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Abstract

Background: Gastroschisis is particularly prevalent among offspring of young women and

has increased over recent decades. Although previous studies suggest that maternal alcohol
consumption is associated with increased gastroschisis risk, none have explored whether maternal
age modifies that association.

Obijective: To evaluate associations between self-reported maternal periconceptional alcohol
consumption (one month prior through the third month after conception) and risk of gastroschisis
among offspring, by maternal age.

Methods: We used data from the National Birth Defects Prevention Study (NBDPS), a multi-
site population-based case-control study. Our analysis included 1,450 gastroschisis cases and
11,829 unaffected liveborn controls delivered during 1997-2011 in ten US states. We estimated
adjusted odds ratios (aORs) and 95% confidence intervals (Cls) for the individual and joint
effects of alcohol consumption and young maternal age at delivery (<25 years vs. 225 years)

on gastroschisis risk. We estimated the relative excess risk due to interaction (RERI) to quantify
additive interaction.

Results: Periconceptional alcohol consumption was common regardless of maternal age (women
<25 years: cases 38.8%, controls 29.3%; women =>25: cases 43.5%, controls 39.5%). Compared
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to women =25 years who did not consume alcohol, we observed increased risk of gastroschisis
among women <25 years, with higher estimates among those who consumed alcohol (women <25
years who did not consume alcohol: aOR 5.90, 95% CI 4.89, 7.11; women <25 years who did
consume alcohol: aOR 8.21, 95% Cl 6.69, 10.07). Alcohol consumption among women =25 years
was not associated with gastroschisis (aOR 1.12, 95% CI 0.88, 1.42). This suggests super-additive
interaction between alcohol consumption and maternal age (RERI=2.19, 95% CI 1.02, 3.36).

Conclusions: Periconceptional alcohol consumption may disproportionately increase risk of
gastroschisis among young mothers. Our findings support public health recommendations to
abstain from alcohol consumption during pregnancy.
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Background

Methods

Gastroschisis is a serious abdominal birth defect characterized by improper attachment of
the umbilical cord to the umbilical ring, allowing the fetus’ intestines to protrude.>:2 The
estimated prevalence of gastroschisis in the US is 3.8/10,000 live births. Although the
prevalence had been increasing over the past several decades®#, recent evidence suggests
the trend is now leveling off or even decreasing.>® Gastroschisis is particularly prevalent
among young mothers, ranging in the US from 1.7/10,000 live births among women 25
years and older, to 8.1/10,000 among women aged 20-24 years, to 16.1/10,000 among
women younger than 20 years.* The causes of these trends are not well understood, but
may be due in part to changing patterns over time in environmental and/or behavioral

risk factors for gastroschisis, such as alcohol intake.” Alcohol is a known teratogen.8 The
existing literature generally—although not universally®-11—supports the hypothesis that
periconceptional alcohol consumption is associated with increased risk of gastroschisis.12-17
However, previous studies were limited in their ability to assess effects of different levels of
alcohol intake (i.e., binge drinking) or joint effects with other factors strongly associated
with gastroschisis, such as maternal age. Using data from the National Birth Defects
Prevention Study (NBDPS), this study aimed to further investigate associations between
maternal periconceptional alcohol consumption and gastroschisis and the potential role of
maternal age in modifying those associations.

The NBDPS was a multi-site, population-based, case-control study designed to investigate
risk factors for more than 30 major structural birth defects. A detailed description

of recruitment, eligibility criteria, and data collection methods have been published
elsewhere.18 Briefly, data on pregnancy exposures were collected via computer-assisted
telephone interview in English or Spanish between 6 weeks and 2 years after the estimated
dates of delivery. Participants provided informed consent and each site and the Centers for
Disease Control and Prevention obtained institutional review board approval.
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Case and Control Selection

NBDPS was conducted in 10 US states (Arkansas, California, Georgia, lowa,
Massachusetts, New Jersey, New York, North Carolina, Texas, and Utah) among recently-
pregnant women with estimated delivery dates during October 1997 through December
2011. Liveborn, stillborn, or terminated pregnancies affected by gastroschisis (“cases”) were
ascertained from birth defect surveillance systems in each participating state. Liveborn
infants without any major birth defects (“controls”) were randomly selected from birth
records or hospital discharge reports in the same geographic catchment areas as cases.

Outcome Assessment

Clinical geneticists reviewed abstracted medical records for each case to determine
eligibility and further classify the diagnosed birth defects according to study criteria. Each
case of gastroschisis was classified as either isolated (gastroschisis was the only major
defect, or only occurred with another developmentally related defect, such as intestinal
atresia) or multiple (gastroschisis occurred in addition to another unrelated major structural
defect, in another organ system).19 Cases with gastroschisis in conjunction with limb-body
wall complex were classified as amniotic band sequence and not gastroschisis. Those with
known chromosomal abnormalities or single gene disorders were excluded.

Exposure Assessment

Consistent with previously published NBDPS studies!2-20-22 e assessed self-reported
maternal alcohol consumption in response to six interview questions about the timing,
frequency, amount, and type of alcohol consumption during the three months before through
the end of pregnancy (eFigure 1). Because the developing embryo is most susceptible

to teratogens early in gestation, this study focused on alcohol exposure during the
periconceptional period (defined as the month before conception through the third month
of gestation). We calculated dichotomous exposure variables for any alcohol consumption
and any hinge drinking (defined as =4 drinks on one occasion). We created categorical
variables indicating the average number of drinks consumed per periconceptional month
and the number of days per periconceptional month in which alcohol was consumed (i.e.,
frequency). For analysis, we used the values assigned to the month with the highest number
of drinks consumed (“maximum average number of alcoholic drinks per month”) and the
highest number of days in which alcohol was consumed (“maximum frequency of alcohol
consumption per month™). We calculated duration of alcohol exposure as the number of
gestational months during which alcohol was consumed.

Overall, 65% of eligible case mothers and 65% of control mothers participated in the
NBDPS interview. Among the participants in this analysis, the median time from estimated
delivery date to completed interview was approximately 9 months for case mothers (268
days) and 7.5 months for control mothers (226 days). Our final study population included
1,450 gastroschisis cases and 11,829 controls.

Statistical Analysis

Using unconditional logistic regression, we estimated odds ratios (OR) and 95% confidence
intervals (CI) to assess the association between alcohol consumption and gastroschisis. We
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selected model covariates a prioribased on subject area expertise and a review of the
literature: periconceptional cigarette smoking status (any vs. none), prepregnancy body mass
index (BMI: weight in kg/height in m2) (BMI<18.5 or “underweight”, BMI 25.0-29.9 or
“overweight”, or BMI =30 or “obese” vs. BMI 18.5-24.9 or “normal”), self-reported race/
ethnicity (Non-Hispanic Black, Hispanic, or Other vs. Non-Hispanic White), and study site.
Because we were interested in effect measure modification by maternal age, we stratified

by dichotomous maternal age (<25 years at delivery vs. =25 years). We chose this age cut
point because this was the point in our data at which the association between gastroschisis
and maternal age flipped from increased to decreased/null risk, and it is a cut point used by
others.23

We compared the prevalence of select maternal characteristics and each measure of alcohol
consumption (any drinking, any binge drinking, maximum average number of drinks per
month, maximum number of days drinking per month, and drinking duration) by case/
control status within maternal age strata. We assessed individual and joint effects of alcohol
consumption (any vs. none; binge vs. none) and maternal age, calculating adjusted ORs
and 95% Cls for each combination of alcohol intake and maternal age, using the “doubly
unexposed” women (i.e., women =25 years at delivery who did not consume alcohol
periconceptionally) as the reference group. To measure interaction on the additive scale, we
calculated the relative excess risk due to interaction (RERI) with 95% Cls based on standard
errors calculated using the delta method.2* The RERI indicates presence and direction of
interaction, where 0 constitutes the null value. A value other than O indicates a departure
from additivity but does not necessarily represent the magnitude of interaction. We assessed
interaction on the multiplicative scale by including a product term for maternal age and
alcohol consumption in our adjusted models.

Missing Data

To account for missingness of self-reported exposure and model covariates, we conducted

a sensitivity analysis using multiple imputation with fully conditional specification and 40
imputed datasets. In addition to our model covariates and outcome, our imputation model
included interview language (Spanish or English), maternal education level, any maternal
alcohol consumption during pregnancy, and household income as auxiliary variables. To
preserve the interaction effects between age and alcohol consumption on gastroschisis risk,
we imputed data separately within each strata of dichotomous maternal age.2> We calculated
ORs and the RERI for each imputed dataset and pooled results, using the mathematical
average for point estimates and Rubin’s rules to estimate the variance.28

Sensitivity Analyses

As a sensitivity analysis, we developed indicators of alcohol intake based on more

specific measures of consumption frequency and quantity, as well as more specific

timing of exposure. We evaluated additive interaction between maternal age and frequent
consumption (maximum monthly consumption frequency of 16-30 days vs. none), heavy
consumption (maximum monthly quantity of >30 drinks vs. none; maximum average
monthly consumption =4 drinks per occasion vs. no periconceptional drinking), and
consistent consumption (any and binge consumption in each periconceptional month vs. no
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periconceptional intake). We assessed additive interaction between these alcohol exposures
during the first two post-conception months compared to none, as this may more precisely
capture the period of embryogenesis when gastroschisis occurs.2” Finally, we evaluated
interaction between periconceptional alcohol consumption (any vs. none and binge vs. none)
and more specific young maternal age categories: <20 years at delivery, 20-24 years, 25-29
years, and =30 years.

All analyses were conducted in SAS (version 9.4; SAS Institute, Cary, NC).

Overall, gastroschisis case mothers were disproportionately young compared to control
mothers in our sample: 78.1% of cases were among women <25 years (1133/1450),
compared to 32.5% of controls (3845/11,829). Regardless of age strata, case mothers

more often than control mothers reported Hispanic race/ethnicity, normal or underweight
BMI, nulliparity, family history of gastroschisis, unintended pregnancy, and periconceptional
cigarette use, opioid use, and genitourinary infection (Table 1). Among women >25 years,
case mothers also reported lower household income, less folic acid supplement use,

and more periconceptional selective serotonin reuptake inhibitor (SSRI) use than control
mothers.

Periconceptional alcohol consumption was more commonly reported among women >25
years (cases: 43.5%, controls: 39.5%) than among women <25 years (cases: 38.8%, controls:
29.3%) (Table 2). However, younger women more often reported binge drinking and to
report drinking liquor or mixed drinks than older women, who reported drinking more

beer and wine. Across both age groups and case/control status, the highest proportion of
periconceptional drinkers reported alcohol consumption (any and binge) in the month before
conception, with decreasing prevalence in every subsequent month.

We observed that women <25 years had markedly higher risk of gastroschisis than older
women, regardless of alcohol consumption status (Tables 3a-b). Younger women who did
not consume alcohol had six times higher risk of gastroschisis than older women who did
not consume alcohol (OR 5.90, 95% CI 4.89, 7.11). Periconceptional alcohol consumption
was not associated with increased risk of gastroschisis among older women (OR 1.12,

95% CI 0.88, 1.42), but it was among younger women (OR 8.21, 95% ClI 6.69, 10.07).
These estimates represent super-additive interaction between alcohol and young maternal
age (RERI 2.19, 95% CI 1.02, 3.36); in other words, the OR associated with double
exposure was greater than expected, given the ORs associated with each single exposure.
Binge consumption modestly increased risk among older women (OR 1.77, 95% CI 1.31,
2.41), but again not to the same extent as among younger women (OR 8.49, 95% Cl 6.68,
10.80). The joint effects of binge consumption and young maternal age had a similar pattern
to any consumption, but the RERI estimate was less precise (RERI 1.70, 95% CI 0.10, 3.30).
We did not find evidence of interaction on the multiplicative scale between either measure of
alcohol consumption and maternal age.
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Across the 5 covariates and 2 exposure variables in our analysis, data were missing for
0-6.1% of subjects within age strata (Tables 1 and 2). Our analysis using multiple imputation
yielded estimates that were largely unchanged from analyses using observed data (eTable

1). Patterns observed in our primary analyses generally held across all sensitivity analyses
conducted with different exposure measures based on quantity, frequency, and timing of
alcohol consumption (eTables 2-3). In our analyses of finer maternal age categories, risk of
gastroschisis was highest among women <20 years at delivery, and lowest among women
>30 years. The super-additive effect of alcohol consumption on gastroschisis risk in women
<20 years and 20-24 years remained when compared to women =30 years (eTable 4). Any
alcohol consumption increased the risk of gastroschisis from 20.24 (95% CI 17.41, 37.24)

to 25.47 (95% CI 17.41, 37.24) among women <20 years and from 8.11 (95% CI 5.88,
11.19) to 13.92 (95% CI 9.99, 19.42) among women aged 20-24 years; alcohol was not
associated with increased risk of gastroschisis among women =30 years (OR 1.01, 95% ClI
0.66, 1.54). These results largely support our dichotomous age analyses, demonstrating that
the super-additive effective of young age and alcohol consumption on gastroschisis risk is
present among even moderately young women (20-24 years) and not only women <20 years.

Comment

Principal findings

Strengths

In our study, periconceptional alcohol consumption was common, particularly among
women aged 25 years and older at delivery (39.5% among controls). We observed evidence
of super-additive interaction between young maternal age and periconceptional alcohol
consumption, such that their joint effect was associated with a disproportionate increase in
the risk of having a pregnancy affected by gastroschisis.

NBDPS cases were classified by clinical geneticists according to a standard protocol,
ensuring a homogenous case group for analysis. Interviewers were highly trained to
establish rapport and build trust with subjects, including probing to ensure complete and
detailed responses to exposure questions. The NBDPS interview included questions on a
wide range of other exposures, improving our ability to control for confounding. Finally, as
one of the largest case-control studies of birth defects in the US, our sample size enabled us
to analyze various combinations of alcohol- and age-exposure strata, exploring interaction in
a level of detail that others have not.

Limitations

When interpreting our results, it is important to acknowledge that our alcohol exposure
data are all self-reported. Alcohol is widely understood to be associated with adverse
pregnancy outcomes, potentially leading to social stigma against women who choose to
consume alcohol during pregnancy or before they become aware of their pregnancy. This
perceived stigma could lead to underreporting. Prevalence of prenatal alcohol exposure has
been shown to be lower when based on maternal self-report compared to estimates based
on presence of fatty acid ethyl esters in meconium, a validated biomarker for fetal alcohol
exposure during the second and third trimesters.28 Given that NBDPS is a retrospective
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case-control study, with exposures self-reported after the pregnancy outcome is known,
data on alcohol may be particularly susceptible to social desirability bias. If cases were
more likely to underreport their true alcohol consumption than controls, and younger
women were more likely to underreport than older women, our estimates could be biased
towards the null, underestimating the true risk. It is also possible, given that women were
eligible for interview for two years after their estimated date of delivery, that there is
some unintentional exposure misclassification due to poor recall. However, our prevalence
estimates of periconceptional alcohol consumption among controls are generally higher
than that reported based on Behavioral Risk Factor Surveillance System data?®, another
self-reported data source including pregnant women aged 18-44 years.

Another limitation is potential bias due to uncontrolled confounding. NBDPS involved

a detailed questionnaire about many potential risk factors, and we controlled for several

in our adjusted models: cigarette smoking1117, BMI39:31  race32:33, Nevertheless, there
may be unmeasured confounders affecting the alcohol-gastroschisis relationship that we
observed. For instance, recreational drugs may be consumed in combination with alcohol
and have been shown to be associated with gastroschisis risk.34 However, these data were
inconsistently collected throughout NBDPS, making it difficult to control for other types of
substance use.

Finally, missingness for key alcohol exposure measures was 5% for cases and 3% for
controls, while smoking status and BMI were each missing for 3-5% of participants. Taken
together, 8.3% of cases and 7.4% of controls were missing data on periconceptional alcohol
consumption (any or binge) or at least one model covariate, which may have introduced
selection bias. Based on the information we have on women missing data, we know that they
were disproportionately young, Hispanic, less educated, and lower income. However, the
results of our sensitivity analysis using multiple imputation were not meaningfully different
than our observed data analysis results, suggesting that bias due to data missing not at
random in our study was minimal.

Interpretation

Although both alcohol and young maternal age were associated with increased risk

of gastroschisis in our study, young maternal age was a much stronger risk factor.

The relationship between young maternal age and gastroschisis has been consistently
demonstrated.911.13-15 Stydies of the association between alcohol consumption and
gastroschisis have more mixed results. Two previous analyses of NBDPS data have found
modestly positive associations between periconceptional alcohol and gastroschisis.12:13
Neither assessed interaction between alcohol and maternal age; Richardson et al. controlled
for maternal age at delivery, Bird et al. did not. Our study adds six years of additional data
to the Richardson et al. analysis and eight to Bird et al. Not surprisingly, our estimates of
the association between alcohol and gastroschisis within maternal age strata are similar to
the common odds ratios previously reported from NDBPS data (AOR 1.4 in both studies),
but these estimates mask the magnitude of the effect of young maternal age on gastroschisis
risk, with or without alcohol consumption, that we observed.
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Analyses of other data sets have yielded a wide range of effect estimates associated with
alcohol consumption treating maternal age as a confounder rather than an effect modifier.
Studies from California® and Canada3® observed estimates similar to those from NBDPS
(ORs 1.6-1.7), while others report protective effects (OR 0.8)1! as well as ORs well above
null (OR 15.1).17 Many studies rely on administrative exposure data®17:3% and differences in
alcohol consumption measurement makes it difficult to compare results. However one age-
matched case-control study in Brazil used a modified version of the NBDPS questionnaire
and reported a moderately strong association between periconceptional alcohol consumption
and gastroschisis (OR 2.6).16 That this estimate is higher than among NBDPS participants
may reflect different consumption patterns between populations.

To our knowledge, ours is the first study to explicitly describe additive interaction between
maternal age and alcohol consumption when estimating gastroschisis risk. At least one
other exploratory study of gastroschisis risk factors stratified by maternal age (<20 years
vs. 220 years), but did not find alcohol consumption to be independently associated with
gastroschisis in either age group.19 This does not necessarily conflict with our results,

as we did not find strong evidence of interaction on the multiplicative scale between
slightly different age categories and alcohol, and our stratified estimates were modest with
lower Cls close to null. It is worth noting that interaction on the additive scale is often
overlooked, likely because it can be more computationally onerous.3¢ Others have observed
additive interaction between BMI and age on gastroschisis risk3’, as well as between
genitourinary infection and age.23:38 Like ours, these studies also found super-additive
effects on gastroschisis risk among the doubly-exposed (young age with low BMI or young
age with any genitourinary infection).

Young women continue growing for several years post menarche, regardless of their
fecundity.3940 Thus, pregnancy among women under age 25 does not necessarily imply
biologic maturity. These physiological differences between younger and older mothers may
affect the way alcohol consumption affects their developing embryos. There is evidence
from animal models that at least some of the effects of alcohol consumption vary by age.
Adolescent rats are less sensitive to short-term sedative, anxiolytic, and motor-impairing
effects of acute alcohol consumption compared to adult rodents, but more sensitive to
longer-term neurodevelopmental effects of chronic consumption.#! Some have hypothesized
that reduced susceptibility to the effects of acute alcohol may be due to age-specific
differences in alcohol pharmacokinetics*2, but this finding has not been replicated in all
animal models.*3

Another possible explanation for our findings is that young women consume alcohol
differently than older women in a way that our interview questions did not fully capture.
Among study participants, younger women were less likely to report periconceptional
alcohol consumption than their older counterparts, but younger women who did report
drinking reported more drinks per occasion than older women. The RERI for the interaction
between young age and binge alcohol consumption on the risk of gastroschisis was less
precise than that for any alcohol consumption, with a confidence interval bordering the null
value, suggesting that differences in the quantity of alcohol consumed may account for some
of the variation by age. We did not ask women about frequency of binge episodes, making it
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difficult to differentiate between women with true alcohol use disorder and women with only
one binge episode. Younger women also more commonly reported drinking liquor or mixed
drinks. Although our interviewers explicitly defined one drink as “one beer, one glass of
wine, one mixed drink, or one shot of liquor”, customary serving sizes may not reflect these
amounts, particularly for mixed drinks. Measurement error may be present if “one drink”
reported by young women more often contained more alcohol than “one drink” among older
women, who more often reported drinking wine or beer.

Finally, because alcohol is illegal in the US for women under age 21, consumption among
this age group is an inherently riskier behavior than it is among older women. Sexual activity
in the context of alcohol and substance use is one aspect of a spectrum of sexual risk-taking
behaviors that also result in higher rates of sexually transmitted infections and unintended
pregnancy among young women.** We cannot rule out the possibility that alcohol use in

our study serves as a proxy for other behaviors that often co-occur with alcohol use among
young women that are driving the observed increase risk of gastroschisis.

Conclusions

We observed evidence that maternal age modifies the measured effect of periconceptional
alcohol consumption on the risk of gastroschisis. We demonstrated a super-additive
relationship between young maternal age and alcohol. Although independent associations
between young age and alcohol on gastroschisis have been demonstrated elsewhere, we
presented their joint effects on the additive scale. Further investigation of underlying age-
specific consumption patterns is necessary to better understand how these two factors are
related to gastroschisis risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Synopsis

Study question: Is maternal alcohol consumption during early pregnancy
associated with risk of gastroschisis among offspring? Is the effect of alcohol
consumption on gastroschisis risk modified by maternal age?

What’s already known: Young maternal age is a strong risk factor for having
a pregnancy affected by gastroschisis. Alcohol is a known teratogen, with
consumption patterns associated with age, and with evidence of a modest
effect on gastroschisis risk.

What this study adds: The joint effects of young maternal age and

maternal alcohol consumption—two common and modifiable exposures—on
gastroschisis risk are not well understood. Our results suggest that alcohol
consumption during early pregnancy may disproportionately increase risk of
gastroschisis among young women.
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