Epilepsy & Behavior 14 (2009) 640-644

journal homepage: www.elsevier.com/locate/yebeh

Contents lists available at ScienceDirect

Epilepsy & Behavior

Antiepileptic drugs: Are women aware of interactions with oral contraceptives
and potential teratogenicity?

Alison M. Pack®*, Anne R. Davis®, Jordana Kritzer®, Ava Yoon®, Adela Camus®

2 Department of Neurology, Columbia University Medical Center, 710 West 168th Street, New York, NY 10032, USA
b Department of Obstetrics and Gynecology, Columbia University Medical Center, New York, NY, USA

ARTICLE INFO

Article history:

Received 29 December 2008
Revised 26 January 2009
Accepted 29 January 2009
Available online 4 February 2009

Keywords:

Epilepsy
Antiepileptic drugs
Women
Contraception

Oral contraceptives

ABSTRACT

Women with epilepsy (WWE)'s knowledge of the interaction between antiepileptic drugs (AEDs) and oral
contraceptives (OCs) and the potential teratogenicity of AEDs has received limited study. We conducted a
cross-sectional questionnaire study (English or Spanish) among young WWE (18-44 years) to assess
demographic characteristics, current AED use, and knowledge of AED interactions with OCs and terato-
genicity. We used the Food and Drug Administration’s classification system to categorize each AED’s ter-
atogenic potential. Participants (n=148) had a mean age of 32 years (SD 8); 32% spoke Spanish and
described themselves as Hispanic. Among women prescribed a cytochrome p450-inducing AED, 65% were
unaware of decreased OC efficacy. Forty percent of those prescribed Category D AEDs were unaware of
potential teratogenic effects. WWE have limited knowledge of the potential interaction between AEDs
and OCs and the teratogenic effects of AEDs. Educational efforts should highlight the reproductive health
effects of AEDs in WWE.
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1. Introduction

Approximately 1,000,000 women in the United States have epi-
lepsy. Health care for reproductive-age women with epilepsy
(WWE) must include consideration of contraception. When preg-
nancies are planned, health care providers can optimize medica-
tion management for seizure control and minimize the risk of
teratogenesis. Unfortunately, contraception is a challenge for wo-
men in the United States; approximately 50% of their pregnancies
are unplanned [1]. Pregnancy planning is especially complex for
young WWE who are treated with antiepileptic drugs (AEDs). Pro-
viders and women need to be aware of drug interactions poten-
tially decreasing the effectiveness of hormonal contraception, as
well as AED-related teratogenicity.

Practice guidelines emphasize use of effective contraception
and discussion of the increased risk of teratogenesis for WWE
[2]; published research, however, documents barriers to imple-
mentation of these guidelines. Some health care providers (both
obstetrician/gynecologists and neurologists) misunderstand AED
interactions with hormonal contraception and potential teratoge-
nicity [3-5]. Additionally, providers’ counseling may be inadequate
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or ineffective [6]. A British survey study reported that 51% of WWE
claimed to have never received advice on contraception [7].

We found only one Norwegian study that examined knowledge
of the reproductive health effects of AEDs among WWE themselves
[5]. We conducted a pilot questionnaire study to explore knowl-
edge among U.S. WWE of the impact of AEDs on oral contraceptive
(OC) effectiveness and the potential teratogenicity of AEDs.

2. Methods

We conducted a cross-sectional questionnaire study in a conve-
nience sample of women with epilepsy presenting for routine outpa-
tient care. The study was approved by the institutional review board
of the Columbia University Medical Center. Participants were re-
cruited from three practice locations within the Columbia Compre-
hensive Epilepsy Center between July 2005 and February 2006.

All women presenting for routine visits were approached by a
research assistant before they met with their treating physician
to ascertain knowledge prior to physician counseling. Eligible par-
ticipants included adult WWE between the ages of 18 and 44. We
excluded women over the age of 44 because we wanted to examine
knowledge among women of reproductive age. We excluded wo-
men with cognitive impairment who were unable to understand
the questionnaire.
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We developed our questionnaire in English and Spanish. Partic-
ipants were allowed to select the version in the language they pre-
ferred. Participants signed an informed consent, and the
questionnaire was administered by a research assistant in a private
room. The questionnaire assessed demographic characteristics,
reproductive history, sexual orientation and behavior, contracep-
tion, and pharmacotherapy. Collected demographic information in-
cluded age, ethnicity, insurance payor, spoken language, and level
of educational attainment. We asked participants if they describe
themselves as Hispanic to explore possible disparities in reproduc-
tive health outcomes by ethnicity. Results regarding reproductive
history, use of contraception, and sexual behavior have been pub-
lished elsewhere [8].

Participants were asked to list all their current medications. We
did not review medical records to assess whether the medications
participants listed agreed with what had been prescribed. A few
participants reported using benzodiazepines; we did not catego-
rize benzodiazepines as AEDs for this analysis because they were
typically used intermittently. Short- and long-acting carbamaze-
pine preparations were both categorized as carbamazepine. Short-
and long-acting valproate preparations were treated similarly.
Questions regarding the effects of medications were asked in an
open-ended format. If there was no response, the research assis-
tant prompted the participant with the response categories.

Multiple forms of hormonal contraception are available in the
United States (patch, ring, implant, and injectable). We chose to
question women solely about OCs and AEDs, because OCs remain
the most commonly used form of hormonal contraception [9]
and very few pharmacokinetic studies have examined the effects
of other hormonal forms of contraception and AEDs. To assess
awareness of AED-OC interactions, women were asked “Do you
know if [this AED] changes how birth control pills work?” Partici-
pant responses were coded by the research assistant as: (1) de-
creases effectiveness, (2) causes no change in effectiveness, or (3)
doesn’t know. All participants were asked this question, regardless
of their current contraceptive method, if any.

To assess awareness of potential teratogenicity, participants
were asked “Do you know if [this AED] affects the development
of a baby during pregnancy?” Responses were coded by the re-
search assistant as: (1) bad effect, (2) good effect, (3) no effect,
or (4) doesn’t know. After administering the first few question-
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Fig. 1. Flow of participants.

naires, we added the additional response category ‘“unknown
effect” after some participants volunteered that response.

We chose to use the FDA categorization system—A, B, C, D, or
X—to assign a fetal risk level for exposure to each AED in pregnancy
[10]. The FDA categorizes all AEDs as either C (animal studies dem-
onstrate adverse effects without controlled studies in women) or D
(positive evidence of human fetal risk). Gabapentin, oxcarbazepine,
lamotrigine, levetiracetam, pregabalin, topiramate, and zonisamide
are Category C drugs. Carbamazepine, phenobarbital, phenytoin,
primidone, and valproate are Category D drugs.

We classified phenytoin, carbamazepine, phenobarbital, primi-
done, oxcarbazepine, and topiramate as cytochrome p450 isoen-
zyme inducers that accelerate metabolism of sex steroids,
thereby potentially increasing the risk of hormonal contraceptive
failure [11]. We classified gabapentin, pregabalin, lamotrigine, val-
proate, and zonisamide as noninducers that do not increase the
risk of hormonal contraceptive failure [11].

Data were entered into an SPSS database (SPSS Version 13.0).
Statistics were exploratory and descriptive as no specific hypothe-
sis was tested. No a priori power analysis was performed.

3. Results

The flow of participants through the study is illustrated in Fig. 1,
as previously published [8]. We stopped enrollment after 148 wo-
men completed questionnaires because increasing numbers of wo-
men we approached participated previously.

Demographic characteristics of the participants are summa-
rized in Table 1. Our sample was diverse in ethnicity, language,
educational attainment, socioeconomic status, and type of payor
for medical services. The mean age was 31.7 years (SD 7.8), with
26% aged 18 to 25, 36.4% aged 26 to 35, and 37% aged 36 to 44.

Overall, the 148 women who completed questionnaires re-
ported taking 154 Category C AEDs and 50 Category D AEDs. Six
women (4%) reported no current AED therapy (two of these were
pregnant), 89 (60%) reported taking one AED, 44 (30%) reported
taking two AEDs, and 9 (6%) reported taking three AEDs.

Overall, the most common response was that women did not
know if their AED affected fetal development (Table 2). Results
were similar for Category C AEDs (45% did not know) and Category
D AEDs (40% did not know). Of concern, some women indicated
that there was “no effect” of a Category D AED or even a “good
effect” on a developing fetus. Ten (6%) women reported their
AED had an unknown effect on fetal development; seven of these
women were taking lamotrigine. No woman reported the effects
of any Category D AED as unknown.

Table 1
Description of participants (n = 148).
Characteristic n (%)
Spoken language
English 100 (68)
Spanish 12 (8)
English and Spanish 36 (24)
Ethnicity
Hispanic 47 (32)
Non-Hispanic 101 (68)
Education
<High school 31 (21)
Completed high school 20 (14)
Some college or degree 60 (41)
Postgraduate education 37 (25)
Health insurance
Medicaid 57 (39)
Medicare 3(2)
Commercial payer 82 (55)
Self-pay 6 (4)
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Table 2
Women'’s responses to “Does this AED affect fetal development?”?

Number of women taking  Patient response, N (%)

eED Bad effect on fetal

development

Good effect on fetal
development

Doesn’t know effect on fetal
development

No effect on fetal
development

AED Category C

GBP? 8 2 (25) 0
0XC 13 6 (46) 0
LEV® 37 13 (35) 0
LTG 69 15 (22) 2(3)
PGB 2 0 0
TPM 15 5(33) 1(7)
ZNS 10 4 (40) 0
Total 154¢ 25 (29) 3(2)
AED Category D
CBZ" 26 8 (31) 2(8)
PB 2 0 0
PHT 9 6 (67) 0
PRM 1 0 0
VPA 12 8 (67) 1(8)
Total 50 22 (44) 3 (6)

2 (25) 3(38)
0 6 (46)
2 (5) 20 (54)
19 (28) 26 (38)
0 2 (100)
1(7) 8(53)
0 5 (50)
24 (16) 70 (45)
2 (8) 12 (46)
1 (50) 1 (50)
0 3(33)
0 1 (100)
0 3 (25)
3 (6) 20 (40)

¢ Patients’ responses on potential teratogenicity or effects of AED on the development of the baby for each individual AED prescribed. N = number of women using AED as
either mono- or polytherapy. GBP, gabapentin; OXC, oxcarbazepine; LTG, lamotrigine; LEV, levetiracetam; PGB, pregabalin; TPM, topiramate; ZNS, zonisamide; CBZ, car-

bamazepine; PB, phenobarbital; PHT, phenytoin; PRM, primidone; VPA, valproate.

b Each of these prescribed AED groups had missing responses (GBP = 1, LEV = 1, CBZ = 2).
€ For Category C AEDs, the total response categories do not add to the total number of AEDs rated because 10 women reported that their AED had an unknown effect on

fetal development.

Table 3
Women's responses to “Does this AED change how birth control pills work?"?

No. of women taking AED Patient response, N (%)

AED decreases effectiveness of OC

AED decreases effectiveness of OC

Doesn’t know if AED changes effectiveness of OC

p450 inducers

CBZ 26 8 (31) 1(4) 17 (65)
0XC 13 5(38) 0 8 (62)
PB 2 1(50) 0 1 (50)
PHT 9 1(11) 1(11) 7 (78)
PRM 1 0 0 1 (100)
TPM 15 6 (40) 0 9 (60)
Total 66 21 (32) 2(3) 43 (65)
Non-p450 inducers
GBP 8 2 (25) 5(63) 1(13)
LTG 69 19 (28) 21 (30) 29 (42)
LEV 37 7 (19) 6 (16) 22 (59)
PGB 2 0 0 2 (100)
VPA 12 5(42) 2(17) 5 (42)
ZNS 10 3 (30) 1(10) 6 (60)
Total 138 36 (26) 35 (25) 65 (47)

2 Patients’ responses on interaction between OCs and AEDs. N = number of women using AED as either mono- or polytherapy. GBP, gabapentin; OXC, oxcarbazepine; LTG,
lamotrigine; LEV, levetiracetam; PGB, pregabalin; TPM, topiramate; ZNS, zonisamide; CBZ, carbamazepine; PB, phenobarbital; PHT, phenytoin; PRM, primidone; VPA,

valproate.

Table 3 summarizes the results regarding knowledge about
drug interactions for each AED. The 148 participants reported tak-
ing 66 AEDs categorized as p450 inducers and 138 AEDs catego-
rized as noninducers. Most women using enzyme-inducing AEDs
did not know if their current AED decreased the effectiveness of
OCs. Results were similar for individual enzyme-inducing AEDs.

We also examined what proportion of WWE had correct knowl-
edge about AED-OC interactions. WWE were classified as correct if
they knew all their AEDs did or did not decrease OC effectiveness.
They were classified as incorrect if they (1) did not know the AED’s
effect on OCs, or (2) believed there was an effect when there was
none, or (3) believed there was no effect when there was an effect.
Overall, of the 142 women taking at least one AED, only 19.7%
(n=29) were correct: 28.1% (n = 42) of those taking one AED were
correct, 6.8% (n = 10) of those taking two AEDs were correct, and
none of the nine women taking three drugs were correct.

Correct knowledge about drug interactions is most relevant for
women currently using hormonal contraception. In our sample, 16

women currently used OCs; of those, 8 were incorrect. Of the 3
using the contraceptive patch, 2 were incorrect, and the one wo-
man using the injectable (depo medroxyprogesterone acetate)
was also incorrect.

Contraceptive knowledge is also relevant for women who have
a history of pregnancy or are currently at risk for getting pregnant.
Those who reported current sexual intercourse were slightly more
likely to be correct about their current AED-OC interactions than
those who were not sexually active (Fisher’s exact test, P = 0.04).
Those reporting current use of any contraception (P =0.57), a his-
tory of pregnancy (P = 0.34), a birth (P = 0.34), or a voluntary abor-
tion (P =0.41) were no more likely to be correct than those who
were not using contraception, had never been pregnant, had never
given birth, or had never had an abortion, respectively.

Finally, we investigated if socioeconomic characteristics were
associated with awareness of the effects of AEDs on OCs. Type of
payor was associated with knowledge; 9% of those with Medicaid
or Medicare were correct versus 27% of those with commercial
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insurance or who paid out-of-pocket (P = 0.004). With respect to
ethnicity, 7% of those who self-identified as Hispanic or Latina
were correct versus 26% of those identifying as non-Hispanic
(P=0.004). For language, 11% of Spanish speakers were correct ver-
sus 24% of English speakers (P = 0.06). Finally, 6% of those with a
high school degree or less education were correct versus 27% of
those with more education (P =0.003). We did not include race
in this analysis because women were unable to self-identify with
simple categorizations of race (especially choosing between white
and black).

4. Discussion

The WWE presenting for treatment at our academic medical cen-
ter had very limited knowledge of the reproductive health effects of
their current AEDs. Forty-five percent of those prescribed Category C
AEDs and 40% prescribed Category D AEDs were unaware of poten-
tial teratogenic effects. Among those prescribed a cytochrome p450
enzyme-inducing AED, 65% were unaware of a decrease in OC effi-
cacy. This limited knowledge may result in preventable morbidity:
unplanned pregnancy, fetal exposure to teratogenic AEDs, and
maternal stress. Women in our sample reported that 50% of their
pregnancies were unplanned. We did not assess if these unplanned
pregnancies occurred in the context of a drug interaction, whether
fetal AED exposure occurred, or whether AED exposure contributed
to the decision to have an abortion [8].

Overall, WWE in our sample were unclear about the safety of
AEDs during fetal development. Women seemed most knowledge-
able about valproate and phenytoin, which they identified as the
least safe (67% of responses indicated a “bad effect”), but few wo-
men reported using these AEDs. Women were less knowledgable
about the most commonly prescribed AEDs, lamotrigine and leveti-
racetam. Confusion among WWE in our sample may reflect inade-
quate counseling, especially for women speaking exclusively
Spanish. Alternatively, confusion may be secondary to an evolving
understanding of AED teratogenesis. For example, recent data sug-
gest that carbamazepine, a Category D AED, may have minimal ter-
atogenic effects when prescribed as monotherapy [12]. Moreover,
the concept of Category C merely reflects a lack of information
and, therefore, may be confusing to both practitioner and WWE
alike.

Women in this sample were also unclear about the effects of en-
zyme-inducing AEDs on OCs. Most of those prescribed enzyme
inducers were unaware of potential decreased OC efficacy, and
some of those prescribed noninducers mistakenly believed those
AEDs decrease OC efficacy. Knowledge was especially low among
those WWE who had Medicaid, self-identified as Hispanic, were
less educated, and spoke Spanish. These women were also more
likely to have unplanned pregnancies [8]. One explanation for
low knowledge might be that such information is not personally
relevant to some WWE; that is, they may not be sexually active
or have experienced pregnancy. Our data do not support this
explanation; low knowledge was common regardless of sexual
behavior or reproductive history. Of interest, women seemed most
knowledgeable about gabapentin, 63% correctly responded that
there was no effect on OCs, but only eight women used this AED.

Poor understanding of hormonal interactions with AEDs
increases the risk of unplanned pregnancy in two ways. Some
women prescribed inducers will become pregnant due to an
unrecognized drug interaction and some women will become
pregnant as a result of choosing less effective barrier methods such
as male condoms if they mistakenly believe hormonal methods are
ineffective. Incorrect knowledge about AED-OC interactions
among health care providers no doubt contributes to women’s
confusion.

An important strength of our study is that we obtained knowl-
edge directly from women themselves. Other studies have assessed
counseling; however, the occurrence of counseling does not guar-
antee understanding or behavior. A Norwegian study examined
medical records to assess if WWE were counseled about contracep-
tion and pregnancy-related issues [5]. In addition, 112 of 157 WWE
completed a questionnaire. Most medical records (67%) did not
document counseling; however, 71% of WWE prescribed enzyme-
inducing AEDs who completed the questionnaire knew their AED
could increase the risk of OC failure. Knowledge among these Nor-
wegian WWE was better than in our sample; however, women
with correct knowledge may have been more likely to complete
questionnaires.

Inadequate contraceptive counseling and low uptake of highly
effective contraception during use of potentially teratogenic med-
ication are not unique to WWE. Schwarz examined pharmacy and
medical records of 488,175 women aged 15 to 44 and found that
one of every six women studied were prescribed a Category D or
X medication [13]. These women were no more likely to have re-
ceived contraceptive counseling, filled a contraceptive prescrip-
tion, or been sterilized than women not prescribed teratogenic
medications. Unfortunately, our study found similar results using
information from women themselves. A poor understanding of ter-
atogenic medication effects may undermine use of effective con-
traceptive methods; women probably are less likely to risk
pregnancy if they understand their medication negatively affects
fetal development.

Our study has limitations. Our results reflect a particular pre-
scribing pattern and counseling style for this medical center that
may not be generalizable to other settings. We planned to assess
knowledge about drug interactions among women currently using
a hormonal method and enzyme-inducing AED. However, we were
not able examine this issue with precision because too few WWE
in our sample were sexually active and currently using hormonal
methods. This question could be addressed by a larger study. Not
only do AEDs affect the efficacy of OCs, but concomitant adminis-
tration of OCs and lamotrigine decrease the available concentration
of lamotrigine. As we did not ask about this specifically, the lack of
data regarding WWE's knowledge about this interaction is also a
limitation. Our results about knowledge are preliminary. We can-
not determine if low knowledge reflects inadequate counseling
or current limited understanding of the teratogenic effects of AEDs,
or both. Because of this uncertainty, we did not investigate specific
demographic variables associated with teratogenic knowledge of
AEDs. Finally, we did not assess knowledge of the teratogenic ef-
fects of polytherapy, which is a known risk factor for increased
rates of major congenital malformations.

In conclusion, we found that WWE had limited knowledge
about (1) potential teratogenic effects of AEDs and (2) interactions
between AEDs and OCs. Further research should determine if our
findings are generalizable to other populations of WWE. Educa-
tional interventions, both for providers and for WWE, are needed
to improve reproductive health for this population. Poor, Hispanic
women may derive more benefit from such interventions.
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