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ABSTRACT

Background: Refractive error, if uncorrected, may decrease children’s academic achievement. Pediatric amblyopia, if untreated,
may lead to visual impairment. The aims were to determine the prevalence of vision conditions and untreated vision conditions
during the first-grade, a year after mandated vision screening by nurses.
Methods: Ophthalmologists at the UCLA Mobile Eye Clinic (MEC) examined 2,286 first-graders located in Southern California.
Myopia and hyperopia were defined as at least -0.75 dioptre (D) and +1.25Ds in each principal meridian, respectively. Astigmatism
was at least a 1-D difference between the two meridians. Untreated hyperopia was defined as habitual visual acuity worse than
20/30 and the lack of eyeglasses for clinically meaningful refractive error, i.e. at least +3Ds in each principal meridian. Amblyopia
was defined using a standard definition.
Results: In adjusted analysis, Asian/Pacific Islander children were more likely to have myopia compared to non-Hispanic
White children. Forty-five out of 57 (78.9%) children with clinically meaningful hyperopia lacked eyeglasses. The rates of
untreated hyperopia were higher in Latino/African American children and in children attending Title I schools (i.e. schools
disproportionately affected by poverty) compared to non-Hispanic white and children attending a non-Title I school, respectively.
Seventeen of the 2,286 children (0.74%) had amblyopia. Fourteen of the 17 children with amblyopia (82.4%) were not receiving
treatment for the condition at the time of the eye exam.
Conclusions: Since most children with vision conditions lack eyeglasses or treatment in the first-grade, interventions are needed
to assist the school nurses in providing follow-up eye care to children.
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1. INTRODUCTION

Refractive errors and amblyopia, especially if left untreated,
have negative consequences for children. Lack of eyeglasses
for the treatment for refractive errors is the leading cause

of visual impairment in children.[1–4] Untreated amblyopia
is associated with the development of visual impairment.[5]

Visual impairment may decrease the academic achievement
of children,[6, 7] which is why the Department of Education
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requires periodic vision screening in schools in most U.S.
states.[8] In California, nurses are mandated to offer vision
screening to children in kindergarten in preparation for the
first grade. If many children with vision conditions lack
eyeglasses or treatment in the first-grade, a critical period
of academic development, interventions are needed to assist
the school nurses in providing eye care to children following
the vision screening in kindergarten. Such interventions will
help reap the benefits of the vision screening by nurses.

Gaps in the literature regarding children’s refractive errors
and amblyopia exist. Several prominent studies, however,
have been conducted. For example, the National Health In-
terview Survey and the National Survey of Children with
Special Health Care Needs used self-reported information
to study children’s unmet eye care needs (i.e. needing eye-
glasses or vision care services but not receiving them).[9, 10]

One study assessing the prevalence rates of refractive error
in 2,523 children aged between 5 and 17 years in Latino,
Asian, non-Hispanic White, and African American children
in the U.S., examined the right eye of each child.[11] An-
other study examined the prevalence of refractive error in
non-Hispanic and African American preschool children.[12]

The Multi-Ethnic Pediatric Eye Disease Study (MEPEDS)
presented findings on the prevalence of amblyopia in children
of two racial/ethnic groups: African American and Hispanic
children.[13]

In addition to the scarcity of information on the prevalence
rates of myopia, hyperopia, astigmatism, and amblyopia in
children of different racial/ethnic groups in the U.S., lim-
ited information is available on the racial/ethnic and school
factors associated with the lack of treatment for clinically
meaningful hyperopia, which if untreated, may decrease chil-
dren’s academic achievement.[7] Hyperopia, especially if
uncorrected, decreases reading ability in elementary school
children and SAT scores in older children.[7]

Limited information is available on vision conditions in first-
graders as well. Younger children, such as first-graders,
have different ocular characteristics compared to older chil-
dren.[14] The first grade is also a period when children be-
come more dependent on their vision for academic activities.
Academic achievement in the first-grade is a benchmark for
long-term scholastic performance.[15] Information on fac-
tors associated with untreated conditions in the first-grade
may help develop interventions that correct vision conditions
during this critical period of academic development. Given
the gaps in the research, the present study focused both on
the prevalence of vision conditions among American first-
graders of different racial/ethnic groups and the racial/ethnic
and school factors associated with untreated conditions, es-

pecially hyperopia. Interventions are also proposed to assist
school nurses in providing follow-up eye care to children in
first-graders.

2. METHODS

2.1 The Mobile Eye Clinic (MEC)
The UCLA MEC has been providing vision care services in
the Los Angeles area since 1975.[16, 17] The Clinic offered
eye exams to all first-graders, whose parents/guardians con-
sented, in four Title I and one non-Title I elementary schools
from the Santa Monica Malibu Unified School District, over
a six-year period between the 1999-2000 and 2005-2006
academic years. Title I is a federal designation indicating
that children in the school are disproportionately affected by
poverty.[18]

School nurses in the district sent invitations to all parents
asking them to have children’s eyes examined by ophthal-
mologists on the MEC. A total of 2,286 first-graders received
eye examinations. These 2,286 first-graders accounted for
87% of all first-graders in the participating schools. The first-
graders in this study are representative of first-graders in the
participating schools as well as children enrolled in public
schools in California. The highest percentage of children
both in our study and in the participating schools were Latino,
followed by non-Hispanic White, Blacks/African American,
and Asian/Pacific Islander. The racial/ethnic distribution of
our first-graders is also similar to the distribution of children
in public schools in California. Between 1999 and 2006,
33.6% of children in public schools in California were non-
Hispanic White compared to 30.2% in our study. Over the
same time period, approximately 45% of children in public
schools in California were Latino compared to 42.9% in our
study. Approximately 8.2% of children in public schools in
California were African American compared to 7.8% in our
study.[19] We retrospectively analyzed data from the medical
records of the 2,286 first-graders. The University of Cali-
fornia, Los Angeles, Office for the Protection of Research
Subjects approved the study.

2.2 Eye examination
Distance visual acuity testing was performed using the
Snellen chart with and without eyeglasses as relevant. In
illiterate children, distance visual acuity was ascertained us-
ing the E-game or Allen pictures. Using the Sloan chart in
children with current glasses for reading or near work, if any,
near visual acuity was assessed. Stereoacuity testing with the
Titmus test was performed. Evaluation of extraocular muscle
movements and alignment took place. Autorefraction was
performed with the aid of the Retinomax and/or Humphrey
autorefractors. A slit-lamp examination (external and fundus
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exams) and a refraction using the phoropter and BVAT II
Video Acuity Tester were performed. The ophthalmologists
performed cycloplegic refraction (i.e. dilation) in children
who failed the initial vision screening.

2.3 Main outcomes
At least -0.75 dioptre (D) in each principal meridian and at
least +1.25Ds in each principal meridian defined myopia and
hyperopia, respectively.[11] Astigmatism was at least a 1-D
difference between the two meridians.[11] Untreated myopia
or astigmatism was defined as the presence of habitual visual
acuity worse than 20/30 and the lack of eyeglasses for the
treatment of the condition on the day of the MEC eye exam.
Poor visual acuity had to accompany the condition since
not all children with refractive error have poor vision and
need eyeglasses. The cut-off point of 20/30 was chosen to
be consistent with the AAO Preferred Practice Patterns for
referrals of children for evaluations by eye care specialists
after the age of 5;[20] in our study, the overwhelming majority
of children were older than 5 years.

Untreated (i.e. uncorrected) hyperopia was defined as the
presence of habitual visual acuity worse than 20/30 and the
lack of eyeglasses for the treatment of hyperopia of at least
+3D in each principal meridian on the day of the MEC eye
exam. At least +3D was used as a cut-off for defining un-
treated hyperopia because most other hyperopic children do
not need eyeglasses.[12] The presence of unilateral or bilat-
eral amblyopia was determined. Unilateral amblyopia was
classified as a ≥ 2 line interocular difference in best habitual
visual acuity, with visual acuity 20/30 or worse in the worse
eye where a unilateral amblyogenic factor in the affected eye
was present.[21] Bilateral amblyopia was defined as reduced
best-corrected visual acuity worse than 20/40 in both eyes
in the presence of a bilateral amblyogenic factor.[21] Unilat-
eral and bilateral amblyogenic factors were defined as in the
MEPEDS.[21]

2.4 Risk factors
Potential risk factors included age, gender, race/ethnicity
(non-Hispanic White, Latino, Black/African American,
Asian/Pacific Islander, and Other children), type of school,
and academic year. Parents self-reported the race/ethnicity
of children. Children in the “other” category were those of
other racial/ethnic groups or mixed races/ethnicities.

2.5 Statistical analysis
Using SPSS 16.0, we calculated the overall and
race/ethnicity-specific rates of myopia, hyperopia, astig-
matism, and amblyopia. Logistic regression models, ad-
justed for school, age, gender, and year, showed the likeli-
hood of having refractive errors in Latino, Black/African,
Asian/Pacific Islander, and Other children compared to non-

Hispanic White children. The prevalence rates of untreated
myopia, hyperopia, astigmatism, and amblyopia were calcu-
lated. The Pearson chi square test helped determine differ-
ences in untreated hyperopia by race/ethnicity and school.
Significance was defined as p < .05.

3. RESULTS
Among the 2,286 first-graders, most were 6-year old. Most
were Latinos and non-Hispanic Whites (see Table 1). Most
were from Title I schools. A total of 264 (out of 2,286 or
11.5%) had refractive errors. The prevalence rates of myopia,
hyperopia, and astigmatism were 4.9%, 4.6%, and 6.5%, re-
spectively (see Table 2). Asian/Pacific Islander children had
higher rates of myopia than hyperopia or astigmatism.

Table 1. Summary of demographic characteristics of
first-graders (n = 2,286)

 

 

Characteristic Number of children % 

Age 

  5-year olds 47 2.1 

  6-year olds 1,325 58.0 

  7-year olds 914 40.0 

Gender 

  Male 1,185 51.8 

  Female 1,101 48.2 

Race/ethnicity 

  Non-Hispanic White 691 30.2 

  Latino 980 42.9 

  Black/African American 179 7.8 

  Asian/Pacific Islander 146 6.4 

  Other race/ethnicity 290 12.7 

Year of eye exam 

  2000-2001 376 16.4 

  2001-2002 402 17.6 

  2002-2003 377 16.5 

  2003-2004 398 17.4 

  2004-2005 383 16.8 

  2005-2006 350 15.3 

Type of school   

  Children in Title I schools 1,681 73.5 

  Children in a Non-Title I school 605 26.5 

 

When controlling for age, gender, school, and academic year,
Latino, African American, Asian/Pacific Islander children
were more likely to have myopia compared to non-Hispanic
White children (see Table 3). Asian/Pacific Islander children
experienced lower odds of having hyperopia compared to
non-Hispanic White children in adjusted analyses (see Ta-
ble 3). In adjusted analyses, Latino and African American
children had increased odds of having astigmatism compared
to non-Hispanic White children (see Table 3). In adjusted
analyses, no differences in the presence of any refractive
error by school were evident (results not shown).
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Table 2. Prevalence of myopia, hyperopia, and astigmatism by race/ethnicity
 

 

Race/ethnicity Myopia N (%) Hyperopia N (%) Astigmatism N (%) 

Overall, n = 2,286 111 (4.9%) 106 (4.6%) 149 (6.5%) 

 Non-Hispanic White, n = 691 14 (2.0%) 38 (5.5%) 21 (3.0%) 

 Latino, n = 980 60 (6.1%) 42 (4.3%) 88 (9.0%) 

 Black/African American, n = 179 10 (5.6%) 11 (6.1%) 15 (8.4%) 

 Asian/Pacific Islander, n = 146 12 (8.2%) 2 (1.4%) 7 (4.8%) 

 Other, n = 290 15 (5.2%) 13 (4.5%) 18 (6.2%) 

 

Table 3. The likelihood of having myopia, hyperopia, and astigmatism by race/ethnicity* (n = 2,286)
 

 

Risk Factors 
Myopia  Hyperopia Astigmatism 

Race/ethnicity 

Latino vs. non-Hispanic White 
OR = 3.375 
95% CI: 1.847-6.168 
P < .001 

OR = 0.838 
95% CI: 0.527-1.334 
P = .457 

OR = 3.031 
95% CI: 1.841-4.991 
P < .001 

Black/African American vs. non-Hispanic White
OR = 3.012 
95% CI: 1.307-6.939 
P = .010 

OR = 1.202 
95% CI: 0.597-2.418 
P = .607 

OR = 2.929 
95% CI: 1.468-5.845 
P = .002 

Asian/Pacific Islander vs. non-Hispanic White 
OR = 4.239 
95% CI: 1.913-9.395 
P < .001 

OR = 0.222 
95% CI: 0.053-0.935 
P = .040 

OR = 1.564 
95% CI: 0.649-3.765 
P = .319 

Other vs. non-Hispanic White   
OR = 2.587 
95% CI: 1.228-5.449 
P = .012 

OR = 0.791 
95% CI: 0.413-1.515 
P = .480 

OR = 1.973 
95% CI: 1.030-3.777 
P = .040 

Note. OR = Odds ratio, CI = Confidence interval; *Results based on logistic regression models assessing the likelihood of having myopia, hyperopia, or 
astigmatism among all children, adjusting for school, age, gender, and academic year. 

 

The majority of children with myopia, hyperopia, and astig-
matism, had poor visual acuity (see Table 4). All children
with myopia and astigmatism accompanied by poor visual
acuity, except for one child, had no eyeglasses. The over-
whelming majority of children with hyperopia had their con-
dition untreated (see Table 4). The rates of untreated hy-

peropia were higher in Latino/African American children
and in children attending Title I schools compared to non-
Hispanic white and children attending a non-Title I school,
respectively; these results were not statistically significant
(see Table 5).

Table 4. Clinically meaningful refractive error and untreated refractive error
 

 

Refractive 
error 

Percentage of children with clinically meaningful 
refractive error (out of those with any refractive error)

Percentage of children with untreated refractive error 
(out of those with clinically meaningful refractive error)

Myopia 
65.8%  
(73 of 111) 

100%  
(73 of 73) 

Hyperopia 
53.8%  
(57 of 106) 

78.9%  
(45 of 57) 

Astigmatism 
69.1%  
(103 of 149) 

99.0%  
(102 of 103) 

 

Seventeen of the 2,286 children (0.74%) had either unilateral
or bilateral amblyopia. Four of the 2,286 (0.17%) had bilat-
eral amblyopia and 13 out of 2,286 (0.57%) had unilateral
amblyopia. Among the 17 children with amblyopia, 3 were
non-Hispanic whites, 6 were Latino, 3 were African Ameri-
can, none were Asian/Pacific Islander, and 5 were of another

race/ethnicity or did not report their ethnicity; the prevalence
rates were, 0.4%, 0.6%, 1.7%, 0%, 1.7%, in non-Hispanic
White, Latino, African American, Asian/Pacific Islander, and
Other children, correspondingly. Fourteen of the 17 children
with amblyopia (82.4%) were not receiving treatment for the
condition at the time of the MEC eye exam.
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Table 5. Untreated hyperopia by race/ethnicity and school (n = 57)
 

 

Risk Factors Percentage of children with untreated hyperopia 

Race/ethnicity*  

  Non-Hispanic White 66.7% (14 of 21) 

  Latino 88.0% (22 of 25) 

Black/African American 100% (5 of 5) 

  Other 66.7 (4 of 6) 

  p-value .171 

Type of school  

  Title I schools 82.6% (38 of 46) 

  Not a title I school 63.6 (7 of 11) 

  p-value .166 

*No Asian/Pacific Islander first-grader had clinically meaningful hyperopia 

 

4. DISCUSSION
We cannot reap the benefits of vision screening by nurses
in kindergarten if children do not receive treatment and do
not wear eyeglasses in the first grade. Reasons why children
may not receive eyeglasses and other treatment following
the vision screening by nurses include parental disbelief the
child needs eye care as well as financial and transportation
barriers to eye care.[17] In addition, children may dislike,
break, or lose their eyeglasses.[17]

After statistical adjustment, the prevalence rates of refractive
error differed by race/ethnicity. While the rates of myopia in
our study were lower than those in the Collaborative Longi-

tudinal Evaluation of Ethnicity and Refractive Error Study
by Kleinstein et al.,[11] which included primarily older chil-
dren, our finding of lowest rates of myopia in non-Hispanic
whites and highest rates in Asians/Pacific Islanders is consis-
tent with their results (see Table 6). In both studies, Latinos
had the highest rates of astigmatism compared to children
of other racial/ethnic groups. Another consistent finding is
that the lowest prevalence of hyperopia among racial/ethnic
groups was in Asians/Pacific Islanders.[11] Both in other re-
search and our study,[8, 22] non-Hispanic Whites tended to
have higher rates of hyperopia compared to Asians/Pacific
Islanders.

Table 6. Comparison of the prevalence rates of any refractive errors by race/ethnicity among the present study that includes
5 to 7 year old children, that by Kleinstein et al., Refractive Error and Ethnicity in Children, 2003, that includes children
aged 5 to 17, and that by Giordano et al., 2009, Prevalence of Refractive Error among Preschool Children in an Urban
Population, that included 6-year old children, using the same or similar definitions

 

 

 

Myopia  Hyperopia  
 

Astigmatism 

Present 
study 

Kleinstein  
et al., 2003 

Giordano  
et al., 2009 

Present 
study 

Kleinstein  
et al., 2003 

Present  
study 

Kleinstein  
et al., 2003 

 
First- 
graders 

Children aged 
5 to 17 years 

Six-year old 
children 

 First- 
graders 

Children aged 5 
to 17 years 

 First- 
graders 

Children aged 
5 to 17 years 

Definition of 
condition 

At least  
-0.75D 

At least  
-0.75D 

At least  
-1D 

 At least 
+1.25D 

At least  
+1.25D 

 At least 
1D  

At least  
1D 

Non-Hispanic 
White 

2.0% 4.4% 1.2%  5.5% 19.3%  3.0% 26.4% 

Latino 6.1% 13.2% -  4.3% 12.7%  9.0% 36.9% 

Black/African 
American 

5.6% 6.6% 6.6%  6.1% 6.4%  8.4% 20.0% 

Asian/Pacific 
Islander 

8.2% 18.5% -  1.4% 6.3%  4.8% 33.6% 

 

We estimated both the prevalence of refractive errors and
the prevalence of untreated refractive errors. The high rate
of uncorrected refractive error in first-graders in this study

is consistent with the findings of older children in prior re-
search.[23] In addition, in the National Health and Nutrition
Examination Survey, African American or Latino adoles-
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cents aged 12 to 18 years were less likely to own eyeglasses
compared to non-Latino White children.[24] In the National
Survey of Children with Special Health Care Needs, using
self-reported data, African American and Latino children
younger than 18 years were twice as likely to need eyeglasses
or vision care services but not receiving them compared non-
Latino White children.[9] Through the use of self-reported
data, the National Health Interview Survey found that unin-
sured and poor children aged 18 years and younger had an
increased likelihood of needing eye care but not receiving it
compared to insured and non-poor children.[10]

A higher percentage of children had untreated hyperopia in
the Title I schools compared to non-Title I school. One po-
tential reason may be the lower socioeconomic status of Title
I schools. Lacking insurance and living in poverty have been
linked to not receiving vision care in children.[25] Overall,
the rates of uncorrected hyperopia were high in all partici-
pating schools. The finding suggests the need for eye care
interventions in public schools.

The prevalence of amblyopia in this study of primarily 6-
years old children (0.6%) and the study of 6-year old Aus-
tralian children[26] with a prevalence of 0.7% was very simi-
lar. The prevalence rates of amblyopia in African American
children in our study (1.7% in 5-7 years old children) and in
the MEPEDS (1.3% in 6 year old children) were similar.[13]

The prevalence in Latino children in our study (0.6% in 5-7
years old children) was lower than in the MEPEDS (3% in
6 year old children).[13] The MEPEDS primarily included
participants from Inglewood, a less affluent community than
Santa Monica. In the MEPEDS, none of the children with
amblyopia were previously diagnosed[27] while in our study,
17.6% of the children with amblyopia were treated. Poverty
may be a reason for the higher rates of amblyopia among
Latinos in MEPEDS. Poor children with amblyopia were
more likely to have visual acuity 20/70 or worse compared
to non-poor children in one study.[28]

One limitation of our study is that the UCLA MEC has no in-
formation on the reasons for the refusal to participate. Some
of the parents refusing for their child to participate may have
already taken their child for eye treatment, thus overestimat-
ing the overall rates of untreated conditions in the schools
in our study. Other parents may believe that their child does
not need eye exams,[25] thus underestimating the rates of
untreated conditions in our study. There should be no bias in
the participation of subjects in our study, however, because
of the similar racial/ethnic distribution of the first-graders
in our study compared to the children in public schools in
California. The difference in the rates of untreated hyper-
opia between Title I schools and the non-Title school was

not statistically significant, which may be because of the
smaller number of children in the non-Title I school. The
study cannot make definite conclusions about the differences
in untreated conditions in non-Title and Title I schools since
only one non-Title I school was visited. Still, a significant
number of 605 first-graders were from the non-Title I school.
All regression analyses were adjusted for type of school. The
strengths of our study include the high participation rate, the
large sample of first-graders, a sample representative of chil-
dren in the school district and California public schools, and
the assessment of differences in conditions by race/ethnicity
and school.

The findings of the study suggest the need for eye care in-
terventions in both Title I and non-Title schools and among
children of different racial/ethnic groups. In most U.S. states,
school nurses are mandated to provide vision screening and
refer children who fail the vision screening to eye care profes-
sionals for follow-up care. Interventions should assist nurses
in screening for visual impairment, offering education on the
importance of wearing eyeglasses, and monitoring the use
of eyeglasses in the classroom. There are several examples
of school-based eye care interventions that may promote the
receipt of eyeglasses and education on the importance of
wearing eyeglasses in schools. The Healthy Start Program,
funded by the California Department of Education, provides
vision screening to reduce the unmet need for vision care
in the state.[29] ChildSight[30] and the UCLA Mobile Eye
Clinic[31] are community programs that partner with schools
to offer eye exams and eyeglasses to children. The Vision
In-School and Community-Insight programs provide vision
education to elementary students.[31] Prior research found
that providing eye exams and one pair of eyeglasses were
not sufficient in ensuring that children wear eyeglasses. Chil-
dren need two pairs of attractive eyeglasses; one should be
kept at home and another in the classroom.[17] Children also
need daily reminders by teachers to use their eyeglasses.[17]

Nurses cannot offer such comprehensive eye care alone; they
need to collaboration of the school administrators, teachers,
and the community.

Today’s first-graders are future high school and college stu-
dents. Interventions early in life have the potential of ad-
dressing health concerns in the long run.[32] School-based
programs offering eye exams following nurses’ vision screen-
ings may help decrease parental barriers to taking their chil-
dren to the eye doctor.[33] Interventions offering more than
eye exams such as two pairs of attractive eyeglasses, educa-
tion for parents on how to encourage their children to wear
their eyeglasses at home, and monitoring of the use of eye-
glasses in the classroom, may be especially successful in
improving children’s vision. A preventative eye care mes-
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sage, similar to that for dental care, needs to be developed
in schools and society.[34, 35] Such a message may promote
the academic achievement of both children and schools. It
may also promote college completion and better careers as

children and adolescents transition into adulthood.
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