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Abstract

Background: Many previous studies have identified risk factors for stillbirth, but few examine
stillbirth among pregnancies affected with birth defects. Because many hypothesized etiologies
of stillbirth work through vascular pathologies of the placenta, we examined maternal use of
vasoactive medications in relation to stillbirth among pregnancies affected with birth defects.

Methods: Data were analyzed from the National Birth Defects Prevention Study (1997-2011).
We examined use of nonsteroidal anti-inflammatory drugs (NSAIDs), decongestants, short-

or long-acting beta-agonists (SABA/LABA), and antihypertensive medications in relation to
pregnancies affected by birth defects ending in stillbirth compared to live birth. Associations were
measured with odds ratios (ORs) for early pregnancy use and hazard ratios (HRs) for time-varying
late pregnancy use.

Results: Among all birth defects (7= 12,394), the risk of stillbirth was associated with use of
antihypertensive medications in early (odds ratio [OR]: 1.8; 95% confidence interval [Cl1]: 1.0, 3.1)
and late pregnancy (HR: 2.0; 95% ClI: 1.1, 3.6). Other vasoactive medications were not associated
with increased risk of stillbirth. Of 27 specific defect groups, increased risks were observed for
only one medication/defect pair: early decongestant use was more common among mothers of
stillbirth versus live birth cases with spina bifida (OR: 2.4; 95% CI: 0.9, 6.5).

Conclusion: This exploratory analysis of vasoactive medication use suggests that use of
NSAIDs, decongestants, and SABA/LABA is not associated with increased risk of stillbirth
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among pregnancies affected with birth defects. Our finding of increased risks associated with
antihypertensive medication use raises questions of confounding by indication, which we were not
able to fully address.
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1| INTRODUCTION

Approximately 24,000 stillbirths occur in the United States each year (Hoyert & Gregory,
2016, 2020). While the prevalence of stillbirth is approximately 0.6% in the U.S. general
population (MacDorman & Gregory, 2015), reported estimates range between 2.7% and
5.5% among pregnancies affected by birth defects overall (Frey et al., 2014; Groen et al.,
2017; Heinke et al., 2020). These birth defects can be sufficiently serious to be considered
causative; a 2020 CDC study listed birth defects as the cause of 10.8% of stillbirths
(Hoyert & Gregory, 2020). Birth defects most commonly found among stillbirths include
lethal malformations like limb-body wall complex (LBWC), anencephaly or bilateral renal
agenesis, with reported stillbirth risk for LBWC as high as 49% (Heinke et al., 2020). But
even fetuses with isolated birth defects which do not involve vital organs, like cleft palate,
are at risk of stillbirth two to nine times that in the general population (Heinke et al., 2020),
implying that this elevated stillbirth risk is not necessarily due to the defect itself.

Although the presence of a birth defect is a risk factor for stillbirth, there is relatively little
known about additional stillbirth risk factors among pregnancies with birth defects (Frey et
al., 2014; Heinke et al., 2020). Identifying modifiable factors associated with stillbirth could
potentially increase survival to live birth for these already susceptible pregnancies.

Etiology of stillbirth is varied and often unknown; however, many identified and
hypothesized causes work through vascular pathologies of the placenta. These can include
maldevelopment, obstruction, or loss of integrity of either maternal or fetal vascular
supply (Redline, 2008), leading to growth restriction and potentially fetal death. Adverse
fetal outcomes, including perinatal death, are more common among mothers with chronic
hypertension (Bramham et al., 2014; Zetterstrom, Lindeberg, Haglund, & Hanson, 2008).
Medications that affect maternal/fetal vasculature may increase the risk of stillbirth overall
(Lennestal, Otterblad Olausson, & Kallén, 2009), but especially so for fetuses already
vulnerable to stillbirth due to the presence of a birth defect.

We sought to examine antenatal exposure to medications with vasoactive properties and the
risk of stillbirth among birth defect cases in the National Birth Defects Prevention Study
(NBDPS), which includes liveborn and stillborn cases with selected major birth defects.

2| METHODS

The NBDPS is a large, multistate case—control study of birth defects that was conducted
from 1997-2011. Its methods have been described in detail previously (Reefhuis et al.,
2015). Briefly, the NBDPS used active state birth defects surveillance programs to recruit
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completed pregnancies with selected identified birth defects as cases and random samples
of live births without birth defects as controls from the same geographic areas at 10

study centers across the United States. Although cases could be live births, stillbirths,

or terminations, all control infants were liveborn. Between 6 weeks and 24 months after
the estimated delivery date, eligible women who agreed to participate were administered

a computer-assisted telephone interview eliciting responses on various factors related to
sociodemographic factors, health, and pregnancy history, including detailed information on
exposures to medications during pregnancy, which included both prescription and over-the-
counter (OTC) medications.

Outcomes

As our objective was to investigate potentially modifiable risk factors among fetuses with
birth defects, this analysis was limited to case infants where the pregnancy outcome

was either a live birth or stillbirth. We further limited the study population based on
previous work on stillbirth risk in NBDPS (Heinke et al., 2020). Heinke et al. (2020)
described certain birth defects frequently diagnosed based only on postnatal findings, or
otherwise unlikely to be diagnosed consistently in stillbirths. We, therefore, considered
ineligible the following malformations: biliary, small intestinal, colonic or anorectal atresia,
craniosynostosis, cerebellar hypoplasia, hypospadias, glaucoma, cataracts, choanal atresia,
limb deficiency not otherwise stated, and all isolated heart defects. The main outcome of
interest was stillbirth risk among all eligible birth defect cases combined. We also examined
stillbirth risk for specific birth defects where sample size allowed. Table S1 presents the
prevalence of stillbirth and live birth according to specific birth defect.

Exposures

We examined four separate vasoactive medication groups for this analysis: nonsteroidal
anti-inflammatory drugs (NSAIDs), decongestants, short- or long-acting beta-agonists
(SABA/LABA), and antihypertensive medications. For the first three groups, where
sample size allowed, we also examined the following specific medications within these
groups: ibuprofen, aspirin, naproxen (NSAIDs); pseudoephedrine (decongestants), and
albuterol (SABA/LABA). The antihypertensive group consisted of angiotensin-converting-
enzyme (ACE) inhibitors, beta-blockers, calcium channel blockers, angiotensin Il receptor
blockers, thiazides, or “other” vasodilator/antihypertensive medications (e.g., methyldopa,
“antihypertensive not otherwise specified”), each of which did not include sufficient
numbers to permit risk estimation individually. Antimigraine medications (ergot alkaloids,
triptans), anorexiants, and nitrates have vasoactive properties, but were not analyzed due to
small numbers of exposed cases.

Analysis

The covariates obtained from the interview and included in this analysis included
demographic factors (maternal race/ethnicity, age, education, prepregnancy body mass
index, country of birth, language of interview), pregnancy history factors (parity, gravidity,
history of stillbirth, termination, miscarriage, tubal or molar pregnancies), and information
on the most recent pregnancy (intention, timing of prenatal care, fertility medications,
multiple gestation, infant sex, and year of due date). We also included data on maternal
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characteristics such as smoking and alcohol use. Maternal health factors examined included:
injuries during pregnancy, history of diabetes mellitus, high blood pressure, seizures, kidney,
bladder or urinary tract infections during pregnancy, and state study site. High blood
pressure (HBP) was categorized as: HBP in the index pregnancy; a history of HBP, but no
HBP in the index pregnancy; and never diagnosed with HBP. Diabetes mellitus history was
categorized as: nondiabetic; pre-existing Type 1 or Type 2 diabetes; pre-existing gestational
diabetes; Type 1 or Type 2 diabetes during index pregnancy; gestational diabetes during
index pregnancy.

Because stillbirth is defined as a fetal loss occurring during or after the 20th week

of pregnancy, we examined two distinct windows of exposure during pregnancy: early
pregnancy (exposures reported from the month prior to pregnancy [B1] through Day 139 of
gestation) and late pregnancy (exposures reported from Day 140 through end of pregnancy).
The reference group was live births or stillbirths with no exposure from B1 through the end
of pregnancy.

Analyzing these two windows required two separate approaches. Since by definition
stillbirth cannot occur before Day 140, early pregnancy exposures occurring before Day
140 were analyzed using logistic regression comparing exposure in this window between
live births and stillbirths. We calculated crude and adjusted odds ratios (ORs) and 95%
confidence intervals (Cls) for early pregnancy exposures, when there were four or more
exposed stillbirth cases. The reference group was live births or stillbirths with no exposure
from B1 through the end of pregnancy.

For exposures occurring between Day 140 and the end of pregnancy, we took into
consideration the likelihood of longer gestations and therefore greater opportunity for
exposure among live births than among stillbirths. This issue is especially apparent for
antihypertensives as gestational hypertension/preeclampsia become more common as the
pregnancy nears term. This potential for bias in observational studies of pregnancy has been
described previously (Hutcheon, Kuret, Joseph, Sabr, & Lim, 2013; Matok, Azoulay, Yin,
& Suissa, 2014). We, therefore, analyzed late pregnancy exposures by calculating crude and
adjusted hazard ratios (HRs), with gestational length in days as the time-scale and stillbirth
as the event, censoring at live birth, and presenting risk estimates when there were four

or more exposed cases. We characterized medication exposure as time-varying, allowing
exposure status to switch between exposed and unexposed. As an example, a mother who
reported ibuprofen use only from Day 150 to Day 156 would contribute unexposed person
time for the first 10 days of followup after Day 140, exposed person time for the next 7,

and then unexposed again until the end of pregnancy. We tested the proportional hazard
assumption through a correlation test between the weighted Schoenfeld residuals and failure
times.

We also considered three sensitivity analyses. First, maternal interviews were conducted up
to 2 years after the estimated date of delivery; for medications that are taken intermittently
(e.g., over-the-counter NSAIDs), women may report with both vague frequency (e.g., taken
“as needed anytime in pregnancy”) or vague duration (e.g., “for a week at some point during
the second half of pregnancy”). Thus, substantial misclassification of exposure could occur
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when a short duration of use (e.g., 7 days duration) is reported along with a wide window of
exposure (e.g., September 1st—-December 31st = 120 days). We, therefore, re-ran all analyses
excluding any exposures reported “as needed” or reported with a duration of use shorter than
the dates given for the window of exposure.

Next, to isolate effects of early versus late exposures, we excluded those that overlapped
early and late pregnancy. Finally, certain specific birth defects are disproportionately
represented among stillbirths (i.e., anencephaly, amniotic bands with limb—body wall
complex, bilateral renal agenesis). Thus, in a third sensitivity analysis, in order to
concentrate more specifically on potentially preventable stillbirths, we excluded these birth
defects to focus estimates on defects with higher livebirth probabilities.

Although we examined risk of stillbirth among all included birth defect cases as the main
outcome, in a supplementary analysis we examined the risk of stillbirth for specific birth
defects, where sample size allowed. Further, our results for antihypertensive medication use
led to a post-hoc examination of stillbirth risk as related to antihypertensive use and reported
history of high blood pressure.

RESULTS

There were 32,200 cases with birth defects available for analyses; among these, we excluded
711 that ended in an outcome other than live- or stillbirth (termination [ = 689], fetal death
less than 20 weeks (7= 4), or missing/not stated [7= 18]). We also excluded 2,039 liveborn
cases recruited from study centers that did not recruit stillbirths (New Jersey; New York,
1997-1999). Also excluded were 16,802 cases with ineligible birth defects due to diagnosis
most likely dependent on postnatal findings. Finally, we excluded those with missing or
implausible gestational age (/7= 40, 20 live births and 20 stillbirths), and those subjects

who did not complete the medication exposure questions (7= 214). This left a final study
population of 12,394 birth defect case subjects: 448 stillbirths and 11,946 live births (see
Figure 1).

Characteristics of stillborn and liveborn cases are shown in Table 1. Mothers of stillbirths
and live births with birth defects were generally similar. Mothers of stillbirths cases were
more likely to be non-Hispanic Black or Hispanic, be less than 20 years old, have lower
education, be born outside the United States, be Spanish speaking, primiparous, have a
previous stillbirth, not have prenatal care, not drink alcohol, to have Type 1 or 2 diabetes,
or have a kidney, bladder, or urinary tract infection in early pregnancy. Stillborn cases were
more likely than live births to be female sex, and differences in stillbirth prevalence also
existed by study center.

Nonsteroidal anti-inflammatory drugs

Characteristics of exposure among live births are given in Table 2. In early pregnancy,
NSAID use was more common among non-Hispanic White, older, and more educated
women, as well as those reporting fertility treatments, smoking, drinking alcohol, an injury
in the first trimester, and high blood pressure. Use was highest in Massachusetts and lowest
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in Texas and appeared to increase over the years of the study. Use was less common in
women who reported four or more previous live births or reported no prenatal care.

In late pregnancy, NSAID use was more common among mothers who were of non-Hispanic
Black race/ethnicity, had four or more pregnancies, had a previous stillbirth or tubal
pregnancy, did not plan the index pregnancy, had no prenatal care, were smokers, and
reported a kidney/bladder or UTI in late pregnancy. Late pregnancy use was highest in
Arkansas, and lowest in Massachusetts. Late pregnancy use was less common among those
of Hispanic race/ethnicity and those with college education. For both windows of exposure,
foreign-born and Spanish-speaking women were less likely to report use.

Decongestants

In both early and late pregnancy, decongestant use was most common in non-Hispanic
White, higher educated women, and alcohol drinkers, and least common in Hispanic, young,
foreign-born, and Spanish-speaking women and those reporting four or more previous

live births. In both windows, use also appeared to decrease over time and was lowest in
California.

Short- or long-acting beta-agonists

In both windows, SABA/LABA use was more common in those with obesity, those with

a previous tubal or molar pregnancy, smokers, those reporting injury during pregnancy;,
those reporting high blood pressure, and those reporting seizures. Use was highest in New
York and lowest in Texas. Use was less common in Hispanic women, foreign-born, Spanish
speakers, those with four or more previous live births, and those without prenatal care.
Early SABA/LABA use was more common in those of “other” race/ethnicity, unplanned
pregnancies, and those with pre-existing diabetes. Late pregnancy use was more common in
those with a previous miscarriage, and decreased slightly over time.

Antihypertensive medications

In both windows, antihypertensive use was more common in non-Hispanic Black women,
those who were older, and those who were obese. As expected, use was very common
among those reporting a diagnosis of high blood pressure, but use was also common in
those who reported fertility treatments or diabetes. Use was most common in North Carolina
and increased over time. Exposure was less common in foreign-born, Spanish speakers, and
those without prenatal care. Those with a previous stillbirth were more likely than those
without to report exposure in late pregnancy but not early pregnancy.

There were insufficient exposures among stillbirth cases to examine specific
antihypertensive medications; however, among liveborn cases, the most commonly reported
medications were methyldopa, antihypertensive NOS (not otherwise specified), the calcium
channel blocker nifedipine, the beta-blockers labetalol and atenolol, and the ACE inhibitor
lisinopril.
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Risk estimates: early pregnancy exposures

Results for early pregnancy exposures can be found in Table 3. Early pregnancy exposure
did not materially differ between stillbirth and live birth cases for NSAIDs (33.6% of
stillbirths and 35.5% of live births), decongestants (8.3% and 9.2%, respectively), and
SABA/LABAS (3.6% and 4.0%, respectively). Exposure to antihypertensive medications in
early pregnancy was more common for stillbirth cases than live birth cases (3.2% vs. 1.8%;
crude OR [95% CI] = 1.8 [1.0, 3.1]). For all analyses, adjustment for potential confounders
did not change risk estimates by more than 10%, so crude odds ratios are presented.

Risk estimates for specific medications were generally similar to risk estimates for the
larger drug groups, although among NSAIDs, risk was slightly lower for aspirin exposure:
0.7(0.4, 1.1), and slightly higher for naproxen exposure: 1.2(0.8, 1.8). Results of sensitivity
analyses can be found in Table S2. Among live births, vague or “as needed” medication
exposure reports ranged from roughly 4% of antihypertensive exposures to 14% of NSAIDs.
Exclusion of these exposures did not materially change risk estimates. Limiting exposures
to those occurring only in early pregnancy also resulted in risk estimates that were largely
similar to the main analysis. Exclusion of high mortality malformations resulted in largely
similar risk estimates; the largest shift for SABA/LABA use: increasing slightly from 0.9
(0.5, 1.5) in the main analysis to 1.2 (0.7, 2.2).

Risk estimates: late pregnancy exposures

Comparison of late pregnancy exposures can be found in Table 4. Exposure prevalence did
not materially differ between stillbirth and live birth cases for NSAIDs (17.5% of stillbirths
and 16.0% of live births) and SABA/LABAS (3.8% of stillbirths and 4.6% of live births).
Use of decongestants was less common in stillbirths (2.2%) compared to live births (5.3%).
Antihypertensive medications were more commonly used among stillbirths (3.4%) than live
births (2.3%). For all analyses, adjustment for potential confounders did not change risk
estimates by more than 10%, so crude HRs are presented.

The crude risk estimate for late pregnancy NSAID use approximated the null (0.9 [0.6,
1.3]), and for decongestant use, it was 0.6 (0.2, 1.9). The crude HR for SABA/LABA

use was 0.7 (0.3, 1.3), and for antihypertensive use, it was elevated at 2.0 (1.1, 3.6). We
found no evidence of violation of the proportional hazard assumption in these models,
with pvalues ranging from .4981 for late pregnancy antihypertensive exposure to .9545
for late pregnancy decongestant exposure. There was little variation in risk when specific
medications were examined. Among sensitivity analyses, exclusion of “as needed” use
(ranging among live births from 3% of antihypertensive exposures to 19% of NSAID
exposures) did not materially change estimates. Limiting exposures to those that occurred
only in late pregnancy resulted in slightly higher point estimates for NSAIDs and ibuprofen,
although Cls were wide: (1.3 [0.3, 5.3] for NSAIDs and 1.7 [0.4, 6.7] for ibuprofen). The
sensitivity analysis excluding highly lethal malformations resulted in risk estimates that
were largely similar to the main analysis (see Table S3).
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3.7| Specific malformations

Although power was limited, we were able to calculate risk estimates among some specific
malformations (see Tables S4a—4d). Of the 243 potential comparisons in each time window
(27 specific malformations and 8 drug groups), we were able to calculate risk estimates for
33 of these in early pregnancy (14%) and 13 in late pregnancy (5%). Of these 33 early
pregnancy exposures, risk estimates ranged from 0.4 (0.2, 0.9) for any NSAID exposure
and stillbirth among gastroschisis cases to 2.8 (1.0, 7.7) for pseudoephedrine exposure and
stillbirth among spina bifida cases. The 13 HRs calculated for late pregnancy exposure
among specific malformations ranged from 0.2 (0.0, 1.5) for NSAID exposure and stillbirth
among gastroschisis cases to 2.3 (0.7, 8.2) for ibuprofen and stillbirth among cleft palate
cases.

3.8 | Further analysis

We attempted to further investigate the positive associations with antihypertensive
medications by stratifying use according to history of high blood pressure diagnosis. These
results are found in Table S5. Although power was limited, compared to unexposed subjects
without a prior diagnosis of high blood pressure, risk estimates approximated the null for
those reporting a previous diagnosis but no antihypertensive medication exposure. Estimates
were highest among those exposed to antihypertensive medications who reported a previous
diagnosis but no high blood pressure during the index pregnancy: for early pregnancy
exposure OR = 2.9 (1.0, 8.1); for late pregnancy exposure HR = 3.3 (1.0, 10.3). Risk
estimates were also elevated for those exposed to antihypertensive medications and with
high blood pressure reported in the current pregnancy: OR for early pregnancy exposure =
1.9 (1.0, 3.8); HR for late pregnancy exposure = 1.9 (0.9, 3.8).

4| DISCUSSION

Examining birth defect cases in the NBDPS, we found relatively null associations between
stillbirth and three commonly-used classes of medications with vasoactive properties. The
one class for which we identified elevated risk estimates, antihypertensive medications,
includes medications used to treat a condition that previous research has consistently
identified as a stillbirth risk (Flenady et al., 2011). Although this study was confined to
stillbirth risk among fetuses with birth defects and is not generalizable to all pregnancies,
our observed positive association for antihypertensive medications is similar to what has
been reported for overall stillbirth risk in other studies (Buawangpong, Teekachunhatean,
& Koonrungsesomboon, 2020). Our data show that among birth defect cases, stillbirths
were approximately twice as likely as live births to have been exposed to antihypertensive
medication. If this effect is real, more intensive monitoring of fetal well-being among
women with a prenatal diagnosis of a structural birth defect and underlying hypertension
and/or use of antihypertensive medications may be warranted (Driggers, Bryant, & Ghidini,
2021).

It is difficult to disentangle the potential effect of medications from the effects of the
underlying illness, and this is particularly problematic for antihypertensive medications.
Although NBDPS does not consistently capture indication for use, it is relatively rare that
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antihypertensive drugs would be taken in the absence of a high blood pressure diagnosis;
roughly 80% of those exposed report a diagnosis. (Among those without a diagnosis,
exposures in early pregnancy were mainly to beta-blockers, diuretics, and ACE inhibitors,
and in late pregnancy to calcium channel blockers to stop labor). However, stillbirth
prevalence was not elevated among those who reported a high blood pressure diagnosis prior
to or during the index pregnancy but no antihypertensive treatment in the index pregnancy.
Although this result may point to the medication as the more likely causal agent, we have
no data on blood pressure levels during pregnancy, blood pressure screening, or severity of
illness. Disease that requires medication is likely more severe than disease that is untreated
or treated non-pharmacologically; however, the available data did not allow satisfactory
exploration of these issues.

Although we attempted to distinguish those with HBP in the index pregnancy from

those without, the interview questions did not provide a path to more meaningful group
definitions. We recognize that women whose blood pressure was controlled by medication
might not have considered themselves to have had high blood pressure during pregnancy.
Further, the interview also did not allow us to distinguish chronic hypertension from
pregnancy-related HBP, or more clearly characterize disease based on blood pressure
control, or screening.

There are a number of strengths of this analysis. It is one of the few analyses to examine
risk for stillbirth among pregnancies with a malformation. We used a large population-based
study, and accounted for time-varying exposure to limit potential bias due to a time-varying
indication for treatment.

There are also several limitations. The NBDPS was not designed to investigate stillbirth
risk, so ascertainment biases are possible. This may be reflected in the varied stillbirth
ascertainment rate by study center (ranging from 0.8% of cases in New York to 5.1% of
cases in California); however, we do not think this variation would be related to exposure
status. We excluded induced abortions, and it is unclear how this competing risk for
stillbirth may influence these pathways. However, the malformations disproportionately
represented among stillbirths that were excluded from the third sensitivity analysis also
have high rates of termination (Schechtman, Gray, Baty, & Rothman, 2002). This sensitivity
analysis resulted in largely similar risk estimates. This dataset also does not capture precise
intrauterine date of fetal death; we instead measured pregnancy length as the number of days
between last menstrual period and delivery. It is possible that we included exposures that
occurred after the date of fetal death but prior to delivery. However, between 80% and 90%
of women will undergo spontaneous labor within 1-2 weeks of diagnosis of the stillbirth
(Chakhtoura & Reddy, 2015).

Additionally, we had insufficient power to examine drug-specific malformation-specific
risks, and in the case of antihypertensives, therapeutic class-specific risks. We recognize
that pharmacologic action may vary across these subclasses but were unable to examine
these in any detail. Sample size also prevented a more thorough examination of potential
confounding, especially confounding by indication. Although we did not observe material
confounding by measured factors, it remains possible that estimates are biased in either
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direction by unmeasured confounders, which limits the generalizability of our findings. The
lack of stillborns without birth defects in this analysis limits the generalizability of our
findings. Our observations that exposure to NSAIDs, decongestants, and asthma medications
do not increase the risk of stillbirth in the presence of a birth defect cannot be applied to all
pregnancies.

Overall, we found relatively reassuring results that among birth defect cases, three
commonly used types of medications (NSAIDs, decongestants, SABA/LABAS) are not
associated with stillbirth. Results for antihypertensive medications confirm previous
analyses showing hypertensive disorders as potential causes of stillbirth, and support
the importance of vascular/placental pathways in stillbirth risk, independent of the risk
conferred by the birth defect itself.

Supplementary Material
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Overall population
N=44,029

Excluded controls (n=11,829)
Excluded outcomes other than
livebirth and stillbirth (n=711)

Live or stillbirth cases
(any malformation)
N=31,489

Excluded livebirths from study
sites without stillbirths (n=2,039)

Live or stillbirth
(any malformation)
N=29,450

Excluded postnatal* malformations
(n=16,802:
16,690 livebirths, 112 stillbirths)

Live or stillbirth
N=12,648

Excluded those with unknown GA or GA
<20 weeks (n=40: 20 livebirths, 20
stillbirths)
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exposure data (n=214:
207 livebirths, 7 stillbirths)

Excluded those without medication

Livebirths Stillbirths

N=12,153 N=455

Livebirths Stillbirths

N=11,946 N=448
FIGURE 1.

Study population—National Birth Defects Prevention Study—1997-2011
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