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ABSTRACT

Background The Global Burden of Disease Study (GBD)
produces prevalence estimates for ‘idiopathic epilepsy’
(ie, of unknown aetiology) and ‘secondary epilepsy’ (ie,
with known aetiology) but does not report prevalence by
underlying aetiologies for ‘secondary epilepsy’.
Methods We used nationwide, population-based
register data from Denmark to identify underlying
causes of epilepsy and their contribution to prevalence
of 'secondary epilepsy’ and compared with global
prevalence data from GBD 2019. We identified all
persons with a hospital-based epilepsy diagnosis and

a filled prescription for antiseizure medication between
1 January 2009 and 31 December 2018. Epilepsy was
categorised into ‘idiopathic’ or ‘secondary’ and ‘total
epilepsy’ as the sum of the two epilepsy categories.
Results On 31 December 2018, a total of 5784284
individuals (49.7% males) were living in Denmark
including 40336 with epilepsy (51.5% males). Perinatal
conditions, traumatic brain injury, brain tumours and
stroke were prominent underlying causes of ‘secondary
epilepsy’. The prevalence of ‘total epilepsy’ in Denmark
was 697 (95% Cl 691 to 704) per 100 000 population
(264 (95% CI 260 to 269) for 'secondary epilepsy’ and
433 (95% Cl 428 to 438) for "idiopathic epilepsy’). In
the GBD 2019 Study, the prevalence of "total epilepsy’
in 2018 was 682 (95% uncertainty interval (Ul) 586 to
784) per 100 000 population (359 (95% Ul 324-397)
for 'secondary epilepsy” and 324 (95% Ul 249 to 404)
for 'idiopathic epilepsy’).

Conclusions Prevalence estimates of "total epilepsy’,
"idiopathic epilepsy’ and ‘secondary epilepsy’ in Denmark
align with the GBD 2019 estimates. In future studies,

it is suggested to explicitly include all types of epilepsy,
including ‘secondary epilepsy’, which is currently
estimated as sequelae (consequences) of underlying
diseases.

INTRODUCTION

Epilepsy is a disorder of the brain characterised by
an enduring predisposition to generate epileptic
seizures and by the neurobiological, cognitive,
psychological and social consequences of this
condition.! Epilepsy may result from an underlying
cause (eg, stroke or traumatic brain injury); in such
cases, the epilepsy may be considered secondary

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The "total epilepsy’ prevalence is the sum of
"idiopathic epilepsy’ (ie, in this context without
known underlying cause) and ‘secondary
epilepsy’ (ie, with known underlying cause).

= Prevalence estimates of ‘total epilepsy’ and
epilepsy subtypes vary with age, sex and
underlying cause of epilepsy.

= The contribution of specific underlying causes
to the prevalence of ‘secondary epilepsy’ and
their alignment with, and impact on, Global
Burden of Disease (GBD) estimates of epilepsy
are not known.

WHAT THIS STUDY ADDS

= The study provides updated point prevalence
estimates of ‘total epilepsy’ in Denmark; 697
(95% Cl 691 to 704) per 100 000 population
(264 (95% Cl 260 to 269) for ‘secondary
epilepsy’ and 433 (95% Cl 428 to 438) for
"idiopathic epilepsy’).

= From the GBD 2019 Study, the study provides
prevalence estimates of ‘total epilepsy’ in 2018;
682 (95% uncertainty interval (Ul) 586 to 784)
per 100 000 population (359 (95% Ul 324 to
397) for ‘secondary epilepsy’ and 324 (95% Ul
249 to 404) for ‘idiopathic epilepsy’).

= Perinatal conditions, traumatic brain injury,
brain tumours and stroke were prominent and
highly age-dependent underlying causes of
‘secondary epilepsy’.

= Prevalence estimates of ‘total epilepsy’,
"idiopathic epilepsy’ and ‘secondary epilepsy’ in
Denmark align with the GBD 2019 estimates.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= In future studies of the burden of epilepsy,
it would be advisable to explicitly include all
types of epilepsy, including ‘secondary epilepsy’,
currently considered a sequela (consequence) of
underlying diseases.

= The findings have significant implications for
healthcare planning and resource allocation.

to the underlying aetiology (‘secondary epilepsy*.
It is not always possible to identify an underlying
aetiology of epilepsy in which case the epilepsy
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Epilepsy

may be classified as ‘idiopathic epilepsy’. This terminology (ie,
‘secondary epilepsy” and ‘idiopathic epilepsy’) was employed in
the 2016 Global Burden of Diseases, Injuries and Risk Factors
(GBD) Study of Epilepsy and in all subsequent rounds of the
GBD through the present.> We have chosen to maintain this
dichotomy in the descriptions of epilepsy prevalence in this
study, although, in the most recent International League Against
Epilepsy (ILAE) classification of epilepsy,® the term ‘idiopathic’
is reserved for the description of specific idiopathic generalised
epilepsy syndromes. Thus, for clarity, in the present study of
epilepsy prevalence, we have chosen to use the terms ‘secondary
epilepsy’ for epilepsy where the first epilepsy diagnosis was
preceded by an identified underlying cause of epilepsy and ‘idio-
pathic epilepsy’ for epilepsy with unknown underlying aetiology
and ‘total epilepsy’ as the sum of the two types of epilepsy.

The many forms of epilepsy regardless of aetiology have
major socioeconomic consequences for patients, families and
society and are associated with reduction in health metrics such
as life years lost due to premature mortality and years lived
with disability often summarised as disability-adjusted life-years
(DALYs).?* In an analysis of loss of DALYs, epilepsy ranked fifth
among neurological disorders,” and recently, the 73rd World
Health Assembly of the WHO recognised that epilepsy and
other neurological disorders are the leading cause of DALYs lost
and the second-leading cause of death worldwide.® Epilepsy is
associated with significant health loss and because estimates of
the burden of epilepsy are determined by the prevalence, precise
estimates of epilepsy prevalence are essential for healthcare
planning and resource allocation.”® A major contribution to our
understanding of the burden of various disorders comes from
the GBD Studies, which have reported detailed disease-specific
estimates of prevalence, incidence, deaths and loss of DALYs
by age and sex.” ' The GBD also provides more detailed esti-
mates of burden of individual disorders, that is, the 2016 GBD
Epilepsy Study measured burden of epilepsy as deaths, preva-
lence and health loss (summarised as loss of DALYs), by age,
sex, year, location and sociodemographic index.” '* While the
comprehensive GBD studies’ '° provide estimates of years lived
with disability for ‘total epilepsy’ including ‘secondary epilepsy’,
the 2016 GBD Epilepsy Study primarily focused on ‘idiopathic
epilepsy’ and its burden.” The burden of ‘secondary epilepsy’
(eg, secondary to stroke and traumatic brain injuries) was instead
quantified as sequelae, or consequences, of the underlying causes
of ‘secondary epilepsy’.? Thus, the underlying epilepsy preva-
lence estimate that contributes to the 2016 GBD Epilepsy Study
estimation for Years Lived with Disability for epilepsy is gener-
ated from the prevalence of ‘idiopathic epilepsy’ (329.3 per 100
000 population (95% uncertainty interval (UI) 280.3 to 381.2)),
and not the ‘total epilepsy’ prevalence (ie, the sum of ‘idio-
pathic epilepsy’ and ‘secondary epilepsy’ prevalence; 621.5 per
100000 population; (95% UI 540.1 to 737.0)).2

To assess the contribution of ‘secondary epilepsy’ and ‘idio-
pathic epilepsy’ to overall estimates of ‘total epilepsy’ prevalence
and to assess the contribution of different underlying causes of
‘secondary epilepsy’, we estimated population-based prevalence
of ‘total epilepsy’, ‘secondary epilepsy’ and ‘idiopathic epilepsy’
in a nationwide study in Denmark and compared estimates with
updated GBD 2019 epilepsy prevalence estimates.

MATERIALS AND METHODS

Study design and participants

In this population-based cohort study, we included all individ-
uals identified from the Danish Civil Registration System'' who

were alive and living in Denmark on 31 December 2018. The
Danish Data Protection Agency, Statistics Denmark and the
Danish Health Data Authority approved this study. According
to Danish law, informed consent was not required for register-
based studies. All data were deidentified and not recognisable at
an individual level.

Procedures

The Danish Civil Registration System'' holds information on
all Danish residents, including sex, date of birth, date of death
and a unique personal identification number that can be used to
link information from various national registers. We obtained
information on epilepsy from the Danish National Patient
Registry,'* which contains information on all patients discharged
from Danish hospitals since 1 January 1977 and on inpatients,
emergency department and outpatient specialty clinic contacts
since 1995. The diagnostic system used in these registers was
the Danish modification of the International Classification of
Diseases, 8th Revision (ICD-8) until 31 December 1993, and the
ICD-10, from 1 January 1994. The use of antiseizure medication
(ASM) was identified using the Danish National Prescription
Registy,"* which holds information on filled prescriptions from
1995. Persons were classified as having prevalent epilepsy if
they had received an epilepsy diagnosis (ICD-8: 345 (excluding
345.29) or ICD-10: G40) and had filled an ASM prescription
(ATC NO3A (excluding N03AX12N03AX16) or NO5SBA09)
between 1 January 2009 and 31 December 2018. Since the
Danish National Patient Registry contains data from 1 January
1977, we restricted those having their first epilepsy diagnosis
after 1 January 1979 to have at least 2 years of data before
epilepsy onset, to capture underlying causes of epilepsy. The
positive predictive value of an epilepsy diagnosis in the Danish
National Hospital Register was 81% (95% CI 75% to 87%),"* but
the completeness is not known, and persons with epilepsy only
followed by general practitioners, by privately practising neurol-
ogists/paediatricians or patients who did not receive a diagnosis
may have been missed. Combining information from hospital
contacts with information from prescriptions filled for ASM has
been shown to increase the positive predictive value where the
best model correctly classified 90% of the epilepsy cases."’ Thus,
the current algorithm using a combination of epilepsy diagnoses
and ASM use provides estimates with a moderate to high posi-
tive predictive value and completeness.”

However, as we may not capture patients with epilepsy who
were diagnosed in the hospital setting before 1 January 2009, and
patients diagnosed outside the hospital, we added the following
in sensitivity analyses: (1) To capture prevalent patients, who
were diagnosed in a hospital setting in Denmark before 1 January
2009, and afterwards had been seen by general practitioners or
privately practising neurologists only, we classified persons as
having prevalent epilepsy if they had received an epilepsy diag-
nosis (ICD-8: 345 (excluding 345.29) or ICD-10: G40) between
1 January 1979 and 31 December 2008 and had filled an ASM
prescription (ATC NO3A (excluding N0O3AX12N03AX16) or
NOS5SBA09) between 1 January 2009 and 31 December 2018
and (2) To capture prevalent persons who were diagnosed with
epilepsy outside the hospital and had not received an epilepsy
diagnosis in the hospital setting, we classified persons as having
prevalent epilepsy if they had filled two prescriptions for an ASM
(ATC NO3A (excluding N03AX12N03AX16) or NO5BA09)
with the indication ‘epilepsy’ between 1 January 2009 and 31
December 2018 and were not captured by any of the two other
definitions of epilepsy.

Christensen J, et al. ] Neurol Neurosurg Psychiatry 2025;96:480-488. doi:10.1136/jnnp-2024-334547 431

‘saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq palosalold
"1sanb Aq G20z ‘.2 41990100 uo /wod fwg duul/:dny wolj papeojumoq v20g 18qWIaAON ZT U0 /ySyee-202-duul/oeTT 0T se paysiignd 1si1y :A1jeiyohsd BinsoinaN |onaN


http://jnnp.bmj.com/

Epilepsy

We considered a person to have ‘secondary epilepsy’ if the
first epilepsy diagnosis was preceded by any of the following
recognised causes of epilepsy: central nervous system (CNS)
infections and other specific infections, perinatal conditions asso-
ciated with epilepsy, selected malformations related to the brain,
brain neoplasm, traumatic brain injury, stroke and dementia
(online supplemental table 1), and a person to have ‘idiopathic
epilepsy’ if the first epilepsy diagnosis was not preceded by any
of these conditions.

Persons diagnosed with monogenic/chromosomal disorders
(eg, tuberous sclerosis and Down syndrome) were classified into
‘secondary epilepsy’ and persons with a presumed genetic aeti-
ology of epilepsy (eg, juvenile myoclonic epilepsy) with complex
genetic inheritance were classified with ‘idiopathic epilepsy’.
From the Danish National Patient Register,'* we included diag-
noses of causes given before or on the date of the first epilepsy
diagnosis (ie, from 1977 to the date of epilepsy diagnosis). We
did not include diagnoses of infections, traumatic brain injury
and stroke if they were given in the 14 days leading up to the
first epilepsy diagnosis (ie, to exclude early postinjury seizures).'®
In cases where multiple potential causes of ‘secondary epilepsy’
were identified, the one occurring closest to the first epilepsy
diagnosis was chosen.

Updated GBD 2019 estimates of epilepsy prevalence in the
year 2018

The Institute of Health Metrics, Washington, USA regularly
publish refined GBD data that are publicly available, and based
on the most up-to-date iteration of this dataset, GBD 2019,
the estimates of prevalence of epilepsy in the year 2018 via the
Global Health Data Exchange database to collect age-specific
prevalence (and the corresponding 95% Uls) for epilepsy
were collected.'” The updated GBD 2019 estimates for ‘total
epilepsy’ prevalence and prevalence of ‘secondary epilepsy” and
‘idiopathic epilepsy” from the Global Burden of Disease Collab-
orative Network'” were collected for the year 2018 to enable
comparison with the data derived from Danish registers for the
same year. Estimates of ‘total epilepsy’ prevalence by year, age,
sex and country were produced using prevalence and incidence
data from population-based studies as inputs to a mixed effects
meta-regression modelling tool, DisMod-MR.” “Total epilepsy’
prevalence was then split between ‘idiopathic epilepsy’ and
‘secondary epilepsy’ using proportion data collected from 89
studies that categorised epilepsy cases as either ‘idiopathic’ or
‘secondary’ to a known cause. These data were entered into a
linear mixed-effects model to produce proportional estimates by
year and location. Uncertainty was estimated by creating 1000
values for each prevalence estimate and performing aggrega-
tions across causes and locations at the level of each of the 1000
values for all intermediate steps in the calculation.” GBD uses
a standard population calculated for all age-standardised esti-
mates, as the non-weighted average across all countries of the
percentage of the population in each 5-year age group from the
United Nations Population Division’s World Population Pros-
pects (2012 revision).?

The 2016 GBD Epilepsy Study estimated global, regional and
country-specific prevalence from 1990 to 2016 based on 317
studies on the prevalence of epilepsy, and additional studies of
incidence, mortality and on the severity of the epilepsy were
selected for the calculation of disability weights.” The reference
definition for epilepsy was based on the ILAE Guidelines for
Epidemiologic Studies on Epilepsy,'® which defined an epilepsy
case as someone with an active, recurrent condition of epileptic

seizures (two or more) unprovoked by an immediate cause and
who has had at least one epileptic seizure in the past 5 years
regardless of ASM treatment. Thus, the definition used in both
the 2016 GBD Epilepsy Study” and the GBD 2019 study devi-
ates slightly from the definition use in the analyses of the Danish
data in this study (ie, persons who had received a hospital-based
epilepsy diagnosis and had filled a prescription for ASM in the
past 10 years).

Statistical analyses

In the Danish data, we calculated the point prevalence of
epilepsy as the number of persons who were alive and diagnosed
with epilepsy divided by the total number of persons alive in
Denmark on 31 December 2018. We calculated the prevalence
of ‘secondary epilepsy’ by conditions (ie, infections, traumatic
brain injury, stroke, brain neoplasm, perinatal complications,
dementia or congenital malformations) and the prevalence
of ‘idiopathic epilepsy’ as the number of persons alive with
these diagnoses divided by the total number of persons alive
in Denmark on 31 December 2018. In the Danish population,
we estimated 95% Cls for the point prevalence estimates. The
population-based prevalence based on Danish data was directly
compared with the UI from the GBD study

Patient and public involvement

The UK Epilepsy Priority Setting Partnership used the James Lind
Alliance rigorous methodology to identify and prioritise unan-
swered questions that are most important to those affected by
and working in epilepsy and identified top 10 research priorities
for epilepsy."” On this top 10 list, the question “What underlying
mechanisms cause epilepsy in children and in adults?’ was prior-
itised as number two indicating that studies of underlying causes
of epilepsy is highly prioritised by epilepsy charities, healthcare
professionals and the epilepsy community. We will work with
patient organisation associations on plans for dissemination of
the study results to participants and wider relevant communities
as we believe that the findings have significant implications for
healthcare planning and resource allocation.

Role of the funding source
The funders of the study had no role in study design, data collec-
tion, data analysis, data interpretation or writing of the report.

Results

On 31 December 2018, a total of 5784284 individuals (2 876
754 (49.7%) males and 2 907 530 (50.3%) females) were alive
and living in Denmark, including 40 336 individuals with epilepsy
(20 763 (51.5%) males and 19 573 (48.5%) females). Thus, the
point prevalence on this date of ‘total epilepsy’ was 697 (95% CI
691 to 704) per 100 000 population (722 (95% CI 712 to 732)
per 100 000 population for males and 673 (95% CI 664 to 683)
per 100 000 population for females). The point prevalence of
‘secondary epilepsy’ was 264 (95% CI 260 to 269) per 100 000
population (297 (95% CI 291 to 303) per 100 000 population
for males and 232 (95% CI 227 to 238) per 100 000 population
for females), and the point prevalence of ‘idiopathic epilepsy’
was 433 (95% CI 428 to 438) per 100 000 population (425
(95% CI 417 to 432) per 100 000 population for males and 441
(95% CI 433 to 449) per 100 000 population for females). In the
expanded definition of prevalent epilepsy adding persons with
a hospital-based diagnosis of epilepsy before 1 January 2009,
who filled an ASM prescription between 1 January 2009 and
31 December 2018 to the main definition, we identified 48 952
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Figure 1

Age-specific point prevalence of ‘secondary epilepsy’ (with known aetiology) and ‘idiopathic epilepsy” (with unknown aetiology) in Denmark on

31 December 2018. Prevalence estimates are estimated for the age groups <10 years, 10-14, 15-19, ..., 80-84, 85-89 and 90+ years (see tables 1 and 2

for more detailed age-specific and sex-specific prevalence estimates).

persons with epilepsy alive on 31 December 2018 giving an
overall point prevalence of ‘total epilepsy’ of 846 (95% CI 839
to 854) pr 100 000 population (online supplemental figure 1). In
the further expanded definition of epilepsy adding persons who
filled two prescriptions for ASM with the indication ‘epilepsy’
between 1 January 2009 and 31 December 2018 to the previous
definitions, we identified 70451 persons with epilepsy alive on
31 December 2018, giving an overall point prevalence of ‘total
epilepsy” of 1218 (95 % CI 1209 to 1227) pr 100000 popula-
tion (online supplemental figure 1).The age-specific prevalence
of ‘total epilepsy’, ‘secondary epilepsy’ and ‘idiopathic epilepsy’
in Denmark is shown in figure 1. In general, the prevalence
of ‘total epilepsy’ increased slightly with age, with a plateau
between 15 and 50 years of age before increasing until the end of
life. The prevalence of ‘idiopathic epilepsy’ increased in the first
10 years of life and then was stable throughout life. In contrast,
the prevalence of ‘secondary epilepsy’ increased with age into
late adult life.

For ‘total epilepsy’, the prevalence was similar in the two sexes
up to 50 years of age, after which the prevalence of epilepsy was
higher in males than in females (table 1 and online supplemental
figure 2).

For ‘secondary epilepsy’, the prevalence of epilepsy was
higher in males than in females throughout life, but for ‘idio-
pathic epilepsy’, the prevalence was higher in females than in
males up to about 60 years of age, after which the prevalence of
‘idiopathic epilepsy’ was higher in males than in females (table 2
and online supplemental figure 3).

Figure 2 shows the age-specific prevalence (figure 2A) and
proportion (figure 2B) of epilepsy by underlying aetiology
(unknown and known by underlying cause). The causes of

‘secondary epilepsy’ varied considerably with age; up to 40-50
years of age, CNS malformations and perinatal conditions
were the most common causes of ‘secondary epilepsy’, after
50 years, brain tumours and stroke became significant causes
of ‘secondary epilepsy’, and in end-of-life, dementia contrib-
uted to the prevalence of ‘secondary epilepsy’. Traumatic brain
injury and infections contributed to the prevalence of ‘secondary
epilepsy’ throughout life.

The GBD 2019 estimate of global prevalence of ‘total epilepsy’
for the year 2018 was 682 (95% CI 586 to 784) per 100 000
population, the estimated point prevalence of ‘secondary
epilepsy” was 359 (95% CI 324 to 397) per 100 000 population,
and the estimated point prevalence of ‘idiopathic epilepsy” was
324 (95% CI 249 to 404) per 100 000 population (figure 3).

The age-specific prevalence of ‘total epilepsy’ in Denmark was
very similar to the age-specific, global, ‘total epilepsy’ prevalence
estimates of epilepsy from GBD 2019. However, the Danish
population prevalence of ‘idiopathic epilepsy’ was higher than
the GBD 2019 global prevalence (p<0.0001), and the GBD
2019 global prevalence of ‘secondary epilepsy’ was higher than
the prevalence in the Danish population (p<0.0001) (figures 1
and 3).

DISCUSSION

In this population-based study of more than five million people
living in Denmark, we found prevalence estimates of ‘total
epilepsy’ similar to the global prevalence estimates reported by
the 2016 GBD Epilepsy Study” and in updated GBD 2019 data
for the year 2018."” A little more than half of the ‘“total epilepsy’
prevalence is accounted for by ‘secondary epilepsy’. The 2016
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Table 1  Point prevalence of ‘total epilepsy’ by sex and age in Denmark on 31 December 2018

Males and females Males Females
Age groups N Prevalence (95% Cl) per 100 000 N Prevalence (95% Cl) per 100 000 N Prevalence (95% Cl) per 100 000
0-1 99 80 (64 to 96) 56 88 (65t0 111) 43 72 (50 to 93)
2-3 227 186 (162 to 210) 122 194 (160 to 229) 105 177 (143 t0 211)
4-5 345 295 (264 to 326) 200 333 (287 t0 379) 145 254 (213 t0 295)
6-7 418 342 (309 to 374) 212 338 (293 to 384) 206 345 (298 t0 392)
8-9 607 459 (422 to 495) 331 487 (435 to 539) 276 428 (378-479)
10-11 761 560 (520-599) 405 579 (523-635) 356 539 (483-595)
12-13 791 583 (543-624) 416 600 (542-657) 375 566 (509-623)
14-15 883 654 (611-697) 449 650 (590-710) 434 659 (597-720)
16-17 871 644 (601-687) 425 613 (555-671) 446 676 (614-739)
18-19 1010 716 (672-759) 501 693 (633-754) 509 739 (675-803)
20-21 1019 692 (650-734) 539 714 (654-774) 480 669 (609-729)
22-23 1055 676 (635-717) 543 680 (623-737) 512 671 (613-729)
24-25 1063 664 (624-704) 532 653 (598-709) 531 675 (618-732)
26-27 1042 662 (622-702) 540 673 (616-729) 502 650 (594-707)
28-29 986 645 (605-685) 494 634 (578-690) 492 657 (599-715)
30-34 2405 698 (671-726) 1148 654 (616-691) 1257 745 (704-786)
35-39 2206 667 (640-695) 1089 654 (615-693) 1117 681 (641-721)
40-44 2352 633 (608-659) 1106 595 (560-630) 1246 672 (635-709)
45-49 2572 661 (635-686) 1285 658 (622-694) 1287 663 (627-699)
50-54 2921 695 (670 to 720) 1515 715 (679 to 751) 1406 675 (640-710)
55-59 2794 742 (715 to 769) 1473 782 (742 10 822) 1321 702 (664 to 740)
60-64 2720 794 (765 to 824) 1479 873 (82810 917) 1241 718 (678 to 757)
65-69 2703 844 (813 to 876) 1470 941 (893 to 989) 1233 752 (710 to 794)
70-74 3058 932 (899 to 965) 1676 1058 (1007 to 1108) 1382 814 (772 to 857)
75-79 2395 1070 (1028 to 1113) 1280 1232 (1165 to 1299) 1115 930 (876 to 984)
80-84 1685 1186 (1130 to 1242) 873 1415 (1322 to 1508) 812 1010 (941 to 1080)
85-89 890 1157 (1082 to 1233) 429 1455 (1318 to 1592) 461 972 (884 t0 1061)
90-94 372 1074 (965 to 1182) 147 1392 (1169 to 1616) 225 934 (812 to 1055)
95+ 86 853 (673 to 1032) 28 1349 (853 to 1846) 58 724 (539 t0 910)

GBD Epilepsy Study estimates the burden of epilepsy but focuses
on the burden of ‘idiopathic epilepsy’,” and accordingly, the
burden from ‘secondary epilepsy’ does not contribute to this
estimate. The significant contribution of ‘secondary epilepsy’ to
‘total epilepsy’ prevalence shows why incorporating cases with
‘secondary epilepsy’ is important to capture the full burden in
all persons with epilepsy. However, the heterogeneity of the
underlying causes contributing to ‘secondary epilepsy’ varies
substantially across the lifespan as shown in this study, and this
variation in underlying conditions and overlap with other disor-
ders is challenging to the methods used to estimate the burden
of epilepsy and when comparing to other conditions that may
themselves be causes of epilepsy, for example, stroke?® and trau-
matic brain injury.® ' The GBD 2019 study of disease burden
does not explicitly quantify the contribution from stroke, trau-
matic brain injury and CNS tumours to ‘secondary epilepsy’,
even though these are important contributors, but does include
years lost due to disability following neonatal conditions and
meningitis, encephalitis and neurocysticercosis.**

The GBD Epilepsy Study defined an epilepsy case as someone
with two or more seizures that were unprovoked by an immediate
cause and who has had at least one epileptic seizure in the past
S years regardless of ASM treatment.” * In contrast, the identi-
fication of a person with epilepsy in the Danish data was based
on persons who had received a hospital-based epilepsy diagnosis
and had filled a prescription for ASM in the past 10 years. In
a previous study addressing various definitions of prevalent

epilepsy using Danish Register data,” increasing the ‘look back’
period from 5 to 10 years was associated with higher point
prevalence estimates. Thus, it is reasonable to assume that the
requirement of a seizure within the past 5 years (as in the GBD
study) would provide lower prevalence estimates compared with
data based on hospital diagnoses over a 10year period in the
Danish data. However, the Danish epilepsy definition required
a prescription for ASM, which on the contrary would lead to
lower prevalence estimates compared with the GBD study that
did also include persons with epilepsy not using ASM.

The causes contributing to ‘secondary epilepsy’ do not only
vary by sex and age, as shown in this study but may also vary
by region and socioeconomic level.”’ Differing age distribution
of populations, together with differences in causes, might act
together and influence the healthcare needs of a population.
Estimates of the underlying aetiology of epilepsy might be of
great importance for planning healthcare, including both poten-
tial preventive measures and treatment needs. Possible preven-
tive measures will differ by cause and age group; immunisation
for the prevention of infections, improved perinatal care for
reducing perinatal causes and measures to prevent brain trauma
in the younger and stroke in the elderly population.*® %!

Estimates of prevalence according to aetiology are also
important as the causes are associated with the prognosis of
epilepsy; for example, ‘secondary epilepsy’ has a higher risk of
developing into drug-resistant epilepsy compared with ‘idio-
pathic epilepsy’.”® Drug-resistant epilepsy has been found to
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Figure 2 Age-specific point prevalence (top) (A) and proportions
(bottom) of idiopathic epilepsy” (with unknown aetiology) and ‘secondary
epilepsy’ (with known aetiology) (B) by underlying cause of epilepsy in
Denmark on 31 December 2018. Prevalence estimates and proportions are
estimated for the age groups <10 years, 10-14, 15-19, ..., 80-84, 85-89
and 90+ years. Only diagnoses given before the first epilepsy diagnosis are
considered for preceding causes (not counting infections, traumatic brain
injuries and strokes if occurring within the 14 days prior to first epilepsy
diagnosis). In case of multiple diagnoses before onset of epilepsy, the one
occurring closest to the first epilepsy diagnosis was chosen. ‘Idiopathic’
indicates epilepsy with unknown aetiology. ‘Malformations’ are grouped
with ‘idiopathic’ for age groups 80 years and above due to small numbers.
‘Dementia’ is grouped with 'stroke’ for age groups below 60 years due

to small numbers. The Danish Hospital Register was established in 1977
and is not able to identify birth related and perinatal conditions as causes
of epilepsy in persons over 41 years of age because these persons were
born before the register was established. Numbers are given in online
supplemental table 2.

have higher burden and cost of illness.® Drug-resistant epilepsy,
affecting up to 3 in 10 patients with epilepsy,”* often requires
treatments in addition to preventive ASM, like epilepsy surgery.
Prevalence estimates including ‘secondary epilepsy’ are there-
fore crucial for planning such specialised healthcare needs, for
example, access to CT scans and MRI that will allow identifica-
tion of underlying causes of ‘secondary epilepsy’.’

We used the terminology used by the 2016 GBD Epilepsy
Study? and the GBD 2019 Study'” to describe epilepsy (e,
‘secondary’ and ‘idiopathic’), although these descriptions do
not fully comply with the terminology suggested by the ILAE.?
The issue is further complicated by the terminology used in
previous classifications proposed by the ILAE from 1989%¢ that
differs from the terminology used in the current ILAE classifi-
cation.® In the ILAE 1989 classification, epilepsy was defined

1500

~ o N
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Prevalence per 100,000 persons
o
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N
o
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0 10 20 30 40 50 60 70 80 90
Age (years)

= Global allcause epilepsy from GBD
With known aetiology ("secondary")
With unknown aetiology (“idiopathic")

Figure 3  Age-specific point prevalence of ‘secondary epilepsy” (with
known aetiology) and ‘idiopathic epilepsy’ (with unknown aetiology) in
the 2019 Global Burden of Epilepsy Study for the year 2018. Prevalence
estimates are estimated for the age groups <10 years, 10-14, 15-19,

..., 80-84, 85-89 and 90+ years. Global epilepsy estimates are obtained
from the Global Burden of Disease (Global Burden of Disease Collaborative
Network. Global Burden of Disease Study 2019 (GBD 2019) Results.
Seattle, United States: Institute for Health Metrics and Evaluation (IHME),
2020. Available from https://vizhub.healthdata.org/ghd-results/.

as ‘symptomatic’ (or secondary) when the epilepsy was consid-
ered to be the consequence of a known or suspected disorder
of the CNS, ‘idiopathic’ when there was no underlying cause
other than a possible hereditary predisposition and ‘cryptogenic’
when the epilepsy was presumed to be symptomatic, but where
the aetiology was not known.?® However, with the most recent
ILAE classification,® underlying aetiology of epilepsy is described
separately, the term ‘idiopathic’ is reserved for the description of
specific idiopathic generalised epilepsy syndromes (‘idiopathic
generalised epilepsies’, ie, childhood absence epilepsy, juvenile
absence epilepsy, juvenile myoclonic epilepsy and epilepsy with
generalised tonic-clonic seizures alone), and the term ‘crypto-
genic’ has been omitted.® > Thus, the terminology has changed
over time along with the increased understanding of epilepsy,
and ‘idiopathic’ and ‘secondary’ have different meanings in
different settings. However, the distinction between epilepsy
with and without underlying aetiology is helpful in epidemiolog-
ical studies'® that aim to provide population-based estimates of
the prevalence and burden of epilepsy.®”

Limitations of the study

In this study, the identification of epilepsy patients was based on
data from healthcare registers with limited clinical information,
but the combination of epilepsy diagnoses and prescriptions
for ASM has a high sensitivity and specificity for epilepsy."® **
Persons who were not seen in a hospital setting and persons with
epilepsy who were not prescribed ASM may have been missed,
leading to underestimation of the epilepsy prevalence.”?’ The use
of register-based information to identify persons with epilepsy
comes with limitations and we previously estimated that the
positive predictive value of an epilepsy diagnosis in the Danish
National Hospital Register is about 80%.* 3® Thus, not all
persons registered with epilepsy in the hospital register meet the
diagnostic criteria for epilepsy. Misdiagnosis of epilepsy includes
coding errors and inclusion of persons with a condition misdi-
agnosed as epilepsy. Including persons erroneously diagnosed
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with epilepsy will result in inflated estimates of epilepsy prev-
alence. We tried to address this potential bias of the prevalence
estimate by combing the register diagnoses with prescription fill
for ASM.” ¥* The prevalence estimate from the Danish Register
data was based on a conservative algorithm with specificity of
949." 2® Expanding the definition of epilepsy to include also
cases diagnosed prior to 2009, who filled prescriptions for ASM
within that last 10 years leading up to 31st December 2018
provided much higher prevalence estimates of epilepsy than
when using the initial algorithm (online supplemental figure 1).
Even higher prevalence estimates of epilepsy were found when
further expanding the definition of epilepsy to include cases
who in the last 10 years have filled at least two prescriptions for
ASM with the indication "epilepsy". However, even though these
prevalence estimates, based on expanded definitions of epilepsy,
are higher than when using the initial algorith, these prevalence
estimates of epilepsy are still within the variation of prevalence
estimates reported in the meta-analysis,®' and even the highest
prevalence estimate is similar to the most recent national data
from the 2021 National Health Interview Survey in the USA.*?

This study compares worldwide estimates of the prevalence
of epilepsy from the GBD 2019 Study with epilepsy preva-
lence estimates from Denmark, that is, a resource-rich country
in Northern Europe. Although overall prevalence estimates of
‘idiopathic epilepsy’ and ‘secondary epilepsy’ in Denmark were
similar to the GBD 2019 Study estimates, differences in age and
sex distribution of the populations and underlying risk factors
of ‘secondary epilepsy’ (eg, CNS infections and traumatic brain
injury) in other countries and parts of the world suggest that the
underlying aspects of the epilepsy prevalence estimate including
age and sex distribution as well as aetiology of ‘secondary
epilepsy’ may not be generalisable to other regions with different
demographics and access to healthcare.”> The analyses of the
Danish health registry data may limit the generalisability of
the prevalence estimates to other populations. Although the
overall prevalence estimated from the Danish data was similar
to the pooled point prevalence of active epilepsy from a system-
atic international meta-analysis of 63 studies (638 per 100000
persons (95% CI 557 to 730)), this meta-analysis also identified
significant heterogeneity between estimates.”’ In addition to
variation by age and sex, the prevalence also varied by country,
income and underlying epilepsy actiology,?’ 3! suggesting that
the estimates derived from the Danish register data may not
apply to other countries and regions with different healthcare
systems and income levels.

We included infections, perinatal conditions, selected malfor-
mations, brain neoplasms, traumatic brain injury, stroke and
dementia as potential underlying causes of ‘secondary epilepsy’
(online supplemental table 1). However, there are other under-
lying causes of epilepsy that we did not address specifically, for
example, those with metabolic and immune aetiology.” Inborn
errors of metabolism in the young and metabolic insults in the
elderly may be associated with epilepsy, but the proportion of
‘secondary epilepsy’ due to these causes is probably low.** %
There are no population-based studies providing the incidence
and prevalence of autoimmune epilepsy.*® The condition is only
recently recognised and the condition may be underdiagnosed.’”

Precise estimates of epilepsy prevalence, including identifi-
cation of possible underlying aetiology identified in this study,
are essential for healthcare planning and resource allocation as
prevalence is a key parameter when estimating the burden asso-
ciated with epilepsy.’ 7 Current GBD 2019 methodology esti-
mates total ‘secondary epilepsy’ but only explicitly calculates
the proportion of secondary epilepsy attributable to neonatal

conditions and infections (eg, malaria, encephalitis, meningitis
and cysticercosis).”” Other major contributions to the prevalence
of ‘secondary epilepsy”’ including stroke, traumatic brain injury
and brain tumours are not explicitly estimated. In future studies
of the consequences of epilepsy, it would be advisable to explic-
itly include all types of epilepsy, including the underlying causes
of ‘secondary epilepsy’ that are estimated as sequelae (conse-
quences) of underlying diseases. Studies such as the one presented
here based on Danish register data have limitations including
the ability to identify underlying cases of epilepsy. Although the
Danish Hospital Register was established in 1977 and captures
a wide range of potential causes of epilepsy, the register is not
able to identify birth related and perinatal conditions as causes
of epilepsy in persons over 41 years of age because these persons
were born before the register was established. This will lead to
underestimation of ‘secondary epilepsy’, and accordingly, we
found that the prevalence estimate of ‘secondary epilepsy’ in
the Danish cohort was lower than the prevalence estimates of
‘secondary epilepsy in the GBD study’.

CONCLUSION

This nationwide, population-based register study and the GBD
study provide the age-specific and sex-specific prevalence of
epilepsy of similar overall magnitude and underscore that
‘secondary epilepsy’ constitutes a major proportion of persons
living with epilepsy. Underlying causes of epilepsy such as
perinatal conditions, infections, traumatic brain injury, brain
tumours and stroke are potential targets for prevention and thus
could potentially reduce the global burden of epilepsy.
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Supplemental Table 1: Diagnostic classification of underlying causes of epilepsy according

to International Classification of Disease (ICD) codes) - ICD-10 and equivalent ICD-8

diagnoses.
Disease ICD-8 codes ICD-10 codes
Infections CNS infections 013, 027.01, 036.09, 040- | A02.2C, A06.6, A17, A22.9C,

043, 045- 046, 052.01,
053.02, 054.03, 055.01,
056.01, 062-065, 071.99,
072.02, 075.01, 079.29,
090.49, 094.9, 320, 322-
324,474

A32.1, A39.0, A50.4, A51.4B,
A52.1A-B, A54.8A, A54.8D,
A80-89, B00.3-00.4, BO1.0-
01.1, B02.0-02.1, B05.0-05.1,
B06.0, B26.1-26.2, B37.5,
B45.1, B58.2, B60.2, E23.6A,

G00-09
Tetanus 037.99, 670.04 A33-35
Malaria 084 B50-54
Cysticercosis 123.19 B69.0
Cystic echinococcosis 122.89, 122.99 B67.3-67.4, B67.8-67.9
Perinatal conditions | Neonatal preterm birth 777.99 P05, PO7

(<1year) Neonatal sepsis and other | Infection code <28 day  |P36, P38, P39, P77, P78.0,
neonatal infections P78.1, infection code < 28 day
Neonatal encephalopathy | 776, 778 P21, P24, P91
due to birth asphyxia
Selected 740-743, 759.30-759.68, | Q00-Q07, Q85, Q90-Q99
malformations 759.69-759.99
Brain neoplasms 191, 198.39, 198.40, C70-72, C79.3 D32-D33
198.41, 225
Traumatic brain 850.99, 800.99-801.09, S06.0, S02.0-S02.1, S02.7,
injury 803.99, S02.9, S06.1-S06.9
851.29-854.99
Stroke 430-438 160-69
Dementia (>35 Alzheimer 290.09, 290.10, 290.19 F00, G30
years) Vascular dementia 293.09, 293.19 FO1

Christensen J, et al. J Neurol Neurosurg Psychiatry 2024;0:1-10. doi: 10.1136/jnnp-2024-334547



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Neurol Neurosurg Psychiatry

Supplemental Table 2: Point prevalence of “secondary epilepsy” by underlying aetiology
and prevalence of “idiopathic epilepsy” (with unknown underlying aetiology) per 100 000

persons in Denmark by age on 31st December 2018.

g::i;s Unknown (“idiopathic”) Infections Perinatal conditions Selected malformations

N  Estimate (95% CI) N  Estimate (95% CI) N  Estimate (95% CI) N  Estimate (95% CI)
<10 1175 190 (179-201) 24 4 (2-5) 261 42 (37-47) 164 27 (23-31)
10-14 1410 416 (394-437) 20 6 (3-8) 314 93 (82-103) 137 40 (34-47)
15-19 1650 480 (457-503) 37 11 (7-14) 333 97 (86-107) 150 44 (37-51)
20-24 1820 473 (452-495) 42 11 (8-14) 323 84 (75-93) 139 36 (30-42)
25-29 1688 434 (413-454) 55 14 (10-18) 324 83 (74-92) 116 30 (24-35)
30-34 1565 455 (432-477) 57 17 (12-21) 324 94 (84-104) 98 28 (23-34)
35-39 1334 404 (382-425) 49 15 (11-19) 312 94 (84-105) 88 27 (21-32)
40-44 1554 419 (398-439) 77 21 (16-25) 101 27 (22-33) 78 21 (16-26)
45-49 1766 454 (433-475) 50 13 (9-16) 0 - 76 20 (15-24)
50-54 1964 467 (447-488) 65 15 (12-19) 0 - 61 15 (11-18)
55-59 1740 462 (440-484) 52 14 (10-18) 0 - 52 14 (10-18)
60-64 1595 466 (443-489) 57 17 (12-21) 0 - 42 12 (9-16)
65-69 1467 458 (435-482) 57 18 (13-22) 0 - 26 8 (5-11)
70-74 1560 475 (452-499) 63 19 (14-24) 0 - 14 4 (2-7)
75-79 1228 549 (518-579) 56 25 (18-32) 0 - 8 4 (1-6)
80-84 869 612 (571-652) 29 20 (13-28) 0 - 0 -
85-89 433 563 (510-616) 13 17 (8-26) 0 - 0 -
90+ 228 510 (444-576) 5 11 (1-21) 0 - 0 -
Supplemental Table 2 (continued).

Age Brain tumours Traumatic brain injury Stroke Dementia

groups

N  Estimate (95% CI) N  Estimate (95% CI) N  Estimate (95% CI) N  Estimate (95% CI)
<10 10 2 (1-3) 45 7 (5-9) 17 3(1-4) 0 -
10-14 11 3(1-5) 72 21 (16-26) 22 6 (4-9) 0 -
15-19 18 5(3-8) 117 34 (28-40) 25 7 (4-10) 0 -
20-24 24 6 (4-9) 237 62 (54-70) 39 10 (7-13) 0 -
25-29 42 11 (8-14) 265 68 (60-76) 51 13 (10-17) 0 -
30-34 53 15 (11-20) 257 75 (66-84) 51 15 (11-19) 0 -
35-39 75 23 (18-28) 274 83 (73-93) 74 22 (17-27) 0 -
40-44 96 26 (21-31) 336 91 (81-100) 110 30 (24-35) 0 -
45-49 132 34 (28-40) 363 93 (84-103) 185 48 (41-54) 0 -
50-54 173 41 (35-47) 393 94 (84-103) 265 63 (55-71) 0 -
55-59 165 44 (37-51) 347 92 (82-102) 438 116 (105-127) 0 -
60-64 186 54 (47-62) 288 84 (74-94) 540 158 (144-171) 12 4 (2-5)
65-69 201 63 (54-71) 245 77 (67-86) 690 216 (199-232) 17 5(3-8)
70-74 230 70 (61-79) 265 81 (71-90) 882 269 (251-286) 44 13 (9-17)
75-79 134 60 (50-70) 178 80 (68-91) 747 334 (310-358) 44 20 (14-25)
80-84 74 52 (40-64) 94 66 (53-80) 555 391 (358-423) 64 45 (34-56)
85-89 39 51 (35-67) 61 79 (59-99) 310 403 (358-448) 34 44 (29-59)
90+ 19 42 (23-62) 35 78 (52-104) 152 340 (286-394) 19 42 (23-62)

Christensen J, et al. J Neurol Neurosurg Psychiatry 2024;0:1-10. doi: 10.1136/jnnp-2024-334547



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance

Supplemental material placed on this supplemental material which has been supplied by the author(s) J Neurol Neurosurg Psychiatry

Only diagnoses given before the first epilepsy diagnosis are considered for preceding causes
(not counting infections, traumatic brain injuries and strokes if occurring within the 14 days
prior to the first epilepsy diagnosis). In case of multiple diagnoses, the one occurring closest
to the first epilepsy diagnosis was chosen.

‘Malformations’ are grouped with ‘Idiopathic’ for age-groups 80 years and above due to
small numbers.

‘Dementia’ is grouped with ‘Stroke’ for age-groups below 60 years due to small numbers.
“Idiopathic” indicates epilepsy with unknown aetiology.

The Danish Hospital Register was established in 1977 and is not able to identify birth related
and perinatal conditions as causes of epilepsy in persons over 41 years of age because these
persons were born before the register was established.
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Supplemental Figure 1. Point prevalence of “total epilepsy” by age in Denmark on 31*

December 2018 using expanded definitions of epilepsy.
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Prevalence estimates are estimated for the age groups <10 years, 10-14 (10-<15year), 15-19, ..., 80-
84, 85-89 and 90+ years.

Main definition of epilepsy: Persons were classified as having prevalent epilepsy if they had received
an epilepsy diagnosis (ICD-8: 345 (excl. 345.29) or ICD-10: G40) and had filled an antiseizure
medication (ASM) prescription (ATC NO3A (excluding NO3AX12 NO3AX16) or NOSBAQ9) between 1st
January 2009 and 31st December 2018.

1) persons who had received an epilepsy diagnosis (ICD-8: 345 (excl. 345.29) or ICD-10: G40)
between 1* January 1979 and 31° December 2008 and had filled an ASM prescription (ATC NO3A
(excluding NO3AX12 NO3AX16) or NOSBA09) between 1° January 2009 and 31°" December 2018 and
were not captured by the main definition of epilepsy.

2) persons who had filled two prescriptions for an ASM (ATC NO3A (excluding NO3AX12 NO3AX16)
or NO5BA09) with the indication “epilepsy” between 1" January 2009 and 31° December 2018 and
were not captured by any of the two other definitions of epilepsy.
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Supplemental Figure 2. Point prevalence of “total epilepsy” by sex and age in Denmark on

31° December 2018.
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Prevalence estimates are estimated for the age groups <10 years, 10-14 (10-<15year), 15-19, ..., 80-
84, 85-89 and 90+ years. (See table 1 for more detailed age and sex specific prevalence estimates)
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Supplemental Figure 3. Point prevalence of “secondary epilepsy” and “idiopathic epilepsy”

by sex and age in Denmark on 31* December 2018.
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Prevalence estimates are estimated for the age groups <10 years, 10-14 (10-<15year), 15-19, ..., 80-
84, 85-89 and 90+ years. (See table 2 for more detailed age and sex specific prevalence estimates)
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Supplemental Table 1: Diagnostic classification of underlying causes of epilepsy according

to International Classification of Disease (ICD) codes) - ICD-10 and equivalent ICD-8

diagnoses.
Disease ICD-8 codes ICD-10 codes
Infections CNS infections 013, 027.01, 036.09, 040- | A02.2C, A06.6, A17, A22.9C,

043, 045- 046, 052.01,
053.02, 054.03, 055.01,
056.01, 062-065, 071.99,
072.02, 075.01, 079.29,
090.49, 094.9, 320, 322-
324,474

A32.1, A39.0, A50.4, A51.4B,
A52.1A-B, A54.8A, A54.8D,
A80-89, B00.3-00.4, BO1.0-
01.1, B02.0-02.1, B05.0-05.1,
B06.0, B26.1-26.2, B37.5,
B45.1, B58.2, B60.2, E23.6A,

G00-09
Tetanus 037.99, 670.04 A33-35
Malaria 084 B50-54
Cysticercosis 123.19 B69.0
Cystic echinococcosis 122.89, 122.99 B67.3-67.4, B67.8-67.9
Perinatal conditions | Neonatal preterm birth 777.99 P05, PO7

(<1year) Neonatal sepsis and other | Infection code <28 day  |P36, P38, P39, P77, P78.0,
neonatal infections P78.1, infection code < 28 day
Neonatal encephalopathy | 776, 778 P21, P24, P91
due to birth asphyxia
Selected 740-743, 759.30-759.68, | Q00-Q07, Q85, Q90-Q99
malformations 759.69-759.99
Brain neoplasms 191, 198.39, 198.40, C70-72, C79.3 D32-D33
198.41, 225
Traumatic brain 850.99, 800.99-801.09, S06.0, S02.0-S02.1, S02.7,
injury 803.99, S02.9, S06.1-S06.9
851.29-854.99
Stroke 430-438 160-69
Dementia (>35 Alzheimer 290.09, 290.10, 290.19 F00, G30
years) Vascular dementia 293.09, 293.19 FO1
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Supplemental Table 2: Point prevalence of “secondary epilepsy” by underlying aetiology
and prevalence of “idiopathic epilepsy” (with unknown underlying aetiology) per 100 000

persons in Denmark by age on 31st December 2018.

g::i;s Unknown (“idiopathic”) Infections Perinatal conditions Selected malformations

N  Estimate (95% CI) N  Estimate (95% CI) N  Estimate (95% CI) N  Estimate (95% CI)
<10 1175 190 (179-201) 24 4 (2-5) 261 42 (37-47) 164 27 (23-31)
10-14 1410 416 (394-437) 20 6 (3-8) 314 93 (82-103) 137 40 (34-47)
15-19 1650 480 (457-503) 37 11 (7-14) 333 97 (86-107) 150 44 (37-51)
20-24 1820 473 (452-495) 42 11 (8-14) 323 84 (75-93) 139 36 (30-42)
25-29 1688 434 (413-454) 55 14 (10-18) 324 83 (74-92) 116 30 (24-35)
30-34 1565 455 (432-477) 57 17 (12-21) 324 94 (84-104) 98 28 (23-34)
35-39 1334 404 (382-425) 49 15 (11-19) 312 94 (84-105) 88 27 (21-32)
40-44 1554 419 (398-439) 77 21 (16-25) 101 27 (22-33) 78 21 (16-26)
45-49 1766 454 (433-475) 50 13 (9-16) 0 - 76 20 (15-24)
50-54 1964 467 (447-488) 65 15 (12-19) 0 - 61 15 (11-18)
55-59 1740 462 (440-484) 52 14 (10-18) 0 - 52 14 (10-18)
60-64 1595 466 (443-489) 57 17 (12-21) 0 - 42 12 (9-16)
65-69 1467 458 (435-482) 57 18 (13-22) 0 - 26 8 (5-11)
70-74 1560 475 (452-499) 63 19 (14-24) 0 - 14 4 (2-7)
75-79 1228 549 (518-579) 56 25 (18-32) 0 - 8 4 (1-6)
80-84 869 612 (571-652) 29 20 (13-28) 0 - 0 -
85-89 433 563 (510-616) 13 17 (8-26) 0 - 0 -
90+ 228 510 (444-576) 5 11 (1-21) 0 - 0 -
Supplemental Table 2 (continued).

Age Brain tumours Traumatic brain injury Stroke Dementia

groups

N  Estimate (95% CI) N  Estimate (95% CI) N  Estimate (95% CI) N  Estimate (95% CI)
<10 10 2 (1-3) 45 7 (5-9) 17 3(1-4) 0 -
10-14 11 3(1-5) 72 21 (16-26) 22 6 (4-9) 0 -
15-19 18 5(3-8) 117 34 (28-40) 25 7 (4-10) 0 -
20-24 24 6 (4-9) 237 62 (54-70) 39 10 (7-13) 0 -
25-29 42 11 (8-14) 265 68 (60-76) 51 13 (10-17) 0 -
30-34 53 15 (11-20) 257 75 (66-84) 51 15 (11-19) 0 -
35-39 75 23 (18-28) 274 83 (73-93) 74 22 (17-27) 0 -
40-44 96 26 (21-31) 336 91 (81-100) 110 30 (24-35) 0 -
45-49 132 34 (28-40) 363 93 (84-103) 185 48 (41-54) 0 -
50-54 173 41 (35-47) 393 94 (84-103) 265 63 (55-71) 0 -
55-59 165 44 (37-51) 347 92 (82-102) 438 116 (105-127) 0 -
60-64 186 54 (47-62) 288 84 (74-94) 540 158 (144-171) 12 4 (2-5)
65-69 201 63 (54-71) 245 77 (67-86) 690 216 (199-232) 17 5(3-8)
70-74 230 70 (61-79) 265 81 (71-90) 882 269 (251-286) 44 13 (9-17)
75-79 134 60 (50-70) 178 80 (68-91) 747 334 (310-358) 44 20 (14-25)
80-84 74 52 (40-64) 94 66 (53-80) 555 391 (358-423) 64 45 (34-56)
85-89 39 51 (35-67) 61 79 (59-99) 310 403 (358-448) 34 44 (29-59)
90+ 19 42 (23-62) 35 78 (52-104) 152 340 (286-394) 19 42 (23-62)
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Only diagnoses given before the first epilepsy diagnosis are considered for preceding causes
(not counting infections, traumatic brain injuries and strokes if occurring within the 14 days
prior to the first epilepsy diagnosis). In case of multiple diagnoses, the one occurring closest
to the first epilepsy diagnosis was chosen.

‘Malformations’ are grouped with ‘Idiopathic’ for age-groups 80 years and above due to
small numbers.

‘Dementia’ is grouped with ‘Stroke’ for age-groups below 60 years due to small numbers.
“Idiopathic” indicates epilepsy with unknown aetiology.

The Danish Hospital Register was established in 1977 and is not able to identify birth related
and perinatal conditions as causes of epilepsy in persons over 41 years of age because these
persons were born before the register was established.
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Supplemental Figure 1. Point prevalence of “total epilepsy” by age in Denmark on 31*

December 2018 using expanded definitions of epilepsy.
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Prevalence estimates are estimated for the age groups <10 years, 10-14 (10-<15year), 15-19, ..., 80-
84, 85-89 and 90+ years.

Main definition of epilepsy: Persons were classified as having prevalent epilepsy if they had received
an epilepsy diagnosis (ICD-8: 345 (excl. 345.29) or ICD-10: G40) and had filled an antiseizure
medication (ASM) prescription (ATC NO3A (excluding NO3AX12 NO3AX16) or NOSBAQ9) between 1st
January 2009 and 31st December 2018.

1) persons who had received an epilepsy diagnosis (ICD-8: 345 (excl. 345.29) or ICD-10: G40)
between 1* January 1979 and 31° December 2008 and had filled an ASM prescription (ATC NO3A
(excluding NO3AX12 NO3AX16) or NOSBA09) between 1° January 2009 and 31°" December 2018 and
were not captured by the main definition of epilepsy.

2) persons who had filled two prescriptions for an ASM (ATC NO3A (excluding NO3AX12 NO3AX16)
or NO5BA09) with the indication “epilepsy” between 1" January 2009 and 31° December 2018 and
were not captured by any of the two other definitions of epilepsy.
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Supplemental Figure 2. Point prevalence of “total epilepsy” by sex and age in Denmark on

31° December 2018.
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Prevalence estimates are estimated for the age groups <10 years, 10-14 (10-<15year), 15-19, ..., 80-
84, 85-89 and 90+ years. (See table 1 for more detailed age and sex specific prevalence estimates)
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Supplemental Figure 3. Point prevalence of “secondary epilepsy” and “idiopathic epilepsy”

by sex and age in Denmark on 31* December 2018.
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Prevalence estimates are estimated for the age groups <10 years, 10-14 (10-<15year), 15-19, ..., 80-
84, 85-89 and 90+ years. (See table 2 for more detailed age and sex specific prevalence estimates)
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