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A growing number of studies have addressed treatment 
with antiepileptic drugs (AEDs) during pregnancy and 
adverse outcomes in children, including congenital 
malformations and impaired neurodevelopment. Ma-
ternal use of valproate in particular during pregnancy 
has been associated with an increased risk of congeni-
tal malformations [1], autism spectrum disorder, poor 
cognitive skills, attention-deficit/hyperactivity disorder 
and impaired academic performance [2].

Because of this growing concern regarding the use 
of valproate in pregnancy, the European Medicine 

Agency (EMA) issued a warning concerning its use; if 
possible, the use of valproate should be avoided in girls 
and women of fertile age [2] and should be considered 
only in girls and women with refractory epilepsy who 
do not respond to other AEDs [3]. 

The concern increases the need to investigate the 
use of AEDs in Danish women of fertile age and preg-
nant women. AEDs are used to manage epilepsy; how-
ever, especially the newer AEDs are also increasingly 
used in the treatment of psychiatric disorders (e.g. bi-
polar diseases), migraine, trigeminal neuralgia and 
neuropathic pain [4]. The many new indications for 
which this drug are given mean that a considerably 
larger cohort of fertile/pregnant women are now tak-
ing AEDs, which adds to the need for continuous sur-
veillance of AED use among women of fertile age and 
pregnant women.

We analysed the use of AEDs in Danish women of 
fertile age and in Danish pregnant women from 2001 
to 2016. We describe the use of individual AEDs in gen-
eral and the use of valproate in particular. The findings 
of the study allowed us to evaluate whether the use of 
AEDs has been adjusted in Denmark according to rec-
ommendations issued by the EMA and especially 
whether AED use is affected by the warning concerning 
the use of valproate in women of fertile age and in 
pregnant women. The findings are relevant for estab-
lishing if Denmark has adjusted its prescription practice 
in the light of the EMA’s warning or if further interven-
tion is needed.

METHODS 

This was a retrospective cross-sectional study including 
women of fertile age, defined as women aged 18-44 
years, and all women (of any age) who gave birth in 
the period from 1 January 2001 to 31 December 2016 
in Denmark. 

We included registered pregnancies leading to live-
births at any gestational length and stillbirths from 22 
weeks of gestation. We excluded women with un-
known length of pregnancy and women who did not 
live in Denmark one year prior to their pregnancy. 
Information about drugs used and about the women 
was linked via the Danish personal identification sys-
tem using the Danish CPR number [5]. 
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The study relies on the data sources described in the 
following. 

Women of fertile age

Data on prescriptions filled by women of fertile age 
were obtained from the Danish National Prescription 
Registry [6]. Their age was determined annually when 
they filled their first prescription. The size of the under-
lying population was based on data collected from Stat
istics Denmark on 1 January each year [7]. In Den-
mark, AEDs are issued on prescription only, and all 
sales of AEDs outside hospitals are registered in the 
Danish National Prescription Registry and have been so 
since 1994 [6]. 

Pregnant women

Data on filled prescriptions was obtained in the same 
manner as for the group of women of fertile age. Infor-
mation about births was obtained through the Danish 
Medical Birth Register. As the number of pregnant 
women using AEDs was low, we did not age-stratify by 
exposure.

We included the most frequently used AEDs from 
the Anatomical Therapeutic Chemical Classification 
System: N03: phenobarbital, clonazepam, carbamaze-
pine, oxcarbazepine, valproate, lamotrigine, topira-
mate, gabapentin, levetiracetam, zonisamide, pregaba-
lin. N03 drugs are classified as antiepileptic drugs [8]. 

From 1978 to 1993, six AEDs were released; and  
after 1993, eight new drugs were released within a dec-
ade [9-11]. The drugs investigated in this paper include 
three drugs released before 1993 – valproate, carba-
mazepine and phenobarbital –  and the eight drugs re-
leased from 1993 onwards, including lamotrigine and 
levetiracetam. 

We calculated proportions with exact 95% confi-

dence intervals (CI) using STATA, version 15.2 
(StataCorp, College Station, Texas)

Trial registration: none.

RESULTS

Participants

The number of women of fertile age using AEDs was 
13,842 in 2001 and 25,270 in 2016. We included data 
on women who were pregnant from 2001 (n = 60,618) 
to 2016 (n = 56,818) according to the Danish Medical 
Birth Register. A total of 229 pregnant women used 
AEDs in 2001; by 2016 the number of pregnant women 
who used AEDs had risen to 389.  

Main analyses

In both women of fertile age and pregnant women, we 
observed an increase in the use of new drugs such as la-
motrigine and levetiracetam from 2001 to 2016 (Fig-
ure 1, Figure 2 and Figure 3). The use of old drugs, in-
cluding carbamazepine, phenobarbital and valproate, 
decreased from 2001 to 2016 (Figure 1 and Figure 3) 
[9].

In the group of women of fertile age, we observed a 
median increase in the overall use of AEDs from 10.7‰ 
(95% CI: 10.5-10.9‰) in 2001 to 27.1‰ (95% CI: 
26.8-27.4‰) in 2016. There was a slight decrease in 
the use of valproate; from 2.1‰ (95% CI: 2.0-2.2‰) 
to 1.9‰ (95% CI: 1.8-2.0‰) in 2016 (Figure 1). 
When we divided the group of women of fertile age 
(18-44 years) into two groups; 18-24 and 25-44 years, 
respectively, we found no change in the use of val-
proate in the 25-44-year-old group (2.1‰ (95% CI: 
2.0-2.2‰) in 2001 and 2.1‰ (95% CI: 2.0-2.2‰) in 
2016), and a decrease was observed in the 18-24-year-
old group (2.1‰ (95% CI: 1.9-2.3‰) in 2001 and 
1.4‰ (95% CI: 1.3-1.6‰) in 2016) (Figure 2). In 
2016, lamotrigine and levetiracetam were the leading 
and fourth-most frequently used AED in Danish women 
of fertile age, and a steady increase in the use of lamo-
trigine was observed in the group of women of fertile 
age; from 2.6 ‰ (95% CI: 2.5-2.7‰) in 2001 to 
10.9‰ (95% CI: 10.7-11.1‰) in 2016 (Figure 1). 

Overall, use of all AEDs during pregnancy among 
Danish pregnant women rose from 3.8‰ (95% CI: 3.3-
4.3‰) in 2001 to 6.9‰ (95% CI: 6.2-7.6‰) in 2016 
(Figure 3). In particular, the use of lamotrigine in-
creased from 1.4‰ (95% CI: 1.1-1.7‰) in 2001 to 
4.6‰ (95% CI: 4.0-5.2‰) in 2016 (Figure 3). Lamo
trigine and levetiracetam were the two most used AEDs 
among these women. In pregnant women, the use of 
valproate declined from 0.6‰ (95% CI: 0.4-0.8‰) in 
2001 to 0.2‰ (95% CI: 0.1-0.4‰) in 2016 (Figure 3).

The proportion of pregnant women who used val-
proate during their pregnancy in 2016 was equal to the 
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proportion of pregnant women using carbamazepine. 
We identified no use of phenobarbital in pregnant 
women in 2016.

DISCUSSION 

In both women of fertile age and pregnant women, the 
overall use of AEDs increased, whereas the use of val-
proate decreased slightly in both groups from 2001 to 
2016. However, in the group of fertile women, only a 
slight decrease in the use of valproate from a median of 
2.1‰ (95% CI: 2.0-2.2‰) to 1.9‰ (95% CI: 1.8-
2.0‰) was observed, and this decrease was driven by 
the younger age group (18-24 years). In pregnant 
women, valproate use decreased from 0.6‰ (95% CI: 
0.4-0.8‰) of all pregnancies in 2001 to 0.2‰ (95% 
CI: 0.1-0.4‰) in 2016. 

Strengths

We included all women of fertile age and pregnant 
women in Denmark for a 16-year period. We had infor-
mation on all filled prescriptions for AEDs in the study 
population. The linkage of data based on the CPR num-
ber ensures accurate identification of individuals and 
their prescription of AEDs [5].

Limitations

The study has several limitations. The register data in-
clude no information on drug compliance, and such in-
formation would naturally add to their relevance.  
Studies have shown that women filling a prescription 
for AED were also more likely to take the drug [12].

We had no information on other drugs that the 
pregnant women and women of fertile age might have 
consumed, or if they consumed more than one drug at 
a time. We defined women of fertile age as women 
aged 18-44 years, which includes the majority of 
women of fertile age. Naturally, women may become 
fertile at a younger age than 18 years and some may re-
main fertile beyond the age of 44 or stop being fertile 
before the age of 44. Nevertheless, our definition in-
cludes the vast majority of women of child-bearing po-
tential. When we stratified the group of women of fer-
tile age into two groups (18-24 and 24-44 years), the 
decrease in the use of valproate was observed only in 
the young group. The reason for this may be that doc-
tors consider the probability of pregnancy more rele-
vant in younger women and therefore are more cau-
tious with prescribing valproate to this group – in line 
with the EMA’s warning regarding the use of valproate 
in women of fertile age in general [2]. Among the re-
ductions observed in the young age group, the steepest 
decline was observed from 2012 to 2016. Despite 
EMA’s warning against the use of valproate in women 
of fertile age, valproate was still used by 1.9‰ (95% 
CI: 1.8-2.0‰) women of fertile age in 2016.

We observed a substantial decrease in the use of 
valproate in both fertile women and pregnant women. 
This may reflect both that women with ongoing treat-
ment are being taken off valproate and that the number 
of new valproate users is decreasing. 

Despite the EMA’s recent warning against valproate 
and the  large amount of literature on the harmful ef-
fects of valproate [1], its use remained stable in the 25-
44-year age group and decreased only in the group of 
18-24-year-olds (thereby lowering the total use of val-
proate in women of fertile age). The steady decline in 
the number of users of valproate observed from 2012 
with little change in the ongoing decline after 2014 
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may indicate that the EMA warning was not a signifi-
cant contributing factor to the decline. Instead, the 
large amounts of information available already before 
the EMA warning was issued may have contributed to 
the observed decline. However, continuous use of val-
proate by women of fertile age after 2014 may also re-
flect that some women with epilepsy may not achieve 
seizure freedom with other drugs. 

Some of the AEDs in this study are associated with 
an increased risk of congenital malformations, and 
such malformations may lead to miscarriage or induced 
abortion [13]. However, a Danish study found that 
only a slightly increased risk for spontaneous abortion 
was associated with AED use in pregnancy [14], and 
the underestimation may therefore be limited.

The increased use of AEDs among pregnant women 
may be due to the fact that a growing number of 
women with chronic diseases, including epilepsy, give 
birth [15]. For example, the proportion of pregnant 
women with epilepsy rose from 0.5% in 1989-1993 to 
0.78% in 1999-2003 and then to 0.98% in 2009-13 
[15]. This may account for some of the increase in the 
use of AEDs among pregnant women. However, be-
cause the proportion of women who use AEDs is much 
higher than the proportion of women with epilepsy, the 
increased use of AEDs is likely due to use for other indi-
cations than epilepsy [16].

Generalisability

A recent Swedish study also investigating initiation of 
valproate treatment in women [17], included data 
from 2011 to 2017 among women aged 0-45 years with 
epilepsy and/or psychiatric diagnoses. The Swedish 
study compared these women with men aged 0-45 
years with the same diagnoses and found a slight de-
crease in initiation of valproate treatment in women 
before the EMA warning in 2014 [2], and after the 
warning they found a significant decrease in initiation 
of valproate treatment, i.e. 2,293 women initiated val-
proate treatment from 2011 to 2014 and only 1,300 
from 2014 to 2017.

A comparable Norwegian study included data from 
2010 to 2015 and found a 5% decrease in the number 
of women being prescribed valproate, which again 
shows a trend that is comparable to the one established 
in our study [18]. 

A Dutch study covered seven European countries, 
including Denmark [10]. The authors observed an an-
nual increase between 6% and 15% in the use of AEDs, 
which was entirely due to an increase in the use of the 
newer AEDs marketed since the 1990s. These results 
are thus in keeping with the result of the present study, 
where an increase was observed for newer AEDs ac-
companied by a slow decrease in the use of valproate, 
especially since 2014. In Denmark, the authors found 
an annual 6% linear increase in the use of AEDs; they 
assumed that this increase was due to an increase in 
the use of newer AEDs. These results are thus in keep-
ing with the result reported in the present study, where 
the increase found is also due to the use of newer AEDs.

Lamotrigine does not seem to be associated with an 
increased risk of adverse outcomes in the offspring 
[19], but it may be associated with an increased seizure 
frequency when used during pregnancy in women with 
epilepsy [20]. However, the use of lamotrigine in-
creased significantly over the study period, and lamo-
trigine is now clearly the most frequently used AED in 
women of fertile age and in pregnant women.

CONCLUSIONS

The overall use of AEDs increased for both women of 
fertile age and for pregnant women from 2001 to 2016. 
The use of valproate in Danish women of fertile age 
and pregnant women has decreased in recent years fol-
lowing reports about adverse birth outcomes after val-
proate exposure in pregnancy. However, the decrease 
was seen in the pregnant women only and in the 
younger women of fertile age, not in older women of 
fertile age (25-44 years of age). 

The most frequently used AED in women of fertile 
age and pregnant women in Denmark is lamotrigine. In 
2016, gabapentin, levetiracetam and pregabalin were 
the three most frequently used AEDs following lamo-
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trigine in women of fertile age and pregnant women 
alike.
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