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Neonatal Outcomes in the MONEAD Study of Pregnant Women
with Epilepsy
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Objective To determine whether growth measures at birth differ between offspring of pregnant women with ep-
ilepsy and healthy pregnant women.
Study design The Maternal Outcomes and Neurodevelopmental Effects of Antiepileptic Drugs (MONEAD) study
is a National Institutes of Health–funded, prospective, observational, multicenter investigation of pregnancy out-
comes for mothers and their infants. Between 2012 and 2016, pregnant women with epilepsy and healthy pregnant
women were enrolled at 20 US epilepsy centers. Pregnant women with epilepsy were exposed to various antiep-
ileptic drugs. Themain outcomemeasure was small for gestational age at birth. Principal univariate andmultivariate
analyses compared outcomes between pregnant women with epilepsy and healthy pregnant women. Secondary
analyses focused on outcomes among mothers receiving different antiepileptic drug therapies.
Results In total, 345 infants were born to 331 pregnant women with epilepsy and 106 infants were born to 102
healthy pregnant women. No differences were seen between infants born to pregnant women with epilepsy vs
healthy pregnant women in preterm births, major congenital malformations, 5-minute Apgar <6, special care nurs-
ery or neonatal intensive care unit admission, gestational age, or any growth measure. There was no difference in
the rates of small for gestational age status among infants born to pregnant women with epilepsy vs healthy preg-
nant women; however, infants born tomothers receiving topiramate had lower birth weight z scores and lamotrigine
higher birth weight z scores compared with other monotherapies. The greatest rate of special care nursery or
neonatal intensive care unit admission was observed among those on oxcarbazepine monotherapy.
Conclusions Maternal treatment with antiepileptic drugs, overall, appears unassociated with adverse early
neonatal outcomes. However, specific monotherapies appear to affect fetal growth with, on average, the greatest
reduction in birth weight z score observed among infants born to pregnant women with epilepsy exposed to top-
iramate monotherapy. (J Pediatr: X 2021;7:100073).
Trial registration ClinicalTrials.gov: NCT01730170
I
mprovements in obstetric care have led to successful childbearing among a greater number of women who have chronic
illnesses, including epilepsy. The effects of antiepileptic drugs on the fetus and newborn are important in determining short-
and long-term health outcomes. The majority of studies to date have focused on associations of selected antiepileptic drug

monotherapies or antiepileptic drug polytherapy on the risk of major congenital anomalies or neurodevelopmental outcomes.
The multicenter observational study, Neurodevelopmental Effects of Antiepileptic Drugs (NEAD), conducted in the US and
United Kingdom between 1999 and 2004, found transiently reduced Apgar scores among infants born to mothers treated
with valproate or phenytoin and elevated risk of being born small for gestational age (SGA) among those born to mothers
receiving valproate or carbamazepine.1

The Maternal Outcomes and Neurodevelopmental Effects of Antiepileptic Drugs (MONEAD) study is a continuation of the
NEAD study, enrolling a new cohort. The primary goals of the MONEAD study are to delineate multiple maternal and child
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outcomes in pregnant women with epilepsy (eg, seizure frequencies, obstetrical
complications, neonatal complications, and neurodevelopmental outcomes in
the children) compared with control groups of nonpregnant women with epi-
lepsy and healthy pregnant women. With respect to neonatal outcomes, our pri-
mary hypothesis was that children of pregnant women with epilepsy would have
greater rates of SGA related to antiepileptic drug type. In this article, we present
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our findings on neonatal outcomes, including birth weight,
head circumference, Apgar scores, preterm birth, and likeli-
hood of receiving newborn intensive care.

Methods

The MONEAD study is a prospective, observational, multi-
center investigation of pregnancy outcomes for both preg-
nant women with epilepsy and their children. The study’s
primary outcomes are maternal seizures, obstetric complica-
tions, maternal depression, neonatal outcomes, and neuro-
developmental outcomes. The sample sizes were powered
to assess these primary outcomes. The current analyses focus
on neonatal outcomes among infants born to pregnant
women with epilepsy vs healthy pregnant women in the
MONEAD study. Mothers were enrolled in the study be-
tween December 2012 and January 2016. The 20 clinical sites
at US epilepsy centers were selected because they specialize in
management of women with epilepsy during childbearing
years. These included Augusta University, Columbia Univer-
sity, Emory University, Geisinger Clinic, Brigham and
Women’s Hospital of Harvard University, Henry Ford
Health System, Johns Hopkins University, Minnesota Epi-
lepsy Group, New York University, Northwell Health, North-
western University, Stanford University, University of
Alabama, University of Arizona, University of Cincinnati,
University of Miami, University of Pittsburgh, University
of Southern California, University of Washington, and
Wake Forest University.

Inclusion criteria for pregnant women with epilepsy were
ages 14-45 years and £20 weeks of gestational age. Exclusion
criteria included history of psychogenic nonepileptic spells,
expected IQ < 70 (confirmed with the Peabody Picture Vo-
cabulary Test-IV as an IQ estimate on enrollment and later
measured more specifically by the Wechsler Adult Intelli-
gence Scale, Third Edition), other major medical illness, pro-
gressive cerebral disease, and change in antiepileptic drug
treatment(s) in pregnancy before enrollment. In addition
to pregnant women with epilepsy, the MONEAD Study
also enrolled 2 control groups: healthy pregnant women
and nonpregnant women with epilepsy; enrollment criteria
of these control groups were adjusted during the study to
maintain relative similarity to the pregnant women with ep-
ilepsy. In addition, the children born to the pregnant women
with epilepsy and healthy pregnant women, their fathers, and
maternal relatives were enrolled. Data were collected from
subjects and their medical records.

This study is registered on clinicaltrials.gov as
NCT01730170. It was approved by the institutional review
boards of individual sites. Signed informed consent was ob-
tained in advance of study procedures from all mothers
who agreed to participate.

For the neonatal report, the primary outcome was the
occurrence of SGA newborns born to pregnant women
with epilepsy vs healthy pregnant women. Secondary out-
comes for study newborns were birth weight z scores,
2

birth head circumference z scores, preterm birth, low Ap-
gar score at 5 minutes, and need for and duration of spe-
cial care nursery or neonatal intensive care unit (NICU)
admission.

Statistical Analyses
Birth weight and head circumference z scores were derived
using growth curves from Olsen et al.2 Using the growth
curve percentiles from Olsen et al, children with a birth
weight lower than the 10th percentile were classified as
SGA and children with a birth weight higher than the 90th
percentile were classified as large for gestational age.
Pregnant women with epilepsy and healthy pregnant

women who gave birth while enrolled in the study and their
children who were enrolled at birth were included in the anal-
ysis population. Demographic and outcome variables for
children andmothers were summarized with counts and per-
centages for categorical variables and mean, SD, median,
minimum, and maximum for continuous variables. For cat-
egorical variables, differences between study groups (preg-
nant women with epilepsy and healthy pregnant women)
were assessed with the use of Pearson c2 tests or Fisher exact
tests for variables with low counts. Differences for contin-
uous variables were assessed with the use of Student t tests
for normally distributed variables or Wilcoxon rank-sum
tests for non-normally distributed variables. Normality was
assessed visually with the use of QQ-plots.
For children of pregnant women with epilepsy, the antiep-

ileptic drug group was categorized based on themother’s pre-
scribed antiepileptic drug at the time of enrollment into the
following 5 groups: lamotrigine monotherapy, levetiracetam
monotherapy, all other monotherapy, polytherapy, and no
antiepileptic drug. The Fisher exact test was used to assess
the association between antiepileptic drug group and cate-
gorical outcome variables. The association between antiepi-
leptic drug group and both birth weight z score and head
circumference z score was assessed with the use of ANOVA
models. The Tukey honest significant difference adjustment
was used to correct for multiple pair-wise comparisons be-
tween antiepileptic drug groups. A follow-up analysis was
performed in children of women on monotherapy with the
use of an ANOVA model to assess the association between
the specific antiepileptic drug at enrollment and birth weight
z score. Birth weight z score grouped by antiepileptic drug for
monotherapy or antiepileptic drug group for polytherapy
and no antiepileptic drug was visualized using box plots.
All outcome analyses were also run adjusting for folate use,

alcohol use during pregnancy, and child’s race. The analyses
of head circumference were also adjusted for mother’s and fa-
ther’s head circumference separately and together in the same
model.

Results
Demographics for the MONEAD study pregnant women
with epilepsy and healthy pregnant women are shown in
Table I. The 331 pregnant women with epilepsy included
Van Marter et al
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Table I. Demographics for pregnant women with epilepsy and healthy pregnant women*

Demographics Pregnant women with epilepsy Healthy pregnant women P value†

Total enrolled 331 102
Mean age, y (SD) 31 (5) 30 (5) .23
Mean head circumference, cm (SD) 55.8 (2.2) 55.6 (2.3) .54
Education, No. (%) .19
No college degree 99 (30) 31 (30)
College degree 149 (45) 37 (36)
Advanced degree 83 (25) 34 (33)

Race, No. (%) .002
White 281 (85) 72 (71)
Black or African American 22 (7) 17 (17)
Other/unknown 28 (8) 13 (13)

Ethnicity, No. (%) .48
Hispanic or Latino 64 (19) 23 (23)
Non-Hispanic or Non-Latino 267 (81) 79 (77)

Antiepileptic drug category at enrollment, No. (%) –
Antiepileptic drug monotherapy 250 (76) –
Antiepileptic drug polytherapy 66 (20) –
Without antiepileptic drug 15 (5) –

Seizure types‡ –
Generalized 106 (32) –
Focal§ 202 (61) –
Unclassified 26 (8) –

Births 1.00
Singletons 317 98
Twins 28 (14 pairs) 8 (4 pairs)
Total births 345 106

Periconceptional folate use, No. (%) <.001
Yes 283 (85) 68 (67)
No 48 (15) 34 (33)

Smoking,{ No. (%) .59
Yes 21 (6) 5 (5)
No 310 (94) 97 (95)

Alcohol use,{ No. (%) .03
Yes 78 (24) 35 (34)
No 253 (76) 67 (66)

Illicit drug{** use, No. (%) .75
Yes 10 (3) 4 (4)
No 319 (97) 97 (96)
Missing 2 1

*Only women who gave birth during the study were included.
†P values from t test (age, head circumference), Pearson c2 (education, race, ethnicity, folate use, gestational hypertension, preeclampsia, smoking, alcohol use), and the Fisher exact test (births,
illicit drug use).
‡Three subjects reported multiple seizure types, 2 reported generalized and focal seizures, and 1 reported generalized and unclassified seizures. Percentages represent the proportion of subjects
who have that seizure type and total may sum to more than 100%.
§Incudes focal to bilateral tonic clonic seizure.
{Self-reported use of smoking, alcohol, and illicit drug use at any time during pregnancy.
**Illicit drug use includes use of marijuana at any time during pregnancy.
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in this analysis delivered 345 infants (7 pairs of twins). The
102 healthy pregnant women enrolled had 106 infants (2
pairs of twins). The group of pregnant women with
epilepsy differed from healthy pregnant women in race
(pregnant women with epilepsy: 85% White, 7% African
American; healthy pregnant women: 71% White, 17%
African American; P = .002), periconceptional folate use
(pregnant women with epilepsy 85%; healthy pregnant
women 67%; P < .001), and self-reported alcohol intake
during pregnancy (pregnant women with epilepsy 24%;
healthy pregnant women 34%; P = .031).

Categorical neonatal variables are reported in Table II,
and, similar to maternal demographics, showed that infants
born to pregnant women with epilepsy were more likely
than healthy pregnant women to be White (80.6% vs
67.0%) and less likely to be African American (5.2% vs
14.2%; P = .003). No differences were observed between
Neonatal Outcomes in the MONEAD Study of Pregnant Women w
infants of pregnant women with epilepsy vs healthy
pregnant women on other demographics or outcomes,
including ethnicity, 5-minute Apgar score <6, preterm
birth, major malformations, NICU admission, and
duration of NICU admission for those requiring a NICU
stay. There was no difference in the rates of SGA status
among infants born to pregnant women with epilepsy vs
healthy pregnant women (5.5% vs 8.8%; P = .24 [raw];
P = .16 [adjusted]). Further, we found no significant
association between seizures during pregnancy and SGA
(data not shown). Rates of breastfeeding are reported
elsewhere.3

Table III summarizes continuous outcome variables for
infants born to pregnant women with epilepsy and healthy
pregnant women, including gestational age, 5-minute
Apgar scores, and birth weight and head circumference and
their respective z scores. No significant differences were
ith Epilepsy 3



Table II. Categorical variable summary, children of pregnant women with epilepsy and healthy pregnant women

Demographics

Children of pregnant women with epilepsy
N = 345

Children of healthy pregnant women
N = 106 P value

No. (%) No. (%) Raw* Adjusted†

Infant sex .37 –
Male 164 (47.5) 56 (52.8)
Female 181 (52.5) 50 (47.2)

Infant race .003 –
White 278 (80.6) 71 (67.0)
Black or African American 18 (5.2) 15 (14.2)
Other/unknown 49 (14.2) 20 (18.9)

Infant ethnicity .79 –
Non-Hispanic or non-Latino 274 (79.4) 83 (78.3)
Hispanic or Latino 71 (20.6) 23 (21.7)

Outcome variables
SGA‡ .24 .16

Yes 18 (5.5) 9 (8.8)
No 310 (94.5) 93 (91.2)
Missing 17 4

5-min Apgar < 6 1.00 –
Yes 2 (0.6) 0 (0.0)
No 316 (99.4) 97 (100.0)
Missing 27 9

Premature .86 .70
Not premature (>36 wk) 306 (88.7) 95 (89.6)
Premature (£36 wk) 39 (11.3) 11 (10.4)

Prematurity .26 –
Late (34-36 wk gestational age) 27 (69.2) 9 (81.8)
Moderate (28-33 wk gestational age) 11 (28.2) 1 (9.1)
Extreme (<28 wk gestational age) 1 (2.6) 1 (9.1)

Major malformations .18 .12
Yes 18 (5.2) 2 (1.9)
No 327 (94.8) 104 (98.1)

NICU admission .53 .40
Yes 53 (16.4) 13 (13.0)
No 271 (83.6) 87 (87.0)
Missing 21 6

*P values from the Fisher exact test.
†Adjusted P values from logistic regression adjusted for periconceptual folate use, alcohol use during pregnancy, and child’s race. Major malformations not adjusted for folate use, because all
malformations were born to mothers who indicated folate use. Adjusted models not run for demographic variables or outcome variables with low cell counts.
‡Based on growth curves from Olsen et al. SGA defined as weight for gestational age <10th percentile.
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observed between groups in any of these measures. Weight
and head circumference z-score analyses also showed no
differences in unadjusted analyses or when adjusted for
periconceptual folate use, alcohol use during pregnancy,
and the child’s race.

The types ofmaternal epilepsy and the distributions of spe-
cific antiepileptic drugs used in pregnant women with epi-
lepsy have been described previously.4,5 In previous
analyses of the MONEAD population, Meador et al found
the majority (74%) of pregnant women with epilepsy were
receiving monotherapy.4 The most common antiepileptic
drug monotherapy treatments were lamotrigine and levetir-
acetam (42.1% and 37.5% of monotherapies, respectively).
The most common antiepileptic drug polytherapy was the
combination of lamotrigine and levetiracetam (42.9% of
polytherapies).

When we evaluated neonatal outcomes by antiepileptic
drug group at maternal enrollment (Table IV), variability
in SGA was observed (P = .04) with a greater rate of SGA
among the other monotherapy group. There were no
statistically significant differences among antiepileptic drug
4

groups for rates of prematurity or NICU admission.
However, it was observed that for infants born to mothers
in the other monotherapy group (excluding lamotrigine
and levetiracetam), 23.1% required special care nursery or
NICU admission compared with 15.7% and 11.5% for
infants born to mothers on lamotrigine and levetiracetam,
respectively. This difference seemed largely due to the high
rate of NICU admission observed among a modest number
of infants whose mothers were treated with oxcarbazepine
(7 of 15 infants; 46.7%). Among monotherapy antiepileptic
drug regimens, topiramate was associated with lower birth
weight z scores (mean � SD: �1.23 � 0.32, n = 4) and
lamotrigine (mean � SD: 0.15 � 0.77, n = 106) was linked
with greater z scores compared with other antiepileptic
drugs (Figure).

Discussion

MONEAD, a multicenter observational study, compares
pregnancies of pregnant women with epilepsy and healthy
pregnant women, focusing on maternal, fetal, and neonatal
Van Marter et al



Table III. Continuous variable summary, children of pregnant women with epilepsy and healthy pregnant women

Descriptive variables

Children of pregnant women with epilepsy
N = 345

Children of healthy pregnant women
N = 106 P value

N Mean ± SD Median [min, max] N Mean ± SD Median [min, max] Raw* Adjusted†

Week of gestation 345 38.39 � 2.08 39 [24, 42] 106 38.58 � 1.98 39 [26, 43] .61 –
Apgar score, 5 min 318 8.78 � 0.68 9 [2, 10] 97 8.82 � 0.54 9 [6, 9] .47 –
Birth weight, g 329 3207 � 600 3240 [620, 4895] 104 3253 � 623 3272 [1075, 5025] .81 –
Birth weight, z score‡ 328 �0.06 � 0.81 �0.09 [–2.25, 2.71] 102 �0.09 � 0.95 �0.12 [–2.64, 3.60] .80 .72
Head circumference, cm 283 33.76 � 1.91 34 [23, 39] 90 33.98 � 1.74 34 [26, 37] .23 –
Head circumference, z score‡ 282 �0.07 � 0.93 �0.18 [–3.40, 2.62] 88 –-0.04 � 0.83 0.03 [–2.28, 1.52] .72 .70

max, maximum; min, minimum.
*P values from t test (birth weight z score, head circumference z score) or Wilcoxon rank-sum test (week of gestation, birth weight, head circumference, Apgar score).
†Adjusted P values from ANCOVA model adjusted for periconceptual folate use, alcohol use during pregnancy, and child’s race.
‡z scores based on growth curves from Olsen et al.
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outcomes. With respect to neonatal outcomes, the MON-
EAD primary hypothesis was that children of pregnant
women with epilepsy would have greater rates of SGA, related
to antiepileptic drug type and exposure in a concentration
dependent manner. Previous analyses of fetal outcomes of
the NEAD6 and MONEAD populations5 revealed greater
risk of serious adverse fetal outcomes (ie, fetal losses and ma-
jor congenital malformations combined) among pregnant
women with epilepsy compared with healthy pregnant
women and these varied across antiepileptic drugs. In
contrast, our current analyses of neonatal outcomes showed
generally favorable outcomes with exceptions for 2 specific
Table IV. Outcome variable summary by antiepileptic drug
epilepsy

Outcome variables

Anti

LTG monotherapy
(N = 110)

LEV monotherapy
(N = 97)

Oth

SGA,‡ No. (%)
Yes 1 (0.9) 6 (6.7) 5
No 105 (99.1) 83 (93.3) 45
Missing 4 8 4

Premature, No. (%)
Premature (£36 wk) 9 (8.2) 11 (11.3) 7
Not premature (>36 wk) 101 (91.8) 86 (88.7) 47

Prematurity, No. (%)§

Late (34-36 wk gestational age) 8 (88.9) 8 (72.7) 3
Moderate (28-33 wk gestational age) 1 (11.1) 2 (18.2) 4
Extreme (<28 wk gestational age) 0 (0.0) 1 (9.1) 0

NICU admission, No. (%)
Yes 16 (15.7) 10 (11.5) 12
No 86 (84.3) 77 (88.5) 40
Missing 8 10 2

Birth weight, z score{

No. 106 89 50
Mean � SD 0.15 � 0.77 �0.16 � 0.67 �0.

Head circumference, z score{

No. 89 73 47
Mean � SD 0.04 � 0.91 �0.08 � 0.89 �0.

LEV, levetiracetam; LTG, lamotrigine; other monotherapy, all other monotherapy antiepileptic drugs
*P values from the Fisher exact test for categorical variables and ANOVA model for continuous vari
†Adjusted for periconceptual folate use, alcohol use during pregnancy, and child’s race using logistic
circumference, z score). Adjusted models not run for outcomes with low cells counts.
‡Based on growth curves from Olsen et al. SGA defined as weight for gestational age <10th perce
§Number of infants born premature (£36 weeks) used as denominator for calculating percentages.
{z scores based on growth curves from Olsen et al.
**After we adjusted for multiple pairwise comparisons using Tukey honestly significant difference, LT
the ANOVA model and adjusted ANCOVA model.
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monotherapies: topiramate was associated with substantially
lower birth weight z score than other monotherapies or poly-
therapy, and oxcarbazepine was linked with a greater likeli-
hood of NICU or special care nursery admission than other
monotherapies. These findings need to be interpreted with
caution, given the small sample sizes for topiramate and ox-
carbazepine monotherapy. Other specific adverse neonatal
outcomes were not different across groups.
Strengths of the current study include the large overall

study population across a wide geographic region and the
detailed collection of relevant clinical data, including infor-
mation on all known confounding factors for primary and
group at enrollment, children of pregnant women with

epileptic drug group P value

er monotherapy
(N = 54)

Polytherapy
(N = 69)

No antiepileptic drug
(N = 15) Raw* Adjusted†

.04 –
(10.0) 6 (8.7) 0 (0.0)
(90.0) 63 (91.3) 14 (100.0)

0 1
.57 .34

(13.0) 11 (15.9) 1 (6.7)
(87.0) 58 (84.1) 14 (93.3)

.18 –
(42.9) 8 (72.7) 0 (0.0)
(57.1) 3 (27.3) 1 (100.0)
(0.0) 0 (0.0) 0 (0.0)

.46 .43
(23.1) 13 (18.8) 2 (14.3)
(76.9) 56 (81.2) 12 (85.7)

0 1

69 14
34 � 0.93 �0.12 � 0.87 0.18 � 0.79 .002** .002**

61 12
37 � 1.09 �0.07 � 0.88 0.19 � 0.84 .13 .09

.
ables.
regression (premature and NICU admission) or ANCOVA models (birth weight, z score and head

ntile.

G monotherapy was significantly higher than LEV monotherapy and other monotherapy in both

ith Epilepsy 5



Figure. Box plot for birth weight z score by antiepileptic drug. Based on growth curves from Olsen et al2; antiepileptic drug at
enrollment, pregnant women with epilepsy on monotherapy only.
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most secondary analyses. The main limitations are that this is
an observational study, rather than a randomized clinical
trial, although a randomized clinical trial in the treatment
of women with epilepsy during pregnancy would be unethi-
cal. In addition, there are small sample sizes in some sub-
groups analyzed in secondary outcomes, particularly those
relating to monotherapy subgroups. One pregnant women
with epilepsy taking topiramate at the time of enrollment
was no longer taking the medication at the time of delivery.

Differential effects of antiepileptic drug treatment in
pregnancy have been reported previously. In a recent
population-based cohort study of more than 1.4 million
births in Sweden,7 infants born to pregnant women with
epilepsy were found to be at greater risk than those born
to healthy pregnant women for congenital malformation,
preterm birth, being SGA at birth, asphyxia-related compli-
cations, lower Apgar scores 4-6 at 5 minutes, neonatal hypo-
glycemia, and respiratory distress syndrome. A number of
studies have noted the most prominent increase in major
congenital malformations to be among infants born to
mothers receiving valproic acid treatment. 8–12 Additional
antiepileptic drugs, such as phenobarbital, phenytoin, and
some others, and greater dosing levels of selected antiepi-
leptic drugs also appear to contribute to increased risk of
major malformations.13–15

A relatively common finding has been the association of
antenatal antiepileptic drug exposure with increased risks
of impaired fetal growth,16 lower birth weight for gestational
age,17 and smaller head circumference at birth,18 especially
with polytherapy.19 In NEAD, a 25-center study in the US
and United Kingdom of 329 pregnant women with epilepsy,1
6

valproate and carbamazepine were found to be associated
with SGA status at birth, and infants born to mothers
receiving valproate and phenytoin groups exhibited tran-
siently reduced Apgar scores. Among babies born to mothers
enrolled in the North American Antiepileptic Drug Registry
between 1997 and 2016, topiramate and zonisamide were
noted to be associated with increased likelihood of lower
mean birth weight and lesser mean length.20,21 A large recent
study of a national Norwegian cohort (1999-2011; n = 771
412) also found associations with antenatal topiramate expo-
sure and risk of microcephaly and SGA birth weight.22 We
also found an association with topiramate use and a lower
weight for gestation age z score; however, we did not observe
the association with zonisamide reported by this study or by
Norwegian investigators who conducted a single-county
study between 1989 and 2012.23

There are several potential explanations for our failure to
find previously reported associations between infants born
to pregnant women with epilepsy in rates of SGA to maternal
zonisamide treatment or microcephaly to topiramate expo-
sure. The first concerns potential effects of trends in antiep-
ileptic drug use over time in polytherapy vs monotherapy,
doses of antiepileptic drugs, as well as in potential modifying
factors in their relationships to birth weight, such as smoking.
The discrepancies also might relate to the study population:
previous studies were largely conducted using data from large
national registries whereas our study population consisted of
volunteers to participate in research who were receiving reg-
ular obstetrical care at academic medical centers. These pop-
ulations likely differed in demographics and health
vulnerabilities. In addition, some adverse outcomes in our
Van Marter et al
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study population might have been averted due to the consis-
tency and quality of obstetrical care. In addition, we chose to
use as a basis of weight for gestational age, growth curves for a
contemporary US neonatal population and to analyze using
both z scores as well as proportions in each treatment group
designated “SGA.” Finally, small sample sizes in some of our
treatment groups might have led to an inability to detect
some effects, such as differences in head circumferences.

Fetal growth and SGA status at birth can be influenced by
more than 40 factors,24 including fetal syndromes or malfor-
mations, parental anthropometrics,25 maternal weight gain
during pregnancy,26 environmental exposures,27 and
maternal health factors, including smoking, presence or
absence of diabetes mellitus, chronic hypertension, or
pregnancy-induced hypertension. Among pregnant women
with epilepsy, seizures during pregnancy also have been
found to be associated with SGA status at birth28; however,
this was not found in analyses of the MONEAD study pop-
ulation. Further information regarding seizures during preg-
nancy and other obstetrical factors will be reported in a
separate publication. For the purposes of our evaluation,
we assessed other maternal health factors and found no dif-
ference between pregnant women with epilepsy and healthy
pregnant women in pregnancy smoking, weight gain, dia-
betes, or hypertension. Combined fetal losses and major
congenital malformations occurred more often in pregnant
women with epilepsy; the occurrence of major congenital
malformations alone did not differ, although the sample
sizes were small.5 Mechanisms by which antiepileptic drugs
might influence fetal growth include predisposition to hy-
pertension in pregnancy, detected in a recent population-
based study conducted in Norway,29 and adverse placental
effects, shown recently in experimental studies of valproic
acid exposure.30 The way in which topiramate contributes
to diminished fetal growth is unknown. Weight loss is a
known side effect of topiramate treatment in adults,
although the precise mechanism of action for this effect
has not been described. Fetal growth restriction most often
is the result of specific maternal health conditions, placental
malfunction, or fetal genetic abnormalities. A direct effect of
growth-inhibiting exposures on the fetus is possible, howev-
er, is not commonly recognized. There are no published re-
ports of placental abnormalities associated with topiramate
treatment, nor are their reports of increase in bleeding com-
plications of mother or newborn.31 We likewise found no
adverse effect of the medication on maternal health. Labora-
tory data suggest that topiramate interferes with lipolysis in a
specific type of adipocyte.32 Investigation in a rodent model
showed topiramate associated impairment of skeletal ossifi-
cation33; therefore, it is possible topiramate has a direct effect
on fetal growth through these or other as yet-unidentified
mechanisms.

Substantially impaired fetal growth may have significant
health and/or developmental implications. SGA status is a
major risk factor for adverse neonatal and long-term health
outcomes. Fetal growth restriction frequently prompts
Neonatal Outcomes in the MONEAD Study of Pregnant Women w
preterm delivery because it often is a marker of fetal compro-
mise. Even if not born preterm in the initial neonatal period,
the SGA infant is at risk of hypoglycemia, feeding intolerance,
poor growth, polycythemia, leukopenia, and thrombocyto-
penia. The infant born preterm and SGA also is at increased
risk of serious gastrointestinal complications and of devel-
oping chronic lung disease. Even with improved postnatal
growth, the infant born SGA remains at increased risk of
impaired childhood growth, hypertension, and neurodeve-
lopmental disability, compared with appropriate size for
gestational age newborns.
In conclusion, our findings add to the increasing informa-

tion on neonatal outcomes among infants born to pregnant
women with epilepsy. Overall, the antiepileptic drugs most
often used among subjects in this study appear to be associ-
ated with few adverse neonatal outcomes, with the exception
of a possible increased risk of low birth weight for gestational
age among infants born to mothers on topiramate mono-
therapy and suggested elevated risk of newborn intensive or
intermediate care admission among infants whose mothers
were being treated with oxcarbazepine monotherapy at
enrollment. Further investigation of these findings is war-
ranted given the relatively small sample sizes in which they
were observed. Future analyses will evaluate the relationship
of neonatal outcomes and the amount of antiepileptic drug
exposure in a concentration-dependent manner. n
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Evan Gedzelman, MD (Emory University), Elizabeth Gerard,
MD (Northwestern University), Sean Hwang, MD (North
Shore Long Island Jewish Health System), Laura Kalayjian,
MD (University of Southern California), Gregory Krauss,
MD (Johns Hopkins Medical Center), David Labiner, MD
(University of Arizona Health Sciences), Paul McCabe, MD
(Geisinger Medical Center), John Miller, MD (University
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