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Abstract
Objective—To evaluate risk factors for astigmatism in a population-based sample of preschool
children.

Design—Population-based cross-sectional study

Participants—Population-based samples of 9970 children ages 6 to 72 months from Los
Angeles County, California, and Baltimore, Maryland.

Methods—A cross-sectional study of children participating in the Multiethnic Pediatric Eye
Disease Study and the Baltimore Eye Disease Study was completed. Data were obtained by
clinical examination or by in-person interview. Odds ratios and 95% confidence intervals (95%CI)
were calculated to evaluate potential associations between clinical, behavioral, or demographic
factors and astigmatism.
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Main Outcome Measures—Odds ratios (ORs) for various risk factors associated with
astigmatism.

Results—Participants with myopia (≤−1.0 diopters) were 4.6 times more likely to have
astigmatism (95%CI 3.56, 5.96) than those without refractive error, while participants with
hyperopia (≥+2.00 diopters) were 1.6 times more likely (95%CI 1.39, 1.94). Children 6 months to
<12 months of age were approximately 3 times more likely to have astigmatism than children 5 to
6 years of age (95%CI 2.28, 3.73). Both Hispanic (OR=2.38) and African-American (OR=1.47)
children were more likely to have astigmatism than non-Hispanic white children. Further, children
whose mothers smoked during pregnancy were 1.46 times (95% CI 1.14, 1.87) more likely to have
astigmatism than children whose mothers did not smoke.

Conclusions—In addition to infancy, Hispanic and African-American race/ethnicity and
correctable/modifiable risk factors such as myopia, hyperopia, and maternal smoking during
pregnancy are associated with a higher risk of having astigmatism. While the prevalence of
smoking during pregnancy is typically low, this association may suggest etiologic pathways for
future investigation.

Astigmatism is an ocular condition in which the unequal curvature of one or more refractive
surfaces of the eye prevents the formation of a clear image on the retina. This common form
of refractive error accounts for approximately 13% of all refractive errors of the human
eye. 1, 2 Identifying astigmatism in pediatric populations is particularly important because of
its potential influence on normal visual development. High degrees of astigmatism are
associated with the development of amblyopia 3, 4 and some associations have also been
found between astigmatism and the development of myopia. 5-7 While the exact cause of
astigmatism is unclear, factors such as high risk genes, eyelid pressure, extraocular muscle
tension, gestational age, birth weight, and medical conditions such as cerebral palsy 2 also
may play a role. Detection of modifiable risk factors for preschool age children that impact
the prevalence of astigmatism requires further investigation.

In the current analysis, we explored the association between demographic and clinical
characteristics of the children and behavioral characteristics of the mother during pregnancy
as potential risk factors for astigmatism. We included data from a multiethnic (African
American, Hispanic, and non-Hispanic white) population-based sample of preschool age
children from Los Angeles, California, and Baltimore, Maryland. Data for the analyses were
obtained by clinical examination at one of the study center clinics or by in-person interview
on the same day as the clinical eye examination. Identifying the risk factors for astigmatism
may help us recognize those children in need of early treatment and better understand the
etiology of amblyopia. Finally, prevention of astigmatism may be possible if modifiable risk
factors for the condition are identified.

Methods
Data for this manuscript were collected from two population-based studies of pediatric eye
disease: the Multiethnic Pediatric Eye Disease Study (MEPEDS) and the Baltimore Pediatric
Eye Disease Study (BPEDS). Details of these studies and data collection methods are
described in an accompanying MEPEDS and BPEDS paper in this issue.8

Study Population
Children were eligible for inclusion in the current analysis if they were aged 6 months to 72
months at enrollment. MEPEDS participants were identified from 74 census tracts in and
around the cities of Inglewood, Riverside, and Glendale in California. BPEDS participants
were identified from 54 census tracts in and around the city of Baltimore, Maryland. The
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study design and sampling plans have been described in detail in previous publications. 910

After informed consent was obtained from the parent of an eligible child, a brief in-home
interview was conducted to obtain basic demographic information and history of known eye
conditions. Eligible children were then scheduled for a comprehensive eye examination at
the local MEPEDS or BPEDS clinic. A more detailed in-person interview with the child’s
parent was administered at the local clinic.

Eye Examination and Parental Interview
Eye Examination

All children underwent a comprehensive eye examination, performed by MEPEDS or
BPEDS optometrists or ophthalmologists, trained and certified using standardized
protocols. 910

Cycloplegic refraction was performed using the Retinomax Autorefractor (Right
Manufacturing, Virginia Beach, VA) at least 30 minutes after cycloplegia with two drops (5
minutes apart) of 1% cyclopentolate. In MEPEDS 4.1% refused eye drops, while 4.7%
refused eye drops in BPEDS. Cycloplegic retinoscopy was performed if Retinomax readings
with confidence ratings of ≥8 in both eyes were not obtained after 3 attempts. Non-
cycloplegic retinoscopy was performed if parents refused eye drops.

Definitions of Astigmatism
Astigmatism was defined using a threshold level of cylindrical refractive error in the right or
left eye of ≥1.50 D expressed in positive correcting cylinder form. Astigmatism type was
defined by orientation as with-the-rule (WTR) (plus cylinder axis 90° ± 15°) and against-
the-rule (ATR) (plus cylinder axis 180° ± 15°); all other orientations were considered
oblique. The eye with the greater absolute amount of cylindrical refractive error was
considered to be the worse eye.

Parental Questionnaire—A parental interview was conducted at the MEPEDS or
BPEDS clinic by trained interviewers to collect information on demographic, medical, and
ocular history variables. Details of the interviews have been described in previous
publications. 9108

Statistical Analysis
The frequencies of demographic and behavioral factors were evaluated for participating
children with and without astigmatism at the time of the MEPEDS or BPEDS clinical
examination. Tests of statistical significance were completed using chi-square tests for
categorical variables and t-tests for continuous variables. All tests were two-sided; a P-value
of < 0.05 was considered statistically significant.

Logistic regression was used to calculate odds ratios (OR) and 95% confidence intervals
(95%CI) to evaluate the associations between demographic, behavioral, or clinical factors
and astigmatism. Variables considered for inclusion in the models are described in an
accompanying paper in this issue8 and shown in Table 1. Univariate models were completed
to identify factors potentially associated with astigmatism in children overall and by
orientation. Small for gestational age was defined by gender, weeks of gestation at birth, and
birth weight based on a US national reference for birth weight 15. Stepwise multivariate
modeling was completed such that demographic, behavioral, or clinical variables with a P-
value <0.05 were kept in the multivariate model. Stratified analysis was used to further
evaluate the association between maternal prenatal smoking and astigmatism by age of the
child at diagnosis, gender, and race/ethnicity (African American, Hispanic, non-Hispanic
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white). Individuals with missing data were excluded from the univariate analysis for that
variable; multivariate models were run first restricted to those with complete data for all
variables entered into the model and re-run in the final analysis for all individuals with
complete data for variables selected in the final step-wise regression. Formal tests of
interaction were completed by including a product term in the multivariate model for
maternal prenatal smoking with age, gender, and race/ethnicity.

Characteristics of participants were further evaluated comparing those children in the
analysis dataset to those who had been excluded due to missing data; Breslow-Day tests of
homogeneity and product interaction terms were used to evaluate significant differences by
exclusion status.

To examine the possible nonlinear relationship between maternal prenatal smoking and
astigmatism, a regression model was fitted conditioned on the mothers’ history of prenatal
smoking; models were adjusted for age, race, and spherical equivalent of the right eye. A
similar model was fitted for spherical equivalent (refractive error). Median smoking levels
for 12 categories of smoking (pack years) with equal number of individuals per group were
plotted against prevalence of astigmatism. An iterative, locally weighted, least squares
method was used to generate lines of best fit (LOWESS fit line).16

Results
The sample for this analysis includes 8,479 children from Los Angeles, California, or
Baltimore, Maryland (Table 1). The number of participants and reasons for exclusion are
shown in figure 1. A total of 14,344 eligible children were identified, of whom 10,669
completed clinical eye examinations (2,546 in BPEDS and 8,123 in MEPEDS). The analysis
was restricted to the three major racial/ethnic groups (African-American, Hispanic and non-
Hispanic white) with completed recruitment and data collected at the two research centers as
of August 2010, resulting in 9,970 children. Of the 9,970 children, 1,391 children were
excluded because of missing information on astigmatism (n=77) or smoking history during
the mother’s pregnancy with the index child (n=1,350). Therefore, the analysis includes 86%
(N=8,579) of eligible participants (Fig 1). There were no significant differences in
characteristics of children included in the data analysis compared to those excluded for
missing data other than SE refractive error of the right eye (P<.0001). The distribution was
similar except that 14% of kids with astigmatism in the analysis group were classified as
having SE refractive error of the right eye in the highest range (+3 to ≥+5 D) compared to
8% in the excluded group. In the non-astigmatism group, 8% in the analysis group had SE
refractive error of the right eye in the highest range (+3 to ≥+5 D) versus 7% in those
excluded from the analysis (indicating no difference).

The characteristics of children with and without astigmatism are shown in Table 1. Children
with astigmatism were more likely to be <12 months of age and to be Hispanic than children
without astigmatism. Families of children with astigmatism were more likely to have an
income of less than $20,000 per year (P=0.002) and less likely to have vision insurance
(P=0.002) than families who did not have a child with astigmatism. With respect to the
clinical variables, children with astigmatism were also more likely to have other types of
refractive error (i.e. myopia ≤ − 1.00 D spherical equivalent and hyperopia ≥ 2.00 D
spherical equivalent) and more likely to have cerebral palsy. However, the number of
children with cerebral palsy in either the astigmatism or no astigmatism group was very
small. There was no difference in family history of strabismus or amblyopia for children
with astigmatism or without astigmatism. Maternal smoking during pregnancy was slightly
higher in the children with astigmatism (P=0.08).
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In the multivariate analysis (Table 2), four variables remained significantly associated with
astigmatism: spherical equivalent refractive error, age group, race/ethnicity, and maternal
smoking during pregnancy. Children with spherical refractive error (myopia or hyperopia)
were more likely to have astigmatism than children without spherical refractive error.
Participants with myopia were 4.6 times as likely to have astigmatism (95%CI 3.56, 5.96) as
children without refractive error and participants with hyperopia were 1.6 times as likely to
have astigmatism as children without refractive error (95%CI 1.39, 1.94). Children in the
youngest age group (6 months to <12 months) were nearly 3 times as likely to have
astigmatism as children 5 to 6 years of age (60-72 months), but there were no significant
differences for children in any of the other age groups from 12 months through 59 months of
age when compared to children 5 to 6 years of age. Hispanic children were approximately
2.4 times as likely to have astigmatism as non-Hispanic white children. African-American
children were also more likely to have astigmatism than non-Hispanic white children;
however, the magnitude of effect was not as large (OR=1.47). After adjusting for the other
variables in the model, maternal smoking during pregnancy was a significant risk factor for
astigmatism. In this sample, children whose mothers smoked during pregnancy were 1.5
times as likely to have astigmatism as children whose mothers did not smoke during
pregnancy.

Model results were similar when we changed our threshold level of cylindrical refractive
error in the right or left eye to ≥2.00D. When we compared children with cylindrical
refractive error of ≥1.50 D to those of 0.00 D (i.e. excluding those children >0.00D and
<1.5D, resulting in N=2,810 in the model) gestational age of <33 weeks became a
significant risk factor in the multivariate model (P=0.0003, OR=2.55; 95%CI 1.52, 4.26).

When we examined these same four variables in a model restricted to children having WTR
astigmatism, we observed similar results (data not shown). Comparing data for children with
WTR astigmatism (N=649) to children without astigmatism we also found age < 12 months
(OR=2.31, 95%CI 1.75, 3.03), race/ethnicity (Hispanic OR=2.86, 95%CI 2.21, 3.68 and
African American OR=1.37, 95%CI 1.05, 1.79), maternal prenatal smoking (OR=1.48,
95%CI 1.11, 1.96), myopia (OR=4.39, 95%CI 3.25, 5.91), and hyperopia (OR=1.72, 95%CI
1.43, 2.08) were significantly associated. When restricting to ATR astigmatism we found the
only significant associations were with myopia (OR=4.68, 95%CI 2.43, 9.00) and age (<12
months OR=6.79, 95%CI 2.20, 20.8; 12-23 months OR=6.83, 95%CI 2.38, 19.6; 24-25
months OR=3.78, 95%CI 1.26, 11.4). However, the ATR analysis was based on a limited
number of cases (N=70).

The association between maternal smoking during pregnancy and risk of astigmatism was
further evaluated by gender, age group, and race/ethnicity using stratified analysis and
formal tests of significance. The association was stronger for girls with astigmatism
(OR=1.66, 95%CI 1.19, 2.31) than for boys (OR=1.37, 95%CI 0.96, 1.95) (Table 3), but the
interaction term for maternal smoking during pregnancy and gender was marginal (P=0.11)
(Table 4, available at http://aaojournal.org.). While an association was present in all 3 racial/
ethnic groups (Table 3), the odds ratios were significant only for non-Hispanic white
children. There was no statistical interaction for maternal smoking during pregnancy with
race/ethnicity (p=0.42) or age group (p=0.21) (Table 4, available at http://aaojournal.org.).
The relationship between pack-months of maternal smoking during pregnancy and
prevalence of astigmatism shows a small increase in slope with increasing pack-months of
tobacco use (Fig 2). The relationship between magnitude of spherical equivalent refractive
error and prevalence of astigmatism indicates a U-shaped curve with greater astigmatism
prevalence for children at higher levels of hyperopia and myopia values (Fig 3).
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Discussion
While characteristics of children with astigmatism have been described in the literature, little
is known about preventable risk factors for the condition. In the current analysis, we
examined potential clinical, behavioral, and demographic factors that may be associated
with astigmatism using data from 2 co-designed, population-based studies. In this sample of
preschool age children, age, race, spherical equivalent refractive error, and maternal
smoking during pregnancy were associated with astigmatism. Specifically, children with
myopia and hyperopia (defined as spherical equivalent ≤ − 1.00 D and ≥ 2.00 D,
respectively) were more likely to have astigmatism than children without these refractive
errors. Both Hispanic and African-American children were more likely to have astigmatism
than non-Hispanic white children and the odds of having the condition were substantially
higher in Hispanic children than in the other two racial/ethnic groups. Infants (<12 months
of age) were at significantly higher increased risk of astigmatism than older children (5-6
years of age); however, no significant difference in risk was found among children who
were 12 months and older in a categorical analysis, suggesting that astigmatism in infancy
diminishes as the child ages.

Many studies have described the high prevalence of astigmatism in children younger than 12
months of age.17-29 One study reported that the prevalence of astigmatism (≥1.00 D) in
children reached stable levels, similar to those observed in adults (<10%), by 18 months of
age. 18 Decreasing astigmatism in early childhood has been described in numerous
publications. 18, 20, 22, 24, 25, 30, 31 In a longitudinal study30 of astigmatism in infants, the
authors also observed a high prevalence (~42%) of astigmatism (>1.00D) in early infancy
that decreased with age. The authors noted that the reduction in astigmatism appeared to be
due to a decrease in toricity of the cornea and the anterior lens, along with a decrease in the
variation of the cornea and lenticular surfaces. 32 In our multivariate analysis, both race/
ethnicity and age were significant predictors of astigmatism after controlling for all
covariates simultaneously.

Our analysis dataset (N=8,579) included 649 children with WTR astigmatism and 70 with
ATR astigmatism out of 859 total cases. All four variables associated with astigmatism in
the overall model also were significantly associated with WTR astigmatism. For children
with ATR astigmatism, only age (<12 months, 12-24 months, 25-35 months), and myopia
remained significantly associated. However, the analysis of ATR astigmatism is limited by
the small number of cases; therefore, it is not clear if the differences in findings were due to
sample size or true variation in risk factors for astigmatism of different orientations.

The single environmental or behavioral factor identified as a risk factor for astigmatism in
children was maternal smoking during pregnancy. It has been hypothesized that nicotine
from tobacco smoke may activate nicotinic acetylcholine receptors, which are believed to be
important in refractive development.33, 34 In animal models, drugs that block nicotinic
acetylcholine receptors are associated with the development of myopia.35 We evaluated the
association between astigmatism and maternal smoking during pregnancy as both
dichotomous (yes/no) and continuous (pack-months) variables. Using regression analysis,
we found a slight increase in slope of the LOWESS line with increasing pack-months of use;
however, the data do not suggest a strong dose-response relationship between pack-months
of smoking and astigmatism risk.

A few studies in the literature address parental smoking as a risk factor for refractive
error.34, 36, 37 These studies focused on spherical equivalent refractive error, rather than
astigmatism, and results from these studies were largely inconclusive. In the MEPEDS and
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BPEDS sample, maternal smoking during pregnancy was a risk factor for astigmatism and
for spherical equivalent refractive error (see companion paper).

We also found that spherical equivalent refractive error, both hyperopia and myopia, were
associated with astigmatism. Children with myopia (≤ −1.00D) were 4.6 times as likely to
have astigmatism as children without significant refractive error (> −1.00D to <2.00D),
while children with hyperopia (≥ 2.00D) were 1.6 times as likely to have astigmatism.
Because our data were cross-sectional, we know that children with spherical equivalent
refractive error were more likely to have astigmatism than children without spherical
equivalent refractive error; but we cannot further evaluate the direction of the association.
Previous studies have suggested that uncorrected astigmatism is associated with increased
risk of myopia and more severe myopia,5-7, 38 while other studies have found no association
between the 2 conditions.39, 40 When considering this additional information from the
literature, it may be that astigmatism in infants and young children increases the risk of
subsequent myopia, however, it may also be that these different forms of refractive error
occur more frequently in the same children.

Several limitations to our analysis should be acknowledged. First, there are other possible
risk factors that we did not evaluate, such as pressure of the eye lid on the cornea and
genetic background. We do not currently have data to explore these factors. We also do not
have quantitative data on maternal or paternal smoking in the child’s home. We were able to
examine the association between maternal pack-months of smoking and astigmatism
prevalence. We excluded 1,391 individuals from the analysis because of missing data;
however, we did not find significant differences in characteristics of participants included in
the analysis versus those who were excluded with the exception that a higher proportion of
those with astigmatism in the analysis with SE refractive error of the right eye were
classified in the highest category (+3 to ≥+5 D). Strengths of the study include a large
sample from two population-based studies designed with identical protocols for key clinical
and questionnaire data. All clinical examinations were conducted by trained examiners who
were certified using standardized procedures by clinicians at both centers. The multiethnic
nature of the sample also allowed us to explore the consistency of associations by race/
ethnicity.

Astigmatism is a common refractive error for which the causes are largely unknown. Similar
to reports in previous clinical and population-based studies, we found that astigmatism is
common in infants but normalizes for many infants by 12 months of age. We also found
significant variation in the presence of astigmatism by race/ethnicity; Hispanic and African-
American children are more likely to have astigmatism than non-Hispanic white children,
and this association remains even after correcting for the presence of spherical equivalent
refractive error (myopia or hyperopia). Prenatal, maternal smoking was the single
modifiable behavioral risk factor we identified for astigmatism. While the prevalence of
smoking during pregnancy is typically low, this association may suggest etiologic or genetic
pathways for future investigation.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Precis
In a population based sample of 9970 preschool children, maternal smoking during
pregnancy, myopia, and hyperopia are associated with a higher risk for astigmatism.
Hispanic and African-American children, also, have a higher risk for astigmatism.
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Figure 1.
Participant flowchart highlighting those children who were included and excluded from the
final analysis sample in preschool children from both the Multi-Ethnic Pediatric Eye Disease
Study (MEPEDS) and the Baltimore Pediatric Eye Disease Study (BPEDS).
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Figure 2.
Locally weighted regression line illustrating the independent relationship between maternal,
prenatal smoking in packs per month and the estimated prevalence of astigmatism in
preschool children in the Multi-Ethnic Pediatric Eye Disease Study and the Baltimore
Pediatric Eye Disease Study after controlling for other risk factors. The estimated prevalence
of astigmatism was obtained using the stepwise logistic regression procedure.
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Figure 3.
Locally weighted regression line illustrating the independent relationship between spherical
equivalent refractive error and the estimated prevalence of astigmatism in preschool children
in the Multi-Ethnic Pediatric Eye Disease Study and the Baltimore Pediatric Eye Disease
Study after controlling for other risk factors. The estimated prevalence of astigmatism was
obtained using the stepwise logistic regression procedure.
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Table 1
Frequency Distribution of Demographic, Behavioral, Clinical, and Ocular Risk Factors in
Children With and Without Astigmatism in the MEPEDS and the BPEDS (N=8,579)

Risk Factors*
Astigmatism

N=859
n (%)

No Astigmatism
N=7720
n (%)

P-Value**

Study Site 0.03

  MEPEDS 683 (10) 5884 (90)

  BPEDS 176 (9) 1836 (91)

Age (months) <0.0001

  06-11 185 (23) 619 (77)

  12-23 151 (10) 1355 (90)

  24-35 138 (9) 1436 (91)

  36-47 118 (8) 1430 (92)

  48-59 129 (8) 1449 (92)

  60-72 138 (9) 1431 (91)

Race/Ethnicity <0.0001

  African American 339 (9) 3312 (91)

  Hispanic 404 (13) 2636 (87)

  Non-Hispanic White 116 (6) 1772 (94)

Maternal age >=35 years at child birth a 82 (8) 993 (92) 0.005

  Mean maternal age at child’s birth 26.5 ( 6) 25.7 (6) 0.0002

History of breast feeding – yesb 569 (10) 5178 (90) 0.58

Alcohol during pregnancy – yes c 27 (10) 233 (90) 0.84

Smoking during pregnancy - yes 90 (12) 671 (88) 0.08

Gestational age <33 weeks - yes d 30 ( 12) 218 (88) 0.28

Small for gestational age - yes e 157 (10) 1426 (90) 0.87

Cerebral Palsy – yes f 7 (58) 5 (42) <0.0001

Down Syndrome – yes g 3 (19) 13 (81) 0.24

Family history of strabismus – yes h 57 (11) 457 (88) 0.40

Family history of amblyopia - yes i 7 ( 6) 114 (94) 0.12

SE – right eye (Diopters) *** <0.0001

  ≤ − 1.0 104 (31) 236 (69)

  −1.0 to ≤ 0 168 (15) 958 (85)

  0 to < +1.0 163 (7) 2,329 (93)

  +1.0 to ≤ + 2.0 189 (7) 2,642 (93)

  +2.0 to ≤ +3.0 121 (11) 966 (89)

  +3.0 to ≥ +5.0 114 (16) 589 (84)
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Risk Factors*
Astigmatism

N=859
n (%)

No Astigmatism
N=7720
n (%)

P-Value**

Household income j 0.002

  <$20,000 per year 455 (11) 3772 (89)

Health Insurance – yes k 822 (10) 7405 (90) 0.88

Vision Insurance – yes l 369 (9) 3730 (91) 0.002

*
Astigmatism: Right eye has 1.5 Diopters or greater astigmatism. MEPEDS: Multi-Ethnic Pediatric Eye Disease Study. BPEDS: Baltimore

Pediatric Eye Disease Study. SE: Spherical equivalent

**
Chi-square test

***
children with SE of −1.0 Diopters or more extreme were considered myopes; children with SE of +2.0Diopters or more extreme were

considered hyperopes.

a
1 child with astigmatism and 26 unaffected children missing maternal age at childbirth.

b
11 unaffected children missing history of breastfeeding.

c
9 unaffected children missing maternal alcohol during pregnancy.

d
4 children with astigmatism and 70 unaffected children missing gestational age.

e
23 children with astigmatism and 219 unaffected children missing gestational age.

f
3 unaffected children missing cerebral palsy data.

g
4 unaffected children missing Down Syndrome data.

h
6 children with astigmatism and 50 unaffected children missing family history of strabismus.

i
3 children with astigmatism and 123 unaffected children missing family history of amblyopia.

j
104 children with astigmatism and 762 unaffected children missing household income.

k
2 children with astigmatism and 8 unaffected children missing health insurance in last 12 months.

l
77 children with astigmatism and 670 unaffected children missing vision insurance in last 12 months.
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Table 2
Independent Risk Factors for Astigmatism based on Multivariate Stepwise Regression in
Participants from MEPEDS and BPEDS (N=8,579)

Risk factors*
Order of Entry

into Model OR 95% CI

SE (Right eye) ** 1

  ≤−1.0D vs. (>−1.0D <+2.0D) 4.61 (3.56, 5.96)

  ≥+2.0D vs. (>−1.0D <+2.0D) 1.64 (1.39, 1.94)

Age group 2

  06-11 Months vs. 60-72 Months 2.85 (2.28, 3.73)

  12-23 Months vs. 60-72 Months 1.08 (0.84, 1.38)

  24-35 Months vs. 60-72 Months 0.95 (0.74, 1.23)

  36-47 Months vs. 60-72 Months 0.85 (0.66, 1.11)

  48-59 Months vs. 60-72 Months 0.93 (0.72, 1.20)

Race/Ethnicity 3

  African American vs. non-Hispanic White 1.47 (1.18, 1.85)

  Hispanic vs. non-Hispanic White 2.38 (1.91, 2.97)

Smoking during pregnancy 4

  Yes vs. No 1.46 (1.14, 1.87)

MEPEDS: Multi-Ethnic Pediatric Eye Disease Study. BPEDS: Baltimore Pediatric Eye Disease Study.

SE: Spherical equivalent

OR = Odds Ratio; 95% CI = 95 percent Confidence Interval

*
Stepwise multivariate model: All risk factors with P-value < 0.1 at the univariate level were entered into the multivariate model. Risk factors with

P-value < 0.05 were kept in the multivariate model.

**
children with SE of −1.0Diopter or more extreme were considered myopes; children with SE of +2.0Diopter or more extreme were considered

hyperopes.
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Table 3
Association Between Smoking and Astigmatism Stratified by Demographic
Characteristics in Participants of the MEPEDS and BPEDS (N=8,579)

Risk factors OR 95% CI

Smoking during pregnancy (yes vs. no)* 1.46 (1.14, 1.87)

  Male 1.37 (0.96,1.95)

  Female 1.66 (1.19, 2.31)

  Age 6-11 months 1.16 (0.64, 2.11)

  Age 12-23 months 1.04 (0.56, 1.96)

  Age 24 months or higher 1.74 (1.30, 2.32)

  African American 1.37 (0.99, 1.91)

  Hispanic 1.37 (0.77, 2.43)

  Non-Hispanic White 1.95 (1.24, 3.08)

*
adjusted for age, race/ethnicity, gender, SE refractive error; MEPEDS: Multi-Ethnic Pediatric Eye Disease Study. BPEDS: Baltimore Pediatric

Eye Disease Study. OR = Odds Ratio; 95% CI = 95 percent Confidence Interval
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