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Background and Purpose Epilepsy increases the risk of death in affected individuals of
any age. We aimed to determine the mortality caused by epilepsy and its time trends in Ko-
rea.

Methods We obtained population and cause of death data between 1993 and 2019 from Statis-
tics Korea. We identified death caused by epilepsy or status epilepticus. We calculated the crude
mortality rate (CMR), age-specific mortality rate, age-standardized mortality rate (ASMR, cor-
responding to epilepsy-related deaths per 100,000 persons in the general population), and the
proportional mortality (PM, corresponding to the proportion of epilepsy-related deaths among
all-cause deaths).

Results In 2019, 471 deaths were caused by epilepsy (CMR=0.92), accounting for 0.16% of
all deaths in that year. The age-specific mortality rate increased with age, up to 7.01% among
individuals aged 80 years and older, while the PM was the highest (3.80%) among individuals
aged 5-14 years, which decreased with age. Between 1993 and 2019, the CMR, ASMR, and PM
peaked in 2002, and the CMR then rebounded after the trough in this trend in 2011 while the
ASMR continued to decrease, and the PM became relatively stable from 2011. Starting in 2005,
the age-specific mortality rate for epilepsy had an increasing tendency over time among those
aged 75 years or older, and a decreasing tendency in the younger age groups.

Conclusions A declining tendency of mortality from epilepsy was found in the overall popula-
tion of Korea over recent decades. However, epilepsy is a notable cause of death in children, and
epilepsy-related mortality is increasing in the elderly population.

Keywords epilepsy; mortality; epidemiology; mortality rate; proportional mortality;
temporal trends.

INTRODUCTION

Epilepsy is a common neurological disease that affects individuals of any age and is associ-
ated with significant morbidity and mortality.' Its burden is estimated to be approximately 13
million disability-adjusted life years (which equates to one lost year of healthy life), accounting
for more than 0.5% of the global burden of disease (GBD).>*

The prevalence and incidence of epilepsy were reported to be 3.84 per 1,000 persons’
and 28.70 per 100,000 persons, respectively, in Korea in 2009; these rates were showing in-
creasing trends, particularly among elderly individuals.” In addition to the prevalence and
incidence data, mortality data have also been used to quantify the burden of specific con-
ditions within the population.® People with epilepsy (PWE) have a threefold higher risk of
premature death than the general population because of status epilepticus (SE), sudden un-
expected death in epilepsy (SUDEP), and unexpected injuries including drowning, motor
vehicle collisions, falls, and suicide.” Mortality data in the GBD indicate that epilepsy is re-
sponsible for 0.2% of all deaths worldwide.” Recent systematic reviews found that the stan-
dardized mortality ratio (SMR) among PWE ranged from 1.6 to 3.0 in high-income coun-
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tries (HICs).?

However, there has been no epidemiological study of epilep-
sy-related mortality in Korea. We therefore aimed to estimate
the annual mortality caused by epilepsy and its time trend to
help assess the priority of epilepsy in public health.

METHODS

Data source
The annual numbers of deaths and their underlying causes
were obtained from Korean Statistical Information Service.’
Statistics Korea is the national office of statistics and collects
data from death notifications filed at local administration of-
fices and death certificates issued by physicians. Causes of
death were classified into 236 categories, which includes epi-
lepsy, according to the 10th revision of the International Sta-
tistical Classification of Diseases and Related Health Problems
(ICD-10), as recommended by the World Health Organiza-
tion (WHO). Mortality data were based on the underlying
cause of death described in the death certificate and were com-
plemented by 22 types of administrative data, including health
insurance data from the National Health Insurance Service,
the cancer registry from the National Cancer Center, criminal
investigation records and traffic collision investigation data
from the National Police Agency, autopsy records from the
National Forensic Service, and emergency records from the
National Emergency Medical Center."

The total population in each year divided into age and sex
categories was acquired from statistics based on resident reg-
istration provided by the Ministry of the Interior and Safety."

Assessment of death caused by epilepsy

Death caused by epilepsy was identified as the underlying
cause of death using ICD-10 codes G40 (epilepsy) and G41
(SE). Death directly related to epilepsy included SE, SUDEP,
and accidents following a seizure, including trauma, drown-
ing, and iatrogenic injury (e.g., drug toxicity and suicide)."
In these cases, code G40 or G41 may be assigned as the cause
of death.

We assessed the number of deaths caused by epilepsy in
Korea for each year from 1993 to 2019. The crude mortality
rate (CMR), age-specific mortality rates by sex, and age-stan-
dardized mortality rate (ASMR) by sex were estimated for
each year by the number of epilepsy deaths per 100,000 per-
sons in the general population. The ASMR for epilepsy was
calculated using the WHO standard population distribution
(last edited in 2001)."* We estimated the age- and sex-specif-
ic proportional mortality (PM) for epilepsy or SE among all-
cause deaths.

Death statistics were grouped into 16 five-year age groups for
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those aged 0-4 years to those aged 75-79 years, and 1 age
group for people older than 79 years. The trends according to
age during the study period were compared by dividing age
into the following groups: 0-14, 15-35, 35-54, 55-74, and 75
years or older.

Statistical analysis

The annual trends in mortality over time were assessed using
a Poisson regression model and expressed as mortality rate
ratios. All reported p-values were two-tailed, and p<0.05 was
considered significant. All statistical analyses were performed
using SPSS (version 26.0, IBM Corporation, Armonk, NY,
USA).

Ethics statement

This study was approved by the Institutional Review Board
of Kangwon National University Hospital (approval number:
KNUH-2021-10-002). The need to obtain informed consent
was waived because anonymized public data were used.

RESULTS

Death caused by epilepsy in 2019

In 2019, 471 deaths were caused by epilepsy (268 males and
203 females) across all age groups. Statistics of death caused
by epilepsy in 2019 are presented in Supplementary Table 1 in
the online-only Data Supplement and Fig. 1. The CMR for epi-
lepsy in 2019 was 0.92 per 100,000 persons; the highest CMR
was 7.01 per 100,000 persons in those aged 80 and older, while
the lowest was 0.22 per 100,000 persons in those aged 5-9
years, presenting an increasing trend with age. The CMRs for
epilepsy in males and females were 1.05 and 0.79 per 100,000
persons, respectively.

The PM for epilepsy was 0.16%: 0.17% in males and 0.15%
in females. The highest PM was 3.80% in those aged 5-14
years, with a decreasing trend as age increased. Epilepsy was
the 23rd most common cause of death in those aged 1-9 years
among the 236 analyzed causes of death.

Annual trend of death caused by epilepsy between
1993 and 2019

Between 1993 and 2019, the annual number of deaths attrib-
utable to epilepsy ranged from 352 to 653, with a CMR rang-
ing from 0.70 to 1.36 per 100,000 persons (Supplementary Ta-
ble 2 in the online-only Data Supplement). The annual CMR
peaked in 2002, decreased from 1993 to 1999, increased
from 1999 to 2002, decreased from 2002 to 2011, and then
increased slightly after 2011. Both male and female CMRs
followed the trend of the overall CMR. Both males and fe-
males had troughs in 2011. The CMR for epilepsy was higher
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Fig. 1. Age-specific mortality caused by epilepsy in 2019. The mortality rate (A) showed an increasing trend with age, while proportional mortality

(B) showed a decreasing trend with age.
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Fig. 2. Annual trend of mortality caused by epilepsy between 1993 and 2019. The CMR (A) and PM (B) peaked in 2002, and CMR then rebounded
after the trough in 2011, while PM became relatively stable from 2011. Both CMR and PM were higher in males than in females throughout the

study period. CMR, crude mortality rate; PM, proportional mortality.

in males than in females throughout the observation period
(Fig. 2A).

The PM ranged from 0.14% to 0.26%. The PM for epilepsy
was higher in males than in females, excluding in 1993 and
1994. The annual PM trend was similar to that of the CMR
until 2011, when the former began to fluctuate. Both males and
females had troughs in 2011 (Fig. 2B).

The ASMR ranged from 0.62 to 1.37 per 100,000 persons. It
showed a similar trend to the CMR from 1993 to 2011 with a
smaller range of annual changes and then kept decreasing over
time without rebounding (Fig. 3).

Compared with the reference year (2005), the age-specific
mortality rate for epilepsy had an increasing tendency over
time among those aged 75 years or older (mortality rate ra-
tio=1.036 per 100,000 persons, 95% CI=1.024-1.072, p<0.001)
and a decreasing trend in the other age groups (mortality rate
ratio=0.956 per 100,000 persons, 95% CI=0.928-0.997, p<
0.001) each year (Fig. 4A). Compared with the reference year
(2005), the age-specific PM showed a modest increasing ten-
dency among those aged 55-74 years (mortality rate ratio=
1.034, 95% CI=1.023-1.045, p<0.001) and 75 years or older
(mortality rate ratio=1.059, 95% CI=1.047-1.072, p<0.001),
and a decreasing tendency in the other age groups (mortali-

176 J Clin Neurol 2023;19(2):174-178

Age-standardized epilepsy mortaliy

161
14
12

08
0.6
041
021

19931994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006.2007 2006:2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Year

Annual epliepty mortality (per 100,000)

Fig. 3. Annual trend of ASMR caused by epilepsy between 1993 and
2019. The ASMR for epilepsy (solid line) peaked in 2002, and then
continuously decreased. Dashed lines indicate 95% confidence inter-
vals. ASMR, age-standardized mortality rate.

ty rate ratio=0.985, 95% CI=0.978-0.991, p<0.001) each year
(Fig. 4B).

DISCUSSION

This was the first study to use the statistics of epilepsy-related
mortality in Korea and one of few studies to analyze its time
trend. The results of our study were consistent with those for
previous studies from other countries. The CMR was 0.71 to
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Fig. 4. Annual trend of age-specific mortality caused by epilepsy between 1993 and 2019. The age-specific mortality rate (A) showed an increas-
ing tendency over time in those aged 75 years and older and a decreasing tendency in the other age groups each year since 2005. The age-specific
proportional mortality (B) showed a modest increasing tendency over time in those aged 55-74 years and 75 years or older, and a decreasing ten-

dency in the other age groups each year.

1.50 per 100,000 persons in Cuba between 1982 and 2010, and
1.45 to 2.03 per 100,000 persons in England and Wales." The
worldwide ASMR was 1.7 (95% CI=1.6-1.8) per 100,000 per-
sons in 2015."

We estimated that epilepsy was the 23rd most common
cause of death in those aged 1-9 years in 2019 among 236
causes of deaths according to ICD-10. Epilepsy imposed a
larger burden on children and young adults than any other
neurological condition, as estimated by a study based on the
GBD.'® Population-based studies indicated that SMRs are
considerably higher in epilepsy, ranging from 6.4 to 7.5 in chil-
dren.® Underlying diseases increase the risk of premature
mortality among infants or children with epilepsy, such as brain
injury or hypoxic encephalopathy at birth, epileptic encepha-
lopathy, inborn metabolism dysfunction, and congenital brain
malformation.®'’

Epilepsy-related mortality measured in this study was affect-
ed not only by the relative risk of death but also by the preva-
lence of epilepsy. The SMR was lower in HICs than in low- and
middle-income countries, which is due to improved access and
increased adherence to medical management with antiseizure
medications decreasing the risk of fatal medical- or injury-re-
lated complications from frequent seizures for PWE.*'® The
prevalence of epilepsy has also been reported to be lower in
HICs."” However, the overall prevalence of epilepsy has recently
escalated in Korea due to an increasing incidence among the
rapidly growing elderly population.®

A decreasing trend of the CMR in the 2000s might indi-
cate an improvement in epilepsy care. The increased CMR in
the elderly population contributed to a recent increase in the
overall CMR, and the aging of the population is accompanied
by a decreasing tendency in ASMR. The reason for the steep
increase in both the CMR and PM during 1999-2002 is un-
clear. One of the probable explanations is increased registra-
tion in death certificates due to the recognition of epilepsy im-

proving during this period. Also, new antiseizure medications
and epilepsy surgeries were actively introduced in Korea in
the late 1990s.

In our study, CMR and PM values were higher in males than
in females, which meant that the prevalence and incidence of
epilepsy were both higher in males.”*** The SMR was also
slightly higher in males than in females in previous studies.®
The increased mortality rate for males is partially attributable
to excess mortality from accidental causes and suicides.”

This study was subject to several limitations. We did not in-
clude ICD-10 code R56 (convulsion) because of its diagnos-
tic uncertainty. However, some deaths caused by epilepsy or
SE could be coded as R56. SUDEP or death caused by unin-
tentional injuries and suicides in PWE might not be coded
as epilepsy.

In conclusion, in Korea there has been a decreasing tenden-
cy of mortality caused by epilepsy and SE in the overall popu-
lation. However, epilepsy is still one of the notable causes of
death in children, and epilepsy-related death had an increas-
ing trend in the elderly population. This indicates the need for
further research into epilepsy and the development of care
systems in a superaging society.

Supplementary Materials
The online-only Data Supplement is available with this arti-
cle at https://doi.org/10.3988/jcn.2022.0119.

Availability of Data and Material

The datasets generated or analyzed during the study are available from the
corresponding author on reasonable request.
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