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Abstract
Background and Objectives
Mortality is increased in epilepsy, but the important issue is that a proportion of epilepsy-related
death is potentially preventable by optimized therapy and therefore needs to be identified. A
new systematic classification of epilepsy-related mortality has been suggested to identify these
preventable deaths. We applied this classification to an analysis of premature mortality in
persons with epilepsy who were <50 years of age.

Methods
The study was a population-based retrospective cohort of all Danish citizens with and without
epilepsy 1 to 49 years of age during 2007 to 2009. Information on all deaths was retrieved from
the Danish Cause of Death Registry, autopsy reports, death certificates, and the Danish Na-
tional Patient Registry. The primary cause of death in persons with epilepsy was evaluated
independently by 3 neurologist, 1 neuro-pediatrician, and 2 cardiologists. In case of uncertainty,
a pathologist was consulted. All deaths were classified as either epilepsy related or not epilepsy
related, and the underlying causes or modes of death were compared between persons with and
without epilepsy.

Results
During the study period, 700 deaths were identified in persons with epilepsy, and 440 (62.9%)
of these were epilepsy related, 169 (38%) directly related to seizures and 181 (41%) due to an
underlying neurologic disease. Sudden unexpected death in epilepsy accounted for 80% of
deaths directly related to epilepsy. Aspiration pneumonia was the cause of death in 80% of cases
indirectly related to epilepsy. Compared with the background population, persons with epilepsy
had a nearly 4-fold increased all-cause mortality (adjusted mortality hazard ratio 3.95 [95%
confidence interval [CI] 3.64–4.27], p < 0.0001) and a higher risk of dying of various un-
derlying causes, including alcohol-related conditions (hazard ratio 2.91 [95%CI 2.23–3.80], p <
0.0001) and suicide (hazard ratio 2.10 [95% CI 1.18–3.73], p = 0.01).

Discussion
The newly proposed classification for mortality in persons with epilepsy was useful in an
unselected nationwide cohort. It helped in classifying unnatural causes of death as epilepsy
related or not and in identifying potentially preventable deaths. The leading causes of pre-
mature mortality in persons <50 years of age were related to epilepsy and were thus potentially
preventable by good seizure control.
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Persons with epilepsy have an increased risk of premature
death. Despite huge efforts to understand potentially pre-
ventable mechanisms, the risk has not declined over time.1-4

Compared with the general population, the overall mortality
rate in persons with epilepsy is 2- to 4-fold higher and highest
in the young.1,3 In persons <50 years of age, the risk of death is
7-fold higher, while it is up to 22-fold higher in children.3,5,6

Many different causes of death contribute to this elevated risk.
Some are directly related to seizures such as sudden un-
expected death in epilepsy (SUDEP), status epilepticus,
drowning, or lethal accidents. Other are indirectly related to
epilepsy such as adverse effects of therapy or an underlying
neurologic disease such as brain tumors. Some epilepsy-
related deaths might be prevented by optimizing therapy and
should therefore be identified.

During recent years, interest has focused on SUDEP, and that
might lead to an underestimation of other causes of the in-
creased risk of premature death.3,7 Persons with psychiatric
comorbid conditions are at a higher risk of dying prematurely
of injuries, poisoning, and suicide.8,9 Yet, our knowledge
about premature death in epilepsy is insufficient.6

A new systematic classification of mortality in epilepsy was
suggested in 2016.7 Its purpose is to increase awareness of the
full spectrum of epilepsy-related mortality and, by more
precise estimates of its frequency, to support efforts to pre-
vent it.

With this classification, a systematic review ofmortality in persons
with epilepsy reported that 60% of all deaths could be classified as
epilepsy related.3 This review did not report frequencies of the
different causes of epilepsy-related death. Therefore, we applied
the classification7 to investigate the proportion of epilepsy-related
deaths in a nationwide population-based cohort of all Danish
citizens 1 to 49 years of age with prevalent epilepsy during 2007
to 2009. Furthermore, we compared premature mortality in
persons with and without epilepsy in our cohort.

The aim was to estimate cause-specific and overall epilepsy-
related mortality in children and adults <50 years of age.

Methods
Study Design and Population
The study was a population-based retrospective cohort study
with prevalent epilepsy as the exposure. All Danish citizens >1

and <50 years of age with residence in Denmark during 2007
to 2009 were included in the study population.

In Denmark, all residents are assigned a unique personal civil
registration number, which can be linked to national registries
at an individual level. For this study, we retrieved individual
data from various sources.

The Danish Civil Registry contains personal identification
numbers, including dates of migration to and from Denmark,
and vital data on all residents in Denmark. These data were used
for the identification of all study participants. We retrieved in-
formation on all hospitalizations in Denmark since 1977 and all
inpatient and outpatient contacts with the secondary health care
sector since 1994 from the Danish National Patient Registry. All
contacts are registered with ICD-8 codes until 1993 and with
ICD-10 codes since 1994 becauseICD-9was never implemented
in Denmark. The Danish National Prescription Registry con-
tains information on all medicine prescriptions to all residents
coded according to the Anatomic Therapeutic Chemical
(ATC)/defined daily dose system. It is mandatory by law to
provide data to the registry, and the data do not depend on
manual input. Therefore, the registry is regarded as valid and
complete.10 All information on the study population was re-
trieved. We used the Danish Cause of Death Registry for in-
formation on the primary, contributing, and underlying causes,
as well as place of death in all deceased persons during the study
period. All causes of death are registered with ICD-8 codes until
1993 and with ICD-10 codes since 1994. In Denmark, it is
mandatory by law to complete death certificates. Data from
death certificates are transferred to the registry and are validated
by theDanishHealthData Authority, so the underlying causes of
death are in accordance with the guidelines from the World
HealthOrganization. Furthermore,≈20% of all death certificates
aremanually validated; thus, the accuracy of the registry depends
mainly on the physicians completing the death certificates.
Furthermore, the primary and underlying causes of death are
included in all death certificates, and contributing causes can be
added. Mode, place, and time of death are registered. Circum-
stances at death, findings at postmortem examinations, and ad-
ditional information can be added in a text string. We retrieved
all death certificates for all deceased individuals in the study
population. Autopsies have to be performed if the external ex-
amination cannot establish themode of death or at the request of
physicians or relatives. Information from the autopsy reports,
including toxicology examinations, is also added to the death
certificate. All available autopsies were collected.

In accordance with the recommendations from the In-
ternational League Against Epilepsy (ILAE) for epilepsy

Glossary
ASM = antiseizure medication; ATC = Anatomic Therapeutic Chemical; CI = confidence interval; ICD = International
Classification of Diseases; ILAE = International League Against Epilepsy; SUDEP = sudden unexpected death in epilepsy.
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ascertainment in epidemiologic studies,11 we defined persons
with epilepsy as anyone with an epilepsy diagnosis (ICD-10:
G40.x; ICD-8: 345.xx [excluding 345.2x, status epilepticus])
in the Danish National Patient Registry and a prescription of
any antiseizure medication (ASM) (ATC code: N03xxxx or
N05BA09) in the Danish National Prescription Registry.
Furthermore, to avoid including persons with resolved epi-
lepsy in the exposure group, we required that persons with
prevalent epilepsy had at least 1 encounter due to epilepsy,
status epilepticus, or seizure (ICD-10: G40.x, F80.3, G41.x,
R25.2, R56.x; ICD-8: 345.xx, 331.29, 780.2x) during the last
10 years before study entry or had a prescription of any ASM
(ATC code: N03xxxx or N05BA09) during the last 5 years
before study entry. This is in accordance with the ILAE def-
inition for resolved epilepsy.12

Other studies have defined persons with epilepsy as anyone
with 2 contacts for epilepsy or seizure on 2 separate en-
counters but without the requirement of ASM use.13 In a
sensitivity analysis, we added the requirement of 1 extra
contact due to epilepsy, status epilepticus, or seizure (ICD-10:
G40.x, F80.3, G41.x, R25.2, R56.x; ICD-8: 345.xx, 331.29,
780.2x) at a second encounter to our definition of epilepsy.

All study participants were followed up from January 1, 2007,
date of 1-year birthday, or date of naturalization as a Danish
citizen, whichever came last, and until December 31, 2009,
date of death, date of migration from Denmark, or date of
50th birthday, whichever came first. Delayed entry was pos-
sible. Persons diagnosed with epilepsy after entering the study
had their follow-up time split into before and after exposure.

We recorded baseline characteristics as age, sex, and comorbid
conditions at entry.

We used the date of the first seizure recorded due to a di-
agnosis code for epilepsy, status epilepticus, or seizure (ICD-
10: G40.x, F80.3, G41.x, R25.2, R56.x; ICD-8: 345.xx, 331.29,
780.2x) as a surrogate for the date of epilepsy onset. The
duration of epilepsy was defined as the period from epilepsy
onset until study entry.

A Charlson Comorbidity Index was estimated from ICD-8 and
ICD-10 diagnosis codes retrieved from the Danish National
Patient Registry (eTable 1, links.lww.com/WNL/B661).14-16

Three neurologists, 1 neuro-pediatrician, and 2 cardiologists in-
dependently evaluated all available information on primary causes
of death in the cohort of persons with epilepsy, including SUDEP
categorized by the unified SUDEP criteria.17 A pathologist was
consulted on ambiguous cases. In case of disagreement on the
cause of death, a decision was made in consensus.

On the basis of the primary causes of death, epilepsy-related
mortality was classified as directly due to epilepsy, acute
symptomatic seizures, or underlying neurologic disease or
indirectly due to epilepsy.7 Deaths directly due to epilepsy
were caused by SUDEP, status epilepticus, drowning, motor
vehicle accidents, falls, burns, and other seizure-related acci-
dents. Deaths due to acute symptomatic seizures were death
with or without status epilepticus, occurring within 1 week of
stroke, traumatic brain injury, anoxic encephalopathy, in-
tracranial surgery, first identification of subdural hematoma,

Figure 1 Flowchart for All-Cause Mortality Including Epilepsy-Related Death in Persons With Epilepsy 1 to 49 Years of Age
During 2007 to 2009
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CNS infection, or an active phase of multiple sclerosis and
other autoimmune disorders. Deaths indirectly due to epi-
lepsy included aspiration pneumonia, suicide, and cardiovas-
cular disease that might have been exacerbated or caused by
ASMs. Deaths due to underlying neurologic disease were
caused by brain tumors, stroke, metabolic, genetic, or neu-
rodegenerative diseases.7 To meet the criteria for deaths due
to acute symptomatic seizures, the included underlying con-
ditions should be present, and the cause of death should be a
seizure and not the underlying condition.

SUDEP was defined by the unified criteria as sudden, un-
expected, nontraumatic, and nondrowning death, excluding
status epilepticus, and no identification of a cause of death at
the postmortem examination.17 We categorized SUDEP as
definite when all criteria were fulfilled, definite plus when all
criteria were fulfilled but another contributing condition was
also identified, probable when all criteria were fulfilled but
autopsy was not performed, possible when a competing cause
of death was present, or fatal near-SUDEP when the decedent
survived a potential SUDEP for >1 hour but then died while in
intensive care.17 For the evaluation of epilepsy-related deaths,
we included the total number of SUDEP cases by pooling all
subgroups.

The ascertainment of aspiration pneumonia and other causes
and modes of death such as suicide was based on the evalu-
ation of all available information, not solely on postmortem
examinations. Cases with incomplete information were
deemed unclassifiable.

All underlying causes of death in the entire Danish population
1 to 49 years of age during 2007 to 2009 were categorized as
shown in eTable 2, links.lww.com/WNL/B661,18 and they
were compared between persons with and without epilepsy.
This comparison was based on ICD-8 and ICD-10 codes in
the Danish Cause of Death Registry. In this comparison we
categorized deaths as connected to either suicide or drug
overdose. Persons 1 to 17 years of age were referred to as
children, and persons 18 to 49 years of age were referred to as
younger adults.

Statistics
Mortality rates with 95% confidence intervals (CI) for all-
cause mortality and for specific causes of death were estimated
with a Poisson regression model. We used hazard ratios with
95% CIs for the comparison of causes or modes of death,
estimated with a Cox regression model. Both the Poisson
model and the Cox regression model were multivariable

Table 1 Characteristics of Persons With Epilepsy 1 to 49 Years of Age During 2007 to 2009

Persons with epilepsy

p Value (male/female)All Male Female

Population, n (%) 30,437 (0.8) 15,662 (51.5) 14,775 (48.5)

Follow-up time, mean (SD), PY 81,648, 2.7 (0.7) 41,886, 2.7 (0.7) 39,762, 2.7 (0.7) 0.05

Age at onset of epilepsy, mean (SD), y 17.6 (13.1) 17.6 (13.3) 17.5 (12.8) 0.39

Duration of epilepsy, mean (SD), y 10.3 (8.8) 10.3 (8.8) 10.4 (9.0) 0.09

Children (1–17 y of age), n (%) 7,906 (26.0) 4,168 (26.6) 3,738 (25.3)

Charlson Comorbidity Index, n (%) 0.01

0 23,397 (76.9) 11,926 (76.2) 11,471 (77.6)

1 3,244 (10.7) 1,709 (10.9) 1,535 (10.4)

2 2,558 (8.4) 1,354 (8.7) 1,204 (8.2)

>2 1,238 (4.1) 673 (4.3) 565 (3.8)

Deceased during 2007–2009, n (%) 700 (2.3) 427 (2.7) 273 (1.9) <0.0001

Age at death, mean (SD), y 36.3 (12.3) 36.2 (12.1) 36.6 (12.6) 0.64

Witnessed, n (%) 73 (10.4) 44 (10.3) 29 (10.6) 0.11

Cardiopulmonary resuscitation, n (%) 66 (9.4) 34 (8.0) 32 (11.7) 0.18

Autopsy, n (%) 135 (19.3) 93 (21.8) 42 (15.4) 0.04

Toxicology performed, n (%) 101 (14.4) 72 (16.9) 29 (10.6) 0.03

History of alcohol misuse, n (%) 158 (22.6) 115 (26.9) 43 (15.8) 0.0006

History of drug misuse, n (%) 81 (11.6) 60 (14.1) 21 (7.7) 0.01

Abbreviation: PY = person-years.
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regressionmodels with death as outcome and sex, age at entry,
and Charlson Comorbidity Index as predicting variables.

Differences between groups were compared with a Fisher
exact test for categorical variables and a 2-sided t test for
continuous variables as appropriate.

A value of p = 0.05 defined the level of significance. Due to the
descriptive study design, no adjustments for multiple com-
parisons were made.

All statistics were performed with SAS Enterprise Guide
(version 7.1) (SAS Institute Inc, Cary, NC) and RStudio
(version 1.1.463) (RStudio, Inc, Boston, MA) with R version
4.0.3 (R Foundation for Statistical Computing, Vienna, Aus-
tria, 2020).

Standard Protocol Approvals, Registrations,
and Patient Consents
The study complies with the Declaration of Helsinki and was
approved by the Danish Data Protection Agency (P-2020-341
and P-2020-344). Individual informed consent was not
needed.

Data Availability
Anonymized data will be shared by request from qualified
investigators.

Results
During 2007 to 2009, the mean population of Denmark was
5.5 million people. Within this population, we identified a
total of 3,838,293 individuals 1 to 49 years of age (50.9%
male) followed up for 10,456,143 person-years with 7,825
deaths (0.2% of the population) at the end of the follow-up
period. Of these, 30,437 individuals had prevalent epilepsy
(51.5% male) and were followed up for 81,648 person-years,
equaling a period prevalence of epilepsy of 0.8% in the general
population. A total of 700 deaths in persons with epilepsy 1 to
49 years of age were identified (2.3% of all persons with

epilepsy) (Figure 1). The characteristics of persons with ep-
ilepsy are shown in Table 1.

Children 1 to 17 years of age accounted for 76 deaths, of
which 59.2% occurred in male individuals. In younger adults
18 to 49 years of age, 624 deaths were registered, 61.2% in
male individuals.

Mortality Rates
The all-cause mortality rate in persons with epilepsy 1 to 49
years was estimated at 8.57 per 1,000 person-years (95% CI
7.96–9.23) (Table 2).

After adjustment for sex and Charlson Comorbidity Index,
younger adults had a 2.7-fold higher mortality rate compared
with children (adjusted hazard ratio 2.73 [95% CI 2.15–3.47],
p < 0.0001) (eTable 3, links.lww.com/WNL/B661).

Sex differences in mortality rates were statistically significant
in adults but not in children (Table 2).

In persons with epilepsy, the mortality rate decreased from 5.50
per 1,000 person-years (95%CI 3.93–7.70) in the first decade to
3.47 per 1,000 person-years (95% CI 2.67–4.52) in the second
decade. From the second decade and onward, the mortality rate
increased for each decade toward a maximum of 16.48 per 1,000
person-years (95% CI 14.91–18.24) in persons 40 to 49 years of
age. In persons without epilepsy, the mortality rate increased
throughout all decades from 0.09 per 1,000 person-years (95%
CI 0.08–0.11) in children 1 to 9 years of age to 1.79 per 1,000
person-years (95% CI 1.73–1.84) in adults 40 to 49 years of age.

Causes of Death
A total of 135 decedents were autopsied (19.3%). The au-
topsy rate was higher in non–epilepsy-related deaths (27.5%
vs 16.6%, p < 0.0001). In children, the autopsy rate was 7.9%,
while it was 20.7% in younger adults (p = 0.01).

The 3 most frequent primary causes of death in persons with
epilepsy were brain tumor (21.3%), SUDEP (19.3%), and

Table 2 All-Cause Mortality Rates for Persons With Epilepsy 1 to 49 Years of Age During 2007 to 2009, Stratified on Sex

All Male Female

Crude HRb

(95% CI)
Adjusted HRc

(95% CI)
Adjusted HRd

(95% CI)
Cases/
PY

Incidences/
1,000 PY (95% CI)

Cases/
PY

Incidences/
1,000 PY (95% CI)

Cases/
PY

Incidences/
1,000 PY (95% CI)

All 700/
81,648

8.57 (7.96–9.23) 427/
41,886

10.19 (9.27–11.21 273/
39,762

6.87 (6.10–7.73) 1.48 (1.27–1.73)a 1.48 (1.27–1.72)a 1.43 (1.23–1.66)a

1–17 y 76/
18,728

4.06 (3.24–5.08) 45/
9,976

4.51 (3.37–6.04) 31/
8,752

3.54 (2.49–5.04) 1.28 (0.81–2.02),
p = 0.29

1.26 (0.80–2.00),
p = 0.32

1.17 (0.74–1.85),
p = 0.50

18–49 y 624/
62,920

9.92 (9.17–10.73) 382/
31,910

11.97
(10.83–13.23)

242/
31,010

7.80 (6.88–8.85) 1.53 (1.31–1.80)a 1.49 (1.27–1.76)a 1.46 (1.24–1.71)a

Abbreviations: CI = confidence interval; HR = hazard ratio; PY = person-years.
a p < 0.0001.
b Between male and female.
c Between male and female, adjusted for age and sex.
d Between male and female, adjusted for age, sex, and comorbid conditions.
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aspiration pneumonia (10.3%) (Table 3). These 3 causes
accounted for 80.9% of all epilepsy-related deaths.

In comparison, 4.6% of all decedents died of alcohol-related
causes, 3.6% of cardiovascular diseases, 2.6% of causes related
to suicide, and 0.9% of status epilepticus. Deaths related to
accidents accounted for 7.6% of all deaths. Accidents were

directly related to seizures in 52.8% of these deaths (28 of 53
deaths related to accidents). In addition to aspiration pneu-
monia, 2.3% of all deaths were caused by other types of
pneumonia.

Compared with the underlying causes of death registered in
the Danish Cause of Death Register, our re-evaluation of all
deaths in persons with epilepsy revealed more deaths due to
primary brain cancer (105 cases vs 100 cases), status epi-
lepticus (6 cases vs 5 cases), suicide (18 cases vs 12 cases), and
pneumonia (88 cases vs 15 cases) but fewer deaths related to
accidents (53 cases vs 66 cases).

When the primary causes of death were classified as suggested
by Devinsky et al.,7 440 (62.9%) of all deaths were epilepsy
related (Figure 2). We did not find any statistically significant
sex differences.

Within the subcategories of epilepsy-related death, most cases
either were due to an underlying neurologic disease (41.1%)
or were directly related to epilepsy (38.4%).

Among deaths directly related to epilepsy, SUDEP was the
leading cause. Male individuals accounted for most seizure-
related accidents (14 of 18), and all 4 deaths related to
drowning occurred in male individuals, although the sex dif-
ferences were not statistically significant.

Aspiration pneumonia was the leading cause among deaths
indirectly related to epilepsy (80%). A majority of suicide
cases (72.2%) were men. No children died by suicide or died
of poisoning with ASM.

Regarding deaths due to underlying neurologic diseases, brain
tumor was the leading cause (82.3%).

The frequency of epilepsy-related deaths in children and
younger adults is summarized in Table 3.

In a sensitivity analysis in which we added the requirement of
an extra encounter for epilepsy, status epilepticus, or seizure
to our definition of epilepsy, the prevalence of epilepsy de-
creased to 0.7%. Within this population, 2.3% died during the
study period, and 65.6% of these deaths were epilepsy related.

Risk of Death
The risk of death in persons with epilepsy 1 to 49 years of age,
adjusted for age, sex, and comorbid conditions, was increased
nearly 4-fold compared with the background population
(adjusted mortality hazard ratio between persons with and
without epilepsy 3.95 [95% CI 3.64–4.27], p < 0.0001). The
absolute risk difference was 8 extra deaths per 1,000 person-
years (Table 4).

In terms of specific causes of death, persons with epilepsy had
an increased mortality from all causes and modes of death
compared with persons without epilepsy (Table 5). After

Table 3 Epilepsy-Related Deaths in All Persons With
Epilepsy and in Adults, Children, Male
Individuals, and Female Individuals, Including the
3 Most Frequent Causes of Death

Cause of death Frequency

Percentage
of all
deaths

Percentage of
all epilepsy-
related deaths

All

Epilepsy-related deaths 440 62.9 100.0

Brain tumor 149 21.3 33.9

SUDEP 135 19.3 30.7

Aspiration
pneumonia

72 10.3 16.4

Children

Epilepsy-related deaths 58 76.3 100.0

Aspiration
pneumonia

24 31.6 41.4

SUDEP 11 14.5 19.0

Metabolic, genetic, or
neurodegenerative
diseases

9 11.8 15.5

Adults

Epilepsy-related deaths 382 61.2 100.0

Brain tumor 142 22.8 37.2

SUDEP 124 19.9 32.5

Aspiration
pneumonia

48 7.7 12.6

Male individuals

Epilepsy-related deaths 265 62.1 100.0

SUDEP 84 19.7 31.7

Brain tumor 82 19.2 20.9

Aspiration
pneumonia

43 10.1 16.2

Female individuals

Epilepsy-related deaths 175 64.1 100.0

Brain tumor 67 24.5 38.3

SUDEP 51 18.7 29.1

Aspiration
pneumonia

29 10.6 16.6

Abbreviation: SUDEP = sudden unexplained death in epilepsy.
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adjustment for age, sex, and Charlson Comorbidity Index, the
elevated risk persisted for all categories, with the exclusion of
other respiratory diseases and unclassified causes. The ad-
justed hazard ratios between persons with and without epi-
lepsy ranged from 1.22 (95% CI 1.01–1.50, p = 0.04) for
noncerebral neoplasms to 2.10 (95% CI 1.18–3.73, p = 0.01)
for causes related to suicide, 2.90 (95% CI 1.63–5.14, p =
0.0002) for gastrointestinal diseases, 24.55 (95% CI
18.41–32.74, p < 0.0001) for brain tumor, 50.21 (95% CI
39.26–64.23, p < 0.0001) for other neurologic diseases, and
181.40 (95% CI 31.10–1,058.17, p < 0.0001) for status epi-
lepticus (Table 5).

Discussion
In this nationwide population-based study applying a newly
proposed classification of epilepsy-related mortality7 to a
cohort of children and adults <50 years of age, we demon-
strated that 63% of all premature deaths were epilepsy related.
Furthermore, we found that the risk of death in persons with
epilepsy was increased compared with the background pop-
ulation during the study period.

Most epilepsy-related deaths were related either to an un-
derlying neurologic disease or directly to epilepsy. The risk of
death directly related to epilepsy was nearly 2-fold higher than

the risk indirectly related to epilepsy. In children, however,
most deaths were indirectly related to epilepsy. We found no
deaths of acute symptomatic causes because the study pop-
ulation consisted only of persons already diagnosed with
epilepsy.

The proportion of epilepsy-related deaths in our cohort is
comparable to the systematic review of all-cause mortality
from 2019, which reported 60% of all deaths as epilepsy re-
lated.3 This study reported that the highest risk of death in
persons with epilepsy was caused by brain tumors, but the
frequency of different causes or modes of death was not
reported. We found that brain tumors were the most frequent
cause of premature death in children and younger adults
(21.3% of all deaths), but when we included individual data
from the Danish Cause of Death Registry, death certificates,
and autopsy reports, the proportion of SUDEP was almost as
high (19.3%). In agreement with other studies,19 we found
that SUDEP was the leading cause of unexpected death.
SUDEP accounted for nearly one-third of all epilepsy-related
deaths and for 8 of 10 deaths directly related to seizures.
Regarding SUDEP, we used the existing unified SUDEP
definition17 because no specific definition was described in the
classification of epilepsy-related death.7 Applying the new
classification therefore had no effect on the SUDEP assess-
ment in the population. However, using the classification

Figure 2 Causes and Modes of Death in Persons With Epilepsy 1 to 49 Years of Age During 2007 to 2009 Grouped Into
Epilepsy-Related Death and Non–Epilepsy-Related Death

SUDEP = sudden unexplained death in epilepsy.
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made it possible to compare the burden of SUDEP with other
epilepsy-related deaths.

Our re-evaluation of the circumstances of death, including
postmortem examinations when available, revealed more
cases of death from pneumonia than reported as an un-
derlying cause. Many of these cases were in persons with
metabolic disorder or cerebral palsy, and these conditions
were stated as the underlying cause of death. This distinction
would not be possible if we used register-based data only.
Aspiration pneumonia was most frequent in patients with
severe comorbid conditions. However, only 5.6% of deaths
from aspiration pneumonia were verified by autopsy. The
remaining cases were based on other available information,
including the described circumstances at death.

The new classification was particularly useful in the assess-
ment of unnatural deaths in epilepsy by categorizing these as
either related to seizures or not. For instance, in some motor
vehicle accidents, the decedent was a passenger, thereby not
dying due to a seizure-related accident. Again, this distinction
would not be possible without combining data from different
sources.

The low frequency of deaths related to drowning was in line
with a previous study of mortality in Danish children with
epilepsy.20 One explanation could be that children are rec-
ommended to swim under observation. Similarly, we found a
low frequency of death due to stroke compared to brain tu-
mors. This might be explained by the low frequency and
mortality of stroke found in the included age groups21 and
that seizures might be more frequently related to brain tumors
than to stroke.22,23

In studies of mortality based solely on the primary and con-
tributing causes of death, the leading causes of death in persons
with epilepsy have been reported as cancer, cerebrovascular
diseases, pneumonia, and ischemic heart disease.24 In our study,

with additional data sources, cancer, SUDEP, and pneumonia
were the 3 most frequent causes of death.

Not all epilepsy-related deaths are preventable, while some
non–epilepsy-related deaths are. This could be emphasized in
future updates of the classification. Likewise, the inclusion of
death resulting from underlying neurologic disease such as
brain tumors in the classification as epilepsy-related deaths
can be debated. The included diseases are strongly related to
epilepsy, and the subcategory of deaths due to underlying
neurologic diseases was the most frequent in children and
younger adults with epilepsy. Excluding death from un-
derlying neurologic disease would lower the burden of
epilepsy-related death to 37.0% of all deaths in the population.
However, using the 4 subcategories of epilepsy-related death
makes it possible to compare death directly related to seizures
with other causes of death.

The increased mortality in our cohort is in agreement with
other reports of all-cause mortality in children and younger
adults with epilepsy.5,25,26 The risk of death in persons with
epilepsy <50 years of age was nearly increased 11-fold when
adjusted for age and sex. For comparison, a Danish study of
all-cause mortality in persons 1 to 49 years of age with di-
abetes mellitus found an age- and sex-adjusted 4-fold in-
creased risk of death compared with the background
population.27

When additionally adjusted for comorbid conditions, the risk
of death in persons with epilepsy was increased 4-fold, in-
dicating that some of the increasedmortality in epilepsy might
be explained by the overall burden of comorbid conditions in
these persons.

In children with epilepsy, we estimated the highest risk of
death during the first decade, then decreasing risk in children
and teenagers 10 to 19 years of age. This pattern was not
observed in children without epilepsy, in whom mortality

Table 4 All-Cause Mortality for Persons With and Without Epilepsy

Persons with epilepsy Persons without epilepsy

Crude HR
(95% CI)

Adjusted HRb

(95% CI)
Adjusted HRc

(95% CI)Cases/PY
Incidence/1,000 PY
(95% CI) Cases/PY

Incidence/1,000 PY
(95% CI)

All-cause mortality

All 700/81,648 8.57 (7.96–9.23) 7,125/
10,374,495

0.69 (0.67–0.70) 12.48
(11.54–13.48)a

10.77 (9.97–11.64)a 3.95 (3.64–4.27a

1–17 y 76/18,728 4.06 (3.24–5.08) 369/
3,438,947

0.11 (0.10–0.12) 37.42
(29.23–47.91)a

35.71 (27.81–45.85)a 5.56 (4.17–7.41)a

18–49 y 624/62,920 9.92 (9.17–10.73) 6,756/
6,935,548

0.97 (0.95–1.00) 10.18
(9.38–11.05)a

9.94 (9.15–10.79)a 3.75 (3.45–4.07)a

Abbreviations: CI = confidence interval; HR = hazard ratio; PY = person-years.
a p < 0.0001.
b Adjusted for age and sex.
c Adjusted for age, sex, and Charlson Comorbidity Index.
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increased throughout all age groups. The high risk of death in
children with epilepsy during the first decade could be
explained by several severe epileptic syndromes.28,29 Aspira-
tion pneumonia was the leading cause of epilepsy-related
death in children, indicating a high proportion of severe dis-
ease in this group.

In agreement with other studies, we found that children and
younger adults with epilepsy had an increased risk of death
resulting from many underlying causes compared with the

background population.24,30-34 This elevated risk persisted
when adjusted for age, sex, and comorbid conditions. This
suggests that epilepsy itself is associated with an increased risk
of death from various causes.

Our estimate regarding death from pneumonia was in line
with other studies of all-cause mortality.24,25,30,31,33,34 Many of
these deaths occurred during a worsening of the patient’s
overall condition but with pneumonia as the primary cause of
death. All these deaths were expected.

Table 5 Underlying Causes and Modes of Death in Persons With and Without Epilepsy

Cause of death

Persons with epilepsy
Persons without
epilepsy

Crude HR (95% CI),
p value

Adjustedb HR
(95% CI), p value

Adjustedc HR
(95% CI), p value

Incidence/1,000
PY (95% CI)

Incidence/1,000
PY (95% CI)

Other infections 0.10 (0.05–0.20) 0.01 (0.01–0.01) 8.27 (4.04–16.90)a 7.29 (3.56–14.90)a 2.39 (1.16–4.95),
p = 0.02

Primary cerebral neoplasm 1.23 (1.01–1.49) 0.01 (0.01–0.01) 121.80 (92.60–160.30)a 107.05
(81.32–140.93)a

24.55 (18.41–32.74)a

Noncerebral neoplasms 1.10 (0.90–1.36) 0.16 (0.15–0.17) 6.87 (5.56–8.49)a 5.83 (4.72–7.21)a 1.22 (1.01–1.50),
p = 0.04)

Endocrine and metabolic
disorders

0.32 (0.22–0.47) 0.02 (0.02–0.03) 13.07 (8.73–19.57)a 11.27 (7.53–16.87)a 3.30 (2.19–4.87)a

Mental and behavioral
disorders

0.40 (0.28–0.55) 0.01 (0.01–0.01) 38.05 (25.64–56.48)a 32.80 (22.10–48.70)a 21.70 (14.28–32.97)a

Status epilepticus 0.06 (0.03–0.15) 0.00 (0.00–0.00) 317.60
(61.63–1,637.00)a

315.91
(60.72–1,643.53)a

181.40
(31.10–1,058.17)a

Other diseases in the nervous
system

1.63 (1.37–1.93) 0.02 (0.01–0.02) 98.81 (78.78–123.90)a 87.88
(70.03–110.28)a

50.21 (39.26–64.23)a

Cardiovascular diseases 0.71 (0.55–0.92) 0.09 (0.08–0.10) 7.90 (6.06–10.30)a 6.64 (5.09–8.66)a 3.05 (2.33–3.99)a

Pneumonia 0.18 (0.11–0.31) 0.01 (0.00–0.01) 35.24 (19.89–62.45)a 30.90 (17.43–54.79)a 14.22 (7.74–26.14)a

Other respiratory diseases 0.06 (0.03–0.15) 0.01 (0.01–0.01) 5.26 (2.15–12.86),
p = 0.0003

4.52 (1.85–11.06),
p = 0.001

1.84 (0.74–4.54),
p = 0.19

Gastrointestinal diseases 0.16 (0.09–0.27) 0.02 (0.01–0.02) 10.00 (5.69–17.59)a 8.36 (4.75–14.70)a 2.90 (1.63–5.14),
p = 0.0002

Renal and genitourinary
disorders

0.07 (0.03–0.16) 0.00 (0.00–0.00) 23.88 (9.98–57.10)a 20.27 (8.47–48.48)a 5.50 (2.27–13.34),
p = 0.0002

Congenital disorders 0.33 (0.23–0.48) 0.01 (0.01–0.01) 41.23 (26.71–63.65)a 42.86 (27.69–66.35)a 12.30 (7.60–19.89)a

Accident-related deaths 0.81 (0.64–1.03) 0.14 (0.13–0.15) 5.72 (4.47–7.31)a 5.22(4.08–6.68)a 3.81 (2.96–4.90)a

Alcohol-related death 0.75 (0.58–0.96) 0.07 (0.06–0.08) 10.77 (8.30–13.99)a 8.81 (6.79–11.45)a 2.91 (2.23–3.80)a

Causes related to suicide 0.15 (0.08–0.26) 0.06 (0.05–0.06) 2.69 (1.52–4.76),
p = 0.0007

2.35 (1.33–4.17),
p = 0.003

2.10 (1.18–3.73),
p = 0.01

Assaults 0.06 (0.03–0.15) 0.01 (0.01–0.01) 7.48 (3.03–18.43)a 7.02 (2.85–17.32)a 5.39 (2.14–13.57),
p = 0.0003

Drug overdose 0.12 (0.07–0.23) 0.02 (0.02–0.02) 6.93 (3.67–13.10)a 6.01 (3.18–11.35)a 3.61 (1.89–6.90)a

Unclassified 0.05 (0.02–0.13) 0.02 (0.02–0.02) 2.84 (1.05–7.65),
p = 0.04

2.41 (0.89–6.49),
p = 0.08

1.95 (0.72–5.30),
p = 0.19

Abbreviations: CI = confidence interval; HR = hazard ratio; PY = person-years.
a p < 0.0001.
b Adjusted for age and sex.
c Adjusted for age, sex, and Charlson Comorbidity Index.
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Regarding suicide, our re-evaluation of the available information
revealed 33.3% extra cases. This is in accordance with other
studies reporting that deaths related to suicide are frequently
missed in registries when only diagnosis codes are used for the
ascertainment.35 A validation study of the Danish Cause of
Death Registry reported that 90% of the registered suicides were
confirmed, with the highest uncertainty for poisoning suicides.36

However, not all suicides were classified as such in the registry.
For the comparison of causes and modes of death in persons
with epilepsy, we used the suicide cases found by our evaluation
of all death. However, we were not able to evaluate all deaths in
persons without epilepsy. Therefore, we decided to categorize
deaths as connected to either suicide or drug overdose because
this seemed to be the best way to capture deaths connected to
suicide in persons with epilepsy. If deaths connected to drug
overdose were added to the category of suicide, half of all suicide
cases in persons with epilepsy would have been incorrect. Using
this definition, we found a 2-fold increased risk in persons with
epilepsy. This was comparable to previous reports including all
age groups in which the standardized mortality ratios for suicide
range between 0.9 and 16.0.1 However, our study supports the
notion that suicide is not the main contributor to the overall
increased risk of death in the young.5

The risk of assaults leading to death was 5 time higher in
persons with epilepsy. These assaults seemed to be random
acts of violence and did not happen in relation to a seizure.

Our study included the entire Danish population 1 to 49 years
of age during 2007 to 2009 and thus all prevalent epilepsy
cases in this population. The comprehensive evaluation of all
deaths in the population made it possible to assess the burden
of epilepsy-related deaths in children and younger persons
with epilepsy, who have a higher risk of death compared with
older persons.3,6 Children <1 year of age are often charac-
terized with a specific pattern of premature death.37 There-
fore, we excluded this separate age group from the cohort.

Because our data were register based, we could not perform
analyses stratified by seizure frequency or subgroups of epi-
lepsy.38 Furthermore, the register-based data might lead to
potential misclassification because the positive predictive value
of an epilepsy diagnosis in the Danish National Patient Registry
is reported to be 81%.38We tried to address this issue by adding
the requirement of ASM use to the definition of epilepsy, as
suggested by the ILAE.11 In our definition of epilepsy, potential
misclassification would still be possible because a person mis-
diagnosed with epilepsy and with a prescription of ASM for
another condition, for example, migraine prophylaxis, would
meet the inclusion criteria. However, in the sensitivity analysis
in which >1 encounter due to epilepsy or recurrent seizures was
required together with ASM use, the prevalence of epilepsy was
only slightly decreased, while the proportions of deaths, in-
cluding epilepsy-related deaths, remained comparable.

The low autopsy rate was another limitation. The uncertainty
of the causes of death was not related only to the proportion

of unclassified cases (5.4%). The low autopsy rate could also
overestimate other causes of death such as SUDEP because
this category included nonautopsied cases. The autopsy rate
was especially low in children. This stresses the importance of
postmortem examination in all age groups to increase the
knowledge of all-cause mortality in search for preventive
strategies.

Our study indicates that using only register-based data for
assessing epilepsy-related deaths may be associated with
several pitfalls. Without additional information on the cir-
cumstances of death, cases of SUDEP, aspiration pneumonia,
and seizure-related accidents and complications will be
underreported or misreported.

This nationwide study demonstrated that the newly proposed
classification of epilepsy-related mortality was useful for the
categorization of the cause of death in an unselected cohort of
children and adults <50 years of age. The classification es-
pecially helped in classifying unnatural causes of death as
related to epilepsy or not and made it possible to distinguish
between different types of epilepsy-related death, for instance,
deaths directly or indirectly related to seizures.

Applying the new classification showed that >6 of 10
deaths were related to epilepsy and thus in some cases were
potentially preventable. Furthermore, we found that per-
sons with epilepsy had a nearly 4-fold increased mortality
compared with the background population and that the
risk of death was increased for most causes or modes of
death.

This underlines the importance of good seizure control and
patient empowerment in the prevention of premature death.
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