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Abstract

Objective: Because of persistent concerns over the association between pesticides and spina
bifida, we examined the role of paternal occupational pesticide exposure and combined parental
occupational pesticide exposures in spina bifida in offspring using data from a large population-
based study of birth defects.

Design: Case-control

Methods: Occupational information from fathers of 291 spina bifida cases and 2745 unaffected
live born control infants with estimated dates of delivery from 1997-2002 were collected via
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maternal report. Estimated exposure intensity and frequency to insecticides, herbicides, and
fungicides were independently assigned by two expert industrial hygienists, blinded to case or
control status, with disagreements resolved by consensus. Multivariable logistic regression models
were used to estimate adjusted odds ratios (aOR) and 95% confidence intervals (CI) for exposure
to any pesticide and to any class of pesticide (yes/no; and by median), and exposure to
combinations of pesticides (yes/no) and risk of spina bifida. Adjusted odds ratios were also
estimated by parent exposed to pesticides (neither, mother only, father only, both parents).

Results: Joint parental occupational pesticide exposure was positively associated with spina
bifida (aOR 1.5, 95% CI 0.9-2.4) when compared to infants with neither maternal nor paternal
exposures; a similar association was not observed when only one parent was exposed. There was a
suggested positive association between combined paternal insecticide and fungicide exposures and
spina bifida (aOR 1.5, 95% CI 0.8-2.8), however nearly all other aORs for spina bifida and
paternal pesticide exposures were close to unity.

Conclusions: Overall, there was little evidence that paternal occupational pesticide exposure
was associated with spina bifida. Joint parental occupational pesticide exposure was associated
with spina bifida, as was paternal occupational exposure to a combination of insecticides and
fungicides. However, the small numbers make it difficult to precisely evaluate the role of pesticide
classes, individually and in combination.

Background

Neural tube defects (NTDs) affect an estimated 2660 pregnancies in the United States each
year (Parker et al., 2010). The most common subtype is spina bifida without anencephaly (1
in 2858 live births) (Parker et al., 2010). Those with spina bifida experience varying degrees
of disability, excess mortality, and higher rates of healthcare interventions and expenditures
across a lifetime compared to unaffected infants (Mitchell, 2005) (Radcliff et al., 2012)
(Ouyang et al., 2007).

In a previous National Birth Defects Prevention Study analysis of maternal occupational
pesticide exposure, no association with spina bifida and overall exposure, and a weak
association between spina bifida and combined exposure to insecticides and herbicides were
observed (Makelarski et al., 2014). Although maternal exposures are most often studied with
regard to NTD risk in offspring, paternal exposures may also have teratogenic potential
(Friedler, 1996) (Kumar et al., 2013) (Soubry et al., 2014) (Knishkowy and Baker, 1986).
Insecticide, fungicide, and herbicide exposures have demonstrated male reproductive
toxicity in animal studies (de Liz Oliveira Cavalli et al., 2013) (Eustache et al., 2009)
(Stouder and Paoloni-Giacobino, 2011) (Farag et al., 2010). However, results of
epidemiologic studies examining associations of paternal occupational pesticide exposure
and NTD risk in offspring have been largely equivocal (Schnitzer et al., 1995) (Blatter et al.,
2000) (B.M.Blatter et al., 1996) (Shaw et al., 2002) (Fear et al., 2007) (Nordby et al., 2005).
Combined maternal and paternal occupational pesticide exposures have also been positively
associated with spina bifida (Blatter et al., 2000) (B.M.Blatter et al., 1996) (Kristensen et al.,
1997). Paternal exposures might affect birth defect risk 1) by altering the development of
sperm during spermatogenesis; 2) by passing into seminal fluid and providing a pathway for
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exposure of sexual partners; or 3) by being carried home on clothes, skin, hair, and shoes
and contributing to maternal exposure.

A potential limitation of previous analyses is related to exposure assessment. More
specifically, many previous studies have relied on self-reported pesticide exposure or
employment in the agricultural sector as a proxy for pesticide exposure, which could have
resulted in exposure misclassification. Self-report is considered less accurate than expert-
assessed exposures (Fritschi et al., 1996). Expert rater review of detailed job descriptions is
also considered the gold-standard for retrospective exposure assessment in the absence of
biomarkers or direct monitoring data. Additionally, classification of all agricultural workers
as exposed to pesticides likely overestimates exposure of these workers, while
underestimating pesticide exposure among non-agricultural workers (Daniels et al., 2001)
(MacFarlane et al., 2009). Further, lumping pesticides broadly could mask an association
with a particular chemical or pesticide class.

To further explore the potential risk of spina bifida in offspring associated with parental
pesticide exposure, data from the National Birth Defects Prevention Study (NBDPS), a
population-based, case-control study were analyzed. Since industrial hygienists completed a
detailed occupational exposure assessment of NBDPS data, the NBDPS presents a unique
opportunity to improve upon previous studies and analyze risk for NTDs by pesticide class.

Study Population, Recruitment, and Interviews

The NBDPS included cases diagnosed with one or more of 45 non-chromosomal major birth
defects identified from population-based birth defects surveillance programs in ten NBDPS
sites (Arkansas [AR], California [CA], Georgia [GA], lowa [IA], Massachusetts [MA],
North Carolina [NC], New Jersey [NJ], New York [NY], Texas [TX], and Utah [UT]) and
unaffected controls to examine associations with various risk factors (Reefhuis et al., 2015).
This analysis included cases and controls with an estimated date of delivery from October 1,
1997 through December 31, 2002. Eligible case deliveries were diagnosed with spina bifida
(modified British Pediatric Association code [BPA] 741.001-741.999). Clinical geneticists
reviewed data abstracted from hospital reports and medical records to confirm case
eligibility based upon the following criteria: defect definition; confirmatory diagnostic
procedures; prenatal diagnosis; and exclusions. Cases were classified as either isolated (no
other unrelated major defects or conditions of known etiology present) or multiple
(occurring in conjunction with another unrelated major defect of unknown etiology)
(Rasmussen et al., 2003).(table 3)

Cases consisted of live births from all sites, fetal deaths from AR, CA, GA, IA, MA, and TX
and elective terminations from AR, CA, GA (beginning in 1999), IA and TX. New York
began including fetal deaths and elective terminations in 2000. Control infants were liveborn
infants without major birth defects randomly selected from birth hospital records (AR
[through March 2000], CA, GA [through May 2001], NY, and TX) or birth certificates (AR
[since April 2000], GA [since June 2001], IA, MA, and NJ) (Makelarski et al., 2014)
(Reefhuis et al., 2015).
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Case and control mothers were interviewed in English or Spanish language using a
computer-assisted telephone interview 6 weeks to 24 months after the estimated date of
delivery. The questionnaire covered information on maternal health and medications, the
index pregnancy and previous pregnancies, diet and substance use, residence, family
demographics, lifestyle, and occupation. Requested parental occupational data included
company name and description, job title and description, month and year start and stop
dates, average hours worked per day, average days per week for each job, and chemicals and
substances handled on the job.

Mothers of 780 NTD case (71% of eligible) and 4141 control infants (68% of eligible) were
interviewed. Given that the exposure classification for paternal occupation was limited to
those cases and controls with employed mothers, analyses were restricted to the 489 case
and 2799 control families whose mother and father both worked for at least one month at
any time during the period three months before conception through the end of pregnancy,
and who provided sufficient job descriptions that industrial hygienists could assess potential
pesticide exposure. Work was defined to include paid work, self-employment, or volunteer
work performed outside the home or at home. Due to previous reports of associations with
NTDs, cases and controls were also excluded if they had a family history of NTDs (n=3
cases/5 controls) or if their mother reported having a previous diagnosis of type 1 or type 2
diabetes mellitus (n=5 cases/15 controls) or used a medication known to be associated with
birth defects (aminopterin sodium, carbamazepine, cholestyramine resin, methotrexate,
pyrimethamine, sulfasalazine, triamterene, trimethoprim, trimethoprim HCL, trimethoprim
sulfate, phenytoin, phenytoin sodium, primidone, phenobarbital, phenobarbital sodium,
valproic acid) (n=11 cases/30 controls) (Werler et al., 2003) (Hernandez-Diaz et al., 2001)
(Hernandez-Diaz et al., 2000). One case and four controls were excluded due to missing
maternal education data. Data were complete for all other covariates. The final sample size
consisted of 291 spina bifida cases, 123 anencephaly cases, 55 encephalocele cases, and
2745 controls. Due to the small numbers of anencephaly and encephalocele cases, the
analyses reported herein are limited to spina bifida. Ninety percent of the spina bifida cases
were of isolated phenotype and 10% had multiple defects. All spina bifida cases were
analyzed regardless of phenotype due to the small number of cases with multiple defects.

Exposure Assessment

Each parental job reported by the mother was classified using the 1997 North American
Industry Classification System (NAICS) codes and the 2000 Standard Occupational
Classification (SOC- 2000) codes. The pesticide exposure assessment of mothers in the
NBDPS has been described previously (Makelarski et al., 2014). Similar to maternal
assessment, the paternal exposure assessment was conducted in three phases by two
industrial hygienists, blinded to case or control status, with expertise in occupational
pesticide exposure and extensive experience performing retrospective exposure assessments.
First, an industrial hygienist conducted an initial review of all jobs, selecting any jobs that
might possibly have any type of pesticide exposure for a detailed review. A second expert
industrial hygienist also reviewed a 10% sample of the jobs as a quality control check;
agreement between raters was nearly 100%. In the second phase of review, jobs flagged for
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detailed review were assessed independently by each rater and assigned categorical scores
for exposure intensity and frequency to herbicides, insecticides, and fungicides if the job
was considered exposed. In the third phase, any discrepancies between the raters were
resolved by a consensus conference between both raters. Fathers with no probable exposure
to any pesticide were considered unexposed. Cumulative pesticide exposure dose was
estimated by quantitatively mapping each categorical frequency score (as hours per week in
a standard 40-hour work week: 0, 5, or 15) and categorical intensity scores (as mg/hour: 0, 1,
5, 50, 100). An approximate estimated dose for each paternal job was calculated by
combining these quantitatively mapped scores, reported typical hours per day and days per
week worked, and start and stop dates as: (estimated exposure intensity, mg/hr) * [(exposure
frequency, hours/wk) / (40 hours/week)] * [(typical hours worked per week)/(7 days per
week)] * (number of days worked in the exposure window) for each class of pesticide
(Makelarski et al., 2014). This approach has been described previously (Samanic et al.,
2008). Paternal pesticide exposures were calculated for the period three months before
conception through the third month of pregnancy, and were limited to the three months
before conception and one month after for this analysis. Because this calculation uses
mapped categorical scores, rather than absolute measurements of intensity and frequency,
the calculated approximate dose likely has greater relative versus absolute validity;
consequently the approximate dose was used to classify fathers into categories of lower and
higher estimated doses. Exposure to each class of pesticide was summed across jobs to
create a total estimated exposure dose per father. Cumulative exposure to any pesticide was
the sum of total herbicide, insecticide, and fungicide exposures. For each class, cumulative
exposures were divided into median categories (>0 to <=50, >50) based on distribution
among exposed controls. Mothers with any pesticide exposure during the month before
pregnancy through the first month of pregnancy were classified as exposed.

Education was categorized as <12, 12, 13-15, and >15 years. Race/ethnicity was classified
as non-Hispanic white, non-Hispanic black, Hispanic, and other. Maternal body mass index
(BMI) was calculated in kg/m?2 and categorized as underweight (BMI <18.5), normal weight
(BMI1=18.5-24.9), overweight (BMI =25-29.9), and obese (BMI >=30). Food folate intake
from both naturally occurring and fortified sources was divided between <600ug daily and
>=600 ug daily. Folic acid supplementation was considered to be any use of a single or
multi-vitamin supplement containing folic acid during the month before conception through
the second month of pregnancy.

Potentially relevant confounders were identified from previous literature examining maternal
and paternal exposures and NTDs. Using a directed acyclic graph (DAG), education, race/
ethnicity, and NBDPS site were identified as potential confounders. The utility and
methodology of DAGs has been discussed elsewhere (Greenland et al., 1999) (Hernan et al.,
2002). Thirty-two spina bifida cases and 194 controls were missing data on paternal race/
ethnicity, and 4 cases and 33 controls were missing data on paternal education. Because
maternal and paternal education levels and maternal and paternal race/ethnicity were highly
correlated, maternal rather than paternal race/ethnicity and education level were used in the
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models providing a larger sample size and increased statistical power (Desrosiers et al.,
2012).

Statistical Analysis

Analyses were conducted using SAS version 9.3 (SAS Institute Inc., Cary NC, 2010).
Bivariate analyses examined the distribution of infant, maternal, and paternal characteristics,
including pesticide exposure, among controls and spina bifida cases.

Adjusted odds ratios (aOR) and 95% confidence intervals (CI) were estimated for spina
bifida for the following paternal occupational exposure patterns: any pesticide exposure;
insecticides only; herbicides only; fungicides only; insecticides and herbicides combined;
insecticides and fungicides combined; and insecticides, herbicides, and fungicides
combined. No cases were exposed to herbicides and fungicides combined. Any exposures to
insecticide, herbicide, and fungicide were entered into a single model. Cumulative and
individual class exposures were also categorized by the median cut-point of estimated
cumulative dose. Finally, using no maternal and no paternal occupational pesticide
exposures as a referent group, the associations between spina bifida and only maternal
occupational exposure to any pesticide, only paternal occupational exposure to any pesticide,
and joint parental occupational exposure to any pesticide were estimated. Odds ratios were
not calculated for strata with four or fewer cases. A sub-analysis was conducted restricting
the sample to sites/years that collected data on live birth, fetal deaths, and elective
terminations.

Results

Overall, case mothers were more likely to be multiparous, of Hispanic ethnicity, and have a
BMI >=30 compared to control mothers (Table 1); case fathers were also more likely to be
of Hispanic ethnicity than control fathers. Parents of cases completed fewer years of
schooling than parents of controls. The proportion of cases varied across sites.

Eleven percent of control fathers were considered probably exposed to any pesticide (Table
2). Of these 308 exposed control fathers, the most common exposure pattern was
insecticides, herbicides, and fungicides combined (n=100), followed by insecticides and
fungicides combined (n=69). Of the pesticide classes, the largest number of control fathers
were exposed to any fungicide (n=234), with 65 control fathers exposed to fungicides only.
Herbicide exposure was the least common, with 138 control fathers exposed to any
herbicide, 19 of which were exposed to herbicides only. Both parents of 124 control infants
were exposed to any pesticide.

There was a suggested positive association between combined paternal occupational
exposure to insecticides and fungicides and spina bifida in offspring (aOR 1.5, 95% CI1 0.8 —
2.8); however, nearly all other adjusted ORs for paternal pesticide exposure were close to
unity.

While the exposure of one parent was not associated with an increased risk of spina bifida,
when both parents were exposed the association changed direction from an adjusted OR of
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0.8 for maternal exposure only (95% CI 0.5-1.3) and an adjusted OR of 0.8 for paternal
exposure only (95% CI 0.6-1.8) to an adjusted OR of 1.5 (95% CI 0.9 — 2.4) for joint
parental occupational exposure to any pesticide. There were too few cases with both parents
exposed (n=25) to characterize exposure by pesticide class or pattern. [Data not shown.]

Analyses restricted to sites that collected data on live births, fetal deaths, and elective
terminations decreased the sample size to 1914 and increased the percentages of exposed
spina bifida cases (16.7%) and controls (14.3%). However, this restriction did not produce
materially different estimates, although statistical precision was reduced.

Discussion

This investigation of paternal and maternal occupational pesticide exposures and risk of
spina bifida produced largely null associations, though imprecise modest positive
associations were observed between paternal occupational exposure to insecticides and
fungicides combined. Additionally, joint parental occupational exposure to pesticides was
positively associated with spina bifida. We did not observe a similar association between
maternal-only or paternal-only exposure to pesticides. Stratification by pesticide class and
exposure pattern produced small numbers of exposed cases and imprecise odds ratio
estimates. Previous studies of paternal pesticide exposure and spina bifida produced
suggestive, but inconclusive results. Differences in outcomes, sample selection, and
exposure assessment limited comparisons.

The association between joint parental occupational exposure to any pesticide and spina
bifida raises the question whether maternal exposure is driving the association. Using
NBDPS data and an exposure classification as described above, Makelarski et al. (2014)
observed an increased association between spina bifida and maternal exposure to
insecticides and herbicides combined, however an association was not observed for any
pesticide exposure (yes/no). Other studies have observed positive associations between spina
bifida and maternal occupational exposures to pesticides (B.M.Blatter et al., 1996).However,
in the current analysis there was no association between any maternal-only pesticide
exposure and spina bifida.

Exposure contributions from both parents may result in a higher total pesticide dose that
reaches a threshold effect. There was not sufficient sample size to analyze the dose in this
analysis. Several other analyses have examined joint parental pesticide exposure and the risk
of spina bifida. A study in the Netherlands observed an OR of 5.6 (95% CI 1.8-17.8) for
maternal agricultural employment and spina bifida (B.M.Blatter et al., 1996). However, there
was no increased risk based on paternal employment alone. The OR for spina bifida
increased to 19.7 if both parents were employed in the agricultural sector, although no
confidence interval was reported. Using the family unit as an exposure category, children of
Norwegian farmers who worked in greenhouses or orchards had a greater risk of spina bifida
(OR 2.76, 95% CI 1.07-7.13) (Kristensen et al., 1997). Other European analyses of maternal
agricultural employment and spina bifida produced mixed results when the sample was
restricted to only those women whose husbands were also agricultural workers. In Spain, the
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OR decreased from 2.2 to 1.7, but in Hungary it increased from 1.1 to 2.0 (Blatter et al.,
2000).

The failure to include early terminations and early losses in the sample could result in
selection bias if those women who electively terminated a NTD-affected pregnancy were
more or less likely to have a partner occupationally exposed to pesticides (Cragan et al.,
1995) (Howards et al., 2015). In this sample, although we do not know how complete the
ascertainment of terminations and losses is at sites collecting it, the restriction to only sites
and years that included terminations reduced the sample size and widened confidence
intervals with no substantive change in the results.

The majority of the studies on paternal pesticide exposure and NTDs consider membership
in a broad occupational category, such as farmworkers, as the marker of exposure compared
to all other occupations. This methodology has resulted in misclassification of exposure, as
some agricultural workers are not exposed to pesticides, and many non-agricultural workers
may be exposed (Daniels et al., 2001) (MacFarlane et al., 2009).

The few epidemiological studies that have assessed exposure by individual pesticide, or
groups of related pesticides have observed mixed results, with some chemicals showing
associations with NTDs, and others not. The fungicide mancozeb was moderately associated
with an increase in all NTDs among the children of Norwegian farmers in the one analysis
that examined both maternal and paternal exposure (Nordby et al., 2005). Other analyses
looked at only maternal exposures. Maternal occupational and hobby exposure to
insecticides suggested an association with all NTDs (OR 1.3, 95% CI1.81-2.1) (Shaw et al.,
1999). In addition, Rull et al. and Yang et al. observed associations between all NTDs as a
group and spina bifida in particular, and maternal residential exposures to a handful of
individual pesticides and chemical groups (Yang et al., 2014) (Rull et al., 2006).

and Limitations

One strength of the NBDPS is a definition of work that includes paid work, self-
employment, and volunteer work, which captures cottage industries and unreported
employment that may have occupational exposures to pesticides that would not otherwise
have been included. Another strength of the NBDPS is the exposure assessment by industrial
hygienists, blinded to information on case or control status, that captured the pesticide
exposures of many occupations other than agricultural work, including maintenance workers
and property managers. This assessment was also able to categorize exposure by pesticide
class: insecticide, fungicide, and herbicide. However, we were not able to analyze exposure
to particular chemicals, leaving the possibility that the effect of an individual chemical was
masked. The limited sample size also precluded analyses of narrower exposure designations,
such as herbicide only or insecticide combined with herbicide.

The major limitation of this study is that paternal occupational data were collected via

maternal self-report. In one study of birth defects, only 59% of maternal reports of paternal
occupation matched the paternal report (Schnitzer et al., 1995). Few studies have collected
occupational data directly from the father. Blatter et al. (1997) observed a suggested risk of
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spina bifida with a moderate/high level of paternal occupational exposure (OR 1.7, 95% CI .
7-4.0). Although exposure data were collected directly from the fathers, they were
interviewed 2-15 years after the birth, which could have impacted recall and observed
associations. In addition, the sample was conditioned upon maternal employment, which
excluded households where only the father was employed. This restriction was chosen a
priori to prevent confounding by characteristics associated with parental employment status,
however as a consequence these results may not reflect those that would be observed in the
households in which only one parent works. Finally, unmeasured residential pesticide
exposures may have produced exposure misclassification that biased the results toward the
null.

Conclusion

Paternal occupational exposure to a combination of insecticides and fungicides, as well as
joint parental occupational exposure to any pesticide were modestly associated with spina
bifida.

Although additional analyses revealed largely null associations, the small numbers make it
difficult to evaluate the role of pesticide classes, individually and in combination, for spina
bifida. Future research that accurately measures exposure to individual pesticides is
warranted.
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Table 1.

Selected characteristics of control infants, spina bifida cases, and their birth parents (n= 3036), National Birth
Defects Prevention Study, 1997-2002

Control Infants Spina Bifida Cases
(n=2745) (n=291)
Characteristic n (%) n (%)
Infant
Sex
Male 1374 50.1 152 52.2
Female 1369 49.9 133 45.7
Gestational Age
< 37 Weeks 229 8.3 87 29.9
>37 Weeks 2516 91.7 204 70.1
Phenotype
Isolated 261 89.7
Multiple 30 10.3
Mother
Age at Delivery (years)
<20 198 72 20 6.9
20-34 2127 775 224 77.0
>34 420 15.3 47 16.2
Race/Ethnicity
Non-Hispanic White 1818 66.2 182 62.5
Non-Hispanic Black 325 11.8 27 9.3
Hispanic 476 17.3 68 23.4
Other 126 4.6 14 4.8
Education (years)
<12 251 9.1 36 124
12 661 24.1 89 30.6
13-15 820 29.9 95 326
>15 1013 36.9 71 244
Parity
0 1218 44.4 107 36.8
1 964 35.1 107 36.8
2+ 563 20.5 7 26.5
Prepregnancy BMI (kg/m?2)
Underweight (<18.5) 135 5.0 8 2.8
Normal (18.5 -24.9) 1560 57.9 130 46.3
Overweight (25-29.9) 607 225 63 224
Obese (=30) 392 14.6 80 285
Periconceptional smoking
Yes 561 20.4 59 20.3
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Control Infants Spina Bifida Cases
(n=2745) (n=291)
Characteristic n (%) n (%)
No 2184 79.6 232 79.7
Periconceptional Folic Acid Supplement Use
Yes 2171 80.3 221 77.3
No 533 19.7 65 22.7
Pre-pregnancy Food Folate Intake
<600 g daily 1874  68.3 191 65.6
2 600 pg daily 870 317 100 34.4
Father
Age at Delivery (years)
<20 57 2.1 5 1.7
20-34 1833 68.1 195 67.9
>34 802 29.8 87 30.3
Race/Ethnicity
Non-Hispanic White 1779 65.0 167 57.6
Non-Hispanic Black 349 12.8 30 10.3
Hispanic 474 17.3 79 27.2
Other 134 4.9 14 4.8
Education (years)
<12 292 10.8 52 18.1
12 841 31.0 95 33.1
13-15 645 23.8 71 24.7
>15 934 344 69 24.0
Site
Arkansas 341 12.4 47 16.2
California 307 11.2 44 15.1
Georgia 330 12.0 28 9.6
lowa 388 14.1 57 19.6
Massachusetts 402 14.6 20 6.9
New Jersey 386 14.1 31 10.7
New York 313 114 24 8.2
Texas 278 10.1 40 13.7

Exclusion included infants with a family history of neural tube defects, maternal use of folic acid antagonist medication, and pre-pregnancy
diagnosis of type | or type II diabetes mellitus.

Abbreviations: BMI, Body Mass Index.
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Paternal and joint parental pesticide exposure patterns during the three months before conception through the
first month of pregnancy in 3036 control infants and spina bifida cases, National Birth Defects Prevention

Study, 1997-2002

Control Infants (n=2745)

Spina Bifida Cases (n=291)

Exposure categories n % n %
Paternal Exposure

None 2437 88.8 247 84.9
Any Pesticide 308 11.2 44 15.1
Any Insecticide 224 8.2 34 117
Any Herbicide 138 5.0 15 5.2
Any Fungicide 234 8.5 33 11.3
Insecticide Only 36 13 6 21
Fungicide Only 65 2.4 9 31
Herbicide Only 19 0.7 1 0.3
Insecticide + Fungicide 69 25 14 4.8
Insecticide + Herbicide 19 0.7 4 14
Fungicide + Herbicide 0

Insecticide + Herbicide + Fungicide 100 3.6 10 3.4
Joint Parental Exposure *

No Maternal and No Paternal Exposure 1745 64.0 183 64.2
Maternal Exposure Only 673 24.7 59 20.7
Paternal Exposure Only 183 6.7 18 6.3
Any Maternal and Any Paternal Exposure 124 4.6 25 8.8

*
Excluded 20 control and 6 case infants due to missing maternal exposure data.
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