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Factors affecting the benefit of glasses alone 2
in treating childhood amblyopia: an analysis
of PEDIG data
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Abstract

Background To evaluate factors associated with better outcomes from optical treatment alone in amblyopic
children from 3 up to 7 years.

Methods Data extracted from two studies with similar protocols, Amblyopic Treatment Studies 5 (n=152) and 13
(n=128) from the Pediatric Eye Disease Investigator Group database, were used to determine by regression analysis
the factors associated with improvements in visual acuity in the amblyopic eye, inter-ocular visual acuity difference
and stereoacuity. Input variables were aetiology of amblyopia (anisometropic, strabismic and combined-mechanism
amblyopia), treatment compliance, visual acuity, interocular visual acuity difference, stereoacuity, tropia size at
distance and near, age and refractive error at baseline.

Results Despite the range of clinical factors considered, our models explain only a modest proportion of the variance
in optical treatment outcomes. The better predictors of the degree of optical treatment success in amblyopic children
are visual acuity of the amblyopic eye, interocular visual acuity difference, stereoacuity, treatment compliance and

the amblyopic eye spherical-equivalent refractive error. While the aetiology of the amblyopia does not exert a major
influence upon treatment outcome, combined-mechanism amblyopes experience the smallest improvement in
visual acuity, tropia and stereoacuity and may need longer optical treatment periods.

Conclusions While results identify the factors influencing optical treatment outcome in amblyopic children,
clinicians will be unable to predict accurately the benefits of optical treatment in individual patients. Whether this is
because relevant clinical or non-clinical factors (e.g. nature and volume of daily activities undertaken) influences the
outcomes from optical treatment has not yet been identified and remains to be discovered.

Key message
- The specific benefit of optical correction is already established and this has led to a change in amblyopia
management whereby treatment starts with the provision of optical correction alone.
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spherical-equivalent refractive error.

optical treatment for each individual patient.

The best predictors of the degree of optical treatment success in amblyopic children are visual acuity of the
amblyopic eye, interocular visual acuity difference, stereoacuity, treatment compliance and the amblyopic eye

Overall, optical treatment alone resolved amblyopia in a low percentage of the amblyopic children.
Furthermore, based on statistical modelling, clinicians will not be able to predict accurately the benefits of

Keywords Amblyopia, Optical treatment, Visual acuity, Stereoacuity, Interocular difference

Introduction

Amblyopia is a unilateral, or infrequently bilateral, devel-
opmental disorder of vision associated with significant
refractive error in one or both eyes and/or a misalign-
ment of the visual axes [1]. It is usually associated with
anisometropia (anisometropic amblyopia), strabismus
(strabismic amblyopia) or their combination (combined
mechanism) [1]. Its treatment typically consists of cor-
recting the refractive error in combination with occlu-
sion or optical penalization of the better eye, although
alternatives to the latter methods (e.g. involving the use
of dichoptic displays, virtual reality and perceptual learn-
ing) are the subject of considerable clinical research
interest at present [2, 3].

During the past 20 or so years, the value of the opti-
cal correction component in amblyopia treatment has
been recognized. In the past, it was common practice for
patching or penalization to commence around the same
time as the refractive correction was issued, making it
impossible to distinguish the distinct therapeutic ben-
efit of optical treatment from the benefits produced by,
for example, occlusion. However, starting with Stewart et
al. [4], the specific benefit of optical correction has been
established and this has led to a change in amblyopia
management whereby treatment starts with the provi-
sion of optical correction alone, typically for a minimum
period of ~4 months [5] or longer if visual acuity con-
tinues to improve with glasses alone [6, 7]. The period
of time when glasses represent the sole means of treat-
ment can be labelled the “optical treatment alone” (OTA)
period [8] and this is the subject of interest in the present
study. The benefit of OTA in the treatment of amblyopia
relates to the gains in visual acuity (VA) from wearing
glasses for a sustained period of time beyond the gains
which result from simple elimination of the optical blur
when glasses are first worn. Thus, the benefit of OTA can
be quantified by determining the improvement in VA in
the affected eye from the time when refractive correction
is first provided to the point when (typically after 18-20
weeks) the visual acuity ceases to improve with glasses
alone [4, 5, 7].

What clinical factors affect the magnitude of the ben-
efit from OTA? A number of studies have shown that
OTA is beneficial regardless of the presumed etiology
or severity of the amblyopic visual loss [8, 9]. A recent

meta-analysis on the benefits of OTA in amblyopia [10]
found that the optical treatment of amblyopia resulted in
moderate-to-large effect sizes. Regression analysis of the
data from the studies included in the meta-analysis found
that the effect of optical treatment decreased with age
and increased with treatment duration. Surprisingly, the
analysis also found that better initial acuity was associ-
ated with larger effect sizes from OTA.

Two of the studies included in this meta-analysis were
conducted by the Pediatric Eye Disease Investigator
Group (PEDIG). These studies benefit from detailed pro-
tocol descriptions, large numbers of participants and an
assessment of compliance with spectacle wear. These are
the Amblyopia Treatment Studies (ATS) 5 & 13 and they
examined the benefit of OTA in anisometropic amblyo-
pia, in strabismic and in combined strabismic - aniso-
metropic amblyopia [8, 9]. These PEDIG studies were
conducted in children aged from 3 to <7 years and they
had virtually identical protocols in the OTA phase. In
addition to examining the effect of age, presumed aetiol-
ogy of the amblyopic visual deficit and the visual acuity at
the onset of the OTA phase (VAAE, visual acuity of the
amblyopic eye at baseline), the large participant numbers
in the two studies also allows examination of whether
additional factors were associated with better treatment
outcomes. These additional clinical factors included the
refractive error in the amblyopic eye, the magnitude of
any anisometropia present, the magnitude of the angle
of the strabismus (if present) and the level of stereoacu-
ity at baseline. The results of the two studies show some
differences from one another and from the conclusions
of the meta-analysis referred to above. For example, as
indicated, the meta-analysis found that bigger OTA effect
sizes were found in eyes with better baseline acuity in the
amblyopic eye. However, while the same finding emerged
from the PEDIG study of anisometropic amblyopes
(ATS5), the treatment effect sizes were not found to be
associated with baseline amblyopic eye visual acuity in
combined mechanism amblyopia, and to be associated
with worse baseline amblyopic visual acuity in eyes with
strabismic amblyopia when no anisometropia was pres-
ent (ATS13). These results suggest that the aetiology of
amblyopia may be important when it comes to the factors
influencing treatment outcome. However, in the study by
Stewart et al. [5] and in the recent meta-analysis [10],
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the effect size was not found to depend upon amblyopia
etiology. Similarly, the impact of anisometropia magni-
tude upon treatment appears to differ between studies.
In combined mechanism amblyopia, the improvement
in VAAE was not associated with the magnitude of
anisometropia [8] but in the study of anisometropic
amblyopes, better treatment outcomes were found to be
associated with lesser amounts of anisometropia [9].

By combining the results from two large PEDIG stud-
ies that have included essentially the same protocol in the
OTA phase, our aim is to obtain a clearer picture of the
factors that influence amblyopia treatment outcomes that
arise from the optical treatment of amblyopia. We antici-
pate the results of this analysis will be useful to clinicians
treating childhood amblyopia and to clinical researchers
in identifying the factors that are, or appear to be, asso-
ciated with better treatment outcomes from the optical
treatment of amblyopia.

Methods

The study has been evaluated by the “Ethics Commit-
tee” of University of Valencia (Spain) and deemed not to
require ethics approval.

Patients who had not previously worn glasses nor had
any other form of treatment for amblyopia before enroll-
ing in the PEDIG research studies [9] were selected from
the ATS5 and ATS13 data sets, available on the PEDIG
website [11]. In total, there were data available for 280
patients, (nypgs=152, n,1q;5=128, see Fig. 1).

The methodological details for the studies are avail-
able elsewhere [9]. In brief, in both studies the VA was
measured with ATS single-surround HOTYV on the Elec-
tronic Visual Acuity tester [12—13], within a half-hour of
when the newly-prescribed glasses were first worn. VA
was monitored at subsequent at follow-up visits until it
ceased to improve, ending the OTA period. Treatment
compliance was classified in four categories: Excellent,
Good, Fair and Poor [11] and was recorded by diaries.
As these were multicentric trials, each child was moni-
tored by a researcher at the centre where they enrolled
in the trial. They were assessed by the same researcher at
each centre. In cases where this compliance classification
changed between visits, the worst level was used. Stereo-
acuity was measured with Titmus Fly and Randot Pre-
school Stereoacuity tests (Stereo Optical Co., Chicago,
IL), both at the beginning and at the end of the OTA
phase in study ATS13 but only at the end of the OTA
phase in ATS5. This limits the extent to which this anal-
ysis can examine the change in stereoacuity that accrue
from OTA, and the association between the stereoacuity
at the beginning of the OTA phase and the improvements
in VAAE arising from optical treatment.

In the ATS5 study, follow-up visits were conducted
every 5 (£ 1) weeks. Amblyopia was considered “resolved”
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in patients achieving an interocular acuity difference in
VA of <1 line [9]. At this point, these patients continued
using their spectacle correction but they did not have any
other form of treatment. They had a final follow-up visit
4 to 6 months later [9]. In the ATS13 study, follow-up vis-
its were only conducted every 9 weeks [8].

The PEDIG group follows very detailed protocols [11]
for the refraction of participants, always taking the cyclo-
plegic as a starting point. For the purposes of considering
the possible impact of refractive error upon the magni-
tude of VA improvement during the period of OTA, the
spectacle refractive error and not the cycloplegic refrac-
tion was used in our analyses. This is because the spec-
tacle refraction is the refractive correction which is worn
by the patient during the OTA. For analysis purposes,
refraction has been converted to vectorial format [14]
(M, Jo» J45) and anisometropia was calculated as the differ-
ence between the spherical-equivalent (M) components
of the right and left eye of each participant. There were
no significant differences between the initial and final
results for M, ], and J,5. Visual acuities in Snellen nota-
tion were converted to logM AR notation and the interoc-
ular difference in logMAR VA (IOD-VA) computed for
each visit. Raw stereoacuity scores in ATS5 and ATS13,
were converted into a categorical scale as follows: 1=40";
2=60"; 3=100"; 4=200"; 5=400"; 6=800" Stereoacuity
thresholds worse than 800” were assigned to category 7.
The classification of amblyopia types as anisometropic
(A), strabismic (S) and combined-mechanism (C) fol-
lowed the PEDIG criteria [8]. Relative to baseline, which
is the moment when the new glasses were first worn,
the benefits of OTA were assessed at the following time
points: a) 6 to 10 weeks+3 days from baseline, b) 14 to 18
weeks*3 days from baseline and c) last visit when partic-
ipants entered the next phase (i.e. beyond OTA) of ATS5
or ATS13. The total number of participants with data at
each of these time points was 148 (nprgs = 70; np1g15=78).

Data analysis

SPSS version 26 and MATLAB were used for statisti-
cal analysis. Non-parametric statistics have been used
because the variables do not follow a normal distribution.
The clinical factors associated with better treatment out-
comes were identified by partial correlation analysis and
included in stepwise linear regression models with the
Akaike [15] information criterion, to determine which
clinical parameters influenced the OTA treatment out-
come, measured as the final values of, and the changes
in VAAE, IOD-VA and stereoacuity. Three categorical
variables, amblyopia aetiology (anisometropic, strabismic
and mixed), stereopsis level and strabismus type (none,
distance, near or both) were considered. Continuous
variables were age, distance and near tropia horizontal
size, the three components of the refraction vector (M, J,
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Amblyopia Treatment Study (ATS 5 & 13)
Selection criteria for this analysis
- Never worn spectacles
- Are prescribed spectacles

ATS 5
N= 164

ATS 13
N= 130

Excluded for strabismus

N=162

surgery, previous patching
ATS5n=2

N= 128

ATS 13n=2

Excluded for not meeting
characteristics of any of the

N= 152

three types of Amblyopia

N=128

ATS5n=10
ATS13n=0

Total analysed ATS 5 (N= 152) +
ATS 13 (N=128) = 280

Fig. 1 Selection criteria and participant numbers in the two Amblyopia Treatment Studies (ATS), ATS5 and ATS13. The studies are similar until the end of
the OTA phase, and diverge thereafter. However, this analysis focuses on gains up to the end of the OTA phase and thus the results from ATS 5 and ATS 13
are combined. Total participants n=280 [(Nxrss= 152) + (Nxs3= 128)]. Data sets for both studies are available on the PEDIG website [11]

J4s) and the VAAE at baseline. In all test p-values below
0.05 are considered significant.

Results

The combined group (n=280), separated according to
the aetiology of amblyopia, consisted of ninety-seven
anisometropic amblyopes (A, 44% Female), eighty-three
strabismic amblyopes (S, 47% Female) and one-hundred
combined mechanism amblyopes (C, 60% Female). The
mean age for the three groups was 4.75+0.93, 4.31+1.03
and 4.55+0.96 years, respectively. At baseline, the average

VAAE was 0.5610.22 logM AR for the ATS5 participants
and 0.6410.24 logMAR for the ATS13 participants.
Baseline clinical characteristics, final results (i.e. at the
end of the OTA phase) and changes in the VAAE and in
the interocular difference in VA (IOD-VA), in the tro-
pia size and in stereoacuity are summarized in Table 1.
The average OTA duration was 160+69 days, with fif-
teen children taking 300 days and two cases of 378 days.
The average OTA duration was shortest for the A group
(151£73 days), followed by the S (158+63 days) and
C groups (171170 days) (Table 1) but these differences
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are not statistically significant (Kruskal Wallis x*>=4.023;
p=0.134).

For each of these three groups, OTA produces sig-
nificant improvements in VAAE and IOD-VA (Table 1
and Fig. 2). The percentage of resolved amblyopia using
PEDIG’s criterion (<1 IOD-VA) was 22.7% (95% CI,
15.2%-31.7%) in group A, 24.1% (95% CI, 15.9%-34.1%)
in group S and 13% (95% CI, 7.5%-20.6%) in group C.
Overall, OTA resolved the amblyopia in 19.6% of ambly-
opic children (CI, 15.3%-24.6%), with no significant dif-
ferences between the three groups (x>=4.406; p=0.110).
The S and C groups showed statistically significant ste-
reoacuity improvement (Table 1, Fig. 1), with no signifi-
cant difference between the two groups (Kruskal Wallis
x*=3.011; p=0.763). Since there were no baseline ste-
reoacuity measures in the anisometropic amblyopes, the
anisometropic group could not be included in this analy-
sis. It is observed (Table 1) that the S group has higher
tropia at baseline (both at distance and near vision) than
the C group. Both groups significantly reduction with
spectacles, but in the combined-mechanism amblyopia
group this reduction is smaller.

The time-course of the changes taking place during the
OTA shows that the improvement in VAAE and IOD-
VA is particularly noticeable in the first 8 weeks but the
improvement continues during the subsequent 8 weeks.
In stereoacuity, however, changes appear only occur
between baseline and 8 weeks, except in the case of a
small number of participants (outliers in Fig. 3).

Factors associated with better outcomes of the OTA phase
Our aims were to determine the clinical factors (e.g. pres-
ence of strabismus at distance or near, size of the angle
of deviation, baseline steroacuity [where available], mag-
nitude of anisometropia, level of compliance with glasses
wear) associated with better performance at the end
of the OTA phase, as measured by the improvement in
VAAE, IOD-VA and stereoacuity. The partial correlations
between the baseline variables (VAAE, IOD-VA, stereo-
acuity) and the improvement in VAAE, IOD-VA and ste-
reoacuity, did not always show similar trends for all three
groups for a given variable. In what follows here, only
statistically significant correlations are described. Full
details of the correlational analysis (Table_A_SuppInfo.
pdf) are provided in the supporting information available
at Springer nature website.

The improvements in VAAE for the whole sample
and the combined (C) group are greater when there is
better baseline stereoacuity (Rho=0.238; p=0.013 and
Rho=0.357; p=0.009, respectively) and in cases where
there is better compliance (Rho= -0.231; p=0.016 and
Rho= -0.354; p=0.009, respectively). In the S group,
greater improvements in VAAE occurred in amblyopic
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eyes with larger refractive error (i.e. higher initial M-val-
ues, Rho=-0.294; p=0.050).

The improvements in the IOD-VA for all three
groups are greater when there is better baseline VAAE
(Rho=0.223; p=0.015), a larger baseline IOD-VA
(Rho= -0.336; p<0.001), better baseline stereoacuity
(Rho=0.253; p=0.008) and better compliance (R=-0.190;
p=0.049). In group A, the improvement in IOD-VA is
greater for those with larger baseline IOD-VA (Rho=
-0.369; p<0.001). In group S, the IOD-VA shows greater
improvement in younger children (Rho=0.378; p=0.010),
higher baseline spherical equivalent-values (Rho= -0.357;
p=0.016) and larger baseline IOD-VA (Rho= -0.392;
p=0.008). Finally, in the C group, the improvement
in IOD-VA was associated with better baseline VAAE
(Rho=0.349; p=0.010), a larger IOD-VA (Rho= -0.472;
p<0.001), better baseline stereoacuity (Rho=0.338;
p=0.013) and better compliance (Rho=-0.363; p=0.008).

The improvement in stereoacuity for group S is
smaller when there is larger distance tropia (Rho=0.326;
p=0.029). In group C, the improvement in stereoacuity
is larger for older children (Rho= -0.302; p=0.028) and
in those with a smaller IOD-VA at baseline (Rho=0.321;
p=0.019).

Stepwise linear regression modelling

The models (Tables 2, 3 and 4) show a clear trend where
the most influential factor in the improvement of VAAE
and IOD-VA is their respective baseline value; hence
a worse baseline VAAE shows greater improvement in
VAAE and the higher the baseline IOD-VA, the greater
the improvement in IOD-VA. An influence of compliance
is observed with worse treatment outcomes associated
with the poorest level of compliance. Overall compli-
ance was excellent, with only eight children with ‘fair’
compliance and two with ‘poor’ These patients did not
share common characteristics, although all eight were
strabismic. In order of importance, the next factors are
the baseline spherical-equivalent refraction value and
the initial anisometropia, so that larger initial spherical-
equivalent refraction is related to a greater improvement
in VAAE and greater anisometropia produces smaller
improvements in VAAE and IOD-VA (Table 2).

Data from the S and C groups (Table 4) show that bet-
ter stereoacuity is achieved with smaller baseline tropia
sizes at distance, and when there is poorer stereoacuity
and smaller IOD-VA values at baseline, though the effect
is less strong for IOD-VA. It is also observed that aetiol-
ogy influences the results in that, at the end of the OTA,
the VAAE is poorer for the combined-mechanism group
compared to the group with the strabismic amblyopes. In
the case of IOD-VA there is greater improvement when
OTA compliance is ‘excellent’
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and IOD-VA. Stereoacuity is reported only for strabismic and mixed amblyopes. The y-axis in each plot shows the change in the clinical measure between
the time points indicated on the x-axis. Negative values on the y-axis imply improved performance following the OTA phase. 8w: 8 weeks; 16w: 16 weeks;

Final: time point when the OTA was judged to have come to an end

The different linear models analyzed in this work fail to
predict whether OTA is sufficient to resolve amblyopia.
Principal component analysis [16] in the three groups
(A, S & C) shows a large overlap between resolved and
unresolved amblyopia in the variable space (Fig. 4), which
explains the failure of the models. Using the first and sec-
ond principal components, we can only predict which
patients are less likely to resolve their amblyopia (e.g.
combined mechanism amblyopia with negative first prin-
cipal component scores).

Discussion

Our analysis of the results from the two PEDIG studies
confirms the effectiveness of OTA-phase in the treatment
of amblyopia. This conclusion has also been reached by

the authors of other studies [4—7] and by Asper et al. [10]
who conducted a systematic review and meta-analysis on
the topic of the optical treatment of amblyopia.

In conducting this analysis of the combined datasets
from the two PEDIG studies, our aim was to identify the
factors that are, or appear to be, linked to better OTA
outcomes. One obvious outcome measure is the propor-
tion of cases where the amblyopia is resolved following
the OTA phase. Our primary components analysis indi-
cates that we are not able to use an assortment of clinical
factors to successfully predict the individuals in whom
amblyopia will be resolved by OTA. However, this is not
altogether surprising given that optical treatment by itself
only leads to resolution of amblyopia in 19.6% of cases.
The results of Gao et al. present similar percentages
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In the anisometropic amblyopes, only two factors
emerged from the modelling as being significantly related
to the treatment outcome, namely the severity of the
amblyopia as measured by the VA in the amblyopic eye
and the magnitude of the inter-ocular VA difference.
Larger improvements tend to occur (in VAAE or in the
IOD-VA) in patients with poorer VA at the beginning of
spectacle wear. Interestingly, in the analysis of the same
anisometropic amblyopia dataset, the PEDIG group con-
cluded that better amblyopia treatment outcomes fol-
lowing OTA were linked to better baseline VA and lesser
amounts of anisometropia. The same finding relating to
the magnitude of anisometropia emerged in our analysis
when the whole data set was included in the analysis. The
apparent discrepancy between our result and the PEDIG
finding relating treatment outcome to severity of amblyo-
pia at baseline is explained by the fact that PEDIG quan-
tified the chances of resolution of amblyopia for different
amblyopes with different baseline amblyopic eye acu-
ities. In our case, we quantified the relationship between
amblyopia severity and treatment outcome according to
improvement in VAAE rather than according to the pro-
portion of cases resolved by OTA.

In the strabismic amblyopes (with or without aniso-
metropia), the factors which emerge as significantly
related to treatment outcome include the severity of
the amblyopia (bigger improvements in deeper levels of
amblyopia) and the level of compliance with spectacle
wear. The aetiology is also important with poorer out-
comes in combined mechanism amblyopia compared
to strabismic amblyopia without anisometropia. This is
consistent with previous work [21] and may be explained
by fact that there are a two amblyogenic factors in the
combined mechanism form of amblyopia compare to
only one in strabismic amblyopia [8]. Another, though
perhaps related factor linked to treatment outcome is
baseline stereoacuity, where better levels at baseline
carry prognostic significance for better outcomes. Being
in a position to make better predictions about the likely
improvement arising from optical treatment of amblyo-
pia would be a help to clinicians because it would help
them to better advise their patients about what to expect.
In particular, it would help clinicians to make realistic
predictions about the timescale over which the improve-
ments from spectacles are likely to take place, and about
the likelihood that optical treatment alone will lead to
a resolution of the amblyopia (i.e. without the need for
further treatment methods). Unfortunately, however, our
modelling indicates that accurate predictions about treat-
ment outcomes from spectacles cannot be made for indi-
vidual patients.

Our models are not restricted to visual acuity. Stereo-
acuity improves shortly after spectacle treatment, so bin-
ocular vision should be considered to see if amblyopia

0.163 (2)
0.739(1)
0.098

P value
0237
0.047%
<0.001*
0.122

AIOD-VA
23.4%
0052
0340
0759

0.023

0.763 (1)

97 cases). Stereoacuity data at baseline were not gathered for the anisometropic amblyopes. The importance (1) of
0.237

P value
0.009%
0.001*
0.064

AVAAE
12.4%
11
-0.254
0.087

a predictor is the residual sum of squares with the predictor removed from the model, normalized so that the importance values sum to 1. The percentage is the model's accuracy, defined as the adjusted R%. C: coefficient; Significant
p-value (*, p<0.05). Cells for model terms not contributing significantly to the model's predictive power are empty. The factors missing from the table, do not contribute to the model. The numbers between parentheses indicate the

Table 3 Results of stepwise, linear regression models for changes in VAAE, IOD-VA for the anisometropic group (n
order of importance in the model for each statistically significant variable

Poor vs. Excellent Compliance
Good vs. Excellent Compliance
Baseline spherical equivalent AE
No Tropia vs. Tropia at Distance

Fair vs. Excellent Compliance
Baseline J45 AE

Baseline VA-AE
Baseline IOD-VA
Initial Anisometropia

Model Term
Intercept
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Fig. 4 Top: First and second principal components of the baseline variables

used in the PCA analysis (IOD indicates the interocular difference for the

indicated variable). Bottom: Values of the first (V,) and second (V,) principal components for the anisometropic (left), strabismic (center) and combined-
mechanism (right) amblyopic samples. Blue squares: resolved amblyopia; Red circles: unresolved amblyopia. The percentage of explained variance ap-

pears between brackets
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