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Objective: To investigate risk factors associated with unilateral or bilateral decreased visual acuity (VA) in
preschool children.

Design: Population-based, cross-sectional prevalence study.

Participants: Population-based samples of 6504 children ages 30 to 72 months from California and
Maryland.

Methods: Participants were preschool African-American, Hispanic, and non-Hispanic white children from

Los Angeles, California, and Baltimore, Maryland. Data were obtained by a parental interview and a detailed
ocular examination. Logistic regression models were used to evaluate the independent associations between
demographic, behavioral, and clinical risk factors with unilateral and bilateral decreased VA.

Main Outcome Measures: Odds ratios (ORs) for various risk factors associated with interocular difference
(IOD) in VA of =2 lines with =20/32 in the worse eye, or bilateral decreased VA <20/40 or <20/50 if <48 months
of age.

Results: In multivariate logistic regression analysis, 2-line 10D with a VA of =20/32 was independently
associated with Hispanic ethnicity (OR, 2.05), esotropia (OR, 8.98), spherical equivalent (SE) anisometropia (ORs
ranging between 1.5 and 39.7 for SE anisometropia ranging between 0.50 to <1.00 diopters [D] and =2.00 D),
and aniso-astigmatism in JO or J45 (ORs ranging between 1.4 and =5.3 for JO or J45 differences ranging
between 0.25 to <0.50 D and =1.00 D). Bilateral decreased VA was independently associated with lack of health
insurance (OR, 2.9), lower primary caregiver education (OR, 1.7), astigmatism (OR, 2.3 and 17.6 for astigmatism
1.00 to <2.00 D and =2.00 D), and SE hyperopia =4.00 D (OR, 10.8).

Conclusions: Anisometropia and esotropia are risk factors for IOD in VA. Astigmatism and high hyperopia
are risk factors for bilateral decreased VA. Guidelines for the screening and management of decreased VA in
preschool children should be considered in light of these risk associations.
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Amblyopia is a common cause of visual impairment.'~> Uni-
lateral amblyopia is commonly associated with strabismus
and/or anisometropia, while whereas bilateral amblyopia usu-
ally results from high bilateral refractive error. Other causes of
unilateral or bilateral amblyopia, such as visual axis occlusion
from congenital cataract, are much less common. The magni-
tude of risk of amblyopia associated with different types of
strabismus and degrees of refractive error remains unclear.
This information is of importance as various technologies
(autorefractors, photoscreeners) permit identification of ambly-
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opia risk factors at young ages, when obtaining optotype acuity
is not possible, and when early treatment is most effective and
may be preventative. Quantitative risk data would allow prac-
titioners, parents, and policy makers to make informed judg-
ments regarding treatment, and would help to guide referral
policies for preschool screening.

A number of studies in clinic populations, or children re-
ferred from screening programs on the basis of anisometropia,
have found a relationship between the degree of anisometropia
and the frequency®~® or severity'~!* of amblyopia. However,
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these studies are conducted in selected samples and may not
provide data on the risk associated with different levels of
anisometropia in the general population.

Strabismus is a well-known risk factor for unilateral am-
blyopia, but the magnitude of risk and its relative importance
compared with refractive error is unknown. Studies have reported
amblyopia in anywhere from 13% to >40% of strabismus cases
in screening-based and population-based samples of children, 4~
and in 14% of untreated congenital esotropia cases.!” However, it
is difficult to assess the independent relationship of strabismus
with amblyopia in these studies because children with strabismus
frequently also had anisometropia, which is itself a risk factor for
amblyopia.

Bilateral ametropic amblyopia in the setting of very high
hyperopia has been described in numerous clinical popula-
tions'®23 and 1 population-based screening sample.?* Studies
of Native American children®>?® have explored bilateral de-
creased visual acuity (VA) associated with high astigmatism.
However, the threshold at which hyperopia or astigmatism begins
to confer a risk of bilateral amblyopia remains unknown.

Studies in clinic-based samples may overestimate am-
blyopia risk because they may underrepresent children who
have risk factors yet have normal vision; furthermore, stud-
ies using fixation preference testing to determine amblyopia
status identify many subjects with normal vision as amblyo-
pic, especially if they have strabismus.>’~2° Clinic-based
studies of amblyopia may also not be representative of
children who have decreased VA but no ocular abnormality.

We report ocular, demographic, clinical, and behavioral
risk factors for interocular VA differences and bilaterally
decreased VA in a population-based sample of Hispanic,
non-Hispanic white, and African-American children from
California and Maryland.

Methods

The study population, recruitment, cross-site standardization and
certification, and an overview of the interview and ocular exami-
nation, including details of cycloplegic refraction procedures, are
described in a companion paper>® and prior publications.?!-32
This report is limited to children aged 30 to 72 months. A
parent or guardian of each participant gave written informed
consent. Ocular alignment was tested by unilateral cover testing
and alternate cover testing of standardized duration, at 6 m fixation
and 40 cm fixation, with and without correction (if worn). Hirsch-
berg testing at near was used when unilateral cover testing could
not be performed. Monocular distance VA was tested in children
aged =30 months, without exclusions for developmental delay or
disability, using single-surrounded HOTV optotypes on the elec-
tronic VA tester®® with the Amblyopia Treatment Study proto-
col,> with naming or matching of letters. Details of the VA
protocol have been described elsewhere.>3> Presenting VA was
tested with correction, if worn. If VA was decreased (<20/50 in
either eye or <20/40 in either eye in a child aged =48 months), or
if there was a 2-line interocular difference (IOD) with a VA of
=20/32 in the worse eye, VA was retested after cycloplegic
refraction, with full refractive correction. Children who still had
decreased VA in either eye using the best result from testing, or
who had a 2-line IOD with VA of =20/32 in the worse eye and a
unilateral amblyopia risk factor (e.g., unilateral visual axis occlu-
sion, strabismus, or =1.00 diopter [D] spherical equivalent [SE]
aniso-hyperopia, 3.00 D SE aniso-myopia, or 1.50 D aniso-

astigmatism), were scheduled for return visit retesting without
cycloplegia, with full correction of myopia and astigmatism, and
undercorrection of hyperopia by up to 1.50 D. Children untestable
at the initial visit were scheduled for a return visit. The final,
best-measured VA for each eye was the best of all test results
recorded for that eye. Vector analysis®® was used to determine the
JO (Cartesian) and J45 (oblique) vector components of astigma-
tism, defined as: JO = —C/2(cos2a); J45 = —C/2(sin2«), where C
is the cylinder amount in spherocylindrical notation and « is the
angle of astigmatism.

The analysis population consisted of all children able to com-
plete VA measurements in both eyes. The outcome for unilaterally
decreased VA was defined as a =2-line IOD in best-measured
logarithm of the minimum angle of resolution VA with a VA of
=20/32 in the worse eye. Bilateral decreased VA was defined as
best VA <20/50 in both eyes for children <48 months of age, or
<20/40 in both eyes for children =48 months of age. Risk factors
for these outcomes were explored using univariate analysis; those
showing at least marginally significant associations (P<<0.1) were
considered candidates for subsequent forward stepwise multiple
logistic regression (except for Down syndrome and cerebral palsy,
owing to small numbers). Further details are provided in a compan-
ion paper,° as are details of the demographic, clinical, and behavioral
factors evaluated (see also Tables 1 and 2), and the use of locally
weighted polynomial regression (LOWESS) plots to examine inde-
pendent relationships between continuous refractive variables and
outcome prevalence. In the Multi-Ethnic Pediatric Eye Disease Study
(MEPEDS) subgroup, ancillary data on preschool or daycare atten-
dance (yes or no) was also evaluated for association with bilateral
decreased VA, owing to a previously observed association of pre-
school or daycare attendance with achieving VA of =20/32 in the
right eye.?” Ocular risk factors evaluated for association with unilat-
eral decreased VA were strabismus (esotropia, exotropia, or no hor-
izontal strabismus); SE anisometropia (<0.50 D; 0.50 to <1.00 D;
1.00 to <2.00 D; or =2.00 D); JO anisometropia (IOD in JO of <0.25
D; 0.25 to <0.50 D; 0.50 to <1.00 D; or =1.00 D); and J45
anisometropia (IOD in J45 of <0.25 D; 0.25 to <0.50 D; 0.50 to
<1.00 D; or =1.00 D). We also analyzed the overall difference in
optical blur between the eyes, herein termed overall anisometropia,
and defined as the square root of ([SE anisometropia]®> + [JO aniso-
metropial]®> + [J45 anisometropia]?); this corresponds with the dis-
tance in 3-dimensional vector space between right and left eye points
each defined by the 3-dimensional vector (SE refractive error, JO, J45),
and is equal to the vector dioptric difference divided by the square
root of 2.3 Ocular risk factors evaluated for bilateral decreased VA
were bilateral SE refractive error (SE of less hyperopic eye <0.00 D;
0.00 to <1.00 D; 1.00 to <2.00 D; 2.00 to <3.00 D; 3.00 to <4.00
D; and =4.00 D) and bilateral astigmatism (absolute astigmatism of
less astigmatic eye <1.00 D; 1.00 to <2.00 D; and =2.00 D).

The Institutional Review Board, ethics, privacy, and study
oversight statements for this report are identical to our statements
in a companion paper.>°

Results

Eighty percent of eligible MEPEDS children and 62% of eligible
Baltimore Pediatric Eye Disease Study (BPEDS) children were
examined. Comparison of participants and nonparticipants is pub-
lished elsewhere.323° Of a total of 9970 Hispanic, non-Hispanic
white, and African-American participants aged 6 to 72 months
from both sites examined between 2003 and 2010, there were 6504
children =30 months of age, 5710 (88%) of whom were able to
perform VA testing for both eyes (Fig 1). Testability as a function
of age has been previously reported.>>*5> Amblyopia was largely
untreated in this population; a previous history of amblyopia
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Table 1. Frequency Distributions of Demographic, Behavioral, and Clinical Risk Factors in Children with and without an
Interocular Visual Acuity Difference of =2 Lines and Those with and without Bilateral Decreased Visual Acuity in the Multi-Ethnic
Pediatric Eye Disease Study (MEPEDS) and the Baltimore Pediatric Eye Disease Study (BPEDS)

With 10D Without 10D With BDVA Without BDVA
(n = 242), (n = 5455), (n = 63), (n = 5253),
Variable n (%)* n (%)* P Value® n (%)* n (%)* P Value'
Age group (mos) 0.003 0.0004
60-72 64 (3.5) 1772 (96.5) 10 (0.6) 1686 (99.4)
48-59 66 (3.7) 1737 (96.3) 28 (1.7) 1666 (98.4)
36-47 92 (5.8) 1487 (94.2) 13 (0.9) 1471 (99.1)
30-35 20(4.2) 459 (95.8) 12 (2.7) 430 (97.3)
Gender: female 128 (4.5) 2726 (95.5) 0.37 28 (1.1) 2630 (99.0) 0.38
Race/ethnic group <0.0001 0.006
Non-Hispanic white 43 (2.9) 1431 (97.1) 4(0.3) 1216 (99.7)
African-American 79 (3.3) 2351 (96.7) 32(1.4) 2315 (98.6)
Hispanic 120 (6.7) 1673 (93.3) 27 (1.5) 1722 (98.5)
Study site <0.0001 0.001
MEPEDS 216 (5.0) 4076 (95.0) 58 (1.5) 3873 (98.5)
BPEDS 26 (1.9) 1379 (98.1) 5(0.4) 1380 (99.6)
Primary caregiver education: 172 (4.1) 4013 (95.9) 0.32 34 (0.9) 3862 (99.1) 0.0005
high school diploma*
Family income <$20 000/year® 120 (4.8) 2394 (95.2) 0.16 35(1.4) 2444 (98.6) 0.12
Health insurance within last 222 (4.3) 4920 (95.7) 0.25 57 (1.1) 5029 (98.9) 0.05
12 months*
Vision insurance within last 92 (3.4) 2655 (96.6) 0.0001 24 (0.9) 2703 (99.1) 0.08
12 months*
Last routine primary care visit 228 (4.3) 5061 (95.7) 0.22 62 (1.2) 5155 (98.8) 0.99
<2 years ago*
Difficulty accessing care® 37(5.2) 671 (94.8) 0.94 11 (1.6) 687 (98.4) 0.81
Maternal age at pregnancy 27 (4.1) 629 (95.9) 0.84 7(1.1) 639 (98.9) 0.77
=35 years*
Gestational age (weeks)* 0.04% 0.68%
<33 11 (7.9) 129 (92.1) 2(1.5) 136 (98.5)
33 to <37 14 (4.3) 293 (95.7) 4(1.3) 302 (98.7)
37 to <42 183 (4.2) 4149 (95.8) 50(1.2) 4231 (98.8)
=42 10 (4.6) 210 (95.4) 2(0.9) 216 (99.1)
Small for gestational age* 39 (4.3) 876 (95.7) 0.99 13 (1.4) 893 (98.6) 0.45
Down syndrome* 2 (28.6) 5(71.4) 0.03 1(14.3) 6 (85.7) 0.08
Cerebral palsy* 1 (20.0) 4(80.0) 0.20 0(0.0) 5 (100.0) 0.99
Family history of strabismus® 11 (3.3) 318 (96.7) 0.35 3(0.9) 326 (99.1) 0.99
Family history of amblyopla 6 (8.0) 69 (92.0) 0.14 1(1.3) 74 (98.7) 0.59
Smoked during pregnancy® 19 (4.5) 404 (95.5) 0.95 8(1.9) 415 (98.1) 0.21
Drank alcohol durmg 7(4.9) 135 (95.1) 0.76 2(1.4) 139 (98.6) 0.70
pregnancy”
Breastfed* 151 (4.5) 3182 (95.5) 0.34 31(0.9) 3269 (99.1) 0.02

BDVA = bilaterally decreased visual acuity, <20/50, <20/40 in children aged =48 months; [OD =

visual acuity =20/32 in the worse eye.

interocular visual acuity difference of =2 lines with

*Denominator is the number of participants from both study centers having the stated level of the risk factor.

fChi square or fisher exact where applicable.

%Sum of n with (shown) and without (not shown) exposure for this variable differs from total n for 1 or both outcomes owing to missing data.
8P value reported is for dichotomous categorization of gestational age (<33 or =33 weeks).

diagnosis and resulting treatment using patching, cycloplegia, or
glasses was reported in the analysis cohort for IOD in only 2.5%
of children with unilateral decreased VA and 0.1% of children
overall; no previous treatment was reported for any African-
American or Hispanic children. Spectacle use was seen in only
1.7% of the analysis cohort, with no differences between race/
ethnic groups (P=0.52). Interocular difference in VA assessed
after the same-day VA retest with refractive correction was highly
correlated with IOD assessed after the return visit retest in children
who underwent both same-day and return visit retesting (Pearson’s
r = 0.88). There was no systematic tendency for IOD to resolve
with return visit retesting, because the mean change in IOD after
return visit retesting was a 0.2-line increase in the IOD (standard
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deviation [SD], 1.35 lines), which was not different from zero
(P=0.27).

The results of univariate analysis of associations between de-
mographic, clinical, behavioral, and ocular risk factors and having
at least a 2-line 10D (=20/32 in the worse eye) are shown in
Tables 1 and 2. Multivariate logistic regression resulted in a final
model that included 5697 participants having complete data for all
significant risk factors (Fig 1), 242 of whom had a 2-line IOD (VA
=20/32 in the worse eye). In the final multivariate model (Table
3), the following demographic factors independently conferred
increased risk for 2-line IOD (VA =20/32 in the worse eye):
Hispanic ethnicity (odds ratio [OR], 2.05 compared with non-
Hispanic white children, the reference group); and age 36 to 47
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Table 2. Frequency Distributions of Ocular Risk Factors in
Preschool Children with and without Interocular Visual Acuity
Difference of =2 Lines in the Multi-Ethnic Pediatric Eye
Disease Study and the Baltimore Pediatric Eye Disease Study

With 10D Without 10D
(n =242), (n = 5455), P
Variable n (%)* n (%)* Value®
Strabismus =0.03*
No horizontal 210 (3.8) 5320 (96.2)
strabismus
Esotropia 25(217.5) 66 (72.5)
Exotropia 7(9.2) 69 (90.8)
SE anisometropia (D) <0.0001
<0.50 140 (3.1) 4419 (96.9)
0.50 to <1.00 52 (5.7) 869 (94.3)
1.00 to <2.00 25 (14.3) 150 (85.7)
=2.00 25 (59.5) 17 (40.5)
JO anisometropia (D) <0.0001
<0.25 170 (3.5) 4709 (96.5)
0.25 to <0.50 44 (6.6) 620 (93.4)
0.50 to <1.00 22 (16.5) 111 (83.5)
=1.00 6(28.6) 15 (71.4)
J45 anisometropia (D) <0.0001
<0.25 159 (3.4) 4560 (96.6)
0.25 to <0.50 46 (6.8) 632 (93.2)
0.50 to <1.00 27 (10.5) 230 (89.5)
=1.00 10 (23.3) 33 (76.7)

IOD = interocular visual acuity difference of =2 lines with visual acuity
=20/32 in the worse eye; D = diopters; JO = JO (Cartesian) power vector
component of astigmatism; J45 = J45 (oblique) power vector component
of astigmatism; SE = spherical equivalent.

*Percentage of participants from both study centers with stated level of
risk factor.

Chi square or fisher exact where applicable.

*P value for comparison of esotropia vs no horizontal strabismus: <0.0001;
esotropia vs exotropia: 0.003; exotropia vs no horizontal strabismus: 0.03.

months (OR, 2.05 compared with the reference group of 60-72
months). Participation in BPEDS was associated with a reduced
likelihood of having a 2-line IOD (VA =20/32 in the worse eye;
OR, 0.45). Esotropia conferred an increased risk of having a 2-line
10D (VA =20/32 in the worse eye; OR, 8.98 compared with no
horizontal strabismus), whereas exotropia did not confer a signif-
icantly increased risk. The following refractive errors were inde-
pendent risk factors for 2-line IOD (VA =20/32 in the worse eye):
SE anisometropia =0.50 D (OR, 1.50 for SE anisometropia of 0.50
to <1.00 D; OR, 4.48 for 1.00 to <2.00 D; and OR, 39.76 for
=2.00 D, compared with the reference level of <0.50 D); astig-
matic anisometropia with regard to J45 =0.25 D (equivalent to
0.50 D IOD in cylinder amount for a given axis of astigmatism;
OR, 1.60 for J45 anisometropia of 0.25 to <0.50 D; OR, 2.24 for
0.50 to <1.00 D; and OR, 6.69 for =1.00 D, compared with the
reference level of <0.25 D); and astigmatic anisometropia with
regard to JO =0.25 D (OR, 1.49 for JO anisometropia of 0.25 to
<0.50 D; OR, 2.36 for 0.50 to <1.00 D; and OR, 5.31 for =1.00
D, compared with the reference level of <0.25 D). Subgroup
analysis for MEPEDS alone produced a model including the same
variables. Subgroup analysis of the smaller BPEDS sample gave
similar results, but without significant associations with age or JO
anisometropia, and showing a significant association with gesta-
tional age <33 weeks (OR, 4.32; 95% confidence interval [CI],
1.11-16.83). Only 4% of BPEDS children were of Hispanic eth-
nicity, and subgroup analysis did not show any association of
race/ethnic group with unilaterally decreased VA in BPEDS. We
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also performed a secondary analysis in the combined MEPEDS/
BPEDS population excluding children who wore glasses; the re-
sults were not substantially different, although the association with
J45 anisometropia at the 0.25 to <0.50 D level became insignif-
icant, and we saw a new association with age in the range of 30 to
35 months.

Spherical equivalent anisometropia =0.50, =1.00, and =2.00
D was seen in 20.0%, 3.8%, and 0.7% of the analysis group,
respectively. Frequency distributions show that =2-line IOD with
=20/32 in the worse eye was seen in 5.7% of children with 0.50
to <1.00 D of SE anisometropia, 14.3% of children with 1.00 to
<2.00 D, and 59.5% of children with =2.00 D, compared with a
baseline frequency of 3.1% in children with <0.50 D SE aniso-
metropia (Table 2). This level of IOD was seen in 9.0% of children
with =0.50 D and 23.0% of children with =1.00 D of SE aniso-
metropia. After taking into account the baseline frequency of
2-line 10D, approximately 67 cases of 2-line IOD may be consid-
ered to be attributable to SE anisometropia =0.50 D (23, 20, and
24 cases, respectively, in children with 0.50 to <1.00 D, 1.00 to
<2.00 D, and =2.00 D of anisometropia). We also examined the
prevalence of =3-line IOD in VA in children with different levels
of SE anisometropia. This level of 10D occurred in 1.6% of
children with 0.50 to <1.00 D of SE anisometropia, 5.1% of those
with 1.00 to <2.00 D, and 45.2% of those with =2.00 D SE
anisometropia, compared with 0.7% of children with <0.50 D SE
anisometropia. An IOD of =3 lines was seen in 3.8% of children
with =0.50 D and 12.9% of children with =1.00 D of SE aniso-
metropia. After taking into account the baseline frequency of
3-line 10D, 36 cases of 3-line IOD may be considered to be
attributable to SE anisometropia =0.50 D (9, 8, and 19 cases,
respectively, in children with 0.50 to <1.00 D, 1.00 to <2.00 D,
and =2.00 D of anisometropia).

We also analyzed a multivariate model in which the three
descriptors of anisometropia (SE, JO, and J45) were replaced with
a single variable describing overall anisometropia (see Methods),
analyzed as a continuous variable. In this model, a 1.00-D increase
in overall anisometropia produced a >5-fold increase in the odds
of having a 2-line IOD with =20/32 in the worse eye (OR, 5.51;
95% CI, 4.30-7.07). Figure 2 shows the LOWESS plot demon-
strating the independent relationship between overall anisometro-
pia and the adjusted prevalence of 2-line IOD with =20/32 in the
worse eye, controlling for all other significant risk factors based on the
multivariate model. The relationship is strongly linear over the range from
1.00 to 5.00 D of overall anisometropia, and at 5.00 D the prevalence
approaches 100%. The LOWESS plots showing the prevalence of
2-line IOD with =20/32 in the worse eye (adjusted for all other
significant covariates) as a function of SE, JO, and J45 anisome-
tropia also illustrate a steady rise in risk of IOD with higher
refractive error over the range of refractive error represented in the
population, for each of the 3 types of anisometropia (Fig 3;
available online at http://aaojournal.org).

Results of univariate analysis of associations between demo-
graphic, clinical, behavioral, and ocular risk factors and bilateral
decreased VA are shown in Tables 1 and 4. In addition, preschool
or daycare attendance was analyzed in the MEPEDS subgroup and
was not associated with bilaterally decreased VA at the univariate
level (P=0.19). Multivariate logistic regression resulted in a final
model that included 5316 participants with complete data for all
significant risk factors (Fig 1), 63 of whom had bilateral decreased
VA. There were no differences in characteristics of children in-
cluded in the analysis compared with children excluded for miss-
ing data. The following were identified as independent factors
conferring a greater risk for bilateral decreased VA (Table 5): Age
30 to 35 months or 48 to 59 months (ORs, 8.83 and 3.29, respec-
tively, compared with the reference age group of 60 to 72 months);
lack of health insurance (OR, 2.91); lack of primary caregiver high
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( MEPEDS Eligible Participants (n=10,212) j [

BPEDS Eligible Participants (n=4132) j

Participants who completed the clinical
examination (n=8123)

) (

Participants who completed the clinical
examination (n=2546)

A

Combined African- American, Hispanic, and non-Hispanic White
MEPEDS/BPEDS participants who completed the clinical examination
(n=9970)

A

504)

[ MEPEDS/BPEDS participants aged 2 30 months ]
(n=6!

v

Multivariate analysis of 2-line 10D in VA
with 20/32 or worse in worse eye

.

Multivariate analysis of bilaterally
decreased visual acuity

Participants with
complete interview

Participants excluded
from the analyses due
to incomplete data
(n=807)"

and examination data
(n=5697)

Participants with
complete interview
and examination data
(n=5316)

Participants excluded
from the analyses due

to incomplete data
(n=1188)**

*Unable to assess visual acuity (n=794), anisometropic refractive error (n=27), or strabismus (n=6)

**Unable to assess visual acuity (n=794), unable to assess spherical equivalent and astigmatic refractive error (n=17), primary caregiver
education level data missing (n=77), or health insurance data missing (n=375)

10D = interocular difference; VA = visual acuity

MEPEDS=Multi-Ethnic Pediatric Eye Disease Study; BPEDS= Baltimore Pediatric Eye Disease Study

Figure 1. Participant flowchart highlighting those children who were included and excluded from the final analysis sample for both outcomes—interocular
difference of =2 lines with visual acuity (VA) of =20/32 in worse eye, and bilateral decreased VA, in preschool children from both the Multi-Ethnic
Pediatric Eye Disease Study (MEPEDS) and the Baltimore Pediatric Eye Disease Study (BPEDS).

school education (OR, 1.72); astigmatism in the less astigmatic eye
=1.00 D (an OR of 2.34 for astigmatism of 1.00 to <2.00 D, and
an OR of 17.57 for =2.00 D, compared with the reference level of
<1.00 D of astigmatism); and SE hyperopia in the less hyperopic
eye of =4.00 D (OR, 10.83 compared with the reference level of
plano to <1.00 D). Sample sizes did not permit subclassification
of hyperopia >4.00 D. We tested for an interaction between SE
refractive error and astigmatism by including a product term in
the model; none was found. Subgroup analysis for MEPEDS
confirmed significant associations with the risk factors identi-
fied in the combined analysis, except that primary caregiver
education was not significant in the final model, whereas there
were significant independent associations with lack of breast-
feeding (OR, 1.89; 95% CI, 1.05-3.42), and active maternal
smoking during pregnancy (OR, 2.75; 95% CI, 1.13-6.68). No
stable multivariate model that included SE refractive error
could be derived in subgroup analysis of the BPEDS sample
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alone, owing to sample size. We also performed a secondary
analysis in the combined MEPEDS/BPEDS population exclud-
ing children who wore glasses. In this analysis, the association
with caregiver education just failed to achieve significance
(95% CI for OR 0.99-3.13), and we saw an additional associ-
ation with age in the range of 36 to 47 months; however, the
associations with refractive errors were not substantially al-
tered.

Frequency distributions show that bilateral decreased VA
was seen in 2.5% of children having 1.00 to <2.00 D of
astigmatism, and 13.6% of children with =2.00 D of astigma-
tism, compared with 0.7% of children with <1.00 D of astig-
matism (Table 4). Bilateral decreased VA was seen in 10.0% of
children with hyperopia =4.00 D, compared with 0.8% of
children with plano to <1.00 D of hyperopia (Table 4). Bilat-
eral decreased VA was seen in 2.4% of children with 3.00 to
<4.00 D of hyperopia, but the trend toward increased risk in
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Table 3. Independent Risk Factors* for Interocular Visual
Acuity Difference of =2 Lines in Preschool Children in the
Multi-Ethnic Pediatric Eye Disease Study (MEPEDS) and

Baltimore Pediatric Eye Disease Study (BPEDS)

Variable OR (95% CI) P Value
SE anisometropia (D) <0.0001
<0.5 (reference) 1.0
0.5 to <1.0 1.50 (1.06-2.11)
1.0 to <2.0 4.48 (2.75-1.32)
=2.0 39.76 (19.59-80.71)
Strabismus <0.0001
No horizontal Reference
strabismus
Exotropia 1.23 (0.45-3.30)
Esotropia 8.98 (5.18-15.54)
Race/ethnic group <0.0001
non-Hispanic Reference
white
African-American 0.97 (0.64-1.46)
Hispanic 2.05 (1.37-3.06)
J45 anisometropia <0.0001
(D)
<0.25 Reference
0.25 to <0.5 1.60 (1.10-2.32)
0.5 to <1.0 2.24 (1.37-3.66)
= 1.0 6.69 (2.91-15.41)
Age group (in mos) 0.0002
60-72 Reference
48-59 1.12 (0.76-1.63)
36-47 2.05(1.44-2.92)
30-35 1.61 (0.94-2.76)
JO anisometropia (D) 0.0004
<0.25 Reference
0.25 to <0.50 1.49 (1.02-2.17)
0.50 to <1.00 2.36 (1.33-4.19)
= 1.00 5.31 (1.81-15.63)
Study site 0.0006
MEPEDS Reference
BPEDS 0.45 (0.29-0.71)

CI = confidence interval; D = diopters; IOD = interocular visual acuity
difference of =2 lines with visual acuity =20/32 in the worse eye; JO =
JO (Cartesian) power vector component of astigmatism. J45 =
J45 (oblique) power vector component of astigmatism. OR = odds ratio;
SE = spherical equivalent.

*Based on a multivariate stepwise logistic regression model.

this category was not significant in the multivariate logistic
regression analysis.

The LOWESS plots of the adjusted prevalence of bilateral
decreased VA as a function of SE refractive error and astigmatism
are shown in Figure 4, showing that greater SE hyperopic refrac-
tive error and greater astigmatism are both associated with a higher
prevalence of bilateral decreased VA.

Discussion

We evaluated the association of risk factors with decreased
VA in 2 population-based samples of preschool children.
The major factors associated with an IOD in VA were
anisometropia and esotropia. Hispanic ethnicity also posed
an increased risk independent of the ocular factors. The
major risk factors associated with bilaterally decreased VA

were hyperopia of =4.00 D, and astigmatism; lack of health
insurance and lower primary caregiver education were also
associated with decreased vision.

Our data reveal that the threshold level of spherical
anisometropia at which the risk of IOD increases is lower
than previously reported, with a significantly increased OR
seen even for anisometropia in the range of 0.50 to <1.00
D, although the absolute risk at this level of anisometropia
is low. Our study supports previous observations that an-
isometropia of =1.00 D SE significantly increases ambly-
opia risk”#4% and reinforces the severity-dependent nature
of the risk. Previous work reported that IOD was 13 times
more common in children with aniso-hyperopia in the range
of 1.00 to 2.00 D than in children with 0.00 to <1.00 D of
anisometropia.”-® However, this work was clinic based and
excluded children with strabismus, both potential sources of
selection bias; furthermore, amblyopia was defined as a
1-line difference in VA. The present analysis finds an OR
for 2-line IOD of 4.5 for 1.00 to <2.00 D of SE aniso-
metropia; because the study is population based, controls
for strabismus using multivariate analysis, and uses a
more stringent definition of IOD, it provides stronger
evidence than previously of the risk associated with
moderate anisometropia.

Similar observations were made for astigmatic aniso-
metropia: A clear severity-dependent response is evident,
and interocular JO or J45 differences as low as 0.25- to
0.50 D (equivalent, in the absence of differences of
cylinder axis, to cylinder differences of 0.50 to 1.00 D)
are associated with a higher risk of having unilateral
decreased VA, although the absolute risk is low at this
level of aniso-astigmatism. The JO and J45 components
of astigmatic anisometropia confer similar magnitudes of
risk. Our data suggest that the threshold at which aniso-
astigmatism may be amblyogenic is lower than previ-
ously thought: Studies by Weakley’® and Dobson et al*°
reported that IOD risk began to increase with aniso-
astigmatism in the range of 1.50 to 2.00 D, or 2.00 to 3.00
D in the case of Native-American children.

Although levels of anisometropia as low as 0.50 to
<1.00 D SE increase the risk of unilateral decreased VA,
most children with these small and relatively common lev-
els of anisometropic refractive error have normal VA: An
IOD of =2 lines was seen in <6% of these children,
compared with a baseline frequency of 3% in children with
<0.50 D SE anisometropia. By contrast, 60% of children
with =2.00 D SE anisometropia had =2 lines of IOD in
VA. Considering a more stringent definition of unilateral
decreased VA, 10D of =3 lines was seen in <2% of
children with 0.50 to <1.00 D SE anisometropia (baseline
frequency of 0.7%), whereas 45% of children with =2.00 D
SE anisometropia had =3 lines of IOD.

To further explore the relationship between anisometro-
pia and unilateral VA deficits, we used vector analysis to
study the overall interocular blur difference (overall aniso-
metropia) expressed as a single variable, rather than treating
SE, JO, and J45 as independent components of anisometro-
pia. Overall anisometropia is proportional to the vector
dioptric difference. For example, 1.00 D of overall aniso-
metropia is equivalent to 1.00 D of SE anisometropia alone,
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Figure 2. Locally weighted regression line illustrating the independent relationship between level of overall anisometropia and the estimated prevalence
of interocular visual acuity (VA) difference of =2 lines with VA =20/32 in the worse eye, in preschool children in the Multi-Ethnic Pediatric Eye Disease
Study (MEPEDS) and the Baltimore Pediatric Eye Disease Study (BPEDS), after controlling for other risk factors. The estimated prevalence of having
an interocular VA difference of =2 lines with VA =20/32 in the worse eye was obtained using the stepwise logistic regression procedure.

or 2.00 D of difference in astigmatism of equal axis in the
2 eyes without SE anisometropia. The relationship of over-
all anisometropia to the estimated prevalence of IOD in VA
(adjusted for all other significant covariates) is particularly
strong and linear over the range of 1.00 to 5.00 D of overall
anisometropia, with prevalence of 10D approaching 100%
at 5.00 D of overall anisometropia. This use of a single
variable to describe interocular blur differences illustrates
the utility and versatility of power vectors for the analysis of
refractive error.8

Bilateral decreased VA, like unilateral deficits in VA,
was closely related to refractive error, as previously re-
ported.'8726 We observed a severity-dependent relationship
in the association between astigmatism and bilateral de-

Table 4. Frequency Distributions of Ocular Risk Factors in
Preschool Children with and without Bilateral Decreased Visual
Acuity in the Multi-Ethnic Pediatric Eye Disease Study and the

Baltimore Pediatric Eye Disease Study

With BDVA  Without BDVA

(n = 63), (n = 5253), P

Variable n (%)* n (%)* Value®

Astigmatism® (D) <0.0001
<1.00 33 (0.7) 4706 (99.3)
1.00 to <2.00 11(2.5) 426 (97.5)
=2.00 19 (13.6) 121 (86.4)

SE refractive error (D) <0.0001
<0.00 16 (2.2) 703 (97.8)
=0.00 to <+1.00 16 (0.8) 1885 (99.2)
+1.00 to <+2.00 6(0.3) 1771 (99.7)
+2.00 to <+3.00 5(0.9) 552 (99.1)
+3.00 to <+4.00 5(2.4) 207 (97.6)
=+4.00 15 (10.0) 135 (90.0)

BDVA = bilaterally decreased visual acuity, <20/50 or <20/40 in chil-
dren aged =48 months; D = diopters; SE = spherical equivalent.
*Percentage of participants from both study centers with stated level of
risk factor.

fChi square or fisher exact where applicable.

“Level of SE refractive error defined by less hyperopic eye and level of
astigmatism defined by less astigmatic eye, or by eye with refractive error
data if data missing for 1 eye.

creased VA. A significant association with bilateral de-
creased VA was observed for levels of astigmatism as low
as 1.00 to <2.00 D, which is lower than those levels
considered to be associated with increased risk of ametropic
amblyopia in consensus guidelines and clinical studies.*!
However, VA deficits occur in only a small proportion of

Table 5. Independent Risk Factors* for Bilateral Decreased
Visual Acuity in Preschool Children in the Multi-Ethnic
Pediatric Eye Disease Study and Baltimore Pediatric Eye Disease

Study
Variable OR (95% CI) P Value
Astigmatism’ (D) <0.0001
<1.00 Reference
1.00 to <2.00 2.34 (1.13-4.86)
=2.00 17.57 (8.96-34.46)
SE refractive error’ (D) <0.0001
=0.00 to <+1.00 Reference
<0.00 1.72 (0.81-3.62)
+1.00 to <+2.00 0.43 (0.17-1.11)
+2.00 to <+3.00 0.96 (0.34-2.69)
+3.00 to <+4.00 2.13 (0.73-6.20)
=+4.00 10.83 (4.83-24.29)
Age group (mos) <0.0001
60-72 Reference
48-59 3.29 (1.52-7.14)
36-47 1.94 (0.81- 4.66)
30-35 8.83 (3.52-22.14)
Health insurance 0.02
Yes Reference
No 2.91 (1.16-7.33)
Primary caregiver 0.0495
education: high
school diploma
Yes Reference
No 1.72 (1.001-2.96)
CI = confidence interval; D = diopters; OR = odds ratio; SE = spherical

equivalent.

*Based on a stepwise multiple regression model.

"Level of SE refractive error defined by less hyperopic eye and level of
astigmatism defined by less astigmatic eye, or by eye with refractive error
data if data missing for 1 eye.
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Figure 4. (A) Locally weighted regression lines illustrating the indepen-
dent relationship between level of spherical equivalent refractive (SE)
error (B) or absolute cylindrical power (astigmatism) and the estimated
prevalence of bilateral decreased visual acuity (VA) in preschool children
in the Multi-Ethnic Pediatric Eye Disease Study (MEPEDS) and the
Baltimore Pediatric Eye Disease Study (BPEDS) after controlling for other
risk factors. The estimated prevalence of having any bilateral decreased
VA was obtained using the stepwise logistic regression procedure. The plot
for Figure 3A excludes 2 children with highly hyperopic refractions
(>11.00 D SE in both eyes) owing to aphakia.

these children: Bilaterally decreased VA was seen in <3%
of children having 1.00 to <2.00 D of bilateral astigmatism,
but in >13% of children with =2.00 D astigmatism. Hy-
peropia was the other major refractive risk factor for bilat-
eral decreased VA, the odds of which increased substan-
tially only for levels of hyperopia =4.00 D in the less
ametropic eye, although there was a trend toward increased
risk with 3.00 to <4.00 D of hyperopia that did not attain
significance. Bilateral decreased VA was seen in 10% of
children with hyperopia =4.00 D. Children with lesser
degrees of hyperopia, especially <3.00 D, may be better
able to compensate adequately through their accommoda-
tive efforts, whereas children with even moderate
amounts of astigmatism experience astigmatic defocus at
all times. However, lower levels of hyperopia confer a
significantly elevated risk of esotropia, as reported in a
companion paper.*?

The fact that amblyopia is related to refractive error
supports the use of refractive error-based screening instru-
ments to identify children at risk of having amblyopia;
however, our data highlight some difficulties inherent in this
approach. In the case of anisometropia, for instance, it is
difficult to identify a threshold level of anisometropia that is
both sensitive and specific for existing IOD in VA, because
low (lower risk) refractive errors are much more common
than high (higher risk) refractive errors. For example, of
children with =1.00 D SE anisometropia, nearly 1 in 4 has
at least a 2-line IOD with a VA of =20/32 in the worse eye;
however, this threshold misses more than one third of the
IOD cases in our study population that are attributable to SE
anisometropia =0.50 D. Raising the threshold would miss
more cases. Lowering the threshold to 0.50 D would capture
a greater proportion of cases, but at the cost of targeting
20% of the population, >90% of whom would not have a
2-line IOD. Changing the definition of decreased VA to 3
lines of IOD does not eliminate these issues. Close to half of
children with =2.00 D SE anisometropia have a 3-line IOD,
but this threshold misses nearly half of the cases of 3-line
IOD that are attributable to SE anisometropia =0.50 D.
Lowering the anisometropia threshold to 1.00 D would
capture more of the cases, but nearly 90% of the children
targeted would not have a 3-line IOD.

In our multivariate models adjusting for anisometropia,
esotropia was independently associated with a 9-fold in-
crease in the odds of IOD in VA, whereas no measurable
increase was seen with exotropia. This is consistent with
clinical experience and data*® indicating that amblyopia is
rare or very mild in the setting of the preserved binocularity
typically seen with intermittent exotropia, the most common
form of exotropia.3***

One previous population-based study in 6-year-old Aus-
tralian children'>#>% examined the associations between
amblyopia and anisometropia and between amblyopia and
strabismus. The authors reported an OR of 29 (adjusted for
strabismus) for the association between amblyopia and SE
anisometropia =1.00 D, and an OR of 8 for the association
between amblyopia and cylindrical anisometropia =1.00
D.* Amblyopia was present in 20% of children with
exotropia, and in 48% of those children with esotropia,
with an OR of 65 for the association between strabismus
and amblyopia.!>*¢ Although the study was similar to
our own in finding strong associations, the magnitude of
ORs between the 2 studies cannot be compared because,
in the Australian study, the definition of amblyopia was
expanded beyond the a priori definition based on VA, to
include children with milder decreases in VA who had
amblyogenic risk factors together with a parent-reported
history of “lazy eye” or of amblyopia treatment (includ-
ing strabismus surgery). The inclusion of risk factors in
the definition of amblyopia may have inflated the strength
of the reported associations.

We did not observe any clear trend in the association
between age and IOD, despite previous observations sug-
gesting that amblyopia is more frequent in older children
with a given level of anisometropia.'®*’ Previous studies
may have been confounded by the use of nonoptotype
measures of VA in younger children, as well as by referral/
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selection biases; or the children in our study may not be old
enough to reveal such an age-related pattern.

We found a greater risk of IOD and bilateral decreased
VA in some younger age groups relative to the oldest
reference group. It was more likely for an IOD to occur
in children aged 36 to 47 months than in children aged 60
to 72 months; a similar trend was seen, but was not
significant, in the 30- to 35-month-old group, which had
a smaller sample size and lower proportion of children
able to complete VA testing. Previously, we have dem-
onstrated that a higher proportion of normal children had
2-line VA differences in 36- to 47-month-olds compared
with older children.?” This is likely related to more
variable test performance in younger children, who may
either perform better on the second eye owing to practice,
or perform worse on the second eye owing to short
attention spans. Bilateral VA <20/40 (used to define
decreased VA over 48 months) was more likely to occur
in children aged 48 to 59 months than in the reference
group of children aged 60 to 72 months. Similarly, in
children <48 months old, for whom bilateral decreased
VA was defined as VA <20/50, there was an increased
likelihood of decreased VA in 30- to 35-month-old chil-
dren, but not in 36- to 47-month-old children. This again
is likely a consequence of age-related improvements in
VA test performance, because VA test performance in the
right eye of normal children is steeply related to age,
suggesting that separate norms should apply to every age
group.®’ For future studies, an approach to controlling for
age-related changes in test performance might be to apply
different definitions of subnormal VA a priori to every
age category to be used in the analysis®’; an alternative
would be to use a single definition of decreased VA, as
long as the analysis adjusts for age. However, the anal-
ysis in the present study is committed to using the ME-
PEDS and BPEDS a priori definitions of decreased VA,
which only distinguish between children <48 or =48
months old, because these thresholds were integral in
determining whether or not a participant was required to
undergo VA retesting with correction.

Hispanic ethnicity was related to a higher risk of having
IOD in VA in this study. Two-fold greater odds of unilateral
decreased VA in children of Hispanic ethnicity were seen as
compared with VA in non-Hispanic white children, inde-
pendent of other amblyopia risk factors. Although it is
possible that this reflects differences in frequency of prior
amblyopia treatment, past treatment for a diagnosis of ambly-
opia was rare overall, with none reported for any African-
American or Hispanic children. Furthermore, although
spectacles might constitute amblyopia treatment even in the
absence of an explicit diagnosis of amblyopia, spectacle
wear was rare in this population, and did not differ by
race/ethnic group. Hispanic ethnicity might be associated
with some aspect of anisometropia or esotropia that is not
captured by the corresponding variables in the cross-sec-
tional analysis, such as age of onset of anisometropia (i.e.,
duration), or type of esotropia (i.e., infantile or accommo-
dative). Genetic factors that vary with race/ethnic group
may also predispose toward amblyopia in the setting of
high-risk refractive error.
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Additional demographic risk factors associated with bi-
lateral decreased VA were lack of health insurance and lack
of primary caregiver high school education. The impact of
lacking health insurance is unlikely to reflect decreased
access to early interventional measures such as spectacle
correction, because spectacle use was infrequent in this
population overall, and lack of health insurance remained a
significant risk factor even after excluding children with
glasses. Health insurance may instead be a surrogate indi-
cator of other demographic or environmental factors that
might impact vision outcomes (e.g., dietary or other life-
style factors). As for the association of bilateral decreased
VA with lower caregiver education levels, it is not possible
to determine whether this reflects true differences in visual
function associated (directly or indirectly) with parental
education, or simply better test performance in children of
more educated parents.

Active maternal smoking during pregnancy and lack of
breastfeeding were also associated with bilateral decreased
VA in our study, although these associations were only seen
in the MEPEDS subgroup analysis, not in our primary
analysis. Because both of these behavioral factors may be
themselves associated with parental education, which was
associated with bilateral decreased VA in the primary anal-
ysis but not in the MEPEDS subgroup analysis, we cannot
rule out the possibility that these variables are indicators of
caregiver education, rather than being causally related to
VA deficits. However, the finding of decreased VA in
children who were not breastfed is consistent with previous
work showing that visual outcomes are better in breastfed
children than in children fed commercial infant formulas, in
the absence of long-chain polyunsaturated fatty acid sup-
plementation.*®** Other studies have found associations
between maternal smoking and vision outcomes: The Avon
Longitudinal Study of Parents and Children reported an
association between maternal smoking and amblyopia after
adjustment for concurrent visual problems,> and a border-
line association between gestational smoking exposure and
amblyopia was seen in a population-based study of Austra-
lian children.*® Tt should be noted that, because active
maternal smoking during pregnancy increases the risk of
astigmatism and hyperopia,>®->! gestational tobacco expo-
sure may also contribute to decreased VA indirectly,
through its effect on refractive error; any such impact would
not be evident in the present analysis, because all our
models control for refractive error.

Interocular differences in VA were less likely in BPEDS
participants than in MEPEDS participants after adjustment
for all other associated covariates. The reasons for this are
not clear. Study protocols were standardized across study
sites, and the use of the Amblyopia Treatment Study VA
testing protocol with the electronic VA tester leaves little
room for subjectivity in determination of VA. Although we
controlled for a range of demographic and behavioral vari-
ables in this study, a number of factors that could be
hypothesized to impact VA were not evaluated, such as
genetic differences, nutrition, or environmental pollution.
Geographic location may be a surrogate marker for signif-
icant genetic, demographic, or environmental factors that
were not directly represented in our multivariate model.
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This study has several limitations. First, the cross-
sectional nature of the study design does not allow us to
determine whether the refractive errors we observe actually
preceded the associated deceased VA. Furthermore, some of
the younger children (who did not have VA deficits at the
time of our examination) may in fact be at risk of amblyopia
even though they had not yet developed it; conversely,
among the older children, some with normal refractions may
in fact have had anisometropic refractive errors when they
were younger. The temporal relationship between the risk
factors and decreased VA deserves further study to clearly
illuminate the relationship between early refractive error
(the target of screening efforts) and VA outcomes, and can
best be addressed by a prospective study. Second, prior
successful treatment of amblyopia could, in principle, par-
tially mask associations with refractive and other risk fac-
tors, in which case the associations could be even stronger
than reported here; however, the extremely low reported
rate of prior amblyopia treatment in this study (2.5% among
children with unilateral decreased VA), along with the very
low frequency of appropriate spectacle correction for refrac-
tive errors in the population studied,®> make it unlikely that
treatment effects substantially reduce the observed strength
of the associations with refractive error relative to their true
magnitude. To further address this issue, we performed a
secondary analysis excluding children with spectacles; the
similarity of the findings to the primary analysis further
indicates that our findings are unlikely to be impacted by
prior treatment in this population. Although it is not known
whether early spectacle correction of refractive errors can
prevent unilateral and bilateral VA deficits, it must be
acknowledged that our findings might not be applicable to
preschool populations with very high rates of appropriate
spectacle wear. Third, because the etiology of esotropia was
not known for all esotropic children in this cross-sectional
study, we are unable to determine whether the risk of
amblyopia is different (e.g., possibly lower) in infantile
esotropia as opposed to acquired, accommodative esotropia.
Fourth, in our protocol, certain children with a 2-line IOD
with VA of =20/32 in the worse eye and levels of aniso-
metropia below the a priori definition of a unilateral ambly-
opia risk factor did not undergo return visit VA retesting;
some of these cases might have resolved with return visit
retesting. However, we do not think this biased our study
toward finding an association of 10D with low levels of
anisometropia because these children did undergo same-day
retesting with correction, and return visit retesting was
shown to have no systematic effect on IOD outcomes in
children who underwent both same-day and return visit
retesting. Finally, we excluded a sizeable number of chil-
dren from the analysis of risk factors for bilateral decreased
VA owing to missing data for risk factors that remained
significant in the final model; however, we did not find
differences in the characteristics of children included in the
analysis compared with those who were excluded.

The strengths of this study are its size and design. A
population-based study allows us to generalize our results to
other similar populations and is less likely to have the
referral and selection biases that many clinic-based or
screening studies suffer. The multivariate analysis allows us

to evaluate the independent contributions of different risk
factors to amblyopia, despite the frequent coexistence of
different types of refractive error and strabismus. Our sub-
group analyses showed our main findings to be replicated in
2 sites. The pooling of MEPEDS and BPEDS data has
provided us with the power to detect significant associations
of decreased VA with low levels of refractive error previ-
ously not known to be significant.

In conclusion, our data support the strong association of
anisometropic and bilateral refractive errors with unilateral
and bilateral decreased best-corrected VA, respectively. We
suggest an expanded range of refractive errors that should
be considered as potentially contributing to amblyopia. We
have confirmed the high risk of unilateral VA deficits asso-
ciated with esotropia and the low risk associated with exo-
tropia. Prospective, longitudinal observation is required to
establish the prognostic significance of risk factors that are
present at an early age, and clinical trials are still needed to
establish whether early treatment of refractive error or stra-
bismus might improve long-term VA outcomes. In the
meantime, our data may help practitioners and parents to
make more informed decisions regarding the management
of these conditions in preschool children. Our data highlight
the limits of using refractive error thresholds as predictors
of VA deficits and may thus help inform vision screening
policies in preschool children.
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