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ABSTRACT

Objective: To evaluate the effects of epilepsy and antiepileptic drugs (AED) use during

pregnancy on fetal growth and preterm delivery.

Methods: This study included singleton liveborns born to women enrolled in the North
American Antiepileptic Drug Pregnancy Registry between 1997 and 2016. Data were collected
prospectively through telephone interviews. The prevalence of preterm birth (<37 weeks) and
small-for-gestational-age (SGA) among infants exposed prenatally to AED when used by women
with epilepsy (WWE) or women without epilepsy (WWOE) was compared with that among
infants unexposed to AEDs and born to WWOE. Multivariable log-binomial regression models

were used to estimate relative risks (RR) and 95% confidence intervals (CI).

Results: The study population included infants born to 6,777 AED-WWE, 696 AED-WWOE,
and 486 no-AED WWOE. The risk of prematurity was 6.2% for no-AED-WWOE, 9.3% for
AED-WWE (RR 1.5, 95%CI: 1.0-2.1) and 10.5% for AED-WWOE (RR 1.5: 1.0-2.4). Prenatal
exposure to AED in WWE and WWOE was associated with a mean lower birth weight of 110
and 136 grams, respectively, as compared to no-AED WWOE. The prevalence of SGA was 5.0%
for no-AED-WWOE, 10.9% for AED-WWE (RR 2.0: 1.3-3.0) and 11.0% for AED-WWOE (RR
1.9: 1.2-2.9). Within users of AEDs in monotherapy, the prevalence of SGA ranged from 7.3%

for lamotrigine to 18.5% for topiramate.

Interpretation: Women on AEDs during pregnancy, whether for epilepsy or for other
neuropsychiatric indications, are at a higher risk of delivering prematurely and giving birth to

SGA newborns. The risk may vary by drug.
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INTRODUCTION

There are approximately one million women of reproductive age with epilepsy in the U.S.;
24,000 offspring are born to these women each year.! The prevalence of antiepileptic drugs
(AED) prescriptions for women 15 to 44 years old increased significantly in the last decades,
with over 4 million annual prescriptions written for epilepsy (20.7% of all AED prescriptions),
mental illnesses such as mood disorders (47.9%) and chronic pain syndromes including
neuropathies and migraine headaches (22.2%).> As a result, AEDs are taken by 0.4% of pregnant
women just for epilepsy,’ and an increasing number of patients are prescribed AEDs during

pregnancy for other conditions.

Although the main concern regarding use of AEDs in pregnancy is their potential structural
teratogenicity” and neurodevelopmental effects™, there are other potential concerns. In the
1960s, case reports and small case series reported that women with epilepsy had a higher
incidence of preterm delivery and neonatal complications, including delivering infants small for
gestational age (SGA;<10th percentile for weight given gestational age at birth). However, these
outcomes could be attributable to the disease or the treatments. Although most AEDs either do
not affect weight or cause weight gain, some have been shown to cause weight loss in adults.”"
There is little information on the potential effects of AEDs in premature delivery and fetal

growth.'1°

We used data from the North American AED (Antiepileptic Drug) Pregnancy Registry to
estimate the risks of prematurity and of being SGA in infants whose mothers had taken AEDs
eitherfor epilepsy or for other indications during pregnancy, and to compare these risks with

those in infants born to an unexposed comparison group.
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METHODS

The North American AED Drug Pregnancy Registry is an ongoing cohort study of pregnant
women who have taken AEDs at some point during her pregnancy .'” Participants enroll by
calling the registry. Three phone interviews are conduced; one at enrollment, one at 7 months of
gestation, and one 8 to 12 weeks after the expected date of delivery. The computer-assisted
interviews ask questions on start and stop dates of each AED taken, dose, frequency, changes in
medication, and indication; demographic characteristics; cigarette smoking; alcohol intake; and
use of illicit drugs; medical conditions; use of other medications; family history; and the results

of any prenatal testing.

The study population was restricted to singleton, non-malformed liveborns whose mothers had
complete follow-up data. A major malformation was defined as a structural abnormality with
surgical, medical, or cosmetic importance. Since the current study focused on neonatal outcomes,
pregnant women enrolling after prenatal testing were not excluded from the analyses. Women
were considered exposed if they used any AED during pregnancy. This group was divided into
WWE (women with epilepsy) and WWOE (women without epilepsy), i.e., using the AEDs for
indications such as migraine, anxiety/depression, or others. The infants of non-epileptic women
not taking an AED (no-AED-WWOE) constituted our reference group. These were friends and
relatives referred by AED- exposed participants since 2003. They received follow-up with the

same methodology as the AED-exposed.

In the postnatal interview, the mother was asked about the infant’s birth weight, length and head
cireumference, and any health problems. In addition, over 70% of the enrolled mothers provided

medical records release forms. Medical records were received from the neurologist or
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psychiatrist who prescribed the AED for 65% of all the mothers; and from the pediatrician for
59% of all the infants. In a validation study, there was a 99% agreement between the mother’s
verbal report and the doctors’ records regarding major malformations.'® The gestational age was
calculated as the number of days from the last menstrual period (LMP), which was based on the
woman’s.report and usually estimated by first trimester ultrasound. We determined the percentile
for birthweight for each infant based on the gestational age, using US race-specific standards
(stratification by sex gave the same results).'’ We defined small for gestational age (SGA)
infants as those whose birthweight is below the 10th percentile given their gestational age at
birth. Preterm delivery was defined as gestational age at birth <37 completed weeks. Secondary
outcomes of interest were low birth weight (LBW, <2,500 g) and birth length. Subjects with
missing values for birth weight, gestational age, or birth length were excluded from the
respective analyses. Head circumference measurements were available for a small proportion of

infants, a sample too small to produce any stable estimates.

Both the baseline covariates and the perinatal outcomes in each exposed group were compared
with the un-exposed reference group. For categorical outcomes, we estimated crude and adjusted
relative risks (RR) and their 95% confidence interval (CIs) using log-binomial multivariable
logistic regression. Potential confounders considered included calendar year and maternal age,
race, diabetes, cigarette smoking, alcohol use, periconceptional folic acid supplementation, illicit
drug use, and education. All covariates were included in the model one at a time as categorical
except for maternal age that was considered continuous. The a priori criteria was to include

covariates in the model if they moved the RR estimate more than 10%.
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We conducted the following sensitivity analyses: 1) We stratified the analyses by smoking and
non-smoking during pregnancy to further explore the role of smoking as a confounder or effect
modifier; 2) studied separately women exposed to monotherapy versus to more than one AED
during pregnancy, including those who added or switched to different AEDs; 3) studied
separately women with and women without seizures during pregnancy among women with
epilepsy; 4) explored the risk of SGA for specific AEDs in monotherapy; 5) evaluated the effect

of gestational timing of exposure; and 6) assessed dose effects.

All analyses were performed using SAS (version 9.3; SAS Institute, Cary, NC). The study has
been approved by the Human Studies Committee of the Massachusetts General Hospital and

Partners HealthCare. Informed consent is obtained verbally at enrollment.
RESULTS

From February 1, 1997 through January 1, 2017, the number of enrolled women was 9,819 in the
AED exposed and 704 in the unexposed control group (Figure 1). The corresponding number of
eligible women was 7,473 and 522, respectively, after applying inclusion criteria and excluding
36 unexposed women with epilepsy. Among women on AEDs, 0.7% resulted in stillbirth or
neonatal death and 2.7% had major malformations, compared to 0.2% and 1.3% in the
unexposed group.* The number of spontaneous abortions and elective terminations was also
higher among AED users.*’ The main indications for AED were epilepsy (91%), depression
(5.3%), anxiety (1.1%), and migraine (1.1%). (Of note, the North American AED Pregnancy
Registry targets women with epilepsy, therefore the distribution of indications for usage does not

reflect that in the general population.)
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Compared to the unexposed group, women on AEDs were more often single and less educated,
and a higher proportion smoked cigarettes (p values<0.01). Within AED users, WWOE were
less likely to use preconceptional folic acid (p value<0.01) and tended to have more insulin-

dependent diabetes (p values=0.06). Table 1.

The mean birth weight for the reference group was 3,453 grams (Table 2). Compared to these
unexposed pregnancies, prenatal exposure to AED was associated with a mean lesser birth
weight of 110 grams among WWE and 136 grams among WWOE (p values<0.01). There was a
left shift in the birth weight distribution among the offspring of women who used AEDs, both for
WWE and WWOE. Although smoking had an additive weight lowering effect, the shift
associated with AED exposure was observed both among smokers and among non-smokers. The
mean infant’s length at birth for unexposed women was 51.1 cm. Use of AED was associated

with-a mean lesser length of 0.5 centimeters both for WWE and WWOE (p values<0.01).

The mean gestational length was 39 weeks for the three groups. However, there was a higher
proportion of preterm deliveries in women who used AEDs, for both WWE (9.3%) and WWOE
(10.5%) compared to the reference group (6.2%) [Table 2]. After adjustment for measured
confounders the RR was 1.5 (95%CI 1.0 to 2.1) and 1.5 (1.0 to 2.4) for WWE and WWOE,
respectively. Delivery by Cesarean section was more common among women who used AEDs,
for both WWE (33.7%) or WWOE (36.0%), than in the reference (28.8%). (Information on the
specific indication for the Cesarean section was not available.) The higher proportion of preterm
birth in women on AEDs remained among infants delivered vaginally; it was 7.9% for WWE,

9.6% for WWOE and 4.5% for the reference group (p values<0.05).
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The prevalence of SGA was 5.0% for the unexposed reference group. Within users of AEDs, the
prevalence was 10.9% for WWE and 11.0% for WWOE (Table 3). After adjustment for
measured confounders the RR was 2.0 (95%CI 1.3 to 3.0) and 1.9 (1.2 to 2.9) for WWE and

WWOE, respectively. Similar results were observed when restricting to non-smokers.

Among WWE on AEDs, having seizures and being on polytherapy were associated with worse
pregnancy outcomes (Table el). The prevalence of SGA among WWE on monotherapy without
seizures during pregnancy was 9.5%, among WWE on monotherapy with seizures was 10.7%;
among WWE on polytherapy without seizures during pregnancy was 13.4%; and among WWE
on polytherapy with seizures was 14.3 % (Table 4). Compared to WWE on monotherapy and no
seizures, the adjusted RR for WWE on polytherapy and with seizures was 1.4 (95%CI 1.1 to

1.7).

Given the similar results for WWE and WWOE, we combined these AED exposed groups for the
analysis of specific drugs. The prevalence of SGA was different for different drugs, with
topiramate, phenobarbital, and zonisamide monotherapies presenting the highest risks (Figure 2).
Compared to lamotrigine monotherapy, the adjusted RR for topiramate, phenobarbital, and
zonisamide monotherapies were 2.4 (95%CI 1.8 to 3.1), 2.4 (95%CI 1.6 to 3.6), and 1.9 (95%CI
1.2 t0 3.0). (Of note, using lamotrigine as an active reference resulted in more balanced maternal
characteristic across groups, although women prescribed topiramate still had lower education and
were more frequently smokers than those on lamotrigine. We adjusted by these characteristics in
the model.) The differences were not explained by lower maternal weight. In a subsample of
women with data on weight (study years 2008 onward), the median maternal pre-pregnancy

weight was actually higher for topiramate users (150 Ibs) than for lamotrigine users (144 1bs).
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Compared to lamotrigine, prenatal exposure to topiramate or zonisamide were associated with a
mean lesser birth length of 1 centimeter (p value <0.01); the difference for phenobarbital was of

0.5 centimeters (p value 0.05).

The effects of specific gestational periods of exposure could not be assessed because most
women used their AED throughout pregnancy. The exception was topiramate due to a larger
proportion of women with intermittent use for migraine: The prevalence of SGA was 8.2% for
women who stopped topiramate before the third trimester and 20.2% for those who continued its
use later in pregnancy (p value=0.043). There was no apparent dose effect on the prevalence of
SGA forlamotrigine, zonisamide or phenobarbital at the dose ranges used in our population.
However, the prevalence of SGA was 8.5% for mean topiramate doses <50 mg and 19.9% for

higher doses (p value 0.04).

DISCUSSION

In this prospective pregnancy cohort, women on AEDs during pregnancy had a higher risk of
delivering infants with low birth weight for their gestational age. The association was present for
women with epilepsy as well as for women with other neuropsychiatric indications. Findings
also suggest an association between AED use and preterm birth. Within WWE on AEDs,
seizures during pregnancy and polytherapy were associated with a higher frequency of both
prematurity and SGA. The risk of SGA varied by AED: infants born to women on topiramate,

zonisamide and phenobarbital were more often SGA and shorter in length.

Previous studies had reported that WWE are at increased risk for preterm labor and poor fetal

growth, 3132124 particularly when treated with AEDs.* Although others did not find these
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16,26-29 - 30 - :
262 Maternal seizures®® and polytherapy'*'>*! have also been associated with

associations.
poor fetal growth. Whether the associations are caused by factors associated with the condition
or by the treatments has been a source of controversy. Most AEDs are thought to be weight
neutral or stimulate weight gain in the patient taking them;’ except for topiramate and
zonisamide, which are thought to cause weight loss,”'” and have been marketed as weight-loss
treatments. Long-term treatment of infants for up to one year has been shown to reduce length,
weight, and head circumference.”> At least four epidemiological studies have reported lower

1-14 The different distribution of

birth weight for infants exposed to topiramate in utero.
individual AEDs in different populations might explain the apparent discrepancies among

studies.

Being born SGA has been associated with worse health outcomes not only in the perinatal
period, but also later in life.***” However, the long term consequences of the potential AED -
related SGA are unknown. The prognosis likely depends on the ultimate cause or mechanism of
poor growth. There is no information on whether SGA related to AED in utero exposure (or the
indications) is associated with long term complications. Our data are currently insufficient to
determine whether the apparent growth restriction is symmetric or asymmetric (brain sparing).
There are little data to assess any association between topiramate or zonisamide exposure and
neonatal mortality, developmental shortcomings, behavioral aberrations, or poor performance in

8
school.?

The association found in this and other studies between AEDs and perinatal outcomes may be
causal, or due to unbalanced risk factors among comparison groups. As we argue below, our

results cannot be explained by differences in the distribution of smoking or pre-pregnancy
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maternal weight, and are unlikely to be explained by the underlying indication for these drugs:

3639 and the proportion of smokers was larger in AED users in

Since smokers have smaller infants
our population than in the reference group, our findings could have been explained by
unbalanced maternal smoking in the two groups. However, the association between AEDs and
SGA remained within non-smokers and further shifted the birth weight curve towards lower

values within. Thus, findings strongly suggest that there is an independent and additive effect of

smoking and AEDs.

Maternal weight is also known to correlate with fetal growth.’** We were not able to adjust for
it because maternal weigh has been systematically collected by the registry only in recent study
years. In the subsample of participants with data available, topiramate users had higher pre-
pregnancy weights than non-users or users of other AEDs. This is consistent with population-
based data from the US where young women on AEDs had a similar body mass index than non-
users; except for topiramate users, that were more frequently overweight.*” Thus, adjustment for
maternal weight would have resulted in similar or larger relative risk estimates for topiramate.
Regarding other potential confounders, since adjustment for education and other
sociodemographic characteristics had very little impact on the relative risk estimates, substantial

confounding by these risk factors seems unlikely.

Regarding confounding by indication, we found the association with adverse prenatal outcomes
for both WWE and for WWOE. Although this finding may suggest that the treatments are
responsible for the association, there could be a predisposition of having SGA infants for women
with epilepsy and for women with the other indications. Women with non-epilepsy indications

for AEDs (e.g., depression, bipolar disorders) have also been shown to be at a higher risk for
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preterm and SGA infants.'**'* On the other hand, comparisons among different AEDs
minimize this potential confounding by indication suggest that different drugs may be associated
with different risk. Yet, there could be residual confounding, if different types of epilepsy treated
preferentially with specific AEDs were associated with fetal growth. Moreover, the higher risk
among women on polytherapy could reflect a dose effect; although it may also reflect a type of
epilepsy more difficult to control. Of note, use of polytherapy was associated with having

seizures during pregnancy.

The North American AED Pregnancy Registry relies on volunteers, who may be better
functioning, with less severe epilepsy, and might have lower risk of SGA infants than the general
population of women with epilepsy. In fact, the unexposed reference group had a lower
prevalence of SGA than that expected by definition in the general population (i.e. 10%). We can
only assume that the relative risks for WWE and WWOE observed in our study would be similar
in the general population. It is plausible that in populations with higher baseline risks of adverse
neonatal outcomes, the relative effect of AEDs on fetal growth may be more modest. In addition,
we did not have information on blood levels; factors that affect AEDs levels (e.g., compliance,
drug interactions) may also affect the strength of the association between the dose prescribed and

the outcomes.

From a clinical point of view, the most relevant question is which specific AED to use for
women of childbearing age, and for pregnant women. Patients and health care providers need to
consider the efficacy for each individual patient and the safety for the mother and the developing
infant. Comparisons among different AEDs is warranted since most WWE require

pharmaceutical treatment. Additionally, clinicians caring for the pregnancies of women on AED
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should be aware of the heightened potential for decreased fetal growth and consider modifying
prenatal surveillance accordingly. While the question of whether it is the drugs or the indication
remains, we do have enough information to know that WWE and WWOE on AEDs are high risk

pregnancies and both the mother and the infant deserve special clinical attention.

In conclusion, we found an increased risk of being SGA at birth and an increased risk of
premature birth among newborns exposed to AEDs in utero, compared to infants in the
unexposed reference group, for both WWE and women with other neuropsychiatric disorders.
The risk is higher in women on polytherapy and in women with seizures during pregnancy; and it

is highest for topiramate, phenobarbital and zonisamide.
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Figure Legends

Figure 1. Enrollment and eligibility of participants. North American AED Registry 1997-2016.

Figure 2. Prevalence of SGA (bars) at birth and adjusted relative risk (dots) and 95% confidence
interval (error bars) in infants born to women on specific AEDs in monotherapy at any time
during pregnancy compared to those on lamotrigine (reference). Number of exposed provided at

the base of each bar.
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Table 1. Characteristics of the women with and without epilepsy
and either unexposed or exposed to AEDs during pregnancy.

No AED & AED & AED &
Categories* WWOE WWE WWOE
n=486 n=6777 n=696
Age (mean, SD) 31.5 (4.2) 29.7 (5.3) 31.3 (5.4)
Education **

< Grade 12 17 (3.5) 871 (16.6) 98 (15.7)
Junior Graduate (2-year) 58 (12.0) 1202 (22.9) 165 (26.4)
College Graduate (4-year) 198 (40.9) 1988 (37.9) 215 (34.5)
Post College 211 (43.6) 1186 (22.6) 146 (23.4)

Married ** 461 (95.3) 4292 (81.9) 454 (72.9)
Caucasian 433 (89.3) 5807 (85.7) 632 (90.9)
Primiparity 173 (35.6) 2758 (40.7) 246 (35.3)
Folic Acid Supplement at LMP ** 333 (68.5) 4767 (70.3) 360 (51.7)
Cigarette Smoking **

None 458 (94.4) 5925 (87.6) 524 (75.4)
>None, <1/2 pack 15 (3.1) 325 (4.8) 59 (8.5)
>1/2 pack, <1 pack 6 (1.2) 205 (3.0) 46 (6.6)
>1 pack 3(0.6) 258 (3.8) 53 (7.6)
Yes, but unknown 3 (0.6) 54 (0.8) 13 (1.9)

Alcohol

None 342 (70.7) 5126 (75.8) 493 (70.9)
Moderate (1-5 drinks/week) 116 (24.0) 1412 (20.9) 167 (24.0)
>5 drinks/week 17 (3.5) 118 (1.8) 22 (3.2)
Yes, but unknown 9 (1.9) 104 (1.5) 13 (1.9)

Diabetes ** 7 (2.1) 100 (2.1) 21 (4.5)
Age First Seizure (mean, SD) NA 16.6 (8.6) NA
Seizures During Pregnancy NA 2247 (33.2) NA

* Columns present numbers and proportions (in parenthesis) unless otherwise specified.
Numbers might not add to the total due to missing values.

** All unadjusted p-values<0.01, except for diabetes (p-value 0.06).
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Table 2. Risk of small for gestational age (SGA), low birth weight (LBW) and preterm
delivery among singleton liveborn infants.

Outcomes No AED & WWOE AED & WWE AED & WWOE
n=486 n=6777 n=696
Child’s Birthweight, gr (mean, SD) 3453 (537.4) 3343 (561.5) 3317 (544.7)
Gestational age, weeks (mean, SD) 392 (1.9) 39.1 (1.9) 39.0 (1.9)
Child’s Length, cm (mean, SD) 51.1 (34) 50.6 (3.3) 50.6 (3.2)
LBW, N(%) 22 (4.6) 419 (64) 42 (64)
Preterm, N(%) 30 (6.2) 613 (9.3) 69 (10.5)
SGA, N(%) 24 (5.0) 713 (10.9) 72 (11.0)

Table 3. Relative risk (RR) and 95% confidence interval (CI) of small for
gestational age (SGA) and preterm delivery among singleton liveborn infants
exposed to AEDs in mono or polytherapy compared with unexposed infants.

No AED & WWOE | AED & WWE AED & WWOE
Outcomes
n=486 n=6777 n=696

SGA
N (%) 24 (5.0) 713 (10.9) 72 (11.0)
Crude RR (95%CI) Reference 2.2 (1.5-3.2) 2.2 (1.4-3.4)
Adjusted RR (95%CI) Reference 2.0 (1.3-3.0) 1.9 (1.2-2.9)
Preterm
N (%) 30 (6.2) 613 (9.3) 69 (10.5)
Crude RR (95%CI) Reference 1.5 (1.1-2.1) 1.7 (1.1-2.5)
Adjusted RR (95%CI) Reference 1.5 (1.0-2.1) 1.5 (1.0-2.4)

Adjusted for maternal age, parity, smoking, and education.
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Table 4. Relative risk (RR) and 95% confidence interval (CI) of small for gestational
age (SGA) associated with seizures during pregnancy and mono/poly-therapy among

WWE on AEDs.

Therapy Seizures N 13((;(2) Ad]gl;iz)ec(l:IR R
Monotherapy [No seizures 3647 347 (9.5) Reference
Monotherapy |Seizures 1373 147 (10.7) 1.1  (0.9-1.3)
Polytherapy No seizures 700 96 (13.7) 1.3 (1.1-1.7)
Polytherapy Seizures 839 122 (14.5) 1.4 (1.1-1.7)

Adjusted for maternal age, parity, smoking, and education.

Table el. Risk of small for gestational age (SGA), low birth weight (LBW) and preterm delivery among
WWE on AEDs, stratified by seizures during pregnancy or mono/poly-therapy.

Outcomes No seizures Seizures Monotherapy | Polytherapy
n=4347 n=2213 p value n=5020 n=1539 p value
LBW N(%) 248 (5.7) | 171 (7.7) 0.002 281 (5.6) | 137 (8.9) | <0.001
Preterm, N(%) 367 (8.4) | 246 (11.1) | 0.001 411 (8.2) | 201 (13.1) | <0.001
SGA, N(%) 443  (10.2)] 270 (12.2) | 0.015 494 (9.8) | 218 (14.2) | <0.001
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Figure 1. Enrollment and eligibility of participants. North American AED Registry 1997-2016.
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Figure 2. Prevalence of SGA (bars) at birth and adjusted relative risk (dots) and 95% confidence
interval (error bars) in infants born to women on specific AEDs in monotherapy at any time
during pregnancy compared to those on lamotrigine (reference). Number of exposed provided at

the base of each bar.
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