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ABSTRACT

Introduction Epilepsy mortality rates are rising. It is
unknown whether rates are rising due to an increase in
epilepsy prevalence, changes in epilepsy causes of death,
increase in the lethality or epilepsy or failures of treatment.
To address these questions, we compare epilepsy mortality
rates in the USA with all-cause and all-neurological
mortality for the years 1999 to 2017.

Objectives To determine changes in US epilepsy mortality
rates versus all-cause mortality, and to evaluate changes
in the leading causes of death in people with epilepsy.
Design Retrospective population-based multiple cause-
of-death study.

Primary outcome Change in age-adjusted epilepsy
mortality rates compared with mortality rates for all-cause
and all-neurological mortality.

Secondary outcome Changes in the leading causes of
death in epilepsy.

Results From 1999 to 2017, epilepsy mortality rates in
the USA increased 98.8%, from 5.83 per million in 1999
to 11.59 per million (95% CI 88.2%—-110.0%), while all-
cause mortality declined 16.4% from 8756.34 per million
to 7319.17 per million (95% Cl 16.3% to 16.6%). For the
same period, all-neurological mortality increased 80.8%
from 309.21 to 558.97 per million (95% Cl 79.4%—82.1%).
The proportion of people with epilepsy who died due to
neoplasms, vascular dementia and Alzheimer’s increased
by 52.3%, 210.1% and 216.8%, respectively. During the
same period, the proportion who died due to epilepsy
declined 27.1%, while ischaemic heart disease as a cause
of death fell 42.6% (p<0.001).

Conclusions Epilepsy mortality rates in the USA increased
significantly from 1999 to 2017. Likely causes include
increases in all-neurological mortality, increased epilepsy
prevalence and changes in the underlying causes of death
in epilepsy, led by increases in vascular dementia and
Alzheimer’s. An important finding is that ischaemic heart
disease and epilepsy itself are declining as underlying
causes of death in people with epilepsy.

INTRODUCTION

People with epilepsy are at higher risk for
premature death." Nelligan et al,' in a large
prospective cohort study of newly diagnosed
epilepsy, found that people with epilepsy
had a standardised mortality rate of 2.55,
significantly higher than expected from the

Strengths and limitations of this study

» Large population-based study of epilepsy mortal-
ity, using the Centers for Disease Control multiple
cause-of-death database.

» Comparison between epilepsy mortality, all-cause
and all-neurological mortality.

» Study reports change in the seven leading causes of
death in epilepsy.

» Death certificates may under-report epilepsy-
related mortality.

» Physicians completing death certificates may not be
able to fully discern the underlying and contributing
causes of death

general population. Recent data from the
USA and Great Britain (UK) indicate that
epilepsy mortality rates are rising signifi-
cantly.” ® Greenlund et aF reported that
epilepsy mortality rates in the USA increased
47% between 2005 and 2014. Similarly, Public
Health England reported epilepsy mortality
rates in the UK increased 33% between 2003
and 2014.> Globally, epilepsy deaths have
increased 18.9% from 1990 to 2015, while the
worldwide prevalence of epilepsy increased
39.2%." These reports have generated signifi-
cant concern from stakeholders and advocacy
groups that the increase in epilepsy mortality
may represent a failure to effectively treat
epilepsy and prevent premature death.’®
The underlying causes for the increase in
epilepsy mortality rates in the USA are poorly
understood and raise several questions. How
is epilepsy mortality changing in comparison
to all-cause mortality and all-neurological
mortality? Are rising epilepsy mortality rates
aresult of an increase in epilepsy prevalence?
Could changes in the underlying causes of
death in people with epilepsy contribute
to the increase in epilepsy mortality rates?
Is the lethality of epilepsy increasing? Is
this increasing mortality due to failure to
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effectively treat epilepsy or address preventable causes of
death?

To address these questions, we analysed vital statistics
data obtained from the Centers for Disease Control (CDC)
multiple cause-of-death database.” We compare changes
in epilepsy mortality rates with all-cause mortality, all-
neurological mortality and mortality of major neurolog-
ical diseases over the years 1999 to 2017. We also report
and analyse changes in the underlying causes of death in
people with epilepsy.

METHODS

This is a retrospective population-based multiple cause-
of-death study using the CDC wide-ranging online
database (CDC Wonder). CDC Wonder compiles cause-
of-death data based on information reported on death
certificates.” This information is then coded and aggre-
gated at the county level. The CDC Wonder Database was
accessed for the years 1999 to 2017.”® These years were
selected to provide the longest contiguous period for
which the same International Classification of Diseases
codes (ICD-10) were utilised. The CDC migrated to the
ICD-10 classification in 1999. County health departments
and CDC coded all data from 1999 to 2017 with the same
ICD-10 system. The multiple cause-of-death database was
utilised for this study.”® The multiple cause-of-death data-
base reports the underlying cause of death plus up to 20
contributing conditions listed on the death certificate. In
the case of epilepsy, epilepsy or another cause (myocar-
dial infarction, stroke, accidental death, etc) may be
identified as the underlying or associated cause of death.
Multiple cause-of-death mortality rates better reflect the
complex constellation of conditions that contributed to
death rather than a single cause-of-death analysis.”

The primary outcomes of this study are the following:
change in age-adjusted epilepsy mortality rates compared
with mortality rates for all-causes, all-neurological disor-
ders, stroke and degenerative dementia (Alzheimer’s).
Secondary outcomes include changes in the seven leading
underlying causes of death in epilepsy. The number of
deaths per year, crude death rates, age-adjusted death
rates and standard errors were obtained. Mortality rates
were calculated as the number of deaths per 1000 000.
For measures of variability, standard errors were utilised.
Data were exported to a text file and transferred to an
Excel spreadsheet (2013 version) for statistical analysis.

Statistical analysis

Age-adjusted rate ratios were computed by dividing the
age-adjusted rate for year 2017 by the corresponding
rate for year 1999. To calculate the statistical significance
for the standardised rate ratios, we used approximate
formulas by Smith."” In addition, the weighted linear
regression model was used to compute the per cent
changes per year (slope) in age-adjusted mortality rates
for a given cause, and the corresponding slopes were
compared under the weighted linear regression model.""

We used the weighted linear regression model with piece-
wise linear splines to assess whether the per cent change
in epilepsy mortality per year differed before and after
year 2010. The per cent changes per year in epilepsy
mortality for underlying cause-of-death versus epilepsy
mortality using the multiple cause-of-death was compared
under the regression model. The above models were
weighted by the inverse of the variance estimates for
the age-adjusted mortality rates. The underlying causes
of death among people who died from epilepsy were
compared between years 1999, 2008 and 2017 using the
Cochran-Armitage test for trend, taking into account
the overall trend over time and ensuring that the results
would not be influenced by outliers. Level of significance
was defined as p<0.05.

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting or dissemination plans
of this research.

RESULTS

Table 1 summarises changes in age-adjusted mortality
rates from 1999 to 2017 for all causes, all neurological
disorders, stroke, central nervous system (CNS) degen-
erative disorders (Alzheimer’s) and epilepsy. Note that
during the study period, mortality rates for all causes and
stroke declined, while the mortality rates for epilepsy,
all neurological disorders and degenerative dementia
increased significantly, p<0.001 (table 1).

Epilepsy mortality: multiple cause-of-death database

In 2017 there were 4131 deaths with epilepsy as either the
underlying cause of death or 1 of 20 contributing causes,
for an age-adjusted mortality of 11.59 per million (SE
0.18). Compared with 1999, the multiple cause-of-death
mortality rate in 2017 increased by 98.8% (95% CI 88.2%
t0 110.0%, p<0.001). For the period 1999 to 2010, epilepsy
multiple cause-of-death mortality increased by only 0.4%
per year (95% CI -0.3% to 1.1% %, p=0.26). From 2010 to
2017, epilepsy multiple cause-of-death mortality increased
9.7% per year (95% CI 8.4% to 11.0%, p<0.001). When
compared with all-cause mortality for 2017, the epilepsy
multiple cause-of-death mortality rate was equal to 0.06%
of all-cause mortality. Figure 1 displays the changes in age-
adjusted mortality for the years 1999 to 2017. The slopes
for two periods 1999-2010 and 2010-2017 were signifi-
cantly different (p=0.001).

Leading causes of death in people with epilepsy

Table 2 summarises the leading causes of death in people
with epilepsy for the years 1999 and 2017 using the
multiple cause-of-death database. Of the 4131 deaths in
people with epilepsy in 2017, only 1578 (38.2%) were
directly due to epilepsy itself, while 2553 (61.8%) deaths
were due to the other leading causes. When compared
with 1999, the proportion of deaths as a direct result of
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Table 1 Changes in age-adjusted mortality rates 1999 to 2017 for major causes of death in the USA

1999 2017
Age-adjusted Age-adjusted Per cent
mortality rate mortality rate Per cent change, change
ICD-10 code per million per million 95% CI P value per year
All-cause mortality 8756.34 7319.17 -16.4%, <0.001 <0.001
16.3% to 16.6%
Stroke 160-169 616.03 375.90 -39.0%, <0.001 <0.001
38.5% t0 39.4%
All neurological G00-G98 309.21 558.97 +80.8%, <0.001 <0.001
disorders 79.4% t0 82.1%
Degenerative G30-G31 168.90 367.58 +117.6%, <0.001 <0.046
disorders of the CNS 115.5% to 119.7%
Epilepsy: G40.0-G40.9 5.83 11.59 +98.8%, <0.001 <0.001
multiple cause of 88.2% to 110.0%
death

Rates are expressed as number per million. Mortality per cent changes per year were evaluated using the weighted linear regression model;

approximate formulas by Smith et al.'

CNS, central nervous system; ICD, International Classification of Diseases.

epilepsy declined from 52.4% to 38.2%, for a net reduc-
tion of 27.1% (p<0.001). Malignant neoplasms, degen-
erative dementia (Alzheimer’s) and organic mental
disorders (vascular dementia and delirium) increased
by 52.3%, 216.8% and 210.1%, respectively. Ischaemic
heart disease as a cause of death in people with epilepsy
declined 42.6% (table 2).

DISCUSSION

Epilepsy age-adjusted mortality rates in the USA increased
98.8%, from 5.83 per million in 1999 to 11.59 per million
in 2017,p=0.001. (figure 1). However, epilepsy was a
rare cause of death, representing only 0.13% of all-cause
mortality in 2017.

/111,59
/ 1072

’/6.95
=662
5835 59g7 676745 57 672551573019

Epilepsy Mortality: Rate per Million

1999 2000 2001 2002 2003 2004 2005 20086 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Figure 1 Epilepsy age-adjusted mortality rates, 1999 to
2017: multiple cause-of-death mortality rates. Rates are
expressed as number per million. The change in slope from
2010 to 2017 was significantly increased compared with 1999
to 2009 (weighted linear regression model with piecewise
linear splines, p=0.001).

Three key factors may be contributing to the increase
in epilepsy mortality rates from 1999 to 2017. First, the
crude number of deaths due to all neurological disorders,
of which epilepsy is a subset, increased from 84 077 in 1999
to 216352 in 2017. The age-adjusted mortality rate for all-
neurological causes increased 80.8% (95% CI 79.4% to
82.1%, p<0.001). Neurological disorders are the leading
cause of disability in the world, and the global burden of
neurological disease is rising due to population growth
and ageing.* Epilepsy contributes to up to 25% of the
global burden of neurological disease and many neuro-
logical diseases are associated with seizures and epilepsy.*
Given the association between epilepsy and neurological
disorders, the increased burden and mortality of all-
neurological disorders are likely major contributors to
the increase in epilepsy mortality rates reported here.

A second cause for the increase in epilepsy mortality rates
is an increase in the prevalence of epilepsy in the USA. For
the period 2010-2015, the CDC reported that the number
of adults with epilepsy increased from 2.3 million to 3.0
million, and the number of children with epilepsy increased
to 470 000, for an overall epilepsy prevalence of 1.2%."* This
represents a 30.4% increase in epilepsy prevalence in 2010
to 2015." For the same 5-year period, epilepsy underlying
cause-of-death mortality rates increased 49.2% (figure 1),
similar in magnitude to the 30.4% increase in prevalence
reported by the CDC."* Given the increase in both mortality
rates and prevalence, we hypothesise that an increase
in epilepsy prevalence is contributing to the increase in
epilepsy mortality rates. The CDC states ‘The increase [in
epilepsy prevalence] is likely because of population growth over the
past decade, or other unknown factors (eg, an increased willingness
to disclose one has epilepsy) ."* Tmmigration from regions where
epilepsy prevalence is high, such as Latin America may also
contribute to the increase in prevalence of epilepsy in the
USA. In Latin America, reported epilepsy prevalence ranges
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Table 2 Underlying Causes of death in people With epilepsy 1999-2017

1999

2008 2017

All deaths in people with epilepsy 1613

1786 4131 Per cent change P value

Rank Underlying cause of death ICD-10 codes

Number and proportion of deaths due to the underlying cause

1 Epilepsy G40-G47 845 (52.39%) 881 (49.33%) 1578 (38.19%) -27.1% <0.001
2 Malignant neoplasms C00-C97 91 (5.64%) 83 (4.64%) 355 (8.59%) +52.3% <0.001
8 Cerebrovascular disease 160-169 105 (6.51%) 120 (6.72%) 284 (6.87%) +5.5% 0.62

4 Ischaemic heart disease 120-125 174 (10.79%) 123 (6.89%) 256 (6.19%) -42.6% <0.001
5 Degenerative diseases of the  G30-G31 24 (1.49%) 55 (3.08%) 195 (4.72%) +216.8% <0.001

CNS (ie, Alzheimer’s)

6 Cerebral palsy G80-G83 28 (1.74%) 52 (2.91%) 149 (3.61%) +107.5% <0.001
7 Organic mental disorders FO1-F09 16 (0.99%) 35 (1.95%) 127 8.07%) +210.1% <0.001

(vascular dementia and
delirium)

Data are expressed as the number and proportion of deaths due to the underlying cause, Cochran-Armitage test for trend.
CNS, central nervous system; ICD, International Classification of Diseases.

from 1.58% to 1.78%, which is higher than the USA preva-
lence of 1.2%."* '

A third factor contributing to the increase in epilepsy
mortality in the USA is a significant change in the under-
lying causes of death in epilepsy. An unexpected finding
is that epilepsy as the underlying cause of death declined
significantly from 52.4% of all epilepsy-related deaths in 1999
to 38.2% in 2017 (p<0.0001). This finding provides strong
evidence against an increase in the lethality of epilepsy as a
driver of increased epilepsy mortality. This is consistent with
the observation by Neligan ¢t al' who found that the leading
causes of death in people with epilepsy in the UK were not
epilepsy related. Rather, cancer, cerebrovascular disease,
pneumonia and ischaemic heart disease were the leading
causes of death in people with epilepsy. Deaths directly due
to epilepsy were rare. Comorbidities like Alzheimer’s and
organic mental disorders (vascular dementia and delirium)
are increasing significantly in people with epilepsy in the USA

Changes in Leading Causes of Death in People with Epilepsy

e=A|zheimer's
em==\/ascular Dementia
@===Neoplasms

@===|schemic Heart Disease

Percent of All Epilepsy Deaths

2 /
1999 2008 2017

Figure 2 Relative change in key leading causes of death,
1999 to 2017. Note the significant reduction in heart disease
as a leading cause of death in epilepsy, and increase in
Alzheimer’s, Vascular Dementia, and Neoplasms, Cochran
Armitage Test for Trend, p < 0.001.

(table 2 and figure 2). The proportion of deaths in people
with epilepsy due to vascular dementia and Alzheimer’s
increased to 210.1% and 216.8%, respectively. This is higher
than the increase in dementia mortality in the general popu-
lation reported in table 1 (117.6%). Epilepsy affects 7% of
the elderly, and 4%-5% of persons with Alzheimer’s disease.
These rates are substantially higher than the 1.2% in the
general population.”” '® At the same time, the prevalence of
Alzheimer’s in people with epilepsy is six times higher than
those without epilepsy.'” As the population ages and the
global burden of neurologic disease increases, dementia will
likely continue to grow as a comorbidity and cause of death in
people with epilepsy, contributing to an increase in epilepsy
mortality rates in the future.

Forneoplasms, there is strong evidence that systemic cancer
is associated with a high lifetime risk of epilepsy, especially
in those with brain metastasis and primary neoplasms.'® "
As survival in systemic cancers increase and mortality rates
decrease, it is reasonable to conclude that more survivors will
develop epilepsy as a consequence of CNS involvement with
cancer (table 2 and figure 2) J819

An important and unexpected finding of this study is the
significant decline in heart disease as a leading cause of death
in epilepsy (table 2 and figure 2). Ischaemic heart disease
as a cause of death in people with epilepsy declined 43%
from 1999 to 2017. The reduction in heart disease mortality
in epilepsy is even better than that reported in the general
population, which was 22% from 1990 to 2013.* The results
suggest that people with epilepsy are benefitting from the
improvements in primary prevention strategies seen in the
general population.% This is an unexpected finding given the
higher risk of cardiovascular disease and stroke reported in
multiple large population studies.”' ** There is evidence that
older antiepileptic drugs may increase people with vascular
risk factors and with epilepsy, possibly increasing the risk for
stroke and heart disease.” ™ The newer antiepileptic drugs
are associated with significant improvements in biomarkers
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like Creactive protein, low-density lipoproteins and homo-
cysteine when compared with older agents such as carba-
mazepine.” ™ Many of these new agents (eg, Levetiracetam,
Lacosamide) were introduced since 1999, the timeframe of
this study. Further investigation of this important finding or
a reduction in cardiovascular disease as a cause of death in
epilepsy is needed.” *

Finally, while epilepsy mortality in the USA is increasing,
the evidence for status epilepticus is more nuanced.”* The
incidence of status epilepticus has increased fourfold over
the last 30 years.® However, the mortality rate of status epilep-
ticus has remained unchanged.”® The stability of status
epilepticus mortality in the face of rising incidence is likely
due to earlier recognition and treatment, better diagnosis
and coding and more effective treatment algorithms.*>**

Limitations and strengths of this study

Limitations: this study relies on mortality rates calculated
from death certificates. Death certificates likely under-
report epilepsyrelated mortality, since there may be
uncertainty about the underlying mechanism of death
in people with epilepsy (status epilepticus, sudden unex-
plained death in epilepsy, hypoxia, etc). Data from Bell
et al® indicate that death certificates can significantly
underestimate the number of deaths in epilepsy. For this
reason, we utilised the multiple cause-of-death database,
rather than the single underlying cause-of-death data-
base.”” * When using the single underlying cause-of-
death database, epilepsy mortality rate in 2017 was only
4.6 per million compared with 11.56 per million when
using the multiple cause-of-death database.® In a recent
position paper, the National Association of Medical
Examiners state:

The investigation and certification of deaths in pa-
tients with seizures and epilepsy vary within and
between medical examiners’ and coroners’ offic-
es. This variation, together with varied terms and
criteria to diagnose and classify seizures and epi-
lepsies...challenges the determination of cause of
death (COD) in seizure and epilepsy-related death,
and likely underestimates the frequency of these
deaths.”

Strengths: strength of this study is the use of the largest
vital record population database in the USA, incorpo-
rating data from all 50 states, the District of Columbia
and Puerto Rico. It is likely that the multiple cause-of-
death mortality rates reported in this study better reflect
the varied and complex mechanisms of death in people
with epilepsy, because it includes the 113 leading causes
of death as defined by the CDC.”™*' Indeed, when eval-
uating the impact of multiple causes of death in chronic
diseases, Fedeli et al! write that multiple cause-of-death
analyses allows ‘...more complete assessment of the burden
of mortality related to chronic diseases but are also useful
to monitor patterns and inconsistencies in cause of death
certification’.

CONCLUSIONS

Epilepsy mortality rates in the USA increased signifi-
cantly from 1999 to 2017. The results from this large US
population-based multiple cause-of-death study indicate
the increases in epilepsy mortality rates are likely caused
by at least three factors: (1) increased all-neurological
mortality, which is related to the increase in the burden
of neurological disorders overall; (2) increased epilepsy
prevalence in the USA; (3) significant increases in degen-
erative dementia, vascular dementia and malignant
neoplasms as causes of death in people with epilepsy.
Importantly, ischaemic heart disease as a cause of death
declined 42.6% while epilepsy-related causes declined
27.1% (p=0.001).
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