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Abstract
Objective To determine whether use of antiepileptic drugs during
pregnancy may increase the risk of spontaneous abortion or stillbirth.

Design Population based cohort study.

Setting Register based study in Denmark, 1997-2008.

Participants 983 305 pregnancies identified in the Danish medical birth
register and the Danish national hospital discharge register from 1
February 1997 to 31 December 2008 were linked to the Danish Register
of Medicinal Product Statistics to obtain information on use of antiepileptic
drugs.

Main outcome measures Risk ratio of spontaneous abortion and
stillbirth after use of antiepileptic drugs during pregnancy, estimated by
using binomial regression adjusting for potential confounders of maternal
age, cohabitation, income, education, history of severe mental disorder,
and history of drug misuse.

Results Antiepileptic drugs were used in a total of 4700 (0.5%)
pregnancies. 16 out of 100 pregnant women using antiepileptics and 13
out of 100 pregnant women not using antiepileptics experienced a
spontaneous abortion. After adjusting for potential confounders pregnant
women using antiepileptics had a 13% higher risk of spontaneous
abortions than pregnant women not using antiepileptics (adjusted risk
ratio 1.13, 95% confidence interval 1.04 to 1.24). However, the risk of
spontaneous abortion was not increased in women with an epilepsy
diagnosis (0.98, 0.87 to 1.09), only in women without a diagnosis of
epilepsy (1.30, 1.14 to 1.49). In an analysis including women with at
least two pregnancies with discordant antiepileptic drug use (for example,
use in the first pregnancy but not in the second), the adjusted hazard

ratio for spontaneous abortion was 0.83 (0.69 to 1.00) for exposed
pregnancies compared with unexposed pregnancies. Stillbirth was
identified in 18 women who used antiepileptic drugs (unadjusted risk
ratio 1.29, 0.80 to 2.10).

Conclusion Among women with epilepsy and when analysing the risk
in antiepileptic drug discordant pregnancies in the same woman, we
found no overall association between the use of antiepileptic drugs during
pregnancy and spontaneous abortions. Therefore unmeasured
confounding may explain the slight increased risk for spontaneous
abortion with any antiepileptic drug use (among women both with and
without epilepsy). We found no association between antiepileptic drug
use during pregnancy and stillbirth, but the statistical precision was low.

Introduction
Epilepsy affects 0.3-0.8% of pregnant women, making it the
most common neurological disorder requiringmedical treatment
during pregnancy.1 2 Treatment must balance the risk of seizures
with the potential for adverse effects from drug use.3
Antiepileptic drugs are also commonly used for psychiatric
disorders, pain disorders, and migraines.
A recent study from the United States found that antiepileptic
drug use during pregnancy is increasing, especially for the newer
drugs.4 In Denmark, the use of the newer drugs during pregnancy
has also increased, but this trend has been counterbalanced by
a decrease in the use of the older drugs; in combination, this
has resulted in an unchanged total use of antiepileptics.5 Use of
antiepileptic drugs during pregnancy has been associated with
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pregnancy complications, including pre-eclampsia, bleeding,
preterm birth, intrauterine growth retardation, and fetal
malformations.1 6However, little is known about the association
between antiepileptics and spontaneous abortion or stillbirth.
In animal studies, a dose dependent increased risk of fetal death
has been observed after use of antiepileptics.7 8 Human studies
are conflicting; some reported twice the risk of fetal death in
exposed compared with unexposed pregnancies, whereas other
studies found no association.9-15

We conducted a large population based cohort study to
investigate the association between maternal antiepileptic drug
use during pregnancy and spontaneous abortion and stillbirth,
after taking potential confounders into account. In addition, we
compared the risk of spontaneous abortion in women with more
than one pregnancy and discordant antiepileptic drug use across
pregnancies (for example, use in the first pregnancy but not in
the second) in an attempt to adjust for unmeasured shared
environmental and familial factors.

Methods
Study population
In Denmark all citizens are assigned a unique personal
identification number at birth. We used this number to link
information across national health registers and to identify all
clinically recognised pregnancies with an estimated date of
conception and a known pregnancy outcome from 1 February
1997 to 31 December 2008. Linkage is close to 100% as the
unique personal identification number is almost always correctly
reported.16 The Danish medical birth registry includes
information on all live births and stillbirths in Denmark since
1973.17 We identified other pregnancy outcomes (for example,
spontaneous abortions) in the Danish national hospital discharge
register, which contains information on treatments at hospitals
in Denmark since 1977 and outpatient contacts since 1995.18
Diagnoses are classified based on the WHO international
classification of diseases (ICD-8 codes for the years 1977-93
and ICD-10 from 1994 and onwards).

Pregnancy outcomes
Weused the following ICD-10 diagnoses: spontaneous abortions
(O02.0-O03.9), induced abortions (O04.0-O05.2, O05.5-O06.9),
induced abortion because of heredity (O05.3), and induced
abortion because of malformation of the fetus (O05.4). Molar
(O01) and ectopic pregnancies (O00) were excluded. Some
women had more than one ICD-10 diagnosis for the same
pregnancy. Pregnancy was classified according to a
predetermined algorithm.We prioritised live birth and stillbirth
codes over spontaneous and induced abortion codes, and
spontaneous abortion over induced abortion.
Gestational age was obtained from the Danish medical birth
register for live births and stillbirths and from the Danish
national hospital discharge register for abortions. We excluded
women with missing information on gestational age (2.19%).
The first day of the last menstrual period was estimated by
subtracting gestational age from the date of pregnancy
termination. Before 1 January 2004, stillbirth in Denmark was
defined as birth of a dead fetus after 28 completed gestational
weeks or later, but in 2004 the cut point was changed to 22
completed weeks. We coded all fetal deaths between 22 and 28
completed weeks as stillbirths.

Use of antiepileptic drugs
In Denmark, antiepileptic drugs are supplied by prescription.
The Danish Register of Medicinal Product Statistics comprises
records of all prescriptions redeemed since 1 January 1996.
However, treatment given only during inpatient hospital
admission is not recorded. We defined the use of antiepileptic
drugs as any prescription redeemed with the Anatomical
Therapeutic Chemical codes N03A (antiepileptic drugs) or
N05BA09 (clobazam).
Based on information about the dates of prescriptions filled and
the number of pills and dose for each prescription, we calculated
the cumulative dose of antiepileptic drugs used during the
exposure window. To estimate the average daily dose we divided
the cumulative dose by the number of days in the exposure
window. Based on the defined daily dose,19 we dichotomised
the estimated daily antiepileptic drug dose into high (>50% of
defined daily dose) or low (≤50% of defined daily dose).

Diagnostic and covariate information
From the Danish national hospital discharge register we
identified women with a diagnosis of epilepsy (ICD-8: 345;
ICD-10: G40 and G41) before the end of the index pregnancy.
We used the Danish psychiatric central research register20 to
identify mothers with a diagnosis of the following psychiatric
disorders before the end of the index pregnancy: substance abuse
(ICD-8: 291, 294.3, 303, 304; ICD-10: F10-F19), depression
(ICD-8: 296.0, 298.0, 300.4; ICD10: F32-F33), and severe
psychiatric disorders (ICD-8: 296.1-296.8, 298.1 and 295;
ICD-10: F30-F31 and F20).
From Statistics Denmark we obtained information on maternal
age, cohabitation, income, and education at the time of the index
pregnancy.

Statistical analysis
We fitted a generalised linear model for our binary outcome
(binomial distribution) with a log-link, which gives the risk
ratio. The model is also called log-binomial regression.We used
robust variance estimation to allow for correlations between
pregnancy outcomes in eachwoman. Risk ratios for spontaneous
abortion were adjusted for maternal age (thirds), cohabitation
(yes/no), income (dichotomised at the median), education (<10,
10-12, >12 years), history of severe mental disorder (yes/no),
and history of drug misuse (yes/no), which are known risk
factors for spontaneous abortion or likely proxies for
unmeasured risk factors. We excluded induced abortions from
the binomial models and restricted analyses to participants with
information on all variables (n=802 680). For the main analysis
we carried out a sensitivity analysis where we used multiple
imputation with 100 imputations for all missing values on
antiepileptic drug use (because of missing information on
gestational age) and covariates. As the results for the complete
case analysis and the analysis using multiple imputation were
almost identical we only show results for the complete case
analyses. Adjusted analyses for stillbirth included one covariate
at a time owing to the low number of exposed stillbirths. To
avoid unstable results we fitted models only when at least five
events were observed in each drug use group.
We estimated the risk ratios for spontaneous abortion for use
of any antiepileptic drug, to the most common individual drugs
(carbamazepine, clonazepam, lamotrigine, oxcarbazepine, and
valproate), and to high or low doses of the drugs.
In the analyses we included all antiepileptic drug prescriptions
redeemed from 1 January 1996 to 31 December 2008. For
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stillbirths, we defined the exposure window from 30 days before
the estimated day of conception to the day before the end of the
pregnancy. For spontaneous abortions, the exposure window
ended at the gestational age of 22 weeks (152 days) or at the
end of the pregnancy, whichever occurred first. Unexposed
pregnancies included those where the mother did not redeem
any antiepileptic drug prescription in the exposure window.
As spontaneous abortion and live birth might have a differential
opportunity for exposure owing to different lengths of
pregnancy, we performed a sensitivity analysis where we
truncated the exposure window at 10 gestational weeks.
To estimate the effects of misclassification related to use of
antiepileptics, we performed a sensitivity analysis excluding
pregnancies where an antiepileptic drug prescription had been
redeemed from six months to 30 days before conception but not
during the index pregnancy. In another sensitivity analysis, we
set the exposure window at 180 days before conception.
To reduce confounding by indication, we stratified the main
analyses by “ever” versus “never” having a diagnosis of epilepsy
based on the Danish national hospital discharge register. We
also examined whether estimates were changed when the study
population was restricted to women with a diagnosis of epilepsy
during the five years before conception of the index pregnancy.
Finally, we compared pregnant women who used antiepileptic
drugs with pregnant women who had redeemed an antiepileptic
drug prescription in the year before the index pregnancy, but
not during the exposure window for the index pregnancy
(n=1553 pregnancies).
To control for unmeasured shared environmental risk factors
and genetic predisposition, we performed a stratified Cox
regression analysis with robust variance estimation, including
in the cohort those women who had at least two pregnancies
with discordant exposure status (for example, antiepileptic use
in the first but not the second pregnancy). The stratified Cox
regression includes a separate stratum for each woman; thus,
each woman has her own baseline rate function. The analysis
included 289 women with 898 pregnancies, including 383
spontaneous abortions.
We excluded induced abortions from the main analyses.
However, because an induced abortion could potentially have
ended in a spontaneous abortion if the pregnancy had not been
electively terminated early, we performed sensitivity analyses
using Cox regression including induced abortions where the
pregnancies were censored when the pregnancy was terminated.
Analyses were performed using Stata 12 statistical software
(StataCorp, TX).

Results
Our study included a total of 983 305 pregnancies of which 109
800 resulted in a spontaneous abortion (11%), 3222 in stillbirths
(0.3%), and 175 694 in induced abortions (18%). We identified
4700 (0.5%) pregnancies exposed to antiepileptic drugs. Table
1⇓ shows the characteristics of the total study population.
Women who used antiepileptics were more likely to live alone,
have a lower income, and have a lower education than women
who did not use antiepileptics. Women who used antiepileptics
also were more likely to have a history of a psychiatric disorder
(including severe psychiatric disorders), substance misuse, and
use of antipsychotics and antidepressants. Furthermore, induced
abortions were more common among women who used than
did not use antiepileptics.
In the overall analysis, pregnant women who used antiepileptics
had a 13% higher risk of spontaneous abortion (adjusted risk

ratio 1.13, 95% confidence interval, 1.04 to 1.22) compared
with women who did not use antiepileptics (table 2⇓). The
association remainedwhenwe excludedwomenwith a diagnosis
of a severe mental disorder (1.12, 1.03 to 1.21) or women who
used antidepressants, antipsychotics, or insulin (1.09, 1.00 to
1.19). Furthermore, results remained unchanged when the
exposure windowwas extended to six months before conception
(1.17, 1.09 to 1.25) or when women who used antiepileptics
from six months to 30 days before pregnancy were excluded
from the unexposed group (1.13, 1.04 to 1.22). However, when
we compared women who used antiepileptics during the
exposure window with women who used antiepileptics in the
year before conception but not during pregnancy, we found no
association between antiepileptic drug use in pregnancy and
risk of spontaneous abortion (0.90, 0.79 to 1.02).
In matched analyses of consecutive pregnancies in the same
woman, the adjusted hazard ratio for spontaneous abortion was
0.83 (95% confidence interval 0.69 to 1.00) for pregnancies
exposed to antiepileptic drugs compared with unexposed
pregnancies.
When stratifying on maternal epilepsy status, we found an
increased risk of spontaneous abortion for exposed women
without an epilepsy diagnosis, but not for those with epilepsy
(table 3⇓). Ending the exposure window at 10 gestational weeks
changed the estimates only a little; for women ever diagnosed
with epilepsy the adjusted risk ratio for spontaneous abortion
was 1.06 (95% confidence interval 0.95 to 1.18) and for women
without a diagnosis of epilepsy it was 1.41 (1.23 to 1.60).
The most commonly used antiepileptic drugs were lamotrigine
(34%), valproate (13%), carbamazepine (12%), clonazepam
(11%), and oxcarbazepine (11%). When we stratified on ever
versus never having a diagnosis of epilepsy, all of these drugs
were associated with spontaneous abortion in pregnant women
without an epilepsy diagnosis but not in pregnant women with
a diagnosis of epilepsy (table 4⇓). However, a high dose of the
drugs was associated with an increased unadjusted risk of
spontaneous abortion in women both with and without a
diagnosis of epilepsy compared with women who did not use
antiepileptics (figure⇓).
When we used Cox regression to include induced abortions in
the analysis, the hazard ratio for spontaneous abortion was
almost the same (adjusted hazard ratio 1.11, 95% confidence
interval 1.02 to 1.21) as the risk ratio in the main analysis
(binomial regression) excluding induced abortion.
The unadjusted risk ratio for stillbirth was 1.29 (95% confidence
interval 0.80 to 2.10, table 2). Adjusting for maternal age,
cohabitation, income, history of severe mental disorder, or
history of drug misuse one at a time changed the estimate only
slightly.

Discussion
In this population based cohort study, pregnant women who
took antiepileptic drugs had a small but statistically significant
higher risk of spontaneous abortion than women who did not
take antiepileptic drugs. However, we found no association with
spontaneous abortion when restricting the analyses to women
with an epilepsy diagnosis, suggesting that this association may
be explained by confounding as a result of underlying disorders
or their manifestations (confounding by indication). Similar
results were found when exposed pregnancies were compared
with pregnancies in women who had filled a prescription for an
antiepileptic drug in the year before but not during pregnancy.
Furthermore, use of antiepileptics did not increase the risk of
spontaneous abortion across pregnancies discordant for
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antiepileptic drug use. This finding indicates that confounding
from either family or lifestyle factors may explain the small
increased risk in the main analysis.
We found an increased risk of stillbirth for women taking
antiepileptic drugs during pregnancy, but the results were
imprecise and were not statistically significant. Because
stillbirths were rare (n=18 in women who used antiepileptics),
we were unable to adjust for all covariates simultaneously.
However, when we adjusted for one covariate at a time, the
estimates changed only slightly.
Women who used antiepileptic drugs chose to terminate
pregnancymore often than womenwho did not use antiepileptic
drugs during pregnancy. However, the proportion of induced
abortions because of fetal disease was almost the same in the
exposed and unexposed group (0.5% and 0.3%, respectively,
table 1). Some of the pregnancies that were terminated may
have resulted in spontaneous abortion or stillbirth if the
pregnancy had continued. If the risks of spontaneous abortion
and stillbirth in the terminated pregnancies were different in the
exposed and unexposed groups, the estimated risk of
spontaneous abortion and stillbirth would be biased. However,
our results did not change much when we fitted Cox regression
models with induced abortions censored at termination of
pregnancy.

Interpretation of results and comparison with
other studies
Previous studies of spontaneous abortion and stillbirth after
prenatal use of antiepileptic drugs have been conflicting. One
study found that the risk of spontaneous abortion increased by
more than 80% in women taking antiepileptic drugs for epilepsy
compared with women without epilepsy, but the association
was attenuated when compared with women with a history of
epilepsy but who did not use antiepileptics.9 Another study
found an increased risk of miscarriage or stillbirth in pregnant
women with epilepsy using antiepileptic drugs compared with
women with epilepsy who did not use antiepileptics (14% and
4%, respectively, P<0.01). However, this increased risk might
be explained by the frequent use of trimethadione (which is a
strong teratogen) in this population.21 Two other studies did not
observe a difference in risk of spontaneous abortion and stillbirth
between womenwith epilepsy who used antiepileptics and those
who did not; however, both studies were small.14 15

Antiepileptic drugs are also prescribed for disorders other than
epilepsy, including bipolar disorder, migraine, and pain, thus
allowing for confounding by indication from these disorders.
For women without a diagnosis of epilepsy, we found the risk
of spontaneous abortion to be 30% higher among women who
used antiepileptics compared with those who did not, which
may be related to the underlying disorder itself or another risk
profile for these women that we were not able to adjust for in
the analyses.
For women with an epilepsy diagnosis, we found no association
between antiepileptic drug use and spontaneous abortion. This
result does not entirely exclude the possibility of a harmful
effect of antiepileptic drugs on spontaneous abortion because
antiepileptic drugs may decrease the risk of seizures in pregnant
women with epilepsy, and seizures might be a stronger risk
factor for spontaneous abortion than use of antiepileptic drugs.
Unfortunately, we had no information on the prevalence of
seizures during pregnancy. However, a study of 1956
pregnancies had only 36 cases of status epilepticus (12
convulsive), which resulted in one stillbirth, no spontaneous
abortions, and no maternal deaths.22 This suggests that seizures

may not be a significant contributing factor for risk of fetal
death.
Animal studies have shown a dose-dependent association
between antiepileptic drug use and risk of spontaneous
abortion.7 8 We did find an increased risk of spontaneous
abortion in women filling prescriptions for high doses of
antiepileptic drugs for those both with and without a diagnosis
of epilepsy, even after adjusting for measured confounders. This
may indicate a threshold effect or could be a consequence of
confounding by indication, such as severity of the disorder, or
other types of confounding for which we were not able to adjust.
However, in a sensitivity analysis of women exposed in the year
before conception, but not during pregnancy, we still found an
increased risk for women using high doses (data not shown).
We did not have information on the actual antiepileptic drug
dose prescribed or taken by the women, nor did we know if the
dose was changed during the pregnancy, which may limit the
validity of the analyses on dose-response.We have been unable
to identify other studies that have analysed the risk of
spontaneous abortions while accounting for antiepileptic drug
dose, but published studies have found that high doses of
antiepileptic drugs during pregnancy may be associated with
an increased risk of congenital malformations compared with
low doses.23 24

Previous studies have found valproate25 and topiramate11 to be
associated with spontaneous abortion, although the results were
not statistically significant. Topiramate accounted for only 5%
of the antiepileptic drug use in our study population, so we did
not have statistical power to analyse this drug separately.

Strengths and limitations of this study
As a result of the information available in the Danish registries,
we were able to include all clinically recognised pregnancies
in Denmark during a 12 year study period with almost complete
follow-up. Therefore the results are not likely to be hampered
by selection bias.
Information on use of antiepileptics was based on prescriptions
filled for the drugs. In Denmark, antiepileptic drugs require a
prescription. Although we have no information as to whether
the women actually used the drugs, a previous study found that
compliance was high for antiepileptic drug use among pregnant
women,26 and this suggests that misclassification in our exposed
group is likely to be low. Non-compliance to drug use in the
exposed group could attenuate the association. We cannot rule
out the possibility that some women in the unexposed group
actually used antiepileptics because some may have bought
antiepileptic drugs before the time of the exposure window (that
is, 30 days before pregnancy). However, our results were not
changed by extending the exposure window to sixmonths before
pregnancy.
We identified data on spontaneous abortions and stillbirths in
Danish health registries. A previous study found a positive
predictive value of 97.4% for the diagnosis “spontaneous
abortion” in the Danish national hospital discharge register.27

Healthcare in Denmark is freely available to all citizens, and
almost all stillbirths and spontaneous abortions after recognised
pregnancy are dealt with at a hospital. However, very early
spontaneous abortions may be mistaken as a late menstrual
period, especially if the pregnancy was unplanned. Thus, if
antiepileptic drug use increases the risk of very early
unrecognised spontaneous abortions, our results may have
underestimated an association between prenatal exposure and
spontaneous abortions. On the other hand, if antiepileptic drug
users (such as women with epilepsy) recognise their pregnancy
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at an earlier stage than women who do not use antiepileptics,
then unrecognised spontaneous abortion might be more
commoon in the unexposed group, which might lead to an
artificially increased effect estimate. However, we found no
difference in mean gestational age of spontaneous abortion for
the women who did or did not use antiepileptics during
pregnancy. This suggests that the time of recognition of
pregnancies is not a serious source of bias in this study.
We did not find an association in the fully adjusted analyses of
antiepileptic drug discordant pregnancies in the same woman,
which suggests that confounding by indication and residual
confounding may explain the increased risk identified in the
other analyses. Despite the large study size, we were not able
to perform fully adjusted analyses for stillbirth because of too
few exposed cases.

Clinical implications and conclusion
Women with epilepsy who take antiepileptic drugs during
pregnancy had no increased risk of spontaneous abortion. We
had limited data to study still birth, but the overall and absolute
risk was low. The data support that pregnant women with
epilepsy can continue antiepileptic drug treatment as the risk
of fetal death is low. However, our study indicates that women
with epilepsy treated with a high dose of antiepileptic drug
might have an increased risk of spontaneous abortion, especially
when using high doses of valproate, clonazepam, and
carbamazepine.
Our study supports the view that antiepileptic drug treatment
in pregnancy should aim at the lowest possible dose, but also
bearing in mind that antiepileptic drug treatment in pregnancy
is associated with potential harmful effects on the developing
fetus, including congenital malformations and adverse effects
on neurodevelopment.
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What is already known on this topic

Studies have found an association between the use of antiepileptic drugs during pregnancy and congenital malformation
Little is known about the association between use of antiepileptic drugs during pregnancy and the risk of spontaneous abortion and still
birth

What this study adds

Our large, registry based study suggests that women treated for epilepsy with antiepileptic drugs during pregnancy may not be at
increased risk of spontaneous abortion
We could not identify an association between antiepileptic drug use and stillbirth, but the numbers analysed were small

Tables

Table 1| Characteristics of eligible pregnancies

No (%)

Characteristics
Not using antiepileptics

(n=978 605)Using antiepileptics (n=4700)

Maternal age at conception (years):

55 535 (5.7)280 (6.0)<21

155 703 (15.9)784 (16.7)21-25

333 391 (34.1)1484 (31.6)26-30

290 464 (29.7)1374 (29.2)31-35

143 511 (14.7)778 (16.6)≥36

1 (0.0)0 (0.0)Missing

Cohabitation:

754 687 (77.1)3244 (69.0)Yes

215 216 (22.0)1436 (30.6)No

8702 (0.9)20 (0.4)Missing

Income (fifths):

193 300 (19.8)1130 (24.0)First (lowest)

195 440 (20.0)1280 (27.2)Second

195 989 (20.0)957 (20.4)Third

196 379 (20.1)778 (16.6)Fourth

196 348 (20.1)555 (11.8)Fifth (highest)

1149 (0.1)0 (0.0)Missing

Education (years):

107 387 (11.0)828 (17.6)<10

303 302 (31.0)1782 (37.9)10-12

539 611 (55.1)1970 (41.9)>12

28 305 (2.9)120 (2.6)Missing

Maternal psychiatric history:

61 335 (6.3)1213 (25.8)Yes

917 270 (93.7)3487 (74.2)No

0 (0.0)0 (0.0)Missing

Maternal history of substance misuse:

5263 (0.5)257 (5.5)Yes

973 342 (99.5)4443 (94.5)No

0 (0.0)0 (0.0)Missing

Maternal history of severe psychiatric disorder:

2439 (0.2)253 (5.4)Yes

976 166 (99.8)4447 (94.6)No

0 (0.0)0 (0.0)Missing

No commercial reuse: See rights and reprints http://www.bmj.com/permissions Subscribe: http://www.bmj.com/subscribe

BMJ 2014;349:g5159 doi: 10.1136/bmj.g5159 (Published 22 August 2014) Page 6 of 11

RESEARCH

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.g5159 on 21 A
ugust 2014. D

ow
nloaded from

 

http://www.bmj.com/permissions
http://www.bmj.com/subscribe
http://www.bmj.com/


Table 1 (continued)

No (%)

Characteristics
Not using antiepileptics

(n=978 605)Using antiepileptics (n=4700)

Concurrent drug use:

617 424 (63.1)4700 (100.0)Any

2740 (0.3)364 (7.7)Antipsychotics

21 000 (2.1)752 (16.0)Antidepressants

4537 (0.5)42 (0.9)Insulin

Induced abortion (reason):

2,987 (0.3)22 (0.5)Fetal disease

171 569 (17.5)1116 (23.7)Other

174 556 (17.8)1138 (24.2)Combined

No commercial reuse: See rights and reprints http://www.bmj.com/permissions Subscribe: http://www.bmj.com/subscribe

BMJ 2014;349:g5159 doi: 10.1136/bmj.g5159 (Published 22 August 2014) Page 7 of 11

RESEARCH

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.g5159 on 21 A
ugust 2014. D

ow
nloaded from

 

http://www.bmj.com/permissions
http://www.bmj.com/subscribe
http://www.bmj.com/


Table 2| Association between antiepileptic drug use during pregnancy and spontaneous abortion and stillbirth

Risk ratio (95% CI)

No of outcomesNo of pregnancies
Antiepileptic use by pregnancy
outcome Adjusted*Crude

Spontaneous abortion:

1.13 (1.04 to 1.22)1.20 (1.11 to 1.30)5493432Antiepileptics

1 (reference)1 (reference)109 251819 507No antiepileptics

Stillbirth:

NA1.29 (0.80 to 2.10)183081Antiepileptics

NA1 (reference)3204710 058No antiepileptics

NA=not applicable (owing to too few exposed stillbirths).
*Adjusted for maternal age, cohabitation, income, education, history of severe mental disorder, and history of drug misuse. A total of 802 680 participants were
included in this analysis.
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Table 3| Association between antiepileptic drug use during pregnancy, and spontaneous abortion stratified on epilepsy diagnosis in mother

Risk ratio (95% CI)

No of spontaneous abortionsNo of pregnanciesAntiepileptic use by epilepsy diagnosis Adjusted*Crude

Ever diagnosis†:

0.98 (0.87 to 1.09)0.97 (0.86 to 1.08)3722615Antiepileptics

1 (reference)1 (reference)9786645No antiepileptics

Never diagnosis‡:

1.30 (1.14 to 1.49)1.63 (1.43 to 1.85)177817Antiepileptics

1 (reference)1 (reference)108 273812 862No antiepileptics

Diagnosis within 5 years of index pregnancy§:

0.94 (0.81 to 1.08)0.90 (0.78 to 1.03)3442519Antiepileptics

1 (reference)1 (reference)3642388No antiepileptics

No diagnosis within 5 years of index pregnancy¶:

1.37 (1.21 to 1.54)1.68 (1.49 to 1.90)205913Antiepileptics

1 (reference)1 (reference)108 887817 119No antiepileptics

*Adjusted for maternal age, cohabitation, income, education, history of severe mental disorder, and history of drug misuse.
†Adjusted analysis includes 9116 participants.
‡Adjusted analysis includes 793 564 participants.
§Adjusted analysis includes 4808 participants.
¶Adjusted analysis includes 797 872 participants.
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Table 4| Association between use of specific antiepileptic drugs during pregnancy and spontaneous abortion, stratified on epilepsy
diagnosis in mother

Relative risk (95% CI)

No (%) of spontaneous abortionsTotal NoAntiepileptic by epilepsy diagnosis Adjusted*Crude

Carbamazepine

Ever epilepsy:

0.96 (0.75 to 1.22)0.98 (0.77 to 1.25)59 (14.4)409Yes

1 (reference)1 (reference)978 (14.7)6645No

Never epilepsy:

NA1.58 (1.07 to 2.33)20 (21.1)95Yes

1 (reference)1 (reference)108 273 (13.3)812 862No

Clonazepam

Ever epilepsy:

0.88 (0.63 to 1.23)0.92 (0.66 to 1.28)31 (13.5)230Yes

1 (reference)1 (reference)978 (14.7)6645No

Never epilepsy:

1.91 (1.54 to 2.37)2.06 (1.65 to 2.56)60 (27.4)219Yes

1 (reference)1 (reference)108 273 (13.3)812 862No

Lamotrigine

Ever epilepsy:

0.92 (0.78 to 1.08)0.92 (0.78 to 1.08)153 (13.6)1128Yes

1 (reference)1 (reference)978 (14.7)6645No

Never epilepsy:

1.40 (1.08 to 1.81)1.51 (1.17 to 1.95)47 (20.1)234Yes

1 (reference)1 (reference)108 273 (13.3)812 862No

Oxcarbazepine

Ever epilepsy:

1.00 (0.78 to 1.28)1.02 (0.79 to 1.31)62 (15.0)413Yes

1 (reference)1 (reference)978 (14.7)6645No

Never epilepsy:

NA2.17 (1.35 to 3.50)11 (28.9)38Yes

NA1 (reference)108 273 (13.3)812 862No

Valproate

Ever epilepsy:

1.05 (0.86 to 1.29)1.08 (0.88 to 1.32)75 (15.8)474Yes

1 (reference)1 (reference)978 (14.7)6645No

Never epilepsy:

NA)1.81 (1.16 to 2.82)14 (24.1)58Yes

1 (reference)1 (reference)108 273 (13.3)812 862No

NA=not applicable (owing to too few exposed spontaneous abortions).
*Adjusted for maternal age, cohabitation, income, education, history of severe mental disorder, and history of drug misuse.
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Figure

Association between dose of specific antiepileptic and spontaneous abortion, stratified on ever epilepsy diagnosis in mother.
Estimates shown are risk ratios (95% confidence intervals). Owing to sparse data it was not possible to analyse valproate
for women without an epilepsy diagnosis. High daily dose for different drugs was defined as: carbamazepine >500 mg/day,
clonazepam >4 mg/day, lamotrigine >150 mg/day, oxcarbazepine >500 mg/day, and valproate >750 mg/day
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