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Abstract
Objective: To examine antiseizure medication (ASM) prescription during pregnancy.
Design: Population- based drug utilisation study.
Setting: UK primary and secondary care data, 1995– 2018, from the Clinical Practice 
Research Datalink GOLD version.
Population or Sample: 752 112 completed pregnancies among women registered for 
a minimum of 12 months with an ‘up to standard’ general practice prior to the esti-
mated start of pregnancy and for the duration of their pregnancy.
Methods: We described ASM prescription across the study period, overall and by 
ASM indication, examined patterns of prescription during pregnancy including con-
tinuous prescription and discontinuation, and used logistic regression to investigate 
factors associated with those ASM prescription patterns.
Main Outcome Measures: Prescription of ASMs during pregnancy and discontinu-
ation of ASMs before and during pregnancy.
Results: ASM prescription during pregnancy increased from 0.6% of pregnancies 
in 1995 to 1.6% in 2018, driven largely by an increase in women with indications 
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1 |  I N TRODUC TION

Antiseizure medications (ASMs) are prescribed for epi-
lepsy, psychiatric disorders, pain and migraine. Continuous 
treatment throughout pregnancy is often recommended, 
as uncontrolled epilepsy and mood disorder could be det-
rimental to both the mother and baby.1,2 However, some 
ASMs, including sodium valproate and topiramate, are 
teratogenic.3,4 The latest evidence indicates lamotrigine 
and levetiracetam are the safest,3 and prescribing advice 
suggests using monotherapy and lowest effective dose; how-
ever, the safety profile of many ASMs is poorly understood.

ASM prescription during pregnancy has risen in the past 
two decades internationally.5,6 In the UK, despite reductions 
in sodium valproate prescriptions, the prevalence of ASM 
prescribing during pregnancy in the general population rose 
from around 6 to 12 per 1000 pregnancies between 2007 
and 2016, largely due to increases in prescriptions of prega-
balin, gabapentin and lamotrigine.5 Evidence also indicates 
that discontinuation of ASMs before or during pregnancy is 
common (19%– 38% of women prescribed any ASM before 
pregnancy are not prescribed during pregnancy,6 and the 
prevalence of prescription declines between the first and 
later trimesters of pregnancy),5,6 despite dangers associated 
with stopping treatment.1 Discontinuation of ASMs is more 
common among women with bipolar disorder7 and among 
women taking ASMs for less than 12 months prior to the 
start of pregnancy.8

Few studies to date have been able to leverage large- scale 
health registries and examine prescriptions for multiple in-
dications for ASM. Furthermore, analyses assessing which 
factors are associated with ASM discontinuation have been 
limited by small sample sizes. The purpose of this study is to 
provide an overview of current clinical practice of ASM pre-
scriptions during pregnancy from 1995 to 2018 using the UK 
Clinical Practice Research Datalink (CPRD) and the newly 
developed pregnancy register. We further aim to describe the 
patterns of ASM prescription (i.e. continuation, discontinua-
tion, initiation) that reflect the decisions made by women and 
their doctors with respect to ASM exposure in pregnancy, 
and identify potential associations with discontinuation.

2 |  M ETHODS

We carried out a population- based drug prescription study 
using UK electronic healthcare records. All code lists and 
scripts can be found at https://github.com/pmadl eydow d/
PREPA rE- ASM- trend s- 1995- 2018.

2.1 | Data sources

We used data from CPRD GOLD,9 which holds primary 
care data for around 9% of the UK population; patients are 
broadly representative of the UK population in terms of age 
and sex. CPRD GOLD records diagnoses using Read codes10 
and prescriptions using British National Formulary codes. 
The CPRD GOLD Pregnancy Register identified pregnancy 
episodes in women aged 11– 49 years using an algorithm,11 
providing pregnancy outcomes and timing estimates de-
rived from all available pregnancy data in CPRD including 
estimated delivery dates, last menstrual period dates, ultra-
sound dating scans and prematurity records. Using a patient 
identifier, data have been linked to hospital admissions and 
hospital outpatient data from the Hospital Episode Statistics 
database (HES), Office for National Statistics (ONS) death 
certificate data and Index of Multiple Deprivation (IMD) 
data. Details of the datasets used are provided in Methods 
S1. Informed consent by patients was not sought, as all 
CPRD data are anonymised. Details of CPRD's safeguarding 
of patient data can be found at https://cprd.com/safeg uardi 
ng- patie nt- data. Patient and public involvement was not em-
ployed for this study.

2.2 | Study population

We selected completed pregnancies from the pregnancy 
register; these included pregnancies ending in ether a live 
or stillbirth (i.e. early pregnancy losses were excluded). The 
estimated pregnancy start date was between 1995 and 2018. 
Validation work, comparing the Pregnancy Register against 
linked electronic maternity records in HES, has indicated 

other than epilepsy. Epilepsy was an indication for 62.5% of pregnancies with an 
ASM prescription and non- epilepsy indications were present for 66.6%. Continuous 
prescription of ASMs during pregnancy was more common in women with epilepsy 
(64.3%) than in women with other indications (25.3%). Switching ASMs was infre-
quent (0.8% of ASM users). Factors associated with discontinuation included age ≥35, 
higher social deprivation, more frequent contact with the GP and being prescribed 
antidepressants or antipsychotics.
Conclusions: ASM prescription during pregnancy increased between 1995 and 2018 
in the UK. Patterns of prescription around the pregnancy period vary by indication 
and are associated with several maternal characteristics.

K E Y W O R D S
antiseizure medication, bipolar disorder, epilepsy, neuropathic pain, pregnancy
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overall good agreement, suggesting most pregnancies are 
well captured in the register.11 We required each woman to 
be registered for a minimum of 12 months with an ‘up to 
standard’ practice prior to the estimated start of pregnancy. 
This ensured sufficient time to record underlying health 
conditions and ensured pregnancies represented current 
pregnancies, rather than retrospective recording of histori-
cal pregnancies soon after women join a new general prac-
tice.11 Multiple pregnancies were included, and an individual 
woman could contribute several pregnancies.

A substantial proportion of pregnancies in the Pregnancy 
Register are uncertain, either having no identified outcome 
or overlapping (referred to as ‘conflict’) with other pregnan-
cies. In line with recommendations, we developed an algo-
rithm to clean and recover some of these pregnancies.12 Full 
details can be found in Methods S2.

2.3 | ASM prescribing

We gathered information on ASM prescriptions from pri-
mary care records from 12 months prior to the estimated 
pregnancy start date, throughout pregnancy, and 12 months 
after pregnancy end date. Prescriptions came only from 
primary care records and do not include prescriptions writ-
ten by specialists. It is not possible to purchase ASMs in the 
UK without a prescription. We defined the prescription of 
ASM as any prescription with the Anatomical Therapeutic 
Chemical codes N03A (antiseizure medications). Implausible 
values for number of tablets taken per day and total quantity 
of tablets prescribed were changed to missing, and a hot- 
decking approach was used to singly impute missing val-
ues for quantity and number of tablets taken per day (see 
Methods S3 for more details). Prescription length was calcu-
lated by dividing the quantity of tablets by number taken per 
day. Daily dose in milligrams was calculated for each pre-
scription by multiplying the number of tablets taken per day 
by the dose per tablet.

We classified ASM prescriptions during the first trimester 
of pregnancy by daily dose (low, medium, high; derivation 
of cut- offs described in Methods S4), poly-  or monother-
apy (polytherapy was defined as prescriptions of ≥2 distinct 
ASMs prescribed in the first trimester). For monotherapies, 
we separately describe patterns by individual drugs (lamo-
trigine, valproate, carbamazepine, pregabalin, levetirace-
tam, gabapentin, levetiracetam, other).

Exposure was also categorised according to 3- month 
windows from 12 months prior to pregnancy start until the 
end of pregnancy. First- , second-  and third- trimester win-
dows are defined in the Pregnancy Register as the pregnancy 
start (presumed last menstrual period) through week 13, 
weeks 14– 26, and week 27 through the pregnancy end, re-
spectively. We considered a woman exposed to an ASM drug 
in any specific period if the prescription start or end date fell 
within the window.

Pre- pregnancy prescription was defined as two prescrip-
tions of the same drug in the year before pregnancy, with 

at least one prescription in the 12 to 6 months before preg-
nancy and at least one prescription in the 6 to 0 months be-
fore pregnancy to exclude inconsistent or temporary users.

Continuous prescription during pregnancy was defined 
as pre- pregnancy prescription and prescription of the same 
individual drug in the first, second and third trimester.

Pre- pregnancy discontinuation was defined as pre- 
pregnancy prescription but not in the pregnancy period.

Late discontinuation was defined as pre- pregnancy and 
first- trimester prescription, but no prescription in the third 
trimester (there may or may not have been prescription 
during the second trimester).

Initiators of ASMs during pregnancy were those with an 
ASM prescription during any trimester, but no prescription 
in the 12 months prior to pregnancy start.

Finally, we counted the number of women switching 
ASMs; this was defined as receiving a particular ASM in the 
12 months prior to pregnancy start but not in the pregnancy 
period, and initiation of a different ASM in one of the three 
trimesters (see Methods S5).

2.4 | ASM indication

A first diagnosis of each indication was identified using in-
formation prior to pregnancy start. We identified European 
Medicines Agency (EMA)- approved indications for ASM 
prescription. Identification of epilepsy used a previously de-
veloped algorithm13 based on a single diagnosis of epilepsy 
OR two seizure codes >24 h apart (see Figure S4). Previous 
work using primary care electronic healthcare records from 
Wales showed a single epilepsy diagnosis accurately identi-
fied patients with epilepsy (sensitivity 86% and specificity 
97%).14 In psychiatry, ASMs are also approved for use in 
generalised anxiety disorder (GAD), yet there is widespread 
off- label use for many other conditions; as such we created 
an indication of ‘other psychiatric conditions’. Finally, we 
created an indication of ‘other somatic conditions’, which 
included restless leg syndrome, recurrent migraines and 
neuropathic pain. Each patient could have multiple in-
dications. See Methods S6 and S7 for full definition of 
indications.

2.5 | Other characteristics

Characteristics investigated for association with discon-
tinuation of ASMs included: age in years, ethnicity, social 
deprivation; smoking; body mass index (BMI), records of 
alcohol problems, GP consultation frequency in the year 
prior to pregnancy start, co- prescription of antidepressants 
and antipsychotics in the year prior to pregnancy; estimated 
gravidity, illicit drug use, number of hospitalisations in the 
year before pregnancy, number of seizures in year prior to 
pregnancy, ASM dose in first trimester and ASM drug (see 
above for categories). Methods S8 provides full definitions of 
all variables and the timing of ascertainment. Most variables 
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were captured prior to or during pregnancy, but social dep-
rivation was captured at a single time point.

2.6 | Statistical analysis

All analyses were performed in STATA 17.15

2.6.1 | Secular trends in prescription of ASMs 
during pregnancy

We described the annual prevalence of ASM prescribing any 
time before and during pregnancy, for each calendar year be-
tween 1 January 1995 and 31 December 2018, overall and by 
indication. We calculated a period prevalence for each year by 
dividing the number of women prescribed ASMs during preg-
nancy in that year by the total number of pregnant women 
under follow- up during that year. We then described the 
proportion of pregnancies where there was evidence of poly-
therapy and high- dose prescribing in the first trimester for 
each year between 1995 and 2018, overall and by indication. 
We calculated the proportion of women prescribed each ASM 
drug type at any time in pregnancy, overall and by indication.

2.6.2 | Patterns of prescription before and 
during pregnancy

We described the proportion of pregnancies where ASMs 
were prescribed before and during pregnancy, in 3- month 
time periods, overall and by ASM indication. We assessed 
the proportion that were high dose across different trimes-
ters. We calculated the proportion of pregnancies where 
ASMs were continued, discontinued pre- pregnancy and late 
into pregnancy, and initiated or switched during pregnancy, 
overall and by ASM indication. We repeated this among 
women prescribed valproate to investigate changes by indi-
cation and over time.

2.6.3 | Factors associated with 
discontinuation of ASMs

Logistic regression was used to investigate factors associated 
with ASM pre- pregnancy discontinuation or late discontinu-
ation during pregnancy, adjusted for year of pregnancy start. 
We accounted for women contributing several pregnan-
cies by using cluster– robust standard errors. We compared 
women who discontinued at any time during pregnancy 
with women who continued ASM prescription. There were 
missing data for ethnicity, BMI and smoking. As these data 
are unlikely to be missing at random, we used complete 
case analysis, which is valid providing that the probability 
of having complete data is independent of the outcome (dis-
continuation of ASMs) conditional on the covariate year of 
pregnancy start.16

3 |  R E SU LTS

We identified 752 112 eligible pregnancies between 1995 and 
2018 (Figure  S4), of which 5783 were exposed to ASMs in 
pregnancy. Compared with unexposed pregnancies, preg-
nancies exposed to ASMs were more likely to be among 
women who were older, of lower socio- economic position, 
currently smoked, were obese, had alcohol problems, and 
used illicit drugs, antipsychotics or antidepressants in the 
year before pregnancy (Table  1). Tables  S1 and S2 respec-
tively present changes in characteristics over time for the 
entire cohort and for mothers exposed to ASMs in the year 
before or during pregnancy.

Prescription of ASMs in pregnancy during the study 
period increased by 250% from 0.6% in 1995 to 1.6% in 
2018 (Figure  1A), with increases in prescription seen in 
women with bipolar disorder, other somatic conditions 
and other psychiatric conditions (Figure  1B). Prescription 
of ASMs was stable over time among women with epilepsy 
(Figure 1B). Across the study period, of pregnancies exposed 
to an ASM, the (not mutually exclusive) indication was epi-
lepsy for 62.5%, bipolar disorder for 4.8%, other psychiatric 
conditions for 60.95% and somatic conditions for 29.2% of 
pregnancies.

Valproate prescription declined over time (Figure  2). 
In women with epilepsy, valproate prescription during 
pregnancy decreased from 23.1% in 1995 to 2.4% in 2018. 
Carbamazepine also decreased in women with epilepsy 
(26.9% in 1995 to 5.5% in 2018), whereas prescription of 
lamotrigine (2.3%– 17.9%), pregabalin (0%– 1.0%) and gab-
apentin (0.8%– 2.7%) increased. Among women with bipo-
lar disorder, carbamazepine prescriptions declined (28.6% 
in 1995 to 0% in 2018), whereas prescription of lamotrig-
ine increased (0%– 19.3%), and valproate prescriptions var-
ied (0% in 1995, 3.6% in 2018; peaking at 10.5% in 2007). 
Trends in high- dose ASM prescriptions or polytherapy 
during the first trimester were inconclusive over the study 
period (Figure S1). Polytherapy was seen in 10.3% of women 
with first- trimester ASM prescriptions, with the most com-
mon combinations, in order, being lamotrigine and leveti-
racetam, lamotrigine and other, lamotrigine and valproate, 
carbamazepine and valproate, and carbamazepine and 
lamotrigine.

In all indications, prescription of ASMs declined 
throughout pregnancy, with the greatest drop between 
the first and second trimester (Figure  3). Continuous 
ASM prescription during pregnancy was more common 
in women with epilepsy (64.3%) than other indications, 
including bipolar disorder (20.6%), other somatic condi-
tions (20.7%) and psychiatric illnesses (24.9%) (Figure  4; 
see Table S3 for exact numbers of pregnancies per prescrip-
tion pattern; denominator: pregnancies with prescription 
in the year before or during pregnancy and relevant indi-
cation). Bipolar disorder had higher rates of pre- pregnancy 
and late discontinuation (16.3% and 24.8%, respectively) 
than other indications. Users who had ≥1 prescription in 
the 12 to 6 months pre- pregnancy, but no prescription in 
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   | 5TRENDS IN ANTISEIZURE MEDICATION IN PREGNANCY 1995– 2018

the 6 to 0 months pre- pregnancy, or vice versa, made up 
a large proportion of those with ASM prescription in the 
pre- pregnancy or pregnancy period (labelled as ‘other’ in 
Figure  4). Evidence of ASM switching during pregnancy 
was observed in 68 pregnancies (0.83% of those prescribed 
any ASM in the pre- pregnancy period).

Further analysis focused on women taking valproate. 
Among these women, 47.4% continued valproate during 
pregnancy, whereas 21.9% discontinued (Figure  S2, 
Table S4). Pre- pregnancy and late discontinuation rates were 
comparable between women prescribed valproate and any 
ASM for all indications. Patterns of prescription for val-
proate changed over time, with an increase in discontinua-
tion rates and no valproate initiation during pregnancy from 
2015 (Figure S3).

We found evidence of increased odds of discontinuation 
versus continuation of ASMs in certain subgroups: women 
aged ≥35, nulliparous women, those prescribed ASMs for 
non- epilepsy conditions, with mixed ethnic background, 
higher social deprivation scores, current or ex- smokers, >10 
GP consultations in the year prior to pregnancy, and pre-
scribed antidepressants or antipsychotics in the year prior 
to pregnancy (Table S5). Women with one or more seizure 
events in the year before pregnancy were less likely to dis-
continue. Discontinuation was more likely for valproate, 
carbamazepine, pregabalin, gabapentin or topiramate than 
for lamotrigine, and higher ASM doses were associated with 
lower odds of discontinuation.

T A B L E  1  Characteristics of eligible pregnancies included in 
analyses, overall and among those with ASM prescription during 
pregnancy.

Unexposed to ASM in 
pregnancy, n (%)

Exposed 
to ASM in 
pregnancy, 
n (%)

Total N = 746 329 N = 5783

Maternal age (years)

<18 19 817 (2.7) 95 (1.6)

18– 24 157 535 (21.1) 1164 (20.1)

25– 29 208 362 (27.9) 1613 (27.9)

30– 34 225 993 (30.3) 1669 (28.9)

≥35 134 622 (18.0) 1242 (21.5)

Ethnicity

White 474 799 (63.6) 3691 (63.8)

South Asian 24 921 (3.3) 114 (2.0)

Black 12 127 (1.6) 50 (0.9)

Other 8618 (1.2) 51 (0.9)

Mixed 4788 (0.6) 29 (0.5)

Missing 221 076 (29.6) 1848 (32.0)

ASM indication pre- pregnancy. Women may have >1 indication

Epilepsy 5956 (0.8) 3614 (62.5)

Bipolar 1749 (0.2) 279 (4.8)

Other somatic 
conditions

96 142 (12.9) 1688 (29.2)

Other psychiatric 
indications

257 708 (34.5) 3525 (61.0)

No recorded 
indication

440 485 (59.0) 197 (3.4)

Maternal IMD status

1 –  Least deprived 144 136 (19.3) 867 (15.0)

2 132 372 (17.7) 881 (15.2)

3 142 519 (19.1) 1050 (18.2)

4 149 706 (20.1) 1272 (22.0)

5 –  Most deprived 177 596 (23.8) 1713 (29.6)

Smoking status

Non- smoker 313 305 (42.0) 2026 (35.0)

Current smoker 210 240 (28.2) 2028 (35.1)

Ex- smoker 188 689 (25.3) 1575 (27.2)

Missing 34 095 (4.6) 154 (2.7)

BMI

Underweight, <18 kg/
m2

22 835 (3.1) 166 (2.9)

Normal weight, 18 to 
<25 kg/m2

339 169 (45.4) 2132 (36.9)

Overweight, 25 to 
<30 kg/m2

177 309 (23.8) 1350 (23.3)

Obese, ≥35 kg/m2 136 055 (18.2) 1669 (28.9)

Missing 70 961 (9.5) 466 (8.1)

(Continues)

Unexposed to ASM in 
pregnancy, n (%)

Exposed 
to ASM in 
pregnancy, 
n (%)

Evidence of alcohol 
problems

6709 (0.9) 105 (1.8)

Evidence of illicit drug 
use

1585 (0.2) 76 (1.3)

Parity

0 548 137 (73.4) 4153 (71.8)

1 160 578 (21.5) 1230 (21.3)

2 30 403 (4.1) 296 (5.1)

3+ 7211 (1.0) 104 (1.8)

Number CPRD consultations in year before pregnancy

0 59 380 (8.0) 162 (2.8)

1– 3 200 762 (26.9) 420 (7.3)

4– 10 324 487 (43.5) 1792 (31.0)

>10 161 700 (21.7) 3409 (58.9)

Antipsychotic use in 
the year before 
pregnancy

500 (0.1) 28 (0.5)

Antidepressant use 
in the year before 
pregnancy

67 330 (9.0) 1814 (31.4)

Abbreviations: BMI, body mass index; IMD, Index of Multiple Deprivation.

T A B L E  1  (Continued)
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6 |   MADLEY- DOWD et al.

4 |  DISCUSSION

4.1 | Main findings

ASM prescribing during pregnancy increased 250% be-
tween 1995 and 2018. By 2018, the most prescribed ASM 
during pregnancy was lamotrigine, followed by pregabalin 
and gabapentin; valproate prescribing declined substan-
tially. Towards the end of the study period, lamotrigine 
was the most common ASM in women with epilepsy and 
bipolar disorder, and gabapentin and pregabalin were more 
common in women with other indications. Similar rates 
of ASM prescription during pregnancy have been found 
in other western countries, with increasing prevalence 

in recent time periods.6,17– 20 The overall increase in 
ASM prescription, in this study and others, was driven 
by prescription for indications other than epilepsy,20,21 
and prescription of ASMs with more evidence of terato-
genicity decreased (specifically valproate, phenytoin, and 
carbamazepine).6,19,22– 24

Discontinuation of ASMs during pregnancy was com-
mon, particularly among women with indications other 
than epilepsy. Factors with evidence for an association with 
discontinuation of ASMs included older age at conception 
and greater social deprivation. Discontinuation was most 
common during the second trimester, which may identify 
women who discontinued ASM use after they identified they 
were pregnant, as opposed to in anticipation of pregnancy. 

F I G U R E  1  Annual prevalence of ASMs prescribing during pregnancy between 1995 and 2018, (A) overall and (B) by indication at pregnancy start.
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   | 7TRENDS IN ANTISEIZURE MEDICATION IN PREGNANCY 1995– 2018

F I G U R E  2  Proportion of pregnant women prescribed each ASM anytime in pregnancy during the study period, by indication.

F I G U R E  3  Percentage of pregnancies where ASMs were prescribed before and during pregnancy by ASM indication.
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A previous UK- based study found higher discontinuation 
rates among women who did not have epilepsy, among 
which more than half discontinued ASM prescription in the 
first 6 weeks of pregnancy.7 We found that nearly two- thirds 
of women with epilepsy continued to be prescribed ASMs 
during pregnancy, compared with a quarter of women with 
other indications.

ASM polypharmacy was observed in 10% of women using 
ASMs during the first trimester of pregnancy, similar to 
findings using Dutch data that showed 12% of pregnancies 
exposed to ASMs included polytherapy.19

4.2 | Interpretation

We found 7.7 per 1000 pregnancies are exposed to an ASM, 
equivalent to around 7000 pregnancies each year in England 
and Wales.25 The increasing prescription of ASMs during 
pregnancy highlights the importance of understanding the 
risks and benefits of different ASMs during pregnancy.

The growth in ASM prescription in this and other studies 
is driven by increased prescription in women with indica-
tions other than epilepsy, yet these women are more likely 
to discontinue ASMs during pregnancy. Various factors may 
contribute to this difference, including lack of pre- pregnancy 
planning in women with non- epilepsy conditions, and dif-
ferent considerations for mental health management versus 
seizure control.

Guidelines regarding the prescription of valproate have 
emerged due to concerns about its teratogenicity. In 2018, the 
UK Medicines and Healthcare products Regulatory Agency 
advised that valproate not be prescribed to any ‘woman or 
girl able to have children unless she has a pregnancy preven-
tion programme in place’.26 At a similar time, the European 
Medicines Agency ruled that valproate should not be used 
to treat bipolar disorder or migraine in pregnant women 
and should only be used in pregnant women with epilepsy 
if other treatments are ineffective.27 Use of valproate during 
pregnancy declined in 2006– 2016 in Denmark, Finland, 
Iceland, Norway, Sweden and the USA but not in Australia.6 
Within our data, valproate was prescribed in around 20% of 
pregnancies among women with epilepsy in 1995, whereas 
in 2018 it was prescribed in fewer than 1%. These patterns 
suggest that awareness of valproate teratogenicity had been 
guiding prescribing decisions pertaining to pregnancy in 
women with epilepsy for some time before clinical guidance 
was issued.

4.3 | Strengths and limitations

The study's strengths include the use of CPRD, which pro-
vides data over a 20- year period and represents the UK in 
terms of age, sex and ethnicity.9 The dataset includes com-
prehensive health and prescription information with a vali-
dated source of pregnancy information.

F I G U R E  4  Proportion of pregnancies with different patterns of prescription among women prescribed ASMs in the pre- pregnancy period or during 
pregnancy.
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There are several limitations. First, indication for treat-
ment is not automatically recorded in CPRD, therefore there 
may be misclassification or missingness of underlying in-
dication. Some characteristic information, including body 
mass index, ethnicity and smoking status was also missing 
for mothers in our sample. Estimates for the association with 
the discontinuation of ASMs for these variables may be bi-
ased as a result.

Secondly, prescriptions in CPRD do not equate with ac-
tual drug exposure; there are no data on dispensing or adher-
ence, therefore we may have overestimated the proportion of 
women exposed to ASMs during pregnancy and cannot be 
certain that the dosage prescribed reflects the dosage taken. 
Further, CPRD only captures prescriptions from primary 
care, but some prescriptions may have been given in second-
ary care. This likely results in misclassification of some ASM 
users; however, prescription by a specialist is more likely for 
new users, or off- label uses, as ASM prescriptions in the UK 
tend to be initiated by a specialist and then ongoing man-
agement is carried out in primary care.28 A major limitation 
of HES data is accuracy and completeness of diagnostic and 
procedure codes: a 2009 study found that 12% of primary 
diagnostic and 15% of primary procedure codes were incor-
rect. HES record reporting varies by provider institution, 
but national efforts to improve data quality include payment 
incentives and quality checks.29 We only examined the year 
prior to pregnancy for prescription patterns; some women 
planning pregnancy well in advance may have discontinued 
or switched treatment earlier, thus we may have underesti-
mated these numbers.

Thirdly, the study was based on completed pregnancies 
and not all pregnancies with ASM exposure, including spon-
taneous and elective abortions. Exclusion of spontaneous and 
elective abortions could impact the observed patterns of use, 
as use of some ASMs may lead to these outcomes. Investigating 
this was beyond the scope of this study. ASM prescription 
may be substantially different in women who experience these 
events. The outcome for a substantial proportion of pregnan-
cies in the pregnancy register is unknown, potentially due to 
spontaneous abortion leading to records never being updated, 
meaning that the number of affected pregnancies may be 
larger than just those identified as incomplete.

Finally, we calculated duration and dose of the prescrip-
tion utilising information in the primary care record; as 
some of this information was missing, and thus imputed, 
there may be some misclassification of prescription data. 
As concentrations of some ASMs vary30 this may have led to 
further misclassification.

4.4 | CONCLUSIONS

In this study, 7.7 per 1000 pregnancies were prescribed an 
ASM, and prescription was common among women with 
epilepsy (38% of pregnancies with epilepsy exposed) and 

bipolar disorder (14% of pregnancies with bipolar disorder 
exposed). ASM prescription during pregnancy varied over 
time according to indication and drug. Patterns of ASM pre-
scription around the time of pregnancy differed by indica-
tion and discontinuation rates were higher among women 
without epilepsy. Future research should investigate the 
impact of ASM prescribing patterns around pregnancy 
on maternal and fetal health to inform indication- specific 
guidelines.
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