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Abstract

Background: Small for gestational age (SGA) birth is associated with poor long-term health
outcomes. It is unclear whether maternal antihypertensive medication increases risk of SGA
independently of maternal hypertension.

Methods: We analyzed associations between maternal hypertension and antihypertensive
medication use and SGA among non-malformed singleton controls in the National Birth Defects
Prevention Study. We defined SGA as birthweight<10™ percentile for a given gestational age,
sex, race/ethnicity, and parity. We included 1,045 SGA and 10,019 non-SGA births. We used
logistic regression to calculate adjusted odds ratios (AORs) and 95% confidence intervals (Cls).
We assessed interaction between hypertension, antihypertensive medication use, and maternal
race/ethnicity and age.

Results: Overall, 122 (11.7%) SGA and 892 (8.9%) non-SGA mothers reported hypertension
and 21 (2.0%) SGA and 154 (1.5%) non-SGA mothers reported antihypertensive medication

use. The most commonly reported medications were centrally-acting antiadrenergics, p-blockers,
calcium channel blockers, and diuretics. Compared to normotensive pregnancies, maternal
hypertension, regardless of treatment (AOR, 1.49 [95% Cl, 1.20, 1.86]), and untreated maternal
hypertension (AOR, 1.46 [95% ClI, 1.15, 1.86]) were associated with SGA. We observed a
positive, but not significant, association between antihypertensive medication use and SGA. SGA
risk varied by maternal race/ethnicity, being highest among Hispanic mothers, and age, being
highest among mothers =35 years, but statistical tests for interaction were not significant.

Conclusions: Consistent with the literature, our findings suggest that maternal hypertension
slightly increases SGA risk. We did not find an appreciably increased SGA risk associated with
antihypertensive medication use beyond that of the underlying maternal hypertension.
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Introduction

Approximately 5-10% of pregnancies are complicated by hypertension, with some evidence
that prevalence is increasing in the US (Bateman, Bansil, et al., 2012; Roberts et al.,

2011; Wallis, Saftlas, Hsia, & Atrash, 2008). Distinct hypertensive disorders that complicate
pregnancy include chronic hypertension, diagnosed before pregnancy or before 20 weeks
gestation, and pregnancy-related hypertension, including gestational hypertension and
preeclampsia, diagnosed after 20 weeks gestation with resolution after delivery (Hutcheon,
Lisonkova, & Joseph, 2011). Hypertension in pregnancy is consistently associated with
adverse maternal and perinatal outcomes, including fetal growth restriction and small for
gestational age (SGA) birth (Ananth, Peedicayil, & Savitz, 1995; L. M. McCowan, Buist,
North, & Gamble, 1996; Rey & Couturier, 1994). However, less is known about the risks
associated with antihypertensive medication use during pregnancy.

SGA is often used as a clinical indicator of infant morbidity and mortality, developmental
delays, and potential long-term cardiovascular risk (McCormick, 1985; Oken & Gillman,
2003). Several observational studies reported positive associations between antihypertensive
medication use, specifically p-blockers, and SGA, but were unable to control for potential
confounding by the underlying indication (Lydakis, Lip, Beevers, & Beevers, 1999; Meidahl
Petersen et al., 2012; Nakhai-Pour, Rey, & Berard, 2010; Orbach et al., 2013; Su et al.,
2013; Xie et al., 2014). A recent systematic review of clinical trials did not report an
association between SGA and antihypertensive medication use overall, but did identify a
potential association between SGA and p-blocker use (Abalos, Duley, & Steyn, 2014). The
authors cautioned, however, that the available evidence was “moderate to poor.”

The proportion of pregnant women in the US using antihypertensive medications increased
over the past decade to approximately 3-5% of all pregnancies (Andrade et al., 2008;
Bateman, Hernandez-Diaz, et al., 2012). Antihypertensive medications can cross the
placenta and may impact growth by directly influencing fetal hemodynamics, or they may
reduce the flow of nutrients to the fetus by affecting placental perfusion (Khedun, Maharaj,
& Moodley, 2000; von Dadelszen et al., 2000). Thus, it is important to clarify whether
treatment introduces additional harm to the fetus, beyond that of the hypertension itself. To
date, most large-scale studies on this topic have been registry-based studies from Europe,
Canada, and Asia, and their conclusions on the risks associated with antihypertensive
medication use are mixed (Meidahl Petersen et al., 2012; Nakhai-Pour et al., 2010;

Orbach et al., 2013; Su et al., 2013; Xie et al., 2014). A population-based survey of a
racially/ethnically diverse American population, the National Birth Defects Prevention Study
(NBDPS) offers the opportunity to expand the existing body of literature. In our study, we
assessed the risk of SGA birth associated with maternal self-reports of hypertension and
antihypertensive medication use among non-malformed singleton controls in the NBDPS.
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The NBDPS was a multi-site, population-based case-control study to investigate risk factors
for more than 30 major birth defects (Reefhuis et al., 2015). We analyzed data on NBDPS
singleton controls born during October 1997-December 2011. Controls were non-malformed
live births randomly selected from birth certificates or hospital discharge records in 10 study
sites: Arkansas, California, Georgia, lowa, Massachusetts, New Jersey, New York, North
Carolina, Texas, and Utah. A mother was eligible for the NBDPS if she had legal custody of
her child, had not participated in the study with a previous pregnancy, was not incarcerated,
and could complete the interview in English or Spanish. Each study site and the Centers for
Disease Control and Prevention obtained Institutional Review Board approval for the study
and participants provided informed consent.

Trained interviewers collected data via telephone interview within 24 months of the infant’s
birth; the interview participation rate was 65% among eligible control mothers (Reefhuis

et al., 2015). The interview included questions on maternal demographics, pregnancy
history, behaviors, and medication use during the three months before pregnancy until
delivery. Specifically, interviewers asked about diagnosis, timing, and treatment of “high
blood pressure” for mothers with 1997-2005 births and “high blood pressure, toxemia, pre-
eclampsia or eclampsia” for mothers with 2006-2011 births. Mothers with 2006-2011 births
also reported the type of hypertension experienced (pregnancy-related, chronic hypertension,
or both). Mothers reported the name, timing, and frequency of antihypertensive medication
used during the three months before pregnancy until delivery. If the mother could not recall
the medication name, the interviewer read a list of common antihypertensive medications to
her.

We considered a mother exposed to hypertension if she reported hypertension, regardless
of type, during the index pregnancy. We considered a mother exposed to antihypertensive
medication if she reported use any time during the month before pregnancy until delivery.
We categorized medication exposure into three non-exclusive time periods: first trimester
(one month before pregnancy through gestational month three), second trimester, and/or
third trimester. As a proxy for duration of use and indication, we also analyzed medication
use by timing of the first pregnancy exposure (first trimester vs. second or third trimester).
We coded medications using the Slone Epidemiology Center Drug Dictionary (Boston,
MA). We categorized medications into drug classes based on mechanism of action:
antiadrenergic agents (centrally- or peripherally-acting), a.-blockers, p-blockers (selective
or non-selective), angiotensin-converting enzyme (ACE) inhibitors, angiotensin receptor
blockers, calcium channel blockers (dihydropyridine or non-dihydropyridine), diuretics
(thiazide and thiazide-like, potassium-sparing, loop, or carbonic anhydrase inhibitor), and
direct vasodilators (Supplementary Table 1).

We assigned dichotomous SGA values, defined as birthweight less than the 10t percentile
for a given gestational age in weeks, sex, race/ethnicity, and parity, based on published
population growth references for singleton infants born at 25-42 weeks gestation (Overpeck,
Hediger, Zhang, Trumble, & Klebanoff, 1999; Zhang & Bowes, 1995). For the SGA
calculation, we categorized parity as primipara or multipara and race/ethnicity as non-
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Hispanic white or other, non-Hispanic black, or Hispanic. We used the non-Hispanic white
reference population for infants categorized as “other”. Race/ethnicity and parity were
self-reported; infant sex and gestational age were obtained from the infant’s clinical record.

Due to a well-established association with large for gestational age birth (Lapolla, Dalfra,

& Fedele, 2008), we excluded mothers who reported preexisting diabetes (n=82). We also
excluded women who were missing SGA or hypertension information (n=122 and n=223,
respectively). Finally, because we were primarily concerned with measuring the effects of
antihypertensive medication use among hypertensive women, we excluded from the main
analyses mothers who reported use of an antihypertensive medication drug class without a
report of hypertension during the pregnancy (n=49). After exclusions, we included interview
data from 11,064 mothers.

We used unconditional logistic regression (SAS 9.3 [Cary, NC]) to estimate crude and
adjusted odds ratios (AORs) and 95% confidence intervals (ClIs) for the relative risk

of SGA among mothers with untreated maternal hypertension and among mothers using
antihypertensive medication, overall and by timing of use. For all regression analyses, the
non-exposed group was normotensive mothers who did not report taking an antihypertensive
medication during pregnancy. To attempt to control for the effect of underlying hypertension
on risk of SGA, we conducted a sub-analysis using untreated hypertensive mothers as the
non-exposed group.

We constructed a full logistic regression model based on bivariate analyses and narrowed
the list of covariates using a backward selection approach, retaining only those covariates
that altered the effect estimate by more than 10% when removed. For exposure categories
with at least five exposed cases, we adjusted for: maternal race/ethnicity (non-Hispanic
white, non-Hispanic black, Hispanic, other); maternal age in years at delivery (<20, 20-34,
=35); maternal prepregnancy body mass index (BMI) calculated as weight (in kilograms)
divided by height (in meters) squared (underweight; <18.5, normal: 18.5-24, overweight:
25-29, obese: =30); folic acid-containing supplement use during the first trimester (yes/no);
maternal cigarette smoking after the first trimester (yes/no); and study site. For groups with
3 or 4 exposed SGA births, we estimated crude ORs and exact 95% Cls.

We conducted a sub-analysis of mothers with 2006-2011 births who reported type of
hypertension. We estimated crude and adjusted ORs for the associations between untreated
hypertension and SGA and between antihypertensive medication use and SGA, by type of
hypertension (chronic or pregnancy-related). In another sub-analysis, we estimated crude
and adjusted ORs for the association between SGA and antihypertensive medication use
among mothers who did not report hypertension.

We assessed interaction between maternal age at delivery and both antihypertensive
medication use and untreated hypertension, as well as between maternal race/ethnicity and
both antihypertensive medication use and untreated hypertension. We calculated the relative
excess risk due to interaction (RERI) to assess additive interaction (Hosmer & Lemeshow,
1992), and used a product term in our logistic regression model to assess multiplicative
interaction.
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We included interview data from 1,045 SGA births and 10,019 non-SGA births in our
main analyses. Compared to mothers of non-SGA infants, mothers of SGA infants were
more likely to be <20 years or =35 years at delivery; be categorized as Hispanic or
“other” race/ethnicity; have a lower prepregnancy BMI; and have smoked cigarettes after
the first trimester. SGA mothers were also less likely to have taken a folic acid-containing
supplement during the first trimester (Table 1).

Overall, 122 (11.7%) SGA mothers and 892 (8.9%) non-SGA mothers reported hypertension
during pregnancy (Table 2). Of these, 21 (2.0% overall; 17.2% of hypertensive mothers)
SGA and 154 (1.5% overall; 17.3% of hypertensive mothers) non-SGA mothers reported
antihypertensive medication use during pregnancy. The total number of SGA and non-SGA
mothers reporting antihypertensive medication use increased from 101 in the first trimester
to 123 in the second trimester to 145 in the third trimester. Most (83.0%) mothers who began
using an antihypertensive medication before or during the first trimester continued use in the
second trimester or later (data not shown). The most commonly reported medication classes
were centrally-acting antiadrenergics (SGA=8, non-SGA=59) and p-blockers (SGA=5, non-
SGA=49).

Hypertension, regardless of treatment, was significantly associated with increased risk of
SGA (AOR 1.49 [95% CI 1.20, 1.86]), as was untreated hypertension (AOR 1.46 [95% ClI
1.15, 1.86]). Antihypertensive medication use, during any of the time periods analyzed, was
also associated with increased risk of SGA, but AORs were not statistically significant (any
antihypertensive medication use, any trimester AOR 1.66 [95% CI 0.99, 2.76]). This was
true when we analyzed timing of medication initiation, as well; mothers who began taking
an antihypertensive medication after the first trimester (SGA=8 non-SGA=64) had an AOR
of 1.66 [95% CI 0.74, 3.71] (data not shown). Among each medication class with at least 3
exposed SGA births (centrally-acting antiadrenergics, B-blockers, calcium channel blockers,
and diuretics), risk of SGA was increased but all Cls intersected the null. In our sub-analysis
restricted to women with hypertension, the AOR for SGA in antihypertensive medication
users (any use during any trimester) was 1.05 (95% CI 0.59-1.89) when compared to
untreated hypertensive mothers; all other AORs for risk of SGA associated with specific
medication classes or timing of use were also null (data not shown).

Data for our sub-analysis by type of hypertension were available for 505 SGA and 4,122
non-SGA births (41.8% of the total analytic sample) (Table 3). Among mothers with
untreated hypertension, 97.8% (n=44) of SGA mothers and 94.4% (n=252) of non-SGA
mothers reported pregnancy-related hypertension. We observed a marginally significantly
increased risk of SGA associated with untreated pregnancy-related hypertension (AOR 1.45
[95% CI 1.00, 2.09]). Among mothers using antihypertensive medication to treat pregnancy-
related hypertension, there was an increased, but not statistically significant, risk of SGA
(AOR 2.19 [95% CI 0.81, 5.92]).

Among mothers who reported taking an antihypertensive medication but did not report
hypertension, the crude risk of SGA was more than double that of untreated normotensive
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mothers (OR 2.28 [95% CI 1.10, 4.72]) (Table 4). This effect was slightly attenuated in
the fully-adjusted model and no longer statistically significant (AOR 2.19 [95% CI 0.99,
4.82]). However among mothers taking p-blockers, specifically, for another indication, the
AOR for SGA remained statistically significantly increased, at 3.81 [95% CI 1.20, 12.14].
Interview data on these alternative indications were limited (data not shown). Among non-
SGA mothers who reported p-blocker use, one reported use for migraine headaches, while
three others reported heart disease or cardiac dysrhythmia. No SGA mother reported a
specific indication for off-label p-blocker use. Overall, normotensive p-blocker users were
more likely to begin use before the second trimester (72.2% overall; SGA=5, non-SGA=8)
than those who used other medication classes (26.7%% overall; SGA=1, non-SGA=7);
calcium channel blockers were initiated almost exclusively in late pregnancy (90.4% overall;
SGA=3, non-SGA=16).

Stratified analyses indicated that risk of SGA varied by race/ethnicity, both among mothers
using an antihypertensive medication and among those with untreated hypertension (Table
5). Within each exposure strata, Hispanic mothers had higher risk of SGA than non-Hispanic
white or non-Hispanic black mothers. Among non-Hispanic black mothers, risk of SGA was
similar between normotensive mothers and those with untreated hypertension (AOR 1.04
[95% CI 0.78, 1.40] and AOR 0.99 [95% CI 0.40, 2.49], respectively), but was increased
among hypertensive non-Hispanic black mothers using an antihypertensive medication
(AOR 1.74 [95% CI 0.61, 4.98]). However, 95% Cls were wide and overlapped between
groups, and neither multiplicative nor additive interaction tests were statistically significant.

We observed that risk of SGA also varied by maternal age at delivery (Table 6). Mothers
over age 35 years appeared to have the highest risk of SGA, regardless of hypertension
status. Among hypertensive older mothers, point estimates were similar whether their
hypertension was treated or untreated (AOR 2.36 [95% CI 1.04, 5.37] or AOR 2.55 [95%
Cl 1.51, 4.30]). Sample size was limited for mothers under age 20 years, but whereas
very young age may have a slightly protective effect against SGA among normotensive
mothers, untreated hypertensive mothers under 20 years had higher risk of SGA than
mothers ages 20-34 years (AOR 1.60 [95% CI 0.86, 3.00] vs. AOR 1.31 [95% CI 0.98,
1.76]). Nevertheless, as with the stratified results for maternal race/ethnicity, these point
estimates had wide, overlapping confidence intervals, and we did not observe statistically
significant additive or multiplicative interactions.

Discussion

We observed that maternal hypertension during pregnancy was associated with an almost
50% increase in risk of SGA birth. This finding is consistent with the literature, in both
direction and magnitude of effect (Ananth et al., 1995; Catov, Nohr, Olsen, & Ness, 2008;
Su et al., 2013). Like several previously published epidemiologic studies (Lydakis et al.,
1999; Meidahl Petersen et al., 2012; Nakhai-Pour et al., 2010; Su et al., 2013; Xie et

al., 2014), we also observed an increase in SGA birth associated with antihypertensive
medication use, but our findings were not statistically significant. Although our study was
large, antihypertensive medication use was rare, limiting our ability to detect odds ratios less
than 2.0 at 80% statistical power.
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We found similar effect estimates across different time periods of antihypertensive
medication use, different medication classes, and different treatment statuses. As some
other researchers have concluded (Orbach et al., 2013), this may indicate that any observed
effect is truly due to the underlying hypertension, as we would expect differently-acting
medications to affect fetal growth differently. If the risk of SGA appears slightly higher
among mothers using antihypertensive medications than among mothers with untreated
hypertension, this may be because mothers requiring treatment generally had more
severe hypertension. When compared to untreated hypertensive mothers, we did not find
increased risk of SGA among mothers who reported antihypertensive medication use,
further suggesting that hypertension itself is driving the observed association between
antihypertensive medication use and SGA birth.

Several studies have reported that p-blockers increase risk of SGA (Abalos et al., 2014;
Lydakis et al., 1999; Meidahl Petersen et al., 2012; Xie et al., 2014). p-blockers primarily
lower blood pressure by reducing cardiac output; it is plausible that concomitant reduction
in placental perfusion could impair fetal growth (Easterling, 2014). Among hypertensive
mothers, we did not find a statistically significant association between p-blocker use and
SGA. However, we did find increased risk of SGA among mothers who used p-blockers

for an indication other than hypertension. In fact, this was the highest odds ratio of all
comparisons we analyzed, although the confidence interval was wide. Not all studies of
antihypertensive medication use restrict their study populations to hypertensive mothers,
which may partially explain their more significant results (Meidahl Petersen et al., 2012;
Nakhai-Pour et al., 2010). Common indications for off-label B-blocker use, in our study and
others, include cardiac arrhythmias and other cardiovascular disease, as well as migraine
headaches (Lin, Phan, & Lin, 2006). Maternal cardiovascular disease, in particular, may also
be associated with SGA (Hameed et al., 2001), so unmeasured confounding by indication
may still play a role in this association. However, we cannot draw conclusions about
differences in the indication for off-label B-blocker use among SGA and non-SGA births
because less than 25% of subjects provided this information.

Our sub-analysis of risk of SGA by type of hypertension indicated that pregnancy-related
hypertension may be driving the observed association between maternal hypertension and
SGA. This finding is supported by previous studies that found that preeclampsia and
eclampsia are associated with higher risk of SGA than chronic hypertension (Ananth et
al., 1995; Sibai et al., 1998). Among this subset of mothers, almost all mothers with
chronic hypertension (72.8%) reported taking an antihypertensive medication. Mothers
using medication for chronic hypertension did not have an increased risk of SGA. The
opposite was true among mothers who reported pregnancy-related hypertension; only 10%
of mothers with pregnancy-related hypertension reported antihypertensive medication use,
but this group also had the highest risk of SGA. This may support the hypothesis that
mothers taking an antihypertensive medication have more severe disease, thus explaining
their increased risk of SGA.

Few studies have analyzed risk of SGA due to hypertension or antihypertensive medication
use by race/ethnicity, particularly among Hispanic mothers. Our findings support limited
evidence that hypertension may have less of an effect on fetal growth among non-Hispanic
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black mothers than among non-Hispanic white mothers (Jain, Ferre, & Vidyasagar, 1998).
Contrary to a study of births in North Carolina (Miranda et al., 2010), we found that this
may also be true compared to hypertensive Hispanic mothers, who had the highest risk of
SGA across all strata. We hypothesize that these patterns may reflect differences in type of
hypertension across racial/ethnic groups. A larger proportion of hypertensive non-Hispanic
black women experience chronic hypertension during pregnancy than hypertensive Hispanic
women, among whom pregnancy-related hypertension is more prevalent (Martin, Hamilton,
Osterman, Curtin, & Matthews, 2015). If our findings that pregnancy-related hypertension
is driving the association between hypertension and SGA are true, then this may partially
explain differences by race/ethnicity. These results deserve further investigation.

Finally, we found that mothers ages 35 years and older had higher risk of SGA than
younger mothers, regardless of whether they had hypertension or whether that hypertension
was treated. To our knowledge, the relationship between maternal age, hypertension,
antihypertensive medication use, and risk of SGA has not been evaluated in other studies.
However, our findings align with existing conventional knowledge that older maternal

age is associated with increased SGA risk (L. McCowan & Horgan, 2009). Although not
significant, we also found that hypertension may disproportionately increase risk of SGA
among mothers younger than 20 years. However, our sample size for mothers in this age
group was small, particularly among antihypertensive medication users. Further targeted
analyses are needed to better understand these findings.

Our study has a number of strengths. The NBDPS is a well-established population-based
study with a standardized interview protocol. Trained interviewers collected detailed
information on a broad range of potential confounders, as well as specific medications
used and timing of use. However, the NBDPS did not collect detailed information on
type of hypertension, medication dosage, or clinical blood pressure measurements, thus
limiting our ability to control for confounding by indication. That our sub-analysis using
untreated hypertensive mothers as the comparison group affirmed our interpretation of
the main results should relieve at least some of those concerns. Because all exposures
are based on self-report up to 24 months after delivery, maternal recall bias is another
potential limitation. However, maternal recall of hypertensive disorders in pregnancy has
been found to be “moderately” valid, with generally high sensitivity and specificity for
reported antihypertensive medication use (Dietz et al., 2014; van Gelder, van Rooij, de
Walle, Roeleveld, & Bakker, 2013). Additionally, given that our study population was
originally selected as the control group for the NBDPS, not based on SGA status, we think
that differential recall between cases and controls is likely minimal.

In conclusion, our study adds valuable new evidence to the continuing debate about
whether to treat mild to moderate hypertension in pregnancy, both the risks and benefits

of which remain unclear (Magee, Singer, & von Dadelszen, 2015). Our study found that,
overall, antihypertensive medication use does not confer appreciably increased risk of SGA,
above and beyond the risk associated with underlying maternal hypertension. Nor did we
find any compelling evidence that one treatment regimen is notably safer or riskier than
another with respect to SGA. These results should be reassuring to hypertensive pregnant
women and their physicians, in cases where antihypertensive medication is considered
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clinically necessary. However, further research that can adequately adjust for confounding
by indication will provide much-needed clarity on the relative risks and benefits of different
antihypertensive medications during pregnancy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Significance:

We observed an increased risk of small for gestational age (SGA) birth associated

with maternal hypertension. There was little evidence of additional risk of SGA due

to antihypertensive medication use during pregnancy. Our large, population-based sample
of SGA and non-SGA births improves upon those used in most other previous reports,
being more representative of pregnant women in the US. Our exploration of variation in
risk by maternal race/ethnicity and age offers new directions for further research about
the relationship between hypertension, antihypertensive medication use, and SGA.
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Table 1.

Selected characteristics of SGA and non-SGA births, National Birth Defects Prevention Study, 1997-2011.
Values are n (%).

SGA Non-SGA

Characteristic (n=1,045) (n=10,019) P-value

Maternal Age Group 0.029
<20 years 117 (11.2) 977 (9.8)

20-34 years 764 (73.1) 7,693 (76.8)

>35 years 164 (15.7) 1,349 (13.5)
Race/Ethnicity <0.001

Non-Hispanic White 575 (55.0) 5,847 (58.4)

Non-Hispanic Black 83(7.9) 1,114(11.1)

Hispanic 297 (28.4) 2,433 (24.3)

Other 90 (8.6) 625 (6.2)

Parity 0.141
0 396 (37.9) 3,954 (39.5)

1 370 (35.4) 3,246 (32.4)

>2 279 (26.7) 2,819 (28.1)

Annual Household Income <0.001
<$10,000 229(23.9) 1,681 (18.3)
$10,000-$50,000 445 (46.4) 4,113 (44.8)
>$50,000 285(29.7) 3,390 (36.9)

Maternal Education <0.001
< High school 218 (21.1) 1,587 (16.0)

High school 277 (26.8) 2,333 (23.6)

Some college 276 (26.7) 2,673 (27.0)

College degree 261(25.3) 3,308(33.4)
Prepregnancy BMI <0.001

Underweight 90 (9.1) 478 (5.0)

Normal 576 (58.0) 5,139 (53.4)

Overweight 194 (19.5) 2,212 (23.0)

Obese 134 (13.5) 1,792 (18.6)
Gestational Diabetes 47 (4.6) 448 (4.6) 0.973
Late Pregnancy Smoking 149 (14.4) 818 (8.2)  <0.001
First Trimester Alcohol Use 352 (34.2) 3,731 (37.7) 0.031

First Trimester Folic Acid Supplement Use 853 (90.0) 8,630 (93.0)  <0.001
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