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SUMMARY
Objective: The annual prevalence of antiepileptic drug (AED) prescribing
reported in the literature differs considerably among European countries due to
use of different type of data sources, time periods, population distribution, and
methodologic differences. This study aimed to measure prevalence of AED
prescribing across seven European routine health care databases in Spain,
Denmark, The Netherlands, the United Kingdom, and Germany using a
standardized methodology and to investigate sources of variation.
Methods: Analyses on the annual prevalence of AEDs were stratified by sex,
age, and AED. Overall prevalences were standardized to the European 2008
reference population.
Results: Prevalence of any AED varied from 88 per 10,000 persons (The
Netherlands) to 144 per 10,000 in Spain and Denmark in 2001. In all databases,
prevalence increased linearly: from 6% in Denmark to 15% in Spain each year
since 2001. This increase could be attributed entirely to an increase in “new,”
recently marketed AEDs while prevalence of AEDs that have been available
since the mid-1990s, hardly changed. AED use increased with age for both
female and male patients up to the ages of 80 to 89 years old and tended to be
somewhat higher in female than in male patients between the ages of 40 and 70.
No differences between databases in the number of AEDs used simultaneously
by a patient were found.
Significance: We showed that during the study period of 2001–2009, AED
prescribing increased in five European Union (EU) countries and that this
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increase was due entirely to the newer AEDs marketed since the 1990s. Using a
standardized methodology, we showed consistent trends across databases and
countries over time. Differences in age and sex distribution explained only part
of the variation between countries. Therefore, remaining variation in AED use
must originate from other differences in national health care systems.

Antiepileptic drugs (AEDs) are widely prescribed in Europe. Up to 1.1% of the
population is estimated to use AEDs, and their use is increasing yearly.[1, 2] AEDs
are a heterogeneous pharmacologic class with respect to chemical structure,
postulated mechanisms of action, and indications.[3] Although the main therapeutic
indication includes epilepsy, these drugs are also widely and increasingly prescribed
for bipolar disorder, depression, neuralgia, migraine, and neuropathic pain.[4]
The newer compounds that became available since the mid-1990s—such as
gabapentin, lacosamide, lamotrigine, levetiracetam, oxcarbazapine, pregabalin,
topiramate, and zonisamide—are registered and used for an even broader spectrum
of psychotropic indications.[5] Several adverse drug reactions on the central nervous
system (CNS) have been associated with AED use, presumably related to AEDs
passing through the blood–brain barrier.[6] Estimation of safety and absolute risks
requires reliable figures on drug use in populations. Although there has been an
increase in electronic health care datasets that can be used for drug safety
surveillance and pharmacoepidemiologic studies, it is challenging to derive
consistent results on both drug exposure and outcomes due to large heterogeneity in
methods, data sources, terminology, and countries.[1, 7]
This study is performed within the framework of PROTECT
(Pharmacoepidemiological Research on Outcomes of Therapeutics by a European
ConsorTium).[8, 9] The aim of these studies in work package 2 is to develop, test,
and disseminate methodologic standards for the design, conduct, and analysis of
pharmacoepidemiologic studies applicable to different safety issues and using
different data sources. To achieve this we explore in this study the exposure to AEDs
on a population level as recorded in seven different data sources in five different
Western European countries using the same methodology.
METHODS

Data sources
We analyzed data from the following databases, all using a common research
protocol and data specification: (1) The “Base de datos Informatizada para estudios
Farmacoepidemiologicos en Atencion Primaria” (BIFAP)—A Spanish database of
medical records of primary care; (2) The Danish Register of medicinal product
statistics (Danish Registries); (3) The Mondriaan Netherlands Primary Care Research
Database (NPCRD); (4) The Dutch Mondriaan Almere Health Care group (AHC)
database, (5) The Health Improvement Network (THIN from the United Kingdom);
(6) The UK Clinical Practice Research Datalink (CPRD; formerly known as General
Practice Research Database [GPRD]); and (7) Database of the National Association
of Statutory Health Insurance Physicians of Bavaria (“Kassenärztliche Vereinigung
Bayerns”), henceforth referred to as the Bavarian Claims Database (KVB).
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We describe the seven databases below and present additional information in Table
1.
[TABLE 1]

BIFAP is a nonprofit research project, kept by the Spanish Agency for Medicines
and Medical Devices (AEMPS), a public agency belonging to the Spanish
Department of Health. The project started in 2003, including information from 2001
onwards. The database contains coded and anonymous data from general
practitioners (GPs) and pediatricians on patient demographics, prescription details,
clinical events, specialist referrals, and laboratory test results, from around 3.2
million patients covering approximately 6.8% of the Spanish population.[10]
The Danish Register of Medicinal Product Statistics, currently maintained by the
Statens Serum Institut (SSI), contains information on all medication dispensing on a
pharmacy level and is linked via the Danish Civil Registration System[11] to
individuals who redeemed the prescription from 1994 onwards, causes of death for
the entire population (5.3 million inhabitants), and contact information of visits to
GPs as well as specialists in private care.[12]
The Dutch Mondriaan project is a private-public collaboration funded by the Dutch
TOP institute Pharma (www.tipharma.com). Health care data from various sources
are pseudonymized and anonymized, linked, and disclosed for research.[13] The
cumulative number of persons having data in Mondriaan reaches around 1.4 million
comprising mainly GP data complemented by pharmacy dispensing data and
linkages to survey data. For this study, data from two GP databases were used. The
Mondriaan-NPCRD comprised a network of 84 GP practices all over the
Netherlands, with >700,000 registered patients and is coordinated by NIVEL, The
Netherlands Institute for Health Services Research.[14] The Mondriaan-AHC started
in the early 1990s and holds the medical GP and pharmacy records and laboratory
values of >260,000 inhabitants of the young and fast growing city of Almere. Both
databases hold longitudinal data on patient contacts, including diagnoses, referrals,
and prescriptions, and cover 3.7% of the Dutch population.
The two United Kingdom general practice databases, THIN and CPRD, collect and
archive the electronic medical records of >3 and >5 million active patients,
respectively, covering >8% of the United Kingdom population. The United Kingdom
databases overlap to some extent, but in 2012 they provided unique information for
268 and 168 practices, respectively.[15-17]
Data from the Bavarian Claims Database are extracted from the Bavarian
Association of Statutory Health Insurance Physicians accounting system.[18] The
German database includes population-based data on diagnoses and medical services
and covers around 10.5 million people (84% of the Bavarian population) linked to
outpatient treatment data through GPs and specialists.[18] Records contain no
specific dates but only information on the quarter of the year a prescription was
issued or a diagnosis was made.
Study population and period of valid data collection
Patients in the databases having an active registration status during the study period,
which lasted from January 1, 2001 to December 31, 2009, were eligible for inclusion.
Valid data collection started at the date when a practice became up to research
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quality standard (if applicable), the date when a patient enrolled into a practice, or
the date that a practice was enrolled into the database, whichever came last. The
follow-up time of patients was censored on the date a patient died; the date a patient
was transferred out of the practice; the end of the database's data collection, or the
date that the practice left the database, whichever came first.
In the Mondriaan-AHC, the last available year of data collection was 2008. The KVB
provided data from 2004 until 2008.
Exposure definition
We considered in this study AEDs with approved indications for epilepsy and
seizures in all the five countries. Fourteen AED medications were identified, which
were analyzed individually, and five AED medications not available with an
approved AED indication in every country were grouped into “other AEDs.” AEDs
available on the market before 1990 were classified as “old” AEDs and those
marketed after 1995 were classified as “new” AEDs.[1, 19] The list of these drugs is
included in Table 2. Because the United Kingdom uses the British National
Formulary (BNF) to code drug use, the Anatomical Therapeutic Chemical (ATC)
classification system codes were translated into BNF codes based on the active
ingredient.
[TABLE 2]

Calculation of period prevalence and standardization to reference population
The period prevalence per year was calculated by dividing the number of patients
having received at least one prescription for any AED defined earlier by the number
of people present in every database at mid-year. To prevent biases due to
irregularities caused by the holiday season, mid-year was defined as June 1. We
calculated crude and age (10-year bands) and sex-stratified prevalences. To take into
account different age and sex distributions of the source populations, a standardized
overall prevalence was computed by direct standardization weighting all the strata
according to the age and sex distribution in the 2008 European population.[20]
Annual prevalences versus calendar year were fitted in each database over the whole
study period using linear regression.
Concomitant drug use
To distinguish between monotherapy and combined therapy with multiple AEDs,
point prevalences were computed by counting for each patient the number of AED
prescriptions covering June 1 and stratified into categories (1, 2, 3, 4, and 5+).
Durations of prescriptions were extracted from the prescriptions. In Mondriaan-AHC
and -NPCRD, durations were imputed to 90 days if missing because that is the modal
duration for prescriptions of chronic medication in The Netherlands.
RESULTS

Overall prevalence of prescribed AEDs
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Figure 1 shows crude prevalences (A) and prevalences standardized for age and sex
distribution (B). In 2001 the standardized overall period prevalence was lowest in the
Dutch databases Mondriaan-NPCRD and Mondriaan-AHC, with 88 and 109
prescriptions, respectively, per 10,000 persons. In 2001 the standardized overall
period prevalence was highest in the Spanish BIFAP, the Danish Registries, and
THIN in the United Kingdom databases, with 144 and 145 prescriptions,
respectively, per 10,000 persons. CPRD, the other United Kingdom database, had a
lower period prevalence of 114 in 2001. The difference between CPRD and THIN
remained constant over the study period. The KVB lines up very tightly with THIN
and Mondriaan-AHC from 2004 to 2008, the period for which KVB has data
available. All databases show an increase of AED prevalence during the study period
that is linear (r2 > 0.913 in all databases). This yearly increase in overall period
prevalence ranges from 5.8% in Danish Registries, 7.5% in THIN, 8.1% in
Mondriaan-NPCRD, 8.7% in Mondriaan-AHC, 9.6% in CPRD, to 14.9% in BIFAP
compared to the original prevalence in 2001. In KVB this increase was 8.1% per year
from 2004 onward.
[FIGURE 1]

In a sensitivity analysis in the Mondriaan-AHC database, 30% of all AED
prescriptions was issued by specialist (non-GP) doctors.
Comparison by age and sex
The mean age of persons that received at least one AED prescription in a year was on
average 50.5 ± 2.0 years (mean ± standard deviation [SD]) in 2001 in all databases
and gradually increased to 54.0 ± 1.2 years in 2008. The AED users in Denmark and
Mondriaan-AHC were somewhat younger, respectively, 2.0 and 4.6 years on
average, than users in other databases during the whole study period. KVB had the
oldest AED users, who were on average 4.0 years older.
In all databases the prevalence of AED prescribing increased many-fold with higher
age categories to a maximum AED prevalence in the age group of 80–89 years (as
high as 679 per 10,000 females in BIFAP in 2008). In all databases AED prevalence
in females was higher than for males, and this difference ranged from 16% in KVB
to 37% higher prevalence in BIFAP in 2008. Figure 2 shows assessment of this sex
difference over age categories in 2008. The difference between females and males is
present between age categories 40–49 up to 70–79 years. In KVB the prevalence of
AED use in male and female AED users remained almost equal over life course.
[FIGURE 2]

Individual AEDs: old and new AEDs
In the analysis of prevalence of individual AEDs in Figure 3 it is clear that the
increase of prevalence differs considerably between AEDs. In addition, the
prescription of “old” AEDs (plotted at the bottom ends of the bars in Fig. 3) tends to
remain stable or decreases slightly over time in all databases. The newer AEDs, and
gabapentin, pregabalin, lamotrigine, levetiracetam, and topiramate in particular, are
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responsible for the increase of AED prevalence over time. Prevalences of AEDs in
the other AED group were stable over the study period.
[FIGURE 3]

Concomitant AED prescription
The number of different AED medications a patient was prescribed simultaneously
or concomitantly is quite similar in all databases. Most patients were prescribed
monotherapy 87 ± 2% (mean ± SD), followed by 12 ± 1% having two and only 2.1 ±
0.6% with more than two AEDs concomitantly in all countries.
DISCUSSION

In this study we compared the prevalence of prescription of drugs licensed for
treatment of epilepsy using six electronic healthcare databases and one claims
database in five Western European countries using a standardized methodology.
During the whole 9-year study period we observed a continuous and steady increase
of the prevalence of AED prescribing; however, many of the newer drugs indicated
for epilepsy have other indications or off-label uses, and this may explain the
increase.
Overall prevalence of AED use
After standardization by age and sex, we observed a linear increase in the prevalence
of AED use of 6–9% per year from 2001 onward in Denmark, The Netherlands, the
United Kingdom, and Germany. In Spain the yearly increase is even higher (14.9%).
Our results are in line with observations from a Norwegian study by Johannessen
Landmark et al.[21] using a drug dispensing database in which they found a
somewhat steeper increase in AED dispensing prevalence from 122 per 10,000 in
2004 up to 208 per 10,000 in 2007, which corresponds to 17.6% per year. A crosssectional prescription study revealed a prevalence of 250 per 10,000 in Germany in
2009.[1] Precise comparisons of overall prevalence rates of AED prescription in
these studies is difficult, as both studies differ from our study with respect to
database type, population distribution in Norway, and the use of a different definition
of AEDs in the German study. The small decrease in variation between databases
after standardization to a reference population showed that only part of the variance
in this study is caused by differences in sex and age distribution between
populations.
Individual AEDs, old and new
Until the early 1990s there were six major compounds on the market categorized as
antiepileptic drugs and these are often referred to as “old” AEDs.[19, 22] The newer
compounds that became available since then are called “new” AEDs. The increase in
overall prevalence we observed in the whole study period is entirely attributable to
an increase of prescription of “new” AEDs. This is also seen in recent studies in
Germany, Norway, Italy, and Denmark.[1, 21-23] Subanalyses within these studies
have proposed that use of newer AEDs increases because these substances would
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have other indications in addition to epilepsy.[23] Hamer et al.[1] were able to use a
disease register to verify the epilepsy status of patients and observed that only 36%
of their AED users in Germany had epilepsy. This is supported by the observation by
Savica, showing that for new AEDs the indication of use in epilepsy dropped from
43% to 17% in Italy between 2000 and 2005.[22]
Age and sex
This study showed an increase in AED use in higher age groups up to ages of 80–89
years old. A similar course over age is reported by Johannessen Landmark et al.,[24]
while assessing AED prescribing for the indication of epilepsy. A decrease at the
highest age category 90+ is consistent with other observations[24, 25] and might be
explained by cautious prescribing in the very elderly and a “healthy survivor
effect.”[26] The slightly higher prevalence in AED use in female patients we
observed was also seen by Tsiropoulos et al.[23] in Denmark, who attributed this
entirely to the use of the new AEDs. Oteri et al.[27] observed a higher and
preferential use of new AEDs in elderly females over 65 years, whereas in a
combined study in Italy, The Netherlands, and the United Kingdom, in GP databases
pediatric AED use remained stable and low until at least 2005.[28]
Concomitant AED use
Our observation that 86% of AED users receive monotherapy is similar to patients
with epilepsy in Norway where 82% were using a single therapy in 2007.[24] Hamer
et al.[1] found 68% of patients in Germany were using monotherapy in 2009,
although they used a broader AED list including benzodiazepines.
Prescription versus dispensing data
Six of the databases in this study are primary care data sources, suggesting that
medication issued by other doctors in hospitals, by specialist doctors, or private
clinics may not have been captured in the primary care record. We assume that part
of the refills of prescriptions issued initially by neurologists, psychiatrists, or
specialist doctors are likely to be included in the datasets from Spain, the United
Kingdom, and The Netherlands. In these countries, refills of prescriptions originating
with a specialist are often handled in primary care and dispensed at the local
pharmacy. In this study we see a continuous difference over time in standardized
overall prevalence between the Dutch Mondriaan-NPCRD and the Mondriaan-AHC,
as the latter includes also dispensing records from local pharmacies. An interesting
observation is that 30% of the dispensed AED prescriptions in the Mondriaan-AHC
database originated from specialist (non-GP) doctors, which equals the difference in
prevalence compared to the other Dutch database Mondriaan-NPCRD having only
prescriptions from GPs.
In Denmark, medicines given to a patient at a hospital are not covered in the registry.
The Bavarian Claims database has claims of all AED prescriptions in outpatients.
A limitation of this study is that we were not able to reliably estimate indications of
AED use as, depending on the database, in 47–95% of the patients the indication
could not be estimated at all. This was because either direct links between
prescriptions and indications were lacking or incomplete or assignment of indications
for AEDs was not reliable due to the broad spectrum of indications associated with
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this drug class and patients having more than one suitable indication in their medical
history. We do not think that this will heavily impact the value of these databases for
future observational studies because medical outcomes and comorbidities are well
documented in all databases and can be used to adjust for potential confounding in
observational association studies.
In summary ,this study shows a consistent increase in AED use in five European
countries using standardized methodology in routine health care data from primary
care, a whole population registry, and claims data. An increasing prevalence of
prescription of newer AEDs, far more than the number of patients diagnosed with
epilepsy,[29] indicates that more people seem to use AEDs for indications other than
epilepsy. Differences in age and sex distribution explained part of the variation
between countries. The number of AEDs a patient uses concomitantly is similar in all
databases. Finally, routine health care data from electronic primary care–based
sources enable pharmacoepidemiologic studies in—or representative of—large
proportions of the population to shed light for drug safety in AED use.[7]
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Figure 1: Annual prevalence of having any AED prescription in all countries, crude (A) and
standardized to the European standard reference population (B).
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Figure 2. Annual prevalence of having any AED prescription in all countries stratified by age and sex in
2008. *In Mondriaan-AHC, prevalence in age-category 90+ was based on only three and four
observations, respectively, for females and males.
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