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ARTICLE INFO ABSTRACT

Keywords: Purpose: This study estimated epilepsy prevalence, psychiatric co-morbidity and annual costs associated with
Prevalence epilepsy.

COSth' . bidi Methods: We used Danish national health registers to identify persons diagnosed with epilepsy and psychiatric
E;}i];e:ut:ﬁ)gc}?_mor idity disorders, and persons using antiseizure medication and persons using drugs for psychiatric disorders.

We calculated the prevalence of epilepsy and co-morbid psychiatric disorders in Denmark on December 31, 2016,
using information on epilepsy and psychiatric disorders based on combinations of hospital contacts and use of
antiseizure and psychoactive medication. Further, direct and indirect annual costs associated with epilepsy were
calculated using individual-level data from a range of socioeconomic registers.

Results: There were 5,044,367 persons alive and living in Denmark on December 31, 2016, including 33,628
persons with at least one hospital contact with epilepsy in the previous five years (epilepsy prevalence 0.67%
(0.69% males; 0.65% females)). Among these persons with epilepsy, we identified 12,562 (37.4%) persons with a
psychiatric disorder or use of drugs used for psychiatric disorders as compared with 801,052 (15.9%) persons in
the general population. The estimated total annual individual net costs associated with epilepsy was €30,683.
Compared with prevalence estimates on December 31, 2006, the prevalence of epilepsy on December 31, 2016,
was slightly higher in the older population and slightly lower in children

Conclusions: Population estimates from national registers provide epilepsy prevalence estimates of approximately
0.6-0.7% - similar to previous reviews of epilepsy prevalence. In addition, the national sample allowed ide-
nitfication of high prevalence of psychiatric disorders and high societal costs associated with epielspy.
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J. Christensen et al.
1. Introduction

Epilepsy is one of the most prevalent neurological disorders char-
acterized not only by recurrent unprovoked seizures [1], but also by
frequent somatic and psychiatric co-morbidities [2-6]. Consequently,
epilepsy has major socioeconomic consequences for patients, families,
and society [7,8] in addition to a significant loss of disability-adjusted
life-years (DALYs) and a reduced life expectancy [9-13]. In a system-
atic analysis of loss of DALYs, epilepsy ranked fifth among neurological
disorders [9]. The Global Burden of Diseases (GBD) Study estimated
global, regional, and country-specific prevalence from 317 studies and
found that 0.62% of the population had epilepsy [9], and a recent in-
ternational review and meta-analysis of population-based studies esti-
mated a point prevalence of epilepsy of 0.64% [12]. Although both meta
analyses identified a prevalence of similar magnitude, there was also
substantial variation in the estimates of epilepsy prevalence, even within
studies of same country, similar age group, or level of economic devel-
opment [9,12]. This variation in prevalence estimates raises the ques-
tion of how much of the between-study variation is real or an artifact of
measurement error due to the quality of the clinical information and
variation caused by different definitions of epilepsy. Given the hetero-
geneity of the prevalence estimates and the importance psychiatric
co-morbidity [2], this study aimed to determine the level of variation in
estimates of epilepsy prevalence, possible time trends in epilepsy prev-
alence, psychiatric co-morbidity and annual costs associated with epi-
lepsy using 13 different case definitions of epilepsy. The study sought to
identify which, if any, case definition may be best employed in epide-
miological research employing registry-based data

2. Methods
2.1. Ethical review of study and informed consent of study participants

All data were analyzed using encrypted identification numbers with
no contact with individuals. Under Danish law, analysis of de-identified
data requires no ethical review board approval. However, the study was
approved by the Danish Data Protection Agency.

2.2. Study design and study population

From the Danish Civil Registration System [14], we identified per-
sons who were alive and living in Denmark on December 31, 2016, (N =
5,744,920). We restricted the study population to individuals born in
Denmark (N = 5,044,367), because inclusion of immigrants would
introduce bias due to missing information on epilepsy, psychiatric
co-morbidity, and information essential for estimation of
epilepsy-associated costs (thus, 700,553 (12.2%) of all persons living in
Denmark on December 31st, 2016, were not included in the study
population). In Denmark, every individual is assigned a unique personal
identification number used to ensure complete linkage of individual
information in all registries used in this study [14].

2.3. Data sources

2.3.1. Diagnostic information on epilepsy in the Danish national patient
register

Information on epilepsy diagnoses was obtained from the Danish
National Patient Register, which contains information about all hospital
admissions in Denmark since 1977 and outpatient and emergency room
contacts since 1995 [15]. The International Classification of Diseases,
Eighth Revision (ICD-8) [16] was the diagnostic instrument used in
Denmark until January 1, 1994, when it was replaced by the 10th
Revision (ICD-10) [17]. From the National Patient Registry [15], we
identified all diagnoses of epilepsy (ICD-8: 345 (excluding 345.29) and
ICD-10: G40). The date of epilepsy diagnosis was defined as the first
contact with an epilepsy diagnosis in the National Patient Registry [15].
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2.3.2. Use of antiseizure medications (ASMs)

The Danish Prescription Register [18] holds unique information on
all prescriptions redeemed by patients (medical treatment given in
hospitals only is not included) since January 1, 1996. From the Danish
Prescription Register [18], we identified persons using ASM defined as
any filled prescriptions with the Anatomical Therapeutic Code (ATC)
NO3A (ASM) and NO5BAQ9 (Clobazam). From 2004, the indication for
use of ASM was included in the Danish Prescription Register [18]. We
did not include information on rescue medication (e.g. NO5BAO1
(Diazepam), and NO5CD08 (Midazolam)) as these drugs are also used for
other indications e.g. prolonged febrile seizures.

2.4. Identification of persons with epilepsy

We used 13 different definitions of epilepsy to identify persons with
prevalent epilepsy (Table 1). Definition A was based on the classical
definition of epilepsy as persons who were either currently being treated
for epilepsy or whose most recent seizure had occurred within a time
interval usually defined 5 years [19-21], - these persons were identified
as persons with a registered ICD 10 code for epilepsy in the Danish
National Patient Register in the 5 years leading up to 31 December 2016
[15]. Definition B was an adaptation to the clinical definition of epilepsy
by which epilepsy may first be considered resolved following a seizure
free period of up to 10 years, [22] accordingly, these persons were
identified as persons with a registered ICD 10 code for epilepsy in the
Danish National Patient Register in the 10 years leading up to 31
December 2016. Definition C and D acknowledges that the positive
predictive algorithm to identify epilepsy based on register-based di-
agnoses of epilepsy increases dramatically when the algorithms require
multiple epilepsy diagnostic entries over time [23-26], and these defi-
nitions were thus restricted to persons with at least two hospital (in- or
outpatient) [15] contacts with epilepsy with one being in the previous
five years (definition C) or ten years (definition D). Combining infor-
mation on use of ASM with register-based diagnoses of epilepsy in-
creases the validity of an epilepsy diagnosis [23-27]. The next four
definitions (E-H) thus combined information from the Danish National
Patient Register [15] and the Danish Prescription Register. [18] Defi-
nition E relied on at least one hospital contact with epilepsy and one
ASM prescription (regardless of indication) in the previous five years,
definition F relied on at least one hospital contact with epilepsy and one
prescription with ASMs in the previous ten years, definition G relied on
at least one hospital contact with epilepsy in the prior five years and one
prescription with ASMs in the previous year, and definition H relied on
at least one hospital contact with epilepsy ever and one prescription
with ASMs in the previous year. The final five definitions (I-M) included
information about the indication for use of ASM from prescription fills
identified in the Danish Prescription Register [18] combined with epi-
lepsy contacts identified in the Danish National Patient Register [15].

2.5. Identification of persons with psychiatric disorders

2.5.1. Diagnostic information from the Danish psychiatric central register

The Danish Psychiatric Central Register [28] was used to identify
persons with psychiatric disorders i.e. persons with any diagnosis from
the ICD-10 F-chapter (ICD-10: FO0-F99). To assess the impact of intel-
lectual disability, sensitivity analyses of psychiatric comorbidty
excluded all persons diagnosed with intellectual disability (ICD-8:
311-315 and ICD-10 F70-F79) (Table 2).

2.5.2. Use of drugs for psychiatric disorders

From the Danish Prescription Register [18], we identified persons
who redeemed prescriptions for drugs used in the treatment of psychi-
atric disorders, defined as any filled prescriptions with the ATC codes
NO5A (Antipsychotics), NO6A (Antidepressants), and NO5B (Anxio-
lytics) (excl. NOSBAO1 (Diazepam), and NO5BAQ9 (Clobazam), and we
did not include filled prescriptions for NO5CD08 (Midazolam) as these
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Table 1
Prevalence estimates of epilepsy among 5,044,367 persons who were alive and
living in Denmark on December 31, 2016.

Prevalence of epilepsy (%)

Definition of epilepsy n Overall Males Female

A At least one hospital contact 0.67 0.69 0.65
with epilepsy in the previous
five years
At least one hospital contact
with epilepsy in the previous
ten years
C At least two hospital contacts
with epilepsy, with one being in
the previous five year
At least two hospital contacts
with epilepsy, with one being in
the previous ten years
E At least one hospital contact
with epilepsy and one
prescription with ASMs' in the
previous five years
F At least one hospital contact
with epilepsy and one
prescription with ASMs' in the
previous ten years
At least one hospital contact
with epilepsy in the prior 5
years and one prescription with
ASMs' in the previous year
At least one hospital contact
with epilepsy ever and one
prescription with ASMs' in the
previous year
I At least one prescription with
ASMs with the indication
“epilepsy” in the previous year
J At least one prescription with
ASMs with the indication
“epilepsy” in the previous five
years
At least one prescription with
ASMs with the indication
“epilepsy” in the previous ten
years
L At least one hospital contact with
epilepsy or one prescription with
ASMs with the indication
“epilepsy” in the previous five years
At least one hospital contact
with epilepsy or one
prescription with ASMs with
the indication’ “epilepsy” in the
previous ten years

33,628

46,897 0.93 0.96 0.90

25,918 0.51 0.53 0.50

33,902 0.67 0.69 0.66

28,826 0.57 0.55

38,349 0.76 0.78 0.74

25,806 0.51 0.53 0.49

37,582 0.75 0.77 0.72

39,658 0.79 0.81 0.77

61,686

83,866 1.66 1.59 1.74

67,829 1.34 1.33 1.36

94,303 1.87 1.80 1.94

T Antiseizure medications (ASMs) are all prescription drugs with the ATC
codes NO3A and NO5BA09.

* Indication for the prescription was missing in 3,715,060 out of 12,111,235
(30.7%) prescriptions for ASMs during the ten-year period 2007-2016. The
proportion of missings do, however, decrease somewhat over time and was
24.6% for redeemed ASM prescriptions in 2016. Furthermore, among the in-
dividuals who had redeemed ASMs with an epilepsy indication in 2016,
approximately 23% were not registered with a diagnosis of epilepsy in the Na-
tional Patient Register.

drugs may be used for seizure management.

2.6. Costs associated with epilepsy

We calculated annual healthcare costs and productivity losses
related to epilepsy using information from the National Hospital Reg-
ister [15]. This information was merged with population-based infor-
mation from general practice, privately practicing specialists, use of
medication, social transfers, labor market income, and employment [8].
A person identified with epilepsy for the first time according to each of
the epilepsy definitions between 1980 and 2016 was matched with two
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persons without epilepsy the first time the person with epilepsy was
registered with an epilepsy diagnosis in the National Hospital Register
[15] or the first time the person redeemed a first ASM prescription.
Persons without epilepsy were matched by gender, age, and munici-
pality. The analyses of cost were restricted to persons born in Denmark.
Patients with the first (incident) epilepsy diagnosis in 2016 were
excluded because cost estimates were based on information from the
entire year. We excluded persons with epilepsy diagnosed before 1980
because information on socioeconomic data before that time was not
available. In total, 2145 persons with epilepsy had no surviving control
person in 2016 and were therefore excluded from the analyses.

2.7. Statistical methods

2.7.1. Estimation of epilepsy prevalence

We estimated the point prevalence of epilepsy on December 31,
2016, as the number of individuals with epilepsy divided by the number
of people in our study population. To analyze time trends, we estimated
the prevalence in Denmark at the end of 2006 and compared this esti-
mate with the prevalence at the end of 2016 among persons with at least
one hospital contact (inpatients and/or outpatients) with epilepsy in the
previous five years and ten years (i.e. definitions A and B).

2.7.2. Estimations of prevalence of epilepsy and psychiatric co-morbidity

We estimated the prevalence of persons with psychiatric disorders
among people with epilepsy using our 13 different case definitions
(definitions A-M) and among the general population. This was done by
calculating the proportion of persons with psychiatric disorders defined
as a) persons with an inpatient or outpatient psychiatric diagnosis or b)
persons with a psychiatric disorder and/or use of psychotropic drugs.
For each of these estimates, we matched the look-back period to each of
the epilepsy definitions (e.g., if the epilepsy prevalence was based on a
five-year look-back period, so was the prevalence of psychiatric
disorders).

2.7.3. Estimation of annual costs associated with epilepsy

For persons with epilepsy and matched controls, we estimated
annual direct costs, including costs of hospitalization, costs of outpatient
visits, and costs associated with use of medication using Diagnosis-
Related Group (DRG) weights and specific outpatient tariffs [29]. The
use and costs of drugs were calculated using data from the Danish Na-
tional Prescription Registry [30]. The frequencies and costs of consul-
tations with general practitioners and other specialists were based on
data from the National Health Security [29]. The indirect costs (fore-
gone earnings), which are those related to reduced labor supply, were
based on figures from Danish Income Statistics [29] (available only for
persons > 18 years of age). Social-transfer payments included subsis-
tence allowances, pensions, social security, social assistance, publicly
funded personal support for education, and others [29]. We did not
estimate costs associated with epilepsy for definitions of epilepsy based
on indication for prescriptions for ASM because indication was missing
in more than 30% of the prescriptions (definitions I, J, K, L, and M). We
used non-parametric bootstrapped t-test analysis to estimate the statis-
tical significance of the cost difference between the persons with epi-
lepsy and their matched controls (Tabel A.1) [31]. All statistical analyses
were performed using SAS 9.1.3 (SAS, Inc, Cary, NC, USA)

3. Results

The prevalence estimates were based on the study population of
persons born in Denmark who were alive at the end of 2016, n =
5044,367 (females: 2,532,578 (50.2%) and males: 2,511,789 (49.8%)).

3.1. Prevalence of epilepsy

We identified 33,628 persons with epilepsy according to definition A
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Table 2
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Proportion of persons with hospital or outpatient admission with psychiatric disorders or use of drugs used for psychiatric disorders in the general population and in

persons with epilepsy.

Definition of epilepsy =~ Population of interest Total (n)

period” n (%)

Psychiatric diagnosis in the same

Psychiatric diagnosis or use of drugs used for psychiatric disorders in
the same period” n (%)

A At least one hospital contact with epilepsy in the previous five years
People with epilepsy 33,628 5103 (15.2) 12,562 (37.4)
General population 5044,367 245,967 4.9) 801,052 (15.9)
B At least one hospital contact with epilepsy in the previous ten years
People with epilepsy 46,897 9531 (20.3) 20,382 (43.5)
General population 5,044,367 344,097 (6.8) 1052,153 (20.9)
C At least two hospital contacts with epilepsy, with one being in the previous five years
People with epilepsy 25,918 3881 (15.0) 9581 (37.0)
General population 5044,367 245,967 4.9) 801,052 (15.9)
D At least two hospital contacts with epilepsy, with one being in the previous ten years
People with epilepsy 33,902 6818 (20.1) 14,663 (43.3)
General population 5044,367 344,097 (6.8) 1052,153 (20.9)
E At least one hospital contact with epilepsy and one prescription with ASMs* in the previous five years
People with epilepsy 28,826 4396 (15.3) 11,202 (38.9)
General population 5044,367 245,967 4.9) 801,052 (15.9)
F At least one hospital contact with epilepsy and one prescription with ASMs* in the previous ten years
People with epilepsy 38,349 7977 (20.8) 17,512 (45.7)
General population 5044,367 344,097 (6.8) 1052,153 (20.9)
G* At least one hospital contact with epilepsy in the prior 5 years and one prescription with ASMs in the previous year
People with epilepsy 25,806 3827 (14.8) 10,035 (38.9)
General population 5044,367 245,967 4.9) 801,052 (15.9)
H* At least one hospital contact with epilepsy ever and one prescription with ASMs in the previous year
People with epilepsy 37,582 5363 (14.3) 14,728 (39.2)
General population 5044,367 245,967 4.9) 801,052 (15.9)
I8 At least one prescription with ASMs with the indication** “epilepsy” in the previous year
People with epilepsy 39,658 6232 (15.7) 16,811 (42.4)
General population 5044,367 245,967 4.9) 801,052 (15.9)
J At least one prescription with ASMs with the indication** “epilepsy” in the previous five years
People with epilepsy 61,686 12,327 (20.0) 30,271 (49.1)
General population 5044,367 245,967 4.9) 801,052 (15.9)
K At least one prescription with ASMs with the indication** “epilepsy” in the previous ten years
People with epilepsy 83,866 24,003 (28.6) 50,602 (60.3)
General population 5044,367 344,097 (6.8) 1052,153 (20.9)
L At least one hospital contact with epilepsy or one prescription with ASMs with the indication”* “epilepsy” in the previous five years
People with epilepsy 67,829 13,381 (19.7) 32,347 (47.7)
General population 5044,367 245,967 (4.9 801,052 (15.9)
M At least one hospital contact with epilepsy or one prescription with ASMs with the indication* “epilepsy” in the previous ten years
People with epilepsy 94,303 26,246 (27.8) 54,687 (58.0)
General population 5044,367 344,097 (6.8) 1052,153 (20.9)

@ Note: In definitions G-I, the psychiatric comorbidity is reported using data from the previous five years.

" Antiseizure medications (ASMs) are all prescription drugs with the ATC codes NO3A and NO5SBA09.

" Indication for the prescription was missing in 3,715,060 out of 12,111,235 (30.7%) prescriptions for ASMs during the ten-year period 2007-2016. The proportion
of missings do, however, decrease somewhat over time and was 24.6% for redeemed ASM prescriptions in 2016. Furthermore, among the individuals who had
redeemed ASMs with an epilepsy indication in 2016, approximately 23% were not registered with a diagnosis of epilepsy in the National Patient Register.

Among persons with an epilepsy diagnosis in the previous five years (i.e. definition A), we identified 5103 (15.2%) persons who had been admitted to a psychiatric
department or hospital or seen in outpatient care with psychiatric disorders in the same period (Table A.1). In comparison, in the general population, the equivalent
number was 245,967 (4.9%) (Table 2 and Fig. 3). Among the same persons with epilepsy, we identified 12,562 (37.4%) persons with at least one psychiatric diagnosis
and/or use of drugs used for psychiatric disorders in the previous five years. In the general population, this number was 801,052 (15.9%) (Table 2, Fig. 3). For all
definitions of epilepsy, the proportion of persons with psychiatric disorders was higher among persons with epilepsy than in the general population (Table 1, Fig. 3).

Excluding persons with intellectual disability reduced the study population with 20,212 persons. In the remaining population of 5,024,155 persons, 31,785
(0.63%) persons were diagnosed with epilepsy (definition A). In these persons with epilepsy, we identified 4050 (12.7%) persons with a hospital-based diagnosis of a
psychiatric disorder, the equivalent number in the general population was 234,057 (4.7%), and in the same persons with epilepsy, we identified 11,159 (35.1%)
persons with at least one psychiatric diagnosis and/or use of drugs used for psychiatric disorders, the equivalent number in the general population was 786,059

(15.7%).

which yielded an overall epilepsy prevalence estimate of 0.67% (0.69%
for males and 0.65% for females) (Table 1). The prevalence varied with
age and there seems to be a bi-modal distribution in prevalence with
peaks around the ages 20 and 85 years (Fig. 1a). The prevalence also
varied with sex, i.e. females had a higher prevalence than men between
ages 15 and 45 years — otherwise prevalence was higher in males than in
females — especially in older ages (Fig. 1a). These age and sex-specific
patterns were similar when we included persons with at least one hos-
pital contact (inpatients and/or outpatients) with epilepsy in the ten
years leading up to December 31, 2016, (definition B, Table 1, Fig. 1b
and Figure A.1). The prevalence of epilepsy varied according to the
definitions of epilepsy used (A-M, Table 1). The estimated number of
persons with epilepsy varied from 25,806 to 94,303 persons and the
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corresponding overall prevalence estimates varied from 0.51% to 1.87%
(Table 1). The estimated prevalence of epilepsy was higher when
including information on use of ASM than when relying on hospital
diagnoses alone e.g. the definition identifying epilepsy cases with at
least one prescription with ASMs with the indication “epilepsy” in the
previous five years (i.e. definition J), found an overall prevalence esti-
mate of epilepsy of 1.22% (1.21% for males and 1.24% for females).

In general, the various definitions of epilepsy produced different sex
and age-specific prevalence estimates (Figures A.1-A.13).

In the analyses of time trends using definition A, we found that, on
December 31, 2006, there were 4,961,002 persons alive and living in
Denmark (2499,378 (50.4%) females and 2,461,624 (49.6%) males).
Prevalence of epilepsy was 0.62% (0.64% for males and 0.60% for
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Fig. 1. Age- and sex-specific prevalence of epilepsy in Denmark on December 31, 2016 in persons with at least one hospital contact with epilepsy in the previous 5
years (definition A) (Fig. 1a), and in persons with at least one hospital contact with epilepsy in the previous 10 years (definition B) (Fig. 1b).

females). Compared with prevalence estimates on December 31, 2006,
the prevalence of epilepsy on December 31, 2016, was slightly higher in
the older population and slightly lower in children (Fig. 2).

3.2. Co-morbid psychiatric disorders

The proportion of persons with epilepsy and psychiatric co-
morbidity is presented in Table 2. In people with epilepsy (definition
A), 15.2% were registered with a diagnosis of a psychiatric disorder in
the Danish Psychiatric Central Register in the same 5-year period as
compared to 4.9% in the general population on 31 December 2016.
When combining information on psychiatric diagnoses from the Danish
Psychiatric Central Register with information on the use of drugs for
psychiatric disorders from the Danish Prescription Register, the esti-
mated prevalence of psychiatric co-morbidity was much higher in the
persons diagnosed with epilepsy compared to the general population. In
people with epilepsy (definition A), 37.4% were diagnosed with a psy-
chiatric disorder or prescribed drugs for psychiatric disorders as
compared to 15.9% in the general population on 31 December 2016.
Similar higher prevalence of psychiatric co-morbidity was found for all
epilepsy definitions (Table 2). Using the various epilepsy definitions,
14.3% - 28.6% of persons with epilepsy were diagnosed with a psychi-
atric disorder and 37.0% - 60.3% were diagnosed with a psychiatric
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disorder or use of drugs used for psychiatric disorders as compared to
4.9% - 6.8% and 15.9% - 20.9%, respectively, in the general population
In general, the proportion of persons with epilepsy who had psychiatric
co-morbidity was 2-3 times higher than in the general population
(Fig. 3).

3.3. Annual cost of epilepsy

Each person with epilepsy identified by definition A accrued net
direct annual health costs of €5086, net home care costs of €2,238, net
indirect costs of €15,463, and net social transfer payments of €7896
resulting in personal total net costs associated with epilepsy of €30,683
per person (Table 3, Table A.1). Total net costs per person associated
with epilepsy varied between 28,558 € (definition B) and 34,097 €
(definition H) (19.4% higher) (Table 3, Table A.1). However, the total
population health costs including psychiatric cost ranged from
177,620,127 € to 286,888,734 € (61.5% higher), home care costs ranged
from 63,150,351 € to 97,829,912 € (54.9% higher), earned income
ranged from 242,722,828 € to 534,403,612 € (120.2% higher), and
public transfer income ranged from 344,138,153 € to 581,026,496 €
(68.8% higher) (Table A.2).
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Fig. 2. Age-specific prevalence of epilepsy in Denmark on December 31, 2006 and on December 31, 2016 in persons with at least one hospital contact with epilepsy
in the previous 5 years (definition A) (Fig. 2a), and in persons with at least one hospital contact with epilepsy in the previous 10 years (definition B) (Fig. 2b).

4. Discussion

This study provides complete population-based estimates of the
prevalence of epilepsy according to different definitions based on data
from national registers. Using the most videly used definition of epilepsy
prevalence (i.e. definition A) [19-21], the prevalence was 0.67% in
Denmark in 2016 among persons identified with a hospital-based epi-
lepsy diagnosis in the previous five years. This estimate is similar to
estimates from previous GBD studies (0.62%; 95% CI: 0.54-0.74) [9]
and estimates from a comprehensive meta-analysis of prevalence studies
(0.64%; 95% CI: 0.56-0.73) [12]. Further, the present study offers
insight into possible explanations for the considerable variation
observed in estimates of epilepsy prevalence across studies and pop-
ulations. By use of individual-level linkage of Danish healthcare regis-
ters, we observed variation in estimates of prevalence that ranged from
0.51% to 1.87% — variations also noted in previous studies of prevalence
[9,12]. It was striking to observe that, despite a high degree of variation
in epilepsy prevalence estimates, the average total net costs including
social transfer payments per person showed no substantial variation,
ranging from €28,558 to €34,097 (19% higher). The epilepsy prevalence
estimates included in the cost estimates (definition A-H) varied from
0.51% (definition C) to 0.93% (definition B) (82% higher). Accordingly,
the main determinant of the societal costs associated with epilepsy was
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the number of persons identified with the disorder. This is, of course,
important to be aware of, as epidemiological studies (including the
present study) may fail to capture the entire population with epilepsy, e.
g. patients who are well controlled for seizures and who are no longer
followed at hospital clinics.

In addition to providing an overall prevalence estimate, the analyses
of sex- and age-specific prevalence underscores the importance of
including these aspects when assessing prevalence across studies and
populations; although the overall prevalence of epilepsy did not increase
in Denmark from 2006 to 2016, the prevalence increased in the elderly
population. This increase may reflect improved survival after e.g. stroke
[32] and the introduction in 2014 of the clinical definition of epilepsy
that allows a diagnosis of epilepsy after a single seizure [22]. Another
aspect of the variation in epilepsy prevalence relates to the issue of when
epilepsy is resolved. According to the International League Against Ep-
ilepsy (ILAE) clinical definition of epilepsy [22], the disorder is
considered resolved for persons who either had an age-dependent epi-
lepsy syndrome, but are now past the applicable age, or who have
remained seizure-free for the past ten years and been off ASMs for at
least the past five years [22]. For example, the estimate of prevalent
persons with epilepsy as persons who reimbursed at least one ASM
prescription with the indication “epilepsy” in the ten years prior to 2016
(i.e. definition K), produced a much higher prevalence estimate (1.66%)
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Fig. 3. Age-specific proportion of individuals with psychiatric disorders in persons alive and residing in Denmark on December 31, 2016, based on hospital diagnoses
(in- and outpatients) of epilepsy* and psychiatric disorders (Fig. 3a), and based on hospital diagnoses (in- and outpatients) of epilepsy*, hospital diagnoses of
psychiatric disorders, or use of psychotropic medicine (antipsychotics, antidepressants, and anxiolytics) (Fig. 3b).

*Persons with epilepsy were defined as persons with at least one hospital contact with epilepsy in the prior 5 years (definition A).

than the overall prevalence estimate based on a hospital diagnosis of
epilepsy within five years reported in this study (0.67%) (definition A),
and as reported in previous reviews of epilepsy prevalence [9,12].

In the present study, psychiatric disorders diagnosed in the hospital
setting were more prevalent among persons diagnosed with epilepsy
than in the general population regardless of definitions used (Table 2)
[33-37]. However, the number of persons with epilepsy who were
prescribed drugs for psychiatric disorders outside the hospital setting
suggests that a high proportion of persons with epilepsy that suffer from
psychiatric disorders are not captured by data from the hospital setting
alone. Thus, persons with psychiatric disorders estimated as the pro-
portion of persons who received drugs for psychiatric disorders outside
the hospital setting (i.e. in primary care) was higher than the proportion
of persons with psychiatric disorders seen at the psychiatric hospital
level as out- or inpatients in persons with as well as without epilepsy
(Table 2).

The occurrence of psychiatric comorbidities based on psychiatric
disorders registered in the Danish Psychiatric Central Register (Fig. 3a)
and occurrence of psychiatric disorders identified from both the hospital
register and use of psychotropic drugs (Fig. 3b) provided almost the
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same prevalence estimates of psychiatric disorders in children (Fig. 3a
and b). However, the hospital register (the Danish Psychiatric Central
Register) alone (Fig. 3a) was less effective in identifying adults and older
age persons with psychiatric disorders (Fig. 3b), thus, including also use
of psychotropic medication in the identification of psychiatric comor-
bidity in adults increased the proportion of persons captured with psy-
chiatric disorders (Fig. 3b). In summary, these findings suggest that in
the adult and elderly population, the majority of psychiatric disorders
are managed in primary care (and therefore not identified from hospital
registers such as the Danish Psychiatric Central Register), whereas
psychiatric disorders in children and adolescents appear to be identified
in the hospital setting.

4.1. Limitations and generalizability

The identification of epilepsy patients and co-morbid psychiatric
disorders was based on data from healthcare registers. Due to the lack of
detailed clinical information, we were unable to validate the epilepsy
diagnosis, and we could not classify epilepsy subtypes nor determine
seizure status. However, routinely collected epilepsy diagnoses and ASM
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Table 3
Net individual cost associated with epilepsy in Denmark on 31 December 2016.
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Definition of epilepsy Persons with

Control persons

Net direct and Net social Net cost including social

epilepsy n without epilepsy n indirect costs transfer payments  transfer payments

A At least one hospital contact with epilepsy in the 32,238 60,245 22,787 € 7896 € 30,683 €
previous five years

B At least one hospital contact with epilepsy in the previous 44,412 82,749 21,041 € 7517 € 28,558 €
ten years

C At least two hospital contacts with epilepsy, with one being 24,205 44,891 24,724 € 8880 € 33,604 €
in the previous five years

D  Atleast two hospital contacts with epilepsy, with one being 31,414 58,128 23,216 € 8556 € 31,772 €
in the previous ten years

E At least one hospital contact with epilepsy and one 26,603 49,463 24,261 € 8423 € 32,691 €
prescription with ASMs' in the previous five years

F At least one hospital contact with epilepsy and one 35,384 65,620 23,129 € 8251 € 31,380 €
prescription with ASMs' in the previous ten years

G At least one hospital contact with epilepsy in the prior five 23,440 43,487 25,209 € 8765 € 33,974 €
years and one prescription with ASMs' in the previous year

H At least one hospital contact with epilepsy ever and one 23,440 43,487 25,058 € 9039 € 34,097 €

prescription with ASMs' in the previous year

I Antiseizure medications (ASMs) are all prescription drugs with the ATC codes NO3A and NO5BA09.
§ Number of prevalent persons with epilepsy and matched persons without epilepsy differ slightly from the prevalence estimates in Tables 1 and Table 2, because
patients with the first (incident) epilepsy diagnosis in 2016 were excluded as cost estimates were based on information from the entire year.

prescriptions have previously been used to identify people with epilepsy
in various populations with a high sensitivity and specificity [23,38]. In
a Danish setting, we previously assessed the PPV of an epilepsy diagnosis
in the Danish National Hospital Register from 1977 to 2002 using
definition A and found that it was relatively high (81% (95% CL:
75-87%)) [39]. However, diagnosing epilepsy is inherently difficult
[22], and not all persons registered with epilepsy in this study may meet
the diagnostic criteria for epilepsy. Possible reasons for misdiagnosis of
epilepsy in register data and thus overestimation of epilepsy prevalence
when based in these data, include administrative coding errors, tenta-
tive diagnoses of epilepsy until a final diagnosis can be reached, and
persons with a condition misdiagnosed as epilepsy. In addition, defini-
tions of epilepsy changed just prior to the time of the estimation of
prevalence in 2016 to include persons with epilepsy until they have
remained seizure-free for the last 10 years with at least the last 5 year off
ASM (i.e. definition B; at least one hospital contact with epilepsy in the
previous ten years) [22,40]. Furthermore, we may have missed persons
with epilepsy only followed in primary health care by general practi-
tioners, by privately practicing neurologists or patients who go undi-
agnosed, although we will capture some of these patients using other
epilepsy definitions (e.g. use of ASM from national prescription data-
bases — definitions E-M). These factors and imprecisions may lead to
underestimation of the “true” epilepsy prevalence. However, the val-
idity of the identification of persons with epilepsy can be increased by
combining information from two or more hospital contacts with epilepsy
(i.e. definitions C and D requiring at least two hospital contacts with
epilepsy, with one being in the previous five and ten years, respectively),
which significantly increases the validity of the epilepsy diagnoses [23,
26,38]. Identification of epilepsy cases based on more than one diag-
nostic entry has a high validity, approaching a PPV of 90-100% [23].
However, combining information on two or more epilepsy diagnoses
comes at the expense of a lower case identification completeness, i.e. we
may miss true epilepsy cases, which results in a lower prevalence esti-
mate; for instance, a validation study in Norway concluded that relying
on two or more diagnoses for epilepsy resulted in the exclusion of 24% of
the confirmed epilepsy cases [25]. Accordingly, our prevalence esti-
mates based on two or more diagnoses (i.e. definition C and D) were
lower than prevalence estimates based on only one diagnosis (i.e. defi-
nitions A and B).

Combining information from hospital contacts with information
from prescription fill for ASM has been shown to have a high positive
predictive value where the best model correctly classified 90% of the
epilepsy cases [23,27]. Thus, we estimated prevalence by examining
combinations of diagnosis and medication use (i.e. definitions E, F, G, H,
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L, J, K, L, M) each with different resulting estimates of prevalence (i.e.
increasing length of follow up increased the prevalence estimates (e.g.
definition E versus definition F)). Further, we estimated prevalence
requesting prescription fill for ASM within the previous year as part of
definition which attenuated the prevalence estimates (i.e. definitions G
and H). Information from the prescription indicating that the medication
is used for epilepsy generally provided high estimates of epilepsy
prevalence (definition I, J and K), but may overestimate the prevalence
of epilepsy if ASMs are used outside the epilepsy indication [41].
Further, the indication information in Denmark is not used for the
reimbursement, which may lower completeness and accuracy of the
information registered, although the indication “epilepsy” is found on
the ASM prescription. Including epilepsy cases based both on indication
from ASM prescriptions and cases identified from hospital-based di-
agnoses also provided high prevalence estimates (i.e. definition L and
M), but most likely also overestimate prevalence of epilepsy as these
persons identified with epilepsy will include persons who do not fulfill
the diagnostic criteria for epilepsy and who may use ASM of
non-epilepsy indications [41].

It is not known to what extent people with epilepsy only attend their
general practitioner and thus are not captured at hospital inpatient/
outpatient clinics. However, in 2016, 39,658 persons filled at least one
prescription with ASMs with the indication “epilepsy” equivalent to a
prevalence estimate of 0.79% (i.e. definition [; at least one prescription
with ASMs with the indication ‘epilepsy’ in the previous year) and
further, 61,686 filled at least one prescription with ASMs with the
indication “epilepsy” in the previous five years equivalent to a preva-
lence estimate of 1.22%, which may suggest that the prevalence esti-
mate based on at least one hospital contact with epilepsy in the previous
five years (0.67%) (definition A) does not capture some patients with
epilepsy seen only in general practice who are not seen for epilepsy in
the hospital setting.

The estimates of costs associated with epilepsy were based on reg-
ister information describing direct costs from hospitalizations, outpa-
tient visits, drug use, and visits to general practitioners and practicing
specialists in the public and private sectors; indirect costs included es-
timates of labor income and social transfer payments; and income was
based on declared taxable income from Coherent Social Statistics data
[29]. Although the cost estimates were based on register data which may
constitute a limitation, the organization of the Danish healthcare system
and the associated national registers allow for accurate linkage of
healthcare information and socioeconomic information avoiding bias
that may stem from, e.g., recall bias, which may thus also be considered
a strength of the study. In addition, the cost estimates represent a



J. Christensen et al.

complete national patient sample avoiding selection of the more severe
spectrum of persons with epilepsy. However, although the study pro-
vides national estimates, it does not address any additional costs asso-
ciated with epilepsy derived from the consequences of epilepsy in
partners, children, and other family members [8]. A recent systematic
review of the epilepsy cost-of-illness literature provided comprehensive
annual cost estimate per person with epilepsy [42]. Total cost of epilepsy
was estimated to $11,432 (~10,650 €) per person in high-income
countries and $16,356 (~15.240 €) in Western Europe in 2019 [42].
Thus, the total cost per person estimated in Danish study (28,558 € - 34,
097 €) is higher than those reported in the literature and reflect higher
contribution from home care costs and social transfer payments in the
Danish estimates compared to the cost estimates from the epilepsy
cost-of-illness review [42]. Accordingly, the findings from our study
may not be generalizable to populations with a different healthcare
structure and income status [42].

This study was conducted in Denmark, i.e. a resource-rich country in
Northern Europe with free access to medical care, likely impacting all
aspects of the study, including the estimates of epilepsy prevalence,
psychiatric co-morbidity and, in particular, the estimated absolute costs
associated with epilepsy. Epilepsy may have an even higher relative
impact in resource constrained countries, and be accompanied by
limited access to care and ASM [43].

4.2. Conclusion

Population estimates from national registers provide epilepsy prev-
alence estimates of approximately 0.7% - similar to previous reviews of
epilepsy prevalence. In addition, the national sample allowed identifi-
cation of the significant contribution of comorbid psychiatric disorders
and the high total societal costs associated with epilepsy. The findings
have important implications for the assessment of the burden associated
with epilepsy and therefore also for health service planning. Epilepsy
prevalence varies highly with the definitions used, but cost estimates
suggest that the main determinant of the total cost associated with ep-
ilepsy is the prevalent number of persons with epilepsy rather than the
estimated cost per person.
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