
This article was downloaded by:[CDL Journals Account]
On: 4 December 2007
Access Details: [subscription number 785022368]
Publisher: Informa Healthcare
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Ophthalmic Epidemiology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713734444

Refractive Errors in Low-Income Preschoolers
Barbara L. Brody ab; Anne-Catherine Roch-Levecq a; Hillary S. Klonoff-Cohen b;
Stuart I. Brown a
a Department of Ophthalmology (SIB), Division of Community Ophthalmology
(A-CR-L & BLB), University of California, San Diego, La Jolla, California
b Department of Family and Preventive Medicine, Division of International Health &
Cross Cultural Medicine (BLB), Division of Epidemiology (HSK-C), University of
California, San Diego, La Jolla, California

Online Publication Date: 01 July 2007
To cite this Article: Brody, Barbara L., Roch-Levecq, Anne-Catherine,
Klonoff-Cohen, Hillary S. and Brown, Stuart I. (2007) 'Refractive Errors in
Low-Income Preschoolers', Ophthalmic Epidemiology, 14:4, 223 - 229
To link to this article: DOI: 10.1080/01658100701486822

URL: http://dx.doi.org/10.1080/01658100701486822

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article maybe used for research, teaching and private study purposes. Any substantial or systematic reproduction,
re-distribution, re-selling, loan or sub-licensing, systematic supply or distribution in any form to anyone is expressly
forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents will be
complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses should be
independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand or costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713734444
http://dx.doi.org/10.1080/01658100701486822
http://www.informaworld.com/terms-and-conditions-of-access.pdf


D
ow

nl
oa

de
d 

B
y:

 [C
D

L 
Jo

ur
na

ls
 A

cc
ou

nt
] A

t: 
18

:5
2 

4 
D

ec
em

be
r 2

00
7 Ophthalmic Epidemiology, 14:223–229

ISSN: 0928-6586 print / 1744-5086 online
Copyright c© 2007 Informa Healthcare USA, Inc.
DOI: 10.1080/01658100701486822

Refractive Errors in Low-Income Preschoolers
Barbara L. Brody,1,2 Anne-Catherine Roch-Levecq,1 Hillary S. Klonoff-Cohen,2 and Stuart I. Brown1

1Department of Ophthalmology (SIB), Division of Community Ophthalmology (A-CR-L & BLB), University of California, San Diego, La Jolla,
California

2Department of Family and Preventive Medicine, Division of International Health & Cross Cultural Medicine (BLB), Division of Epidemiology
(HSK-C), University of California, San Diego, La Jolla, California

ABSTRACT

Purpose: To estimate the overall prevalence of refractive errors in a study population of low-

income preschoolers in San Diego County. Methods: The study sample included 507 preschool

children selected from a study population of all 3–5 year-old children in Head Start and San Diego

Unified School District preschools (74% Latino). The sample was examined by optometrists in

the mobile clinic of the University of California, San Diego, Department of Ophthalmology with

retinoscopy under cycloplegia to assess the presence of refractive errors defined as myopia

≥2D in 3–4 year-olds and ≥1D in >4 year-olds; hyperopia ≥4D in 3–4 year-olds and ≥3D in >4

year-olds; and astigmatism ≥1.75D in 3–4 year-olds and ≥1.5D in >4 year-olds. Anisometropia

was defined as ≥1.25D difference between the eyes. Emmetropia was defined as refractive

errors below these levels. Results: A total of 16% (n = 81 children) (95% confidence interval:

15.4–16.5) met study definitions of refractive errors in at least one eye. Myopia was found in 3%,

(OD Mean Sphere = 2.4D); hyperopia in 7.5% (OD Mean Sphere = 3.8D); astigmatism in 5.5%

(OD Mean Cylinder = 2.3D); and 84% were emmetropic (OD Mean Sphere = 1.3D). Conclusions:

Hyperopia and astigmatism were the most frequent refractive errors in this sample of low-

income preschoolers, most of whom were Latino.

INTRODUCTION

There have been a few studies examining the prevalence of
refractive errors in school age children of various ethnicities.1–6

The Vision in Preschoolers (VIP) Study has studied a multi-
ethnic group of Head Start children with the goal of determin-
ing the most effective methods of vision screening.7,8 Preva-
lence data from that study was based on an enriched sample
that included all vision screening failures and a random sam-
ple of those who passed routine vision screening. Thus, the VIP
Study sample by design contained more vision problems than
would be expected in the total study population of Head Start
children.
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To date there have been no published studies with the objec-
tive of determining the prevalence of refractive errors in a mul-
tiethnic population of preschoolers.9 However, this age group
may be the most susceptible to developmental consequences of
refractive error.10,11 Timely identification and intervention when
certain refractive errors are detected may be important to main-
tain good vision.

Within the United States, two studies exemplify that minority
racial/ethnic groups’ visual problems may be under diagnosed.
The Medical Expenditure Panel Survey,12 a study of diagnosed
eye and vision conditions in children under 18 years of age, de-
termined that Latino children were less likely to have been diag-
nosed with a vision or eye condition compared to Caucasian chil-
dren. Another report13 found that Latino children were less likely
than children of other ethnicities to have had vision screening.

The purpose of the present study was to estimate the overall
prevalence of refractive errors in a sample of preschool children
3–5 years of age attending 2 large publicly funded preschool
programs in San Diego County, California. The children were
enrolled in Head Start (3rd largest Head Start in the nation) or San
Diego Unified School District (6th largest school district in the
nation) preschools for low-income children. Both organizations
have similar income-based eligibility criteria and multiethnic en-
rollments. The children attending these multiethnic preschools
were from low-income families; the majority were Latino.
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7 MATERIALS AND METHOD

Study design and participants

The protocol for this study was approved by the University
of California, San Diego (UCSD) Human Research Protections
Program Institutional Review Board and the Human Subjects
Research Committees for the Neighborhood House Association
Head Start and the San Diego Unified School District.

To estimate prevalence of refractive errors, a study sam-
ple of 507 children (enrolled at 19 preschool locations in all
6 regions of San Diego County, in proportion to the low-
income child population of the regions) received vision screen-
ing plus a full examination, regardless of the screening result.
The study sample was representative of the total study pop-
ulation of the screened 16,399 children on the basis of age,
ethnicity, race, gender, and organization (Table 1). The sample
of 507 included 100% of the children attending the preschools
between January and October 2002 (n = 174), and when addi-
tional funding was received, between January and June 2004
(n = 333).

Inclusion criteria for the study sample were the following:
1) a child enrolled in a preschool of Head Start or San Diego

Unified School District;
2) 3 to 5 years of age, inclusive;
3) parental consent; and
4) eye examination under cycloplegia.

Ophthalmic testing

The eye examinations of the 507 children in the study sam-
ple were performed in an examination room with lighting main-
tained at a standard protocol level in the mobile clinic of the
UCSD Department of Ophthalmology. Optometrists with ex-
tensive experience with preschool children conducted the ex-
aminations in accordance with the study protocol.

Table 1. Descriptive characteristics

Demographic Study sample∗ Overall study population∗∗
variables N = 507 N = 16399

Age at Screening (years) N % N %
3 43 (8.5) 2344 (14.3)
4 243 (47.7) 7714 (47)
5 222 (43.8) 6341 (38.7)

Hispanic 374 (73.8) 11039 (67.3)
Caucasian 51 (10.1) 2017 (12.3)
African-American 42 (8.3) 2214 (13.5)
Asian 29 (5.7) 935 (5.7)
Other 11 (2.2) 197 (1.2)
Gender: Female 253 (49.9) 8173 (49.8)
Organization

Head Start 286 (56.4) 9734 (59.4)
SDCS-Preschool 221 (43.6) 6665 (40.6)

∗Received vision screening and eye examination including retinoscopy
with cycloplegia.
∗∗Received vision screening.

Distance visual acuity was measured without correction be-
fore cycloplegia using the B-VAT PC.14 A minimum of 30 min-
utes prior to retinoscopy, one drop of proparacaine was instilled
into each eye. A minute later cycloplegia was induced with one
drop of a combination of phenylephrine (1.6%), tropicamide
(0.167%), and cyclopentolate (1.3%).15–21

Retinoscopy was performed with a Welch-Allyn streak
retinoscope while the child looked through fogging lenses
(+1.50 sphere). The child was asked to fixate on a distant tar-
get set at 20/400. The refractive error was assessed by using
a Reichert phoroptor to neutralize the two principal meridians
of each eye, beginning with the right eye. The working dis-
tance power was then subtracted leaving the full cycloplegic
retinoscopy. The cycloplegic retinoscopy values were used to
determine refractive errors defined below.

Refractive error definitions

The primary definition of refractive error (Figure 1, Defini-
tion 122–24) used in the analyses was myopia ≥2D in 3–4 year-
olds and ≥1D in >4 year-olds; hyperopia ≥4D in 3–4 year-olds
and ≥3D in >4 year-olds; and astigmatism ≥1.75D in 3–4 year-
olds and ≥1.50D in >4 year-olds. Anisometropia was defined as
≥1.25D difference between the eyes. Emmetropia was defined
as refractive errors below these levels. These definitions corre-
spond with a level equal to or greater than considered clinically
useful to detect in the Vision in Preschoolers Study7 and that
may be corrected with glasses in clinical practice.22–24

Figure 1. Refractive error definitions.22–24

224 July–August 2007 Ophthalmic Epidemiology
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7 In addition, an overall prevalence of refractive error also was

estimated at higher levels; i.e., levels considered to be very
important to detect and treat early7 and at which glasses are
almost always prescribed.22–24 This higher level, Definition 2
(Figure 1, Definition 222–24) in the present study, was my-
opia ≥3D in 3–4 year-olds and ≥2D in >4 year-olds; hyper-
opia ≥5D in 3–4 year-olds and ≥4.5D in >4 year-olds; and
astigmatism ≥2.5D in 3–4 year-olds and ≥2D in >4 year-
olds. Anisometropia was defined as ≥2D difference between the
eyes.

Children were first evaluated in terms of myopia and hyper-
opia based on the eye with the largest spherical value. If the
child did not meet the criteria for myopia or hyperopia in either
eye, then the presence of astigmatism in cylinder diopters was
determined. In addition and separately, we examined the refrac-
tive error of the children who had been first classified as meeting
the criteria for myopia or hyperopia to determine the subset that
also met the criteria for astigmatism.

Also, the refractive errors that met Definition 1 were sub-
grouped by using the optical cross method to describe both
principal meridians. Thus, these refractive errors were further
categorized1 as:

1) simple myopia (i.e., myopia without astigmatism);
2) compound myopic astigmatism (i.e., astigmatism in which

the two principal meridians of an eye are both myopic);
3) simple hyperopia (i.e., hyperopia without astigmatism);
4) compound hyperopic astigmatism (i.e., astigmatism in

which the two principal meridians of an eye are both hy-
peropic);

5) simple myopic astigmatism (i.e., astigmatism in which one
principal meridian is myopic and the other emmetropic, or
in which both principal meridians are myopic);

6) simple hyperopic astigmatism (i.e., astigmatism in which
one principal meridian is hyperopic and the other em-
metropic, or in which both principal meridians are hyper-
opic); and

7) mixed astigmatism (i.e., astigmatism in which one principal
meridian is hyperopic and the other myopic).

Statistical analysis

Statistical analyses were conducted using Statistica for Win-
dows, version 6.1 (Statsoft, Tulsa, OK). Sample size calcula-
tions for this study were based on the protocol by Negrel et al.3

Hence, an anticipated 22% prevalence rate of refractive error
with a 2% error rate resulted in an estimated sample size of 340
subjects (95% CI, 304–386). Therefore, with a sample size of
507 children, we had power to address the overall prevalence as
the primary hypothesis. Subgroup differences were examined as
exploratory analyses.

Continuous variables were compared between the study sam-
ple and overall study population using a two-sample t-test, or
a Wilcoxon Rank Sum test whenever the normality assumption
did not hold. Discrete variables were compared using Chi Square
and Fisher’s Exact Test.

The prevalence of each type of refractive error was calculated
as a ratio (the number of children with each type of refractive
error as a fraction of the whole sample of 507 children) and re-
ported with a 95% confidence interval, assuming a normal dis-
tribution. Differences in spherical equivalents and visual acuity,
transformed into LogMAR, were examined using t-test or one-
way ANOVA when assumptions of normality and homogeneity
of variances were met. Otherwise, Mann-Whitney Rank Sum or
Kruskal-Wallis ANOVA was used. Multiple comparisons were
not made. Probabilities of 0.05 were considered to be statisti-
cally significant.

Correlations between amount of refractive errors expressed
in spherical equivalents and visual acuity expressed in LogMAR
were examined using Pearson’s r or Spearman’s rho if assump-
tion of normality was not satisfied.

RESULTS

Demographic characteristics of the study

sample compared to the overall study

population

There were no differences in demographic characteristics be-
tween the study sample of 507 children and the overall study
population of 16,399 children in age, ethnicity, gender, and
preschool organization (Table 1). All comparisons of demo-
graphic characteristics yielded p-values of 0.18 or larger.

Primary analysis

Using Definition 1 (Figure 1) for the study sample of 507
preschoolers yielded an overall prevalence of refractive error of
16% (n = 81) (95% CI, 15.4–16.5). Most children were found
to be emmetropic, 84% (n = 426), i.e., no myopia, hyperopia, or
astigmatism.

The prevalence of refractive errors in at least one eye by
Definition 1 was as follows:
a) myopia, 3% (n = 15) (95% CI, 2.7–3.2). Most of these chil-

dren (n = 11) had a combination of myopia and astigmatism,
(i.e., mixed astigmatism or compound myopic astigmatism),

b) hyperopia, 7.5% (n = 38) (95% CI, 7.1–7.9). Of these chil-
dren (n = 6) had a combination of hyperopia and astigma-
tism (i.e., mixed astigmatism or compound hyperopic astig-
matism); and

c) astigmatism alone, 5.5% (n = 28) (95% CI, 4.7–6.3)
(Table 2).

In this study sample, 8.9% (n = 45) (95% CI, 8.4–9.3) had
astigmatism alone or with myopia or hyperopia (Table 3). Ani-
sometropia was found in 7.3% of the sample (n = 37) (95% CI,
6.9–7.6) (Table 3).

Most of the 81 children with refractive error were affected
with simple hyperopia and compound hyperopic astigmatism
(52%), followed by mixed astigmatism (37%) (Figure 2). Fig-
ure 3 shows the distribution of refractive errors in spherical
equivalent (SE) refraction. Significantly more children were hy-
peropic than myopic, (p < .001). Using Definition 2, (Figure 1)

Ophthalmic Epidemiology July–August 2007 225
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7 Table 2. Clinical characteristics of children with refractive errors (Definition 1*) by type N = 507

Myopia (n = 15) Hyperopia (n = 38) Astigmatism (n = 28) Emmetropia (n = 426)

Mean OD Sphere
Mean ± (SD) −2.40 (1.78) 3.8 ± (1.2) 0.8 ± (1.2) 1.3 ± (0.75)
Median (Range) −2.25 (−6.75, 0.5) 3.7 (2.6.75) 0.9 (−1, 3.25) 1.25 (−1.25, 3.5)

Mean OD Cylinder
Mean ± (SD) 2.13 (1.21) 0.55 ± (0.85) 2.15 ± (1) 0.24 ± (0.3)
Median (Range) 2.25 (0, 4) 0.5 (0, 4) 1.9 (0.5, 4.5) 0 (0, 1.5)

OD Spherical Equivalents
Mean ± (SD) −1.3 ± (1.75) 4.12 ± (1.3) 1.9 ± (1.1) 1. 4 ± (0.7)
Median (Range) −0.625 (−6, .875) 3.9 (2, 7) 1.8 (−0.25, 4) 1.5 (−1.1, 3.5)

OD LogMAR Visual Acuity
Mean ± (SD) 0.60 ± (0.29) 0.36 ± (0.30) 0.5 ± (0.25) 0.22 ± (0.18)
Median (Range) 0.48 (0.3, 1.3) 0.30 (0, 1.3) 0.48 (0, 1) 0.18 (0, 0.7)

Mean OS Sphere
Mean ± (SD) −2.5 ± (1.7) 3.9 ± (1.2) 0.8 ± (1.3) 1.3 ± (0.8)
Median (Range) −2.25 (−5.25, −0.25) 3.5 (2.25, 8) 0.9 (−1.5, 3.75) 1.25 (−1.25, 3.5)

Mean OS Cylinder
Mean ± (SD) 2.15 ± (1.2) 0.65 ± (0.9) 2.5 ± (1.2) 0.3 ± (0.35)
Median (Range) 2.5 (0.25, 4.25) 0.5 (0, 4) 2.1 (0.5, 5.25) 0.25 (0, 1.5)

OS Spherical Equivalents
Mean ± (SD) −1.4 ± (1.6) 4.3 ± (1.3) 2 ± (1.16) 1.5 ± (0.75)
Median (Range) −1 (−4.4, 0.5) 4 (2.25, 8.1) 1.9 (0, 4.9) 1.5 (−1.25, 4)

OS LogMAR Visual Acuity
Mean ± (SD) 0.72 ± (0.32) 0.37 ± (0.27) 0.55 ± (0.2) 0.22 ± (0.13)
Median (Range) 0.54 (0.48, 1.3) 0.30 (0, 1.3) 0.54 (0.1, 1) 0.18 (0,1)

∗See Figure 1.
Note: Children were first evaluated in terms of myopia and hyperopia based on the eye with the largest spherical value.
If the child did not meet the criteria for myopia or hyperopia in either eye, then the presence of astigmatism in cylinder
diopters was determined. In addition and separately, we examined the children who had been first classified on the
basis of meeting the criteria for myopia or hyperopia to determine the subset that also met the criteria for astigmatism.
See Table 3.

the prevalence of refractive errors was 5.5% (n = 28) (95% CI,
4.7–6.3).

Correlations between visual acuity and type of

refractive error

Correlations between visual acuity expressed in LogMAR
and amount of refractive error expressed in spherical equivalents
for the sample (N = 507) and for the subsample of children with
refractive errors (n = 81) were statistically significant but weak
(rs ≤ .25, .30, respectively) (Table 4). Correlations by type of
refractive error were consistently high for myopia, rho(15) ≤
–.55, and hyperopia, rho(38) ≥. 61, compared to emmetropia,
rho(426) ≥ .06.

Exploratory secondary analyses

Rate of refractive error for Latinos vs. non-Latinos

There was no difference in overall prevalence of refrac-
tive errors between the Latino and non-Latino preschool
children, 59/374 (15.8%) vs. 22/133 (16.5%), p = .94. Pro-
portionally more non-Latino children (15/133 = 12%) were
hyperopic compared to Latino children (23/374 = 6.1%),
p = .025.

Differences between genders

The overall difference in prevalence of refractive error (male:
20.6%, n = 52 vs. female: 17.7%, n = 45) was not significant,
p = .40. Proportionally more females were found to have hyper-
opia (21/253 = 8.3% for females vs. 17/254 = 6.7% for males)
while proportionally more males were myopic (10/254 = 3.9%
for males vs. 5/253 = 2% for females). The difference was sta-
tistically significant only across conditions, (8.3% for females
having hyperopia vs. 3.9% for males having myopia, p = .04).

DISCUSSION

A study sample of 507 low-income children attending public
preschools received eye examinations with retinoscopy under
cycloplegia. Sixteen percent of the sample had refractive errors
at a level considered to be clinically useful to detect in preschool
children in the Vision in Preschoolers Study.7 A total of 5.5%
of the sample had refractive errors at a level considered very
important to detect early and treat with glasses.7 While glasses
are not always prescribed at the former level, they are almost
always prescribed at the latter level.24

The results of this study were limited to a sample of preschool
children of a larger study population of low-income preschool

226 July–August 2007 Ophthalmic Epidemiology
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Figure 2. Refractive error categories using Definition 1 and optical cross categorization method (n = 81).

Figure 3. Distribution of spherical equivalents with cycloplegia.

Ophthalmic Epidemiology July–August 2007 227



D
ow

nl
oa

de
d 

B
y:

 [C
D

L 
Jo

ur
na

ls
 A

cc
ou

nt
] A

t: 
18

:5
2 

4 
D

ec
em

be
r 2

00
7 Table 3. Clinical characteristics of children with astigmatism or anisometropia* and other refractive errors (Definition 1)

Astigmatism and astigmatism Anisometropia and anisometropia
with myopia or hyperopia (n = 45) with other refractive error (n = 37)

Mean OD Sphere
Mean ± (SD)
Median (Range)

0.3 ± (2.5)
0.25 (−6.75, 6)

1.3 ± (2.75)
1.5 (−6.75, 6.75)

Mean OD Cylinder
Mean ± (SD)
Median (Range)

2.3 ± (1)
2 (0.5, 4.5)

0.8 ± (0.9)
0.5 (0, 4)

OD Spherical Equivalents
Mean ± (SD)
Median (Range)

1.5 ± (2.4)
1.5 (−6.1, 6.4)

1.7 ± (2.5)
2 (−6.1, 7)

OD LogMAR Visual Acuity
Mean ± (SD)
Median (Range)

0.55 ± (0.27)
0.48 (0, 1.3)

0.41 ± (0.32)
0.30 (0, 1.3)

Mean OS Sphere
Mean ± (SD)
Median (Range)

0.4 ± (2.4)
0.5 (−5.25, 5.5)

1.5 ± (3)
1.75 (−5.25, 8)

Mean OS Cylinder
Mean ± (SD)
Median (Range)

2.5 ± (1.1)
2.25 (0.5, 5.25)

0.9 ± (0.9)
0.75 (0, 4.25)

OS Spherical Equivalents
Mean ± (SD)
Median (Range)

1.6 ± (2.2)
1.5 (−4.4, 6.4)

2 ± (2.8)
2.25 (−4.4, 8.1)

OS LogMAR Visual Acuity
Mean ± (SD)
Median (Range)

0.58 ± (0.23)
0.54 (0.1, 1.3)

0.47 ± (0.38)
0.3 (0.1, 1.3)

∗Mean difference of refractive error between the 2 eyes was 1.56 sphere diopters (SD = 0.5D, range = 1.25−4, n = 35),
and 1.38 cylinder diopters (SD = 0.18, range = 1.25–1.50, n = 2).

children. While there were no differences between the sample
and the study population with respect to the demographic char-
acteristics assessed, it is not possible to extrapolate these results
to all low-income preschool children with similar demographics.

The two large preschool programs vigorously recruited low-
income children through multicultural outreach via mailings,
churches, parks and shopping centers. The enrolled sample of
preschool children has characteristics similar to those of low-
income children 3–5 years of age in San Diego County. Further,
since all the parents of the participants in this study popula-
tion met similar income criteria, income level was not likely to
confound the results.

The sample size was not large enough to estimate prevalence
of types of refractive errors by ethnic or age subgroups. Larger
studies are needed to estimate prevalence rates within such sub-
groups. However, for the present there are no published studies
that estimate the prevalence of refractive errors in a population
of low-income preschool children, most of whom are Latino.
Recent reports12,13 have indicated possible disparities in vision
care, particularly among Latino and low-income children.

Few studies have examined hyperopia and/or astigmatism
in relation to cognitive development.10 We have found that
preschoolers with bilateral refractive errors at a level deemed
very important to detect and treat had reduced scores on stan-
dardized, widely used measures of visual-motor function that
are predictive of future academic performance.11

In summary, the findings of this study indicate that low-
income preschoolers need ocular evaluation for refractive errors
and that some may need corrective lenses.
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