-corrected VAs, respectively. Non correctable
visual impairment referred to VA <6/12 after
subjective refraction.

Cycloplegia was obtained after one cycle of
cyclopentolate 1% (one drop) and tropicamide 1% (one
drop), following corneal anaesthesia with amethocaine
hydrochloride 1%. In a small proportion of children
slow to dilate, phenylephrine hydrochloride 2.5% was
used to maximise mydriasis. Cycloplegia was considered
full when the pupil was fixed and >6 mm diameter.

An autorefractor (Model RK-F1, Canon, Japan) was
used to perform cycloplegic autorefraction and
keratometry. Children had a comprehensive eye
examination comprising prism bar cover testing at near
(30 cm) and distance (6 m) fixation, assessment of ocular
movements and stereopsis using the TNO test, ocular
biometry, slit-lamp examination, optical coherence
tomography, and mydriatic digital retinal photography.

Parents completed a comprehensive 173-item
questionnaire, and children completed a smaller survey.
Socio-demographic information covering ethnicity,
country of birth, parental education, and occupations
was included. Parental education was defined as the
highest level of education completed by either parent.
This ranged from never having attended school to having
completed a higher degree, such as a Masters or PhD.
Socioeconomic status was based on home ownership
by the child’s parents and their employment status.

Ascertainment of amblyopia cases

In order to capture all children with amblyopia,
including those with previously detected (and treated)
amblyopia, a rigorous set of inclusion criteria were
applied stepwise:

1. Criterion A—All children with best-corrected
VA <6/6 not attributable to organic disease of the eye
or visual pathway were included as potential cases.

2. Criterion B—All children with parent-reported
diagnosis of amblyopia, occlusion, or atropine
penalisation treatment (regardless of best-corrected
VA) were also considered potential cases. These
children were also required to be free from any
organic disease of the eye or visual pathway.

3. Criterion C—To be considered a definite case of
amblyopia, children in either of the above two groups
were required to have an amblyogenic factor
demonstrable at the time of examination.
Anisometropic amblyopia was assigned as the cause
if there was at least a 1.0 dioptre (D) difference in
spherical equivalent refraction (SER) between the
two eyes, in the absence of strabismus. Strabismic
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amblyopia was assigned as the cause if any
heterotropia was present on cover testing or if there
was confirmed history of strabismus surgery without
anisometropia or high refractive error. Mixed
amblyopia was assigned as the cause if the above
causes were present in combination. Isoametropic
amblyopia was assigned as the cause in the presence
of bilateral hyperopia >4.0D, bilateral myopia
<—6.0D or bilateral astigmatism >2.5D. Stimulus
deprivation amblyopia was assigned as the cause if
congenital cataract, ptosis or corneal or other media
opacities obstructed vision, or if there was a
confirmed history of these conditions.

4. Criterion D —If criteria A and C were met without
criterion B (previous diagnosis or treatment), children
were only considered to have amblyopia if best-
corrected VA was less than 6/9. Thus, in cases with
best-corrected VA >6/9, parental report of previous
treatment was required.

In uncertain cases, diagnosis and treatment were
confirmed with the child’s treating ophthalmologist.

Data handling and statistical analysis

Data were entered into a Microsoft Access database.
Statistical analyses were performed using Statistical
Analysis System (SAS Institute, Cary, NC, USA). Mixed
models and generalised estimating equations adjusted
for clustering within schools. Where cluster effects were
insignificant, ¥* and t-tests were used. Sample means and
mean differences are reported with their standard errors;
all confidence intervals (CI) presented are 95% CI.

Results
Subjects

Of 3144 eligible children, 2367 children were given
parental permission to participate and questionnaires
were provided by parents (response rate 75.3%). Of these
2367 children, 14 were not examined because of absence
from school during the examination period. The mean
age of participants was 12.7 (range: 11.1-14.4 years);
49.4% were girls. Basic socio-demographic data on study
participants are presented in Table 1. There was no
significant gender or ethnic differences between
responders and non-responders.

Prevalence of amblyopia

Using the above ascertainment criteria, 44 children

(1.9% of the sample) were diagnosed with amblyopia; 22
were boys. Using conventional criteria of best-corrected
VA <6/12 and a two-line difference between the eyes, the
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Table 1 Selected socio-demographic characteristics of entire
sample

Characteristic All Boys Girls
(n=2353) (n=1190) (n=1163)
n (%) n (%) n (%)
Age (years)
11-11.99 100 (4.3) 46 (3.9) 54 (4.6)
12-12.99 1645 (69.9) 787 (66.1) 858 (73.8)
13-13.99 603 (25.6) 354 (29.8) 249 (21.4)
>14 5(0.2) 3(0.3) 2(0.2)
Ethnicity
European Caucasian 1407 (60.0) 740 (62.5) 667 (57.5)
East Asian 352 (15.0) 154 (13.0) 198 (17.1)
Middle Eastern 166 (7.1) 93 (7.9) 73 (6.3)
South Asian® 129 (5.5) 60 (5.1) 69 (6.0)
Mixed 179 (7.6) 89 (7.5) 90 (7.8)
Other 112 (4.8) 49 4.1) 63 (5.4)
Parental education
Secondary school 684 (33.3) 320 (30.7) 364 (35.9)
Technical college 536 (26.1) 281 (27.0) 255 (25.2)
University 834 (40.6) 440 (42.3) 394 (38.9)
Parental employment
Both employed 1183 (57.0) 622 (59.1) 561 (54.8)
One employed 695 (33.5) 337 (32.0) 358 (35.0)
Other 198 (9.5) 93 (8.8) 105 (10.3)
Parental home ownership
Yes 1555 (74.2) 810 (76.6) 745 (71.8)
No 540 (25.8) 248 (234) 292 (28.2)

?*Comprising Pakistani, Indian, and Sri Lankan ethnicities.

prevalence was 0.4%. There were no significant

ethnic differences in amblyopia prevalence, being 2.0%
(CI 1.1-2.9%) in European Caucasian children, 2.6%

(CI 1.1-4.0%) in East Asian children, 1.6% (CI 0.0-3.3%)
in South Asian children, and 1.2% (CI 0.0-2.6%) in
Middle Eastern children. The right eye was affected in
17 cases (39%), the left eye in 23 cases (52%); four
children had bilateral amblyopia.

Causes of amblyopia

Anisometropia was the most frequent cause, present in
18 cases (41%), followed by strabismus in 11 cases (25%),
combined anisometropia and strabismus in 10 cases
(23%) and high ametropia in four cases (9%). The last
four children had bilateral amblyopia, owing to bilateral
high myopia and high hyperopia, each for two cases.
One child was considered to have amblyopia despite
failing to meet criterion C (presence of an amblyogenic
factor). She had best-corrected VA of 0.6 logMAR
(Snellen equivalent 6/24) and reduced stereoacuity

(240 arcsec), in the absence of organic disease of the
eye or visual pathway.



Previous diagnosis and treatment

Using parental questionnaire data, 39/44 children (89%)
had previously been diagnosed with amblyopia by an
eye practitioner, and all but one reported previous
treatment. The mean age at diagnosis was 4.3 years

(CI 3.4-5.3), although the relevant information could
not be confirmed in 10 children. Treatment consisted of
spectacle prescription in 34 cases, occlusion therapy in
22, and atropine penalisation in two cases. A single form
of treatment (either spectacles or occlusion alone) was
reported in half the cases, whereas a combination of
spectacles, occlusion, and/or atropine penalisation was
reported in the remaining half.

Visual acuity outcomes in children with amblyopia

Figure 1 outlines the distribution of best-corrected VAs
for all children with previously treated and untreated
amblyopia. Most children diagnosed with amblyopia
(73%) had no visual impairment (VA <6/12) in their
affected eye. Of these 32 children without visual
impairment, 28 had previously been treated. Conversely,
of the six previously untreated children, only two were
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Figure 1 Distribution of best-corrected VA in 44 children with
amblyopia. VA of the right eye is used in four cases of bilateral
amblyopia.
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visually impaired in their amblyopic eye, with best-
corrected acuities of 6/24 and 6/15, respectively. Table 2
presents mean best-corrected acuities by the cause of
amblyopia and outlines the proportion of visually
impaired children in each category. All children with
strabismic amblyopia had been treated, and they had the
highest level of acuity, with a mean of 50.8 logMAR
letters (6/7.5 Snellen equivalent). Correspondingly, only
one child with strabismic amblyopia had non-correctable
visual impairment owing to amblyopia.

Amblyopia and associated ocular outcomes

Table 3 presents the prevalence of selected ocular
outcomes for children with and without amblyopia.
Figure 2 shows the distribution of spherical equivalent
refraction in amblyopic eyes compared to right eyes of
nonamblyopic children. Children with amblyopia had
slightly more hyperopic spherical equivalent refraction,
with a mean of +1.47 D compared to +0.48 D for
children without amblyopia (P =0.1), although myopia,
hyperopia, astigmatism, and anisometropia were all
significantly more frequent in children with than without
amblyopia.

Discussion

Most previous studies defined amblyopia using strict VA
criteria, failing to take into account the impact of
treatment,'®** and thus making comparison of the true
prevalence of amblyopia across studies difficult.
Nonetheless, our 1.9% prevalence, which takes into
account all children previously diagnosed and treated
with the condition regardless of their present VA, is still
lower than reported rates from most previous studies.* >
Using similar methodologies, we recently documented
an almost identical prevalence (1.8%) in a large (n =1740)
representative sample of younger, predominantly

Table 2 Treatment status and visual acuity outcomes (by cause) of 44 children diagnosed with amblyopia

Cause

Outcome

Proportion treated

Mean best-corrected
VA in logMAR letters

Proportion with non-correctable
visual impairment?

n (%) (CD) n (%)
Anisometropia (1 =18) 17 (94.4) 44.6 (38.9-50.3) 5 (27.8)
Strabismus (1 =11) 11 (100.0) 50.8 (47.1-54.6) 10.1)
Mixed (n=10) 6 (66.7) 40.3 (32.6-47.9) 3 (30.0)
High ametropia (n=4) 3 (75.0) 42.4 (38.2-46.6) 2 (50.0)
Unknown cause (n=1) 0 (0.0) 26.1 (25.8-26.5) 1 (100.0)
All (n=44) 37 (84.1) 44.5 (40.8-48.3) 12 (27.3)

“Best-corrected visual acuity <6/12.

LogMAR VA, logarithm of minimum angle of resolution visual acuity; CI, confidence interval.
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Table 3 Selected ocular outcomes in children with (n =44) and without (n =2309) amblyopia

Ocular outcome Children with Children without P-value
amblyopia (n=44) amblyopia (n=2309)
Mean SER, dioptres (SE) +1.47 (0.66) +0.48 (0.10) 0.1
Mean cylinder, dioptres (SE) —-1.32 (0.19) —0.33 (0.01) <0.0001
Refractive error (n, %)
Myopia (SER <—-0.50D) 12 (27.9) 285 (12.4) 0.003
Hyperopia (SER > +2.00D) 22 (51.2) 93 (4.1) <0.0001
Astigmatism (Cyl >1.00D) 19 (44.2) 199 (8.7) <0.0001
Anisometropia (>1.00D) 29 (67.4) 67 (2.9) <0.0001
Spectacle use (11, %) 29 (65.9) 419 (18.2) <0.0001
Strabismus (1, %) 23 (52.3) 41 (1.8) <0.0001
Abnormal stereoacuity (<120 arc seconds) 28 (68.3) 59 (2.6) <0.0001
Noncorrectable visual impairment® (1, %) 12 (27.3) 7 (0.3) <0.0001

“Best-corrected visual acuity <6/12.

SE, standard error; SER, spherical equivalent refraction; D, dioptre; Cyl, cylinder.
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Figure 2 Distribution of spherical equivalent refraction (SER),
expressed in dioptres (D), in 44 amblyopic eyes and 2309
nonamblyopic right eyes. Refraction of the right eye is used in
four cases of bilateral amblyopia.

6-year-old Australian children.” The proportion of
previously detected amblyopia was somewhat higher in
this older sample (89%) than in the younger population
(72%), although most cases of amblyopia had already
been diagnosed in both age groups. Correspondingly,
the prevalence of non-correctable visual impairment
(best-corrected VA <6/12) owing to amblyopia was

low in both samples, 0.5 and 0.9%, for the older and
younger age groups, respectively.

Snowdon and Stewart Brown’s review of the literature
on preschool vision screening® prompted substantial
debate about its place and efficacy,”?** with controversy
concerning the best screening tests,* the timing and
frequency of screening® and likely cost-effectiveness.
There are currently no routine vision screening programs
in place in Australia, and the onus is largely on parents
to have their child’s vision tested either by a general

32,33
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practitioner or optometrist. Vision screening by
orthoptists and nurses is provided on a smaller scale
in some community health centres, although usage
again relies on parental self-referral.

To our knowledge, this is the first study to evaluate the
impact of amblyopia and its treatment on vision in a
population-based sample and at an age beyond which
treatment is unlikely to be beneficial. Our findings show
that despite the lack of a routine vision-screening
programme, the prevalence of non-correctable visual
impairment owing to amblyopia is very low (0.5-0.9%)
in Australia, a consistent finding now across two large,
representative samples of 6- and 12-year-old children.
Two previously screened samples of Danish and Swedish
school children each reported a 1.1% corresponding
rate.>*®

Comparison with a previously unscreened sample of
elderly Australians from an area west of Sydney (Blue
Mountains Eye Study) points to a possible improvement
in the detection and treatment of amblyopia over the
intervening 50-70 years; 3.9% of people in that sample
were diagnosed with amblyopia, 74% of whom were
visually impaired in their affected eye.* Thus, in the Blue
Mountains sample, prevalence of visual impairment
resulting from amblyopia was 2.9%, more than 5-fold
greater than in the current study. Similarly, prevalence of
unilateral amblyopia in another previously unscreened
sample of older Australian adults was 3.1%, with 54%
being visually impaired in the affected eye.® It is
conceivable that improvements in antenatal care and
infant health have led to a reduction in the incidence of
amblyopia in recent decades. This might in part explain
the lower prevalence of amblyopia in our childhood
sample than that of older adults in the Blue Mountain
Eye Study. Secondly, the diagnosis of amblyopia is likely



to be more reliable in childhood. It is possible that subtle
unrecognised eye disease is more easily misclassified as
amblyopia in older adults.

We noted slight, but clinically significant, differences in
the VA of children with different types of amblyopia.
Children with strabismic amblyopia had the best
outcomes, with mean best-corrected Snellen equivalent
acuity of 6/7.5. Corresponding mean corrected acuities
for children with anisometropic and mixed amblyopia
were 6/9 and 6/12, respectively. Treatment outcome
depends on a number of factors, including age at
presentation, initial acuity, and compliance with
treatment.”” Strabismic amblyopia is likely to be detected
(and therefore treated) earlier than other types of
amblyopia®®>® because strabismus may be externally
visible to the parents. On the other hand, some types
of amblyopia may be inherently more refractory to
treatment than others with some suggestion that visual
outcomes from mixed amblyopia may be worse than
from isolated anisometropic or strabismic amblyopia.*”

Strengths of this study are its population-based design
and uniform examination protocol. As mentioned, most
previous amblyopia studies have not taken into account
the impact of treatment. Although corroborating
historical data were used to ascertain previously
treated cases, this was done rigorously to minimise
misclassification. For example, parental report of
occlusion therapy needed to be consistent for affected
and treated eyes, although the duration of occlusion
therapy needed to be compatible with amblyopia
treatment (i.e. weeks to months) rather than days, as
for a traumatic eye injury.

The study also has some limitations. We had no
information on the initial VAs of children with
amblyopia, the intensity of the prescribed treatment
regimen, or the children’s compliance, all of which are
important determinants of final VA outcomes.

Although the project achieved a reasonable response
rate, 24.7% of the target population was not examined
because parents did not give consent. Collection of
information on socio-demographic factors, eye disease,
and parental attitudes towards eye care in this group was
limited by logistic barriers. Although overt participation
bias was not noted, some of these children could still
have significant visual loss from amblyopia that was
undiagnosed or had failed treatment. Generalisation of
our findings to the entire population therefore, needs
to be made with caution.

Nevertheless, if previously treated children were less
likely to participate in the study, we would have
expected many more previously undetected cases of
amblyopia in our sample. This was not the case; the
majority of amblyopic children in our sample had been
previously diagnosed with the condition, and this fact
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had not discouraged their parents from agreeing to their
child’s participation. There is also no reason to suspect
that previously undiagnosed children would have
selectively declined to participate, as lack of diagnosis by
an eye practitioner by definition requires lack of parental
awareness of the condition.

In addition, the high rates of detection and treatment
seen in this sample may not necessarily apply to all
Australian children, because access to and availability
of eye care services as well as knowledge of common
childhood eye conditions might vary geographically.
Although most of the children in our sample had not
participated in preschool vision screening programs,
their parents appeared to have a low threshold for
seeking professional eye care services by alternate
means. This important characteristic may not be present
in other unscreened populations. Notwithstanding the
above limitations, this report provides a snapshot of the
real world impact of amblyopia detection and treatment
in a large Australian sample and in the context of non-
mandatory vision screening.
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