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Abstract

Using National Birth Defects Prevention Study (NBDPS) data, we sought to estimate birth
prevalence, describe clinical characteristics, and examine risk factors for infantile cataracts. We
calculated birth prevalence using the numbers of NBDPS-eligible cataract cases and live births
in the study area. We described case infants by the presence of associated ipsilateral eye defects
(IEDs) and non-eye-related major birth defects. Using maternal exposure information collected via
telephone interview, we conducted logistic regression analyses among the interviewed cases and
controls. Birth prevalence of infantile cataracts was 1.07/10,000 live births. Unilateral cataracts
were more often associated with IEDs, while infants with bilateral cataracts were more often
preterm, full-term with low birth weight, or had non-eye-related major birth defects. Unilateral
cataracts were positively associated with maternal nulliparity (adjusted odds ratio [aOR] = 1.61,
95% confidence interval [CI] = 1.18, 2.20; reference: multiparity), whereas bilateral cataracts
were positively associated with maternal education <12 years (aOR = 2.08, 95% CI = 1.13, 3.82;
reference: education >12 years), and foreign-born nativity (aOR = 1.92, 95% CI = 1.04, 3.52;
reference: U.S.-born nativity). The current analysis can inform future epidemiological studies
aimed at identifying mechanisms underlying the associations between infantile cataracts and
complex maternal exposures, such as lower levels of education and foreign-born nativity.
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11 INTRODUCTION

Cataracts are a major cause of childhood blindness with high economic burden due to

loss of vision and productivity (Wittenborn et al., 2013). They are classified as congenital
when present at birth or infantile when they occur within 12 months of age, although

the terms congenital and infantile are often used interchangeably (American Academy of
Ophthalmology, 2021). Previous studies reported a birth prevalence of infantile cataracts
(diagnosed by 12 months of age) ranging from 2.03 to 3.60 per 10,000 births (Abrahamsson
etal., 1999; Bhatti et al., 2003; Rahi & Dezateux, 2001). These estimates, however, were
calculated using data from older birth cohorts (1968-1998), and the birth prevalence may
have changed over this time period. Common nongenetic risk factors for infantile cataracts
reported in previous studies include maternal first trimester infections with rubella, herpes
simplex viruses, cytomegalovirus, genitourinary tract infections, and influenza/common
cold/respiratory illnesses accompanied with fever (reviewed in Nalbandyan et al., 2021).
The risk factors for infantile cataracts were also examined within the National Birth Defects
Prevention Study (NBDPS), the largest population-based case-control study in the United
States investigating risk factors for major birth defects. The authors conducted a stratified
analysis by cataracts laterality (unilateral vs. bilateral) in pregnancies with estimated

dates of delivery (EDDs) from 2000 through 2004 and did not observe associations with
environmental exposures (Prakalapakorn et al., 2010). However, due to a limited sample
size, they were unable to explore a broader range of exposures collected within the NBDPS,
as well as examine exposures by varying pregnancy time windows that may be critical for
lens development (first trimester) or lens maturation (second and third trimesters) (Sadler
& Langman, 2012), and conduct a subanalysis within a potentially more homogeneous
group of isolated cases. Currently, the risk factors remain unknown for approximately two-
thirds of infantile cataract cases and the gaps in the literature include further understanding
of etiological differences by cataracts laterality and birth defect classification (isolated

vs. nonisolated cases), and the teratogenic effects of environmental exposures at different
timings of pregnancy (Nalbandyan et al., 2021). Thus, studies providing additional insights
into the prevalence and etiology of infantile cataracts are warranted.

Using the final NBDPS data with EDDs through 2011, we sought to expand upon the
previous work of Prakalapakorn et al. (2010) by estimating the birth prevalence, describing
clinical characteristics and associated malformations, and examining potential risk factors
for unilateral and bilateral cataracts by varying pregnancy time windows. Furthermore, we
sought to test the consistency of the observed associations within different groups of isolated
cases.
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MATERIALS AND METHODS

The details of the NBDPS are presented elsewhere (Rasmussen et al., 2003; Reefhuis et
al., 2015). Briefly, cases were ascertained from population-based birth defects surveillance
systems in 10 study sites (Arkansas, California, Georgia, lowa, Massachusetts, North
Carolina, New Jersey, New York, Texas, Utah). Cases with known chromosomal or single-
gene abnormalities were excluded from the study (Rasmussen et al., 2003). Controls
comprised of infants without major birth defects, randomly selected from hospitals or
vital records from the same time and geographical areas as cases. The NBDPS ascertained
cataract cases from pregnancies with EDDs 2000-2011, and included infantile cataracts
diagnosed by an ophthalmologist within 12 months of age. Cases of corneal clouding,
cataracts resulting from surgery or trauma, and clinically insignificant minor lens opacities
were excluded. Starting with EDDs in 20086, isolated cases with a family history of
infantile cataract in a parent or a sibling were also excluded. Cataract cases were reviewed
and classified by clinical geneticists as isolated (cataracts alone, without non-eye-related
major birth defects) or multiple (cataracts with other non-eye-related major birth defects)
(Reefhuis et al., 2015). For the current analysis, all isolated cases were re-reviewed by an
ophthalmologist (M.N.), in consultation with a clinical geneticist (C.M.C.), and were further
classified as isolated without an ipsilateral eye defect (IED) or isolated with IED, with the
latter category indicating the presence of an eye defect in the same eye as the cataract. A
clinical geneticist (C.M.C.) re-reviewed all multiple cases and classified the co-occurring
non-eye-related major birth defects by structure/organ system.

Clinical data on case infants (sex, gestational age at delivery, birth weight, and medical
diagnoses) were abstracted from medical records. Mothers of NBDPS-eligible cases and
controls were invited to participate in a telephone interview (6 weeks to 24 months post-
EDD), collecting information on maternal demographics and exposures 3 months before
pregnancy through delivery. Institutional Review Board approval was received, and verbal
consent was obtained before the interview.

We compared case and control infants of interviewed mothers on a wide range of exposures,
including: (1) infant characteristics—sex (male, female), plurality (singleton, multiple),
season of conception (spring, summer, autumn, winter); (2) maternal demographics—age at
delivery (<20, 20-34, =35 years), race/ethnicity (non-Hispanic White, non-Hispanic Black,
Hispanic, other), education (<12, 12, 212 years), nativity (U.S.-born, foreign-born); (3)
pregnancy-related characteristics—parity (0, 1), previous miscarriage (yes, no), pregnancy
intention (yes, other), infertility treatment (yes, no), folic acid-containing supplement use
(the month prior through the first month of pregnancy) (yes, no), gestational diabetes

during current pregnancy (yes, no); (4) maternal health conditions—pregestational body
mass index (<25, =25 kg/m?), pregestational type 1 diabetes (yes, no), pregestational type

2 diabetes (yes, no), epilepsy (yes, no), hypertension during pregnancy (yes, no); (5)
behavioral exposures during the periconceptional (the month before through the third month
of pregnancy) period—nbinge drinking (yes, no), cigarette smoking (yes, no), recreational
drug use (yes, no), medical radiation (yes, no); and (6) paternal age at delivery (<25, 25-34,
35-44, 245 years). Maternal illnesses (fever, pelvic inflammatory disease, kidney, bladder,
or urinary tract infection [KBUTI], sexually transmitted infection, gastrointestinal infection,
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and respiratory illness) and medication use (vasoactive, anti-hypertensive, corticosteroid,
aspirin, antipyretic, anti-tussive, and anti-infective) that varied during pregnancy were
categorized as periconceptional, late pregnancy only (exposure in month 4 of pregnancy
or later), and no exposure.

Parity was defined as the number of previous live births or stillbirths. Maternal binge
drinking was defined as having four or more drinks per occasion. We assessed maternal
infertility treatment by combining information on surgical procedures for the current
pregnancy and use of fertility medications/other procedures in the 2 months prior to the
current pregnancy. We manually searched responses to an open-ended question on “other
maternal diseases” and identified reports of sexually transmitted infection and respiratory
illness. The reports of respiratory illnesses were later combined with the responses to a
question on “cold and flu” into a single variable assessing maternal respiratory illness.
Since the NBDPS did not collect information on specific maternal infections with known
teratogenic effects, we considered maternal use of anti-infective, anti-tussive, and antipyretic
medications as proxies for these infections. Finally, we grouped responses to questions on
medical radiations (X-ray, magnetic resonance imaging, radionuclide, CAT scan) into a
single variable assessing maternal periconceptional medical radiation.

To estimate birth prevalence per 10,000 live births, we divided the total number of NBDPS-
eligible cases, obtained from the population-based birth defects surveillance systems (7=
592), by the total number of live births in study areas from which cases were ascertained
(N=5,522,842). Similarly, we estimated the birth prevalence per 10,000 live births for
different case groups: isolated (both with and without IED) and multiple cases, unilateral
and bilateral cataracts. Using Pearson's y? tests, we described clinical characteristics of

all case infants by case classification (isolated, multiple) and cataracts laterality (unilateral,
bilateral). We examined the frequencies of IEDs among all cases and non-eye-related major
birth defects among multiple cases. All analyses were conducted separately for unilateral
and bilateral cataracts. We conducted bivariate logistic regression analyses to estimate crude
odds ratios (cORs) and 95% confidence intervals (Cls) for exposures with five and more
exposed cases and exact 95% Cls for exposures with three/four exposed cases. Estimates
were not calculated for exposures with less than three exposed cases. We included exposures
with five and more exposed cases in the multivariable analysis if the crude Wald p value was
less than 0.2 for either unilateral or bilateral cataracts. Maternal age at delivery and study
site did not meet both criteria but were included in multivariable logistic regression models
to account for potential confounding. The same common set of covariates was included

in the analysis of unilateral and bilateral cataracts. Each exposure was adjusted for other
exposures included in the multivariable model and adjusted odds ratios (aOR) and 95% Cls
were reported. Within each laterality, we conducted subanalyses among all isolated cases
and among isolated cases without IED. All subanalyses used the same set of covariates as
the main analysis. All analyses were conducted using SAS version 9.4 (SAS Corporation).

31 RESULTS

Overall, 592 infantile cataract cases were eligible for the NBDPS, resulting in a birth
prevalence of 1.07 per 10,000 live births (95% CI = 0.99-1.16). The prevalence per
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10,000 live births was 0.96 (95% CI = 0.88-1.05) for isolated cases, 0.11 (95% CI =
0.08-0.14) for multiple cases, 0.66 (95% CI = 0.59-0.73) for unilateral cataracts, and

0.41 (95% CI = 0.36-0.47) for bilateral cataracts. Isolated cases tended to have unilateral
cataracts, while two-thirds of multiple cases had bilateral cataracts (Table S1). Compared
to unilateral cases, infants with bilateral cataracts more often were preterm, full-term with
low birth weight, or had non-eye-related major birth defects (Table S2). Unilateral cataracts
were more frequently associated with IEDs than bilateral cataracts (32.3% vs. 23.7%).

The most common IED among unilateral cases was persistent fetal vasculature (18.5%),
whereas microphthalmia (9.2%) was the most common IED among bilateral cases (Table
1). Common non-eye-related major birth defects among multiple cases were congenital
heart defects (CHDs) (49.2%), central nervous system defects (26.2%), and orofacial defects
(23.0%) (Table 2).

Mothers of 359 (61%) cases and 10,084 (64%) controls participated in the telephone
interview. Case infants of interviewed and noninterviewed mothers were similar across
most available characteristics but differed by infant birth year with no apparent pattern
(Table S3). For cases with EDDs in 2006 or later, isolated cases with a family history of
infantile cataracts were no longer eligible for the NBDPS. Fifteen cases (nine males, six
females) with a positive family history of infantile cataracts with EDDs before 2006 were
still included in the database, and all these cases had bilateral cataracts (14 isolated, 1
multiple). To eliminate the possibility of hereditary cataracts, we further excluded these 15
cases and 8 controls (whose mothers also reported a positive history of infantile cataracts)
and conducted risk factor analyses among 344 cataract cases (227 unilateral, 117 bilateral)
and 10,076 controls. For both unilateral and bilateral cataracts, estimates were generally
similar for different case groups: total cases, all isolated cases, and isolated cases without
IEDs. Adjusted and unadjusted estimates were also similar, with a few exceptions.

In the crude analyses of all unilateral cases, we observed positive associations for female
sex (COR =1.34, 95% CI = 1.03, 1.75) and maternal nulliparity (cOR = 1.50, 95% CI =
1.15, 1.95), and inverse associations for maternal Hispanic race/ethnicity (cOR = 0.55, 95%
Cl =0.38, 0.79) and education <12 years (cOR = 0.60, 95% CI = 0.39, 0.92) (Table S4).
We observed stronger positive associations with maternal periconceptional binge drinking
(cOR =1.67, 95% CI = 1.08, 2.56) and paternal age =45 years (COR = 2.17, 95% CI = 1.04,
4.52) in the subanalysis of isolated cases without IED. In the multivariable analysis of all
unilateral cases, only maternal nulliparity remained associated with unilateral cataracts (aOR
=1.61, 95% CI = 1.18, 2.20), which persisted in the subanalyses of isolated (aOR = 1.64,
95% CI = 1.19-2.26) and isolated cases without IED (aOR = 1.66, 95% CI = 1.13-2.46)
(Table 3).

In the crude analysis of all bilateral cases, we observed positive associations with maternal
periconceptional KBUTI (cOR = 1.95, 95% CI = 1.14, 3.34) and second/third trimester
aspirin use (cOR =5.84, 95% CI = 1.14, 18.6) (Table S5). Different results were observed in
the multivariable analysis, where bilateral cataracts were positively associated with maternal
education <12 years (aOR = 2.08, 95% CI = 1.13, 3.82) and foreign-born nativity (aOR =
1.92, 95% CI = 1.04, 3.52) (Table 4). In the subanalyses of isolated cases, bilateral cataracts
remained positively associated with maternal education <12 years among all isolated cases
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(@aOR = 2.39, 95% CI = 1.20-4.78) and with foreign-born nativity among isolated cases
without IED (aOR =2.10, 95% CI = 1.01-4.39).

DISCUSSION

In the current analysis, we estimated birth prevalence, described clinical characteristics and
associated malformations, and examined potential risk factors for unilateral and bilateral
cataracts by varying pregnancy time windows. The birth prevalence of infantile cataracts

in the NBDPS was 1.07 per 10,000 live births, which might be slightly underestimated,
considering that about one-third of infantile cataracts remain undiagnosed by 12 months of
age (Rahi & Dezateux, 1999). Other studies on infantile cataracts reported higher estimates
(2.03-3.60 per 10,000 births), which could be explained by differences in inclusion criteria,
as the NBDPS excluded cataract cases with known genetic syndromes, stillbirths/pregnancy
terminations, and minor lens opacities (Abrahamsson et al., 1999; Bhatti et al., 2003; Rahi &
Dezateux, 2001). In the NBDPS, all case infants with a positive family history for infantile
cataracts had bilateral cataracts (predominately isolated). Similar results have been reported
in Danish and Australian birth cohorts (Haargaard et al., 2004; Wirth et al., 2002). In these
studies, and in NBDPS, infantile cataract cases were ascertained before the modern genetic
screening methods were introduced into clinical practice (Miller et al., 2010; Yang et al.,
2013), while the subsequent studies utilizing next generation sequencing showed that 60%—
70% of bilateral cataracts have a genetic origin (Gillespie et al., 2016; Musleh et al., 2016).
Thus, further genetic testing of bilateral cataracts might be beneficial in identifying novel
mutations.

Consistent with previous reports, we observed that infants with bilateral cataracts were often
preterm, full-term with low birth weight, or had co-occurring non-eye-related major birth
defects (Bhatti et al., 2003; Prakalapakorn et al., 2010). A study examining the association
between major birth defects and preterm birth suggested that the presence of a birth defect
in a fetus may lead to a preterm birth (Honein et al., 2009). In the NBDPS, infants with
bilateral cataracts often had other (more serious) major birth defects, presence of which may
have triggered a preterm birth. This might be a reason for observing a higher proportion of
preterm births among bilateral cases, compared to unilateral, that more often were isolated.
Also, per current recommendations, all newborns with a birth weight < 1500 g or gestational
age < 30 weeks should be screened for the retinopathy of prematurity (Fierson, 2018).

We agree with previous authors that different guidelines for ophthalmological screening of
preterm versus full-term newborns could partially explain higher risk of infantile cataracts
among preterm births (Bhatti et al., 2003; Prakalapakorn et al., 2010). Recent increases in
the number of preterm births coupled with improved survival of low birth weight newborns
(Goldenberg & Culhane, 2007), may increase the prevalence of infantile cataracts in coming
years.

Consistent with other studies, unilateral cataracts in the NBDPS were often associated with
IEDs, and with persistent fetal vasculature in particular (Lim et al., 2010; Wirth et al., 2002).
Compared to bilateral cases, surgeries on unilateral cataracts have worse outcomes (Asferaw
et al., 2019), especially when associated with persistent fetal vasculature often leading to
retinal detachment or glaucoma (Jinagal et al., 2018). The most common IED associated
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with bilateral cataracts was microphthalmia, which also can create surgical challenges, such
as postoperative corneal edema due to the small surgical space (Hoffman et al., 2015).
Among multiple cases, CHDs were the most common non-eye-related major birth defects,
followed by central nervous system and orofacial defects. Infantile cataracts and CHDs are
two common clinical manifestations of congenital rubella syndrome (Motaze et al., 2018).
The NBDPS did not collect information on maternal rubella infection, however, since the
vaccine has been available in the United States since 1969 (Centers for Disease Control and
Prevention, 2018), we assumed that most mothers were vaccinated against rubella. Yet, we
cannot rule out cases of congenital rubella syndrome among infants of U.S.-born mothers
who declined vaccination or foreign-born mothers from countries without routine rubella
vaccination. Nevertheless, CHDs, central nervous system defect, and orofacial defects are
relatively common in the United States (Simeone et al., 2015) and were also frequently
associated with infantile cataracts in a pooled analysis of data from 30 U.S. population-
based surveillance systems (Stallings et al., 2018). Studies with larger number of multiple
cases that would allow analyses of birth defect co-occurrence patterns and calculation of
the observed-to-expected ratio of co-occurring birth defects are warranted to identify shared
pathogenic mechanisms between infantile cataracts and other major birth defects (Benjamin
etal., 2019).

Previous studies reported female predominance among unilateral cases and a male
predominance among bilateral cases (Haargaard et al., 2004; SanGiovanni et al., 2002).

We observed a positive crude association between female sex and unilateral cataracts, which
was nonsignificant after adjusting for potential confounders. We observed a higher risk for
unilateral cataracts among nulliparous mothers, which was persistent in all three analytical
groups: total cases, all isolated cases, and isolated cases without IED. A similar association
was reported in the previous NBDPS analysis (2000-2004 EDDs) by Prakalapakorn et al.
(2010) but not in an older U.S. study (1959-1965 births) by SanGiovanni et al. (2002).

Two separate studies on maternal parity reported a higher risk for birth defects among
nulliparous women, compared to women having their second birth (Duong et al., 2012;
McNeese et al., 2015). In their paper, McNeese et al. (2015) proposed that the higher risk
for birth defects among nulliparous women can be partially attributed to a smaller uterus
with less vasculature. However, even if these biological features of nulliparous women truly
contribute to a cataract formation in the fetus, the difference in the association for unilateral
and bilateral cataracts remains unclear.

In the current analysis, maternal age was not associated with infantile cataracts, while in

a Danish study the risk for infantile cataracts was elevated among mothers aged >40 years
old (Haargaard et al., 2005). Studies on singleton births reported conflicting results on the
associations between advanced maternal age and the risk of non-chromosomal major birth
defects (Goetzinger et al., 2017; Reefhuis & Honein, 2004). Reefhuis and Honein (2004)
observed a higher risk for some birth defects among mothers aged 35-40 years old, while in
the study by Goetzinger et al. (2017), advanced maternal age (=35 years old) was associated
with reduced risk for major birth defects.

In contrast to previous studies (Prakalapakorn et al., 2010; SanGiovanni et al., 2002),
we observed a positive association between maternal education <12 years and bilateral
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cataracts. Also, similar to the study by Haargaard et al. (2005), we observed that foreign-
born mothers were more likely to have infants with bilateral cataracts compared to U.S.-born
mothers. Lower levels of maternal education and foreign-born nativity have been previously
reported to be associated with the lack of prenatal care (Goldfarb et al., 2017; Stativa et

al., 2014). Given that appropriate prenatal care is important for optimal pregnancy outcomes
(Zolotor & Carlough, 2014), presence of untreated health conditions during pregnancy might
result in a formation of a cataract in the fetus. In our analysis, the risk of bilateral cataracts
was elevated (nonsignificant) among mothers reporting KBUTI during pregnancy. The
positive association between KBUTI and infantile cataracts (not stratified by laterality) was
significant in another NBDPS analysis by Howley et al. (2018) indicating the importance of
maternal health for normal embryological development.

In the previous NBDPS analysis, Prakalapakorn et al. (2010) reported a two-fold increased
risk of bilateral cataracts among women using aspirin during pregnancy. The association,
however, was based on three exposed cases and was nonsignificant. We explored this
association by specific timing during pregnancy and observed more than five times higher
odds among women reporting second/third trimester aspirin use, compared to those who did
not use aspirin during pregnancy. Yet, this elevated cOR was based on three exposed cases
and imprecise. Aspirin is a nonsteroidal anti-inflammatory drug, which are commonly used
for fever, pain, and inflammation (Vane & Botting, 1998). In the current analysis, maternal
fever, respiratory illnesses, as well as the use of antipyretic, anti-infective, and anti-tussive
medications, that served as proxies for acute maternal infections, were not associated with
infantile cataracts. In another study examining acute maternal illnesses during pregnancy, the
authors did not observe an association between influenza/common cold/respiratory system
diseases and infantile cataracts among women who used antifever medications, while the
risk was elevated among women with the same diseases and uncontrolled fever (Vogt et al.,
2005).

Previous studies reported inconsistent associations between paternal age at delivery and
infantile cataracts (Green et al., 2010; Mclntosh et al., 1995). Green et al. (2010) reported
higher risk for infantile cataracts among younger fathers (20-30 years), with the risk being
higher for a 1 year increase among fathers aged 20 (vs. 19 years) and 30 (vs. 29 years) years
at delivery. Mclntosh et al. (1995) reported a positive association for paternal age =50 years,
although the aOR was based on three exposed cases and was nonsignificant. In the current
analysis, we observed elevated cORs for the paternal age =45 years for both unilateral and
bilateral cataracts, which was significant only among isolated cases of unilateral cataracts
without IED. This phenomenon could be explained by an increased risk for spontaneous
mutation in offspring of older fathers (Sloter et al., 2007). Even though the NBDPS excluded
cases with known chromosomal or single-gene abnormalities, cataract cases of unidentified
genetic disorders could have been included in the study as the NBDPS data was collected
before modern genetic screening methods with high capacity of detecting genetic mutations
became widely used in clinical practice (Miller et al., 2010; Yang et al., 2013).

Our study had some limitations. Morphological type of cataracts was not specified for
61.0% cases, limiting our ability to describe infantile cataracts by morphology and degree
of lens opacity. Some cases of genetic origin that could have not been detected by
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genetic testing methods available during NBDPS data collection (2000-2010) may have
been included in the study, possibly diluting true environmental associations. All exposure
information was self-reported, thus some extent of information bias is possible. If recall
bias strongly influenced the results, we would expect some observed positive associations
to be over-estimated. Stratifications by pregnancy time windows resulted in a small number
of exposed cases for some exposures, creating imprecise estimates with wide Cls or not
allowing the calculation of estimates. Finally, due to multiple comparisons, some of the
observed associations might have occurred due to chance.

Our study had several strengths. The NBDPS is a large population-based study including

a geographically and ethnically diverse population (Reefhuis et al., 2015). All cases

were reviewed and classified by clinical geneticists using standard criteria and minor

lens opacities that could be unreliably diagnosed were excluded (Frost & Sparrow, 2001;
Rasmussen et al., 2003). Controls were representative of the source population (Cogswell et
al., 2009), and in the current analysis we did not find differences between cataract cases of
interviewed and noninterviewed mothers.

Through the current analysis, we observed some differences between clinical characteristics
and risk factors for unilateral and bilateral cataracts, supporting a previously suggested
difference in their etiologies (Haargaard et al., 2005; Prakalapakorn et al., 2010). Within
each laterality, we did not observe differences by the presence of associated non-eye-related
major birth defects or IEDs. The current analysis can inform future epidemiological studies
aimed at identifying mechanisms underlying the associations between infantile cataracts and
complex maternal exposures, such as lower levels of education and foreign-born nativity.
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