Received: 21 April 2021 | Revised: 1 June 2021

Accepted: 6 June 2021

DOI: 10.1111/ane.13500

ORIGINAL ARTICLE

| iioodcs [N

Changes in epilepsy causes of death: A US population study

Christopher M. DeGiorgio®?

| Ashley T. Curtis® | Dieter Hertling®? |

Wesley T. Kerr’® | Daniela Markovic*

1Department of Neurology, David
Geffen School of Medicine, University
of California Los Angeles (UCLA, Los
Angeles, CA, USA

2Department of Neurology, Olive-View-
UCLA Medical Center, Sylmar, CA, USA

3Department of Neurology, University of
Michigan, Ann Arbor, MI, USA

“Department of Health Sciences Research,
University of California, Los Angeles, CA,
USA

Correspondence

Christopher M. DeGiorgio, UCLA
Department of Neurology AMDG, 14445
Olive View Drive, Sylmar, CA 91342, USA.
Email: cmd@mednet.ucla.edu

Funding information

Supported by an unrestricted grant to the
David Geffen School of Medicine, UCLA
Department of Neurology by James and
Beverly Peters and Family. Dr Kerr's time
was supported by NIH R25 NS065723.
The grantees had no role in the study
design, data collection, interpretation of
the data, writing of the report, or decision
to submit the paper for publication

1 | INTRODUCTION

Objectives: Since 2000, medical treatment for epilepsy and cardiovascular risk-
reduction strategies have advanced significantly in the United States (US). However,
seizure-free rates remain unchanged, and people with epilepsy are at higher risk than
the general population for heart disease and stroke. The purpose of this study is to
determine how cardiovascular, epilepsy-related, and other causes of death are chang-
ing in epilepsy in comparison with the US population.

Materials & Methods: Changes in the 15 underlying causes of death in epilepsy (ICD-
10 G40-G40.9) and the US population were analyzed and compared from 2000 to
2018. The CDC multiple cause-of-death database was utilized as the primary data
source. Changes in the relative proportions for each cause-of-death over were evalu-
ated using logistic regression.

Results: The proportions of deaths in epilepsy due to heart disease declined 34.4%
(p < .001), a rate similar to the general population (39.9%). Epilepsy-related deaths
declined 25% as a percentage of all epilepsy deaths (p < .001). The proportions of
deaths due to stroke and neoplasms increased significantly in epilepsy versus the US
population (p < .001 linear trend).

Conclusions: The reduction in ischemic heart disease in epilepsy is a novel and highly
significant finding, which reflects widespread implementation of cardiovascular risk-
factor reduction and treatment in the United States. Reductions in epilepsy-related
deaths are an exciting development which requires further investigation into causal-
ity. The increase in deaths due to neoplasms and stroke relative to the US population
is concerning, warranting vigilance and increased efforts at recognition, prevention,

and treatment.
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rates are rising, due to higher prevalence and increases in the global

Since the year 2000, medical treatment for epilepsy has advanced
significantly.’> However, despite the introduction of new anti-
seizure medications (ASMs) and devices, seizure-free rates in 2018

remain unchanged from the year 2000.>° In fact, epilepsy mortality

© 2021 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

burden of neurological disease.” Over the same period, primary
prevention strategies for cardiovascular disease have dramatically
reduced mortality in the general population.®? Yet, recent studies
indicate that the risk of heart disease and stroke are significantly

higher in people with epilepsy versus the general population.lo'11
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With rising mortality rates and a higher risk of heart disease and
stroke, it remains to be determined if strategies to reduce cardio-
vascular risk are benefitting people with epilepsy. The purpose of
this study is to address two principal questions: Are deaths due to
heart disease, stroke, and other causes changing compared with the
general population? Is epilepsy-related mortality rising or falling?
To answer these questions, we evaluated changes in the underlying
causes of death in epilepsy compared to the United States (US) gen-
eral population from 2000 to 2018.

2 | MATERIAL AND METHODS

Retrospective US population study of all deaths in the general pop-
ulation (all-cause mortality) and all epilepsy deaths reported by the
CDC WONDER multiple cause of death database for the years 2000
to 2018. Epilepsy was is defined as ICD-10 codes G40.0 through
G40.91.12 The primary source for all data is death certificates, where
the underlying cause-of-death plus up to twenty contributing causes
of death are documented. The underlying cause-of-death is defined
as "...the disease or injury which initiated the train of events leading
directly to death, or the circumstances of the accident or violence
which produced the fatal injury.” Death certificates are completed
locally by the physician, coded at the state level, transmitted to the
National Center for Health Statistics, and reported by the Centers for
Disease Control and Prevention WONDER database and website.1214

Changes in the 15 leading underlying causes of death for epi-
lepsy and the US general population were analyzed and compared
over time. The 15 leading underlying causes were selected because
they are a standard data output for the CDC multiple cause-of-death
database.}? The 15 leading underlying causes of death captured
over 86% of all reported deaths in epilepsy.*? For some diagnosis,
for example, movement disorders and congenital malformations in
the year 2000, counts were <20. Counts <20 are considered un-
reliable by the CDC.?*1* All causes of death are reported using the
International Statistical Classification of Disease, 10th revision (ICD-

10).} Death rates are reported as number of deaths per million.

2.1 | Statistical analysis

Age-adjusted epilepsy mortality rates expressed as number of
deaths per million were compared over time using approximate for-
mulas by Smith.? Relative proportions of each cause-of-death were
calculated as a percentage of all deaths in people with epilepsy or
the US population. The underlying causes of death for the US gen-
eral population and all epilepsy deaths were ranked over time from
2000 to 2018. Temporal changes from each year from 2000 to 2018
in the relative proportion (log odds) of each cause-of-death among
persons with epilepsy were evaluated using a logistic regression
model for each of the underlying causes of death. We report the
odds ratio with a 95% confidence interval of the linear change in
relative proportion (log odds) of each cause-of-death. The logistic

model was used to compare temporal changes in the above propor-
tions between the two populations for the 15 underlying causes of
death. The logistic model included the fixed effects of year, popula-
tion and the interaction of year and population to evaluate the dif-
ferential linear trend effect of time on the odds of cause-specific
mortality between the two populations. The interaction effects
were evaluated using the Bonferroni adjusted false positive, alpha,
level of .005 per test (.05/10). All analyses were performed using
SAS 9.4 (Copyright © 2016 by SAS Institute Inc.).

2.2 | Data availability
Source data were obtained from the Centers for Disease Control,
On-line multiple cause-of-death database.}** The data are open ac-

cess and be accessed at https://wonder.cdc.gov.'?*

2.3 | Patient and public involvement

This study utilized the Centers for Disease Control WONDER da-
tabase.'? All data are de-identified. CDC WONDER is an open ac-
cess public service operated by the Centers for Disease Control
and Prevention. Due to the use of de-identified data from the CDC
WONDER database, patients were not involved in the conduct of
this study, and ethics committee approval and informed consent are

not required for the conduct of this research.?

3 | RESULTS

Epilepsy age-adjusted mortality rates increased from 5.59 per mil-
lion (Standard Error (SE) ".14) in 2000 to 12.83 per million (SE .19) in
2018 (p < .001, formula by Smith 1987).1> Table 1 ranks the 15 leading
causes of death in epilepsy. These 15 causes accounted for 86.5% of
all epilepsy deaths in 2018 and 88.2% of all epilepsy deaths in 2000.
Of the 15 leading underlying causes of death, epilepsy-related causes,
malignant neoplasms, ischemic heart disease, CNS degenerative dis-
orders, organic mental disorders, hypertension, and movement dis-
orders changed significantly over time from 2000 to 2018 (Table 1).
Deaths due to ischemic heart disease declined 34%, from 8.4% in
2000 to 5.5% of all epilepsy deaths in 2018 (OR 0.64, 95% CI 0.51-
0.80: p < .001). Ischemic heart disease dropped from the second to
the fourth leading cause-of-death in epilepsy (Table 1). The odds of
death due to ischemic heart disease declined 4.0% per year until 2009
(OR 0.96 per year, 95% Cl 0.93-0.98, p < .001), but tended to stabilize
after 2012 (OR 0.99 per year, 95% Cl = 0.97-1.01, p = .404).

3.1 | Comparison to US population

Changes in epilepsy causes of death were compared with the US
general population. Deaths due to ischemic heart disease declined
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at a similar rate for both epilepsy and the US general population
(epilepsy vs general population OR 1.18, 95% Cl 0.94-1.47, p = .075,
Figure 1). Deaths due to CNS degenerative disorders and organic
mental disorders increased significantly as a leading cause of death
in epilepsy (139.7% and 304.3%, respectively, p = .001, Table 1).
However, both increased at a similar rate as the US general popula-
tion (Figure 2). Of all underlying causes of death, only systemic neo-
plasms and cerebrovascular disease showed significant net increases
for epilepsy versus the US general population: (systemic neoplasms
OR 1.34, 95% CI 1.07-1.69, p < .001); (cerebrovascular disease OR
1.56,95% ClI 1.23-1.98, p < .001).

3.2 | Epilepsy-related deaths

The proportion of deaths due to epilepsy-related causes declined
significantly, from 52% of all deaths in 2000 to 39% in 2018 (OR
0.60, 95% Cl 0.53-0.67: p < .001, linear trend). Figure 3 compares
changes in the percentage of all epilepsy deaths that were coded
as epilepsy-related versus total epilepsy deaths from 2000 to 2018.
Note that though epilepsy crude deaths and age-adjusted mortal-
ity rate increased throughout the study period, the proportions
of deaths attributed to epilepsy as the underlying cause-of-death
declined. To better define epilepsy-related deaths, we cross-
referenced G40.0-G40.9 with contributing causes of death defined
by Devinsky and colleagues as epilepsy-related causes.’® These
causes include status epilepticus (ICD-10 G41), burns (ICD-10 T30),
motor vehicle accidents (V89.2), drowning (ICD-10 code T75.1), and

Proportions of Deaths Due to Ischemic Heart Disease:
Epilepsy Versus US Population
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FIGURE 1 Change in the proportion of deaths in epilepsy

(b <.001) versus US population (p < .001) due to ischemic heart
disease as the underlying cause-of-death 2000-2018. The rate of
change was similar (34.4% vs. 39.4%, p = .075). The rate of decline
in the epilepsy population tended to level off after 2009

falls (ICD-10 code W19). We also included febrile or unspecified
convulsions (ICD-10 code R56) and ill-defined or unknown causes
of death (ICD-10 code R99). Due to a lack of a specific ICD-10 code,
sudden unexpected death in epilepsy (SUDEP) could not be included
as an epilepsy-related cause-of-death in this dataset. Table 2 shows
changes in these epilepsy-related causes of death.

4 | DISCUSSION

We report changes in the 15 underlying causes of death for epi-
lepsy and the general population from 2000 to 2018 using the CDC
multiple cause-of-death database.'? The results demonstrate three
major findings. First, the proportion of epilepsy deaths due to is-
chemic heart disease declined 34.4% from 2000 to 2018 (p < .001,
Figure 1). Second, CNS degenerative disorders, organic mental dis-
orders, cerebrovascular disease, and malignant neoplasms increased
significantly as causes of death in epilepsy. However, degenerative
disorders and organic mental disorders increased at the similar rate
as the general population (Figure 2). Only cerebrovascular disease
and neoplasms increased at a rate significantly higher than the gen-
eral population (p < .001).

Third, epilepsy-related causes declined 25% as a proportion of
all epilepsy deaths (p < .001, Table 1) and have been declining con-
sistently since 2003 (Figure 3). We were able to capture epilepsy-
related causes as defined by Devinsky and colleagues, including
status epilepticus, unspecified convulsions, accidents, falls, drown-
ing, and burns as well as unknown or unexplained causes (Table 2).*
Of these causes, unspecified convulsions and drownings declined
significantly (p < .001) as a proportion of epilepsy deaths (Table 2).
Unfortunately, we were not able to capture changes in SUDEP over

the study period since SUDEP does not have a specific ICD-10 code.

4.1 | Reductions in deaths due to ischemic
heart disease

Deaths due to ischemic heart disease in epilepsy declined 34%
since 2000, a reduction similar to the general population (Figure 1).
A plausible explanation is that people with epilepsy have benefited
from advances in risk mitigation and primary prevention strategies
for cardiovascular disease similar in degree to the general popula-
tion. Lifestyle modification, smoking cessation, blood pressure re-
duction, and widespread use of lipid-lowering agents have greatly
reduced cardiovascular mortality rates since the Framingham
Heart Study was initiated in the 1950s and 1960s.”'” The IMPACT
model is a mathematical approach which incorporates regres-
sion coefficients from large population studies of heart disease
and stroke.®? It evaluates the effects of lifestyle modifications,
treatments, and interventions on cardiovascular mortality.8’9
From 1980 to 2000, the IMPACT model estimated that lifestyle
modification and pharmacological treatments accounted for 44%
of the decline in cardiovascular mortality.® Surgical interventions
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CNS degenerative disorders:
Epilepsy versus US population
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FIGURE 2 Change in relative proportion of deaths of patients
with epilepsy versus the US general population due to CNS
degenerative disorders (ie Alzheimer's). Deaths due to this cause
rose significantly in people with epilepsy (p < .001) but increased
at a rate similar to the US general population. Logistic regression,
between-group linear trend comparisons: p = .662

Change in the Proportions of Deaths Due to Epilepsy Related

Causes
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FIGURE 3 Change in proportion of deaths with epilepsy as the
underlying cause, 2000-2018. p < .001, linear trend by logistic
regression. Left axis represents total frequency of epilepsy deaths
in the United States; Right axis represents the proportion of all
deaths with epilepsy as the underlying cause-of-death

contributed to 47% of the reduction in mortality.® These reduc-
tions in cardiovascular deaths in the general population have con-
tinued through least 2014, but may be leveling off as obesity rates
increase.®® A similar phenomenon may be occurring in people

with epilepsy. The decline in the proportion of epilepsy deaths
due to ischemic heart disease declined significantly from 2000 but
tended to level off after 2009 (Figure 1). This finding should en-
courage vigilance in identifying and treating vascular risk factors
in people with epilepsy.

Another explanation for reduced cardiovascular deaths in ep-
ilepsy may be generational changes in utilization of newer, lower
risk non-enzyme-inducing ASMs. Since 2000, novel non-enzyme-
inducing ASMs such as Levetiracetam, Lamotrigine, and Lacosamide
have displaced older enzyme-inducing ASMs such as Phenytoin,
Carbamazepine, and Phenobarbital. These older enzyme-inducing
ASMs may reduce the effectiveness of antihypertensive agents and
cholesterol-lowering drugs.}”?° Older enzyme-inducing ASMs are
associated with increased plasma markers of vascular risk such as
total cholesterol, low-density lipoproteins (LDL), triglycerides, C-
reactive protein (CRP), and homocysteine.*”"?! Switching from older
enzyme-inducing ASMs to Lamotrigine or Levetiracetam improves
key blood markers for cardiovascular risk.? However, vigilance
about cardiovascular prevention, obesity, and diabetes is indicated
given the recent leveling out in deaths due to ischemic heart disease
in epilepsy reported here as in the general population (Figure 1).8
Given the significant increases in deaths due to diabetes and hyper-
tension noted in Table 1, we are concerned that deaths due to isch-
emic heart disease may reverse the downward trend in the future,

and begin to increase again in people with epilepsy.

4.2 | Increases in cerebrovascular disease (stroke)
as a cause of death

In 2018, cerebrovascular disease was the third leading cause-of-death
in epilepsy, an increase in rank from the fourth leading cause in 2000.
Cerebrovascular disease increased 13.5%, versus a 25.4% reduction
in the general population. Stroke is the leading cause of epilepsy in
the elderly, and 45% of new-onset epilepsy after age 60 is due to
cerebrovascular disease.?? In a prospective study of post-stroke epi-
lepsy, 3.1% of stroke survivors developed epilepsy.?® At first glance,
one would expect cerebrovascular disease to decline in parallel with
ischemic heart disease, given the shared preventable risk factors of
hypertension, hyperlipidemia, diabetes, and smoking. However, with
increased survival after stroke in the general population, there may
be an increase in the percentage of stroke survivors who develop sei-
zures and epilepsy. Finally, death due to cerebrovascular disease also
can result from intracerebral hemorrhage, which is associated with
an even higher risk of epilepsy than ischemic stroke.?* Lahti and col-
leagues reported that the cumulative risk of epilepsy after primary in-

tracerebral hemorrhage was 6.8%, versus 3.1% with ischemic stroke.?*

4.3 | Increases in malignant neoplasms in epilepsy

From 2000 to 2018, malignant neoplasms increased significantly
as a cause-of-death in epilepsy, while neoplasms declined in the
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TABLE 2 Epilepsy-related causes of death. Chi-square test

Difference in

Proportion of epilepsy

deaths 2018

2018 Number of

deaths

Proportion of epilepsy

deaths 2000

2000 Number of

deaths

proportions p value

ICD-10 codes

Epilepsy-related causes

4654

1568

G40
R56
G41
R99

All epilepsy deaths

*.001

11%
6%
2%
1%
1%

<1%

<1%

21%

506
287

18%

286
123

Convulsions (not elsewhere specified)

021
.670
<001

8%
2%
2%
1%
<1%

Status epilepticus

94
41

35

Unknown or unexplained cause

33

T75.1

Drowning

Falls

173
.379
.999
<.001

29

15*

W19

4*

3*

V89.2
T30

Motor vehicle accidents

2*
963

Burns
Total

32%

462

Bold = significant using the Bonferroni adjustment for multiple comparisons, defined as p < .007.

*Numbers <20 are considered unreliable by the CDC.; *R56 includes convulsions, not elsewhere specified (ie febrile, post-traumatic, unspecified or recurrent convulsions).

general population. In 2018, malignant neoplasms were the sec-
ond leading cause-of-death in people with epilepsy, an increase in
rank from 2000, when it was the third leading cause. This result is
similar to findings from the prospective UK national general prac-
tice study which found neoplasms were the leading cause-of-death
in epilepsy.?>?¢ In that study, the mortality rate for cancer in epi-
lepsy was significantly increased at 7, 14, and 25 years of follow-up,
consistent with a long-term increase in cancer risk.?>?> The causes
for this increase in neoplasms are multifactorial. Primary brain neo-
plasms often are associated with seizures and epilepsy.?” Metastatic
tumors from systemic neoplasms also are associated with seizures,
with seizures occurring in 20%-35%.272% Another likely cause for
the increase in neoplasms as a cause-of-death in epilepsy includes
the increased burden of neurological disease.?”*° As the population
ages, the prevalence of cancer increases the risk of primary brain
tumors and metastatic tumors to the brain. In fact, the worldwide
prevalence of brain and central nervous system tumors has in-
creased 8.9% from 1990 to 2015.%°

4.4 | Strengths and limitations

The primary strength of this study is the use of the CDC Wonder
multiple cause-of-death database, which captures all recorded
deaths in the United States from 2000 to 2018. The CDC estimates
that over 99% of all US deaths are captured in this database.! Each
death certificate is validated at the local and state level for accu-
racy and coding. This database captures all death certificates where
epilepsy, ICD-10 G40.0 through G40.9 are listed as the underlying
cause or one of up to twenty contributing causes of death. The CDC
multiple cause-of-death database allows identification of signifi-
cantly greater epilepsy deaths then the single underlying cause-of-
death database.”

A second strength is the comparison of changes in the 15 leading
causes of death in epilepsy to the 15 leading causes of death in the
US general population. This allows us to determine if the changes
in epilepsy causes of death were in-trend or significantly different
compared with the general population. This comparison was espe-
cially helpful in determining if changes in cardiovascular causes of
death were unique from the general population. The fact that car-
diovascular causes of death declined at a similar rate as the general
population is a new and encouraging finding, since it indicates that
people with epilepsy are benefitting from the society-wide improve-
ments in primary prevention of cardiovascular disease.

Finally, a third strength is the use of the same ICD-10 diagnostic
codes throughout the entire study period. The CDC migrated to the
ICD-10 coding paradigm in 1999. Consistent use of the ICD-10 cod-
ing system provides confidence that changes in causes of death are
not due to changing definitions for each diagnosis.

There are three limitations of the study. First, there is consid-
erable variability in the ability of death certificates to record the
cause-of-death accurately, especially in epilepsy.®**® When com-
pleting a death certificate, a clinician often must make a judgment
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using incomplete data about what factors caused death and which
other factors contributed or were meaningful comorbidities. While
this increased variability influences estimates of the total number of
deaths and their causes, we expect the magnitude of this variability
to be similar over time. In fact, from year to year, crude deaths and
epilepsy mortality rates were remarkably consistent from year to
year. In epilepsy, death certificates are known to undercount deaths
due to epilepsy.®? Factors associated with inclusion of epilepsy on
death certificates include high seizure frequency, taking an anti-
seizure medication, and if the certifying physician was the treating
physician.®? Given this phenomena, it is likely that the CDC multiple
cause-of-death database may undercount epilepsy deaths. However,
given the year-to-year consistency of the data and the high signifi-
cance level reported here (p = .001), the trends reported here are
robust and reliable.

A second limitation is the definition of epilepsy used to search
the multiple cause-of-death database. We defined epilepsy as G40.0
to G40.91 for the primary search. Other seizure-related diagnosis
codes include status epilepticus (ICD-10 code G41) and unspecified
seizures (ICD-10 code R56). In 2018, status epilepticus (G41) was the
underlying cause-of-death in 1205 persons, and febrile and other
unspecified convulsions R56 was the underlying or contributing
cause-of-death in 22,176 persons. In the future, we will utilize all
three diagnosis codes G40, G41, and R56 to better capture the con-
stellation of epilepsy- and seizure-related deaths.

Finally, it is difficult to capture sudden unexplained death in
epilepsy (SUDEP). There is no ICD-10 code for SUDEP, and death
certificates rarely capture SUDEP as a cause-of-death.’63%%% |n a
survey of medical examiners, the ICD-10 codes G40.9 and R56.8
were often substituted by medical examiners to report SUDEP. We
were able to mitigate this limitation by first including all mentions
of G40.9 in our primary search, and to include R56.8 as one of
seven contributing causes of death that are considered epilepsy-
related (Table 2).

5 | CONCLUSIONS

We report the results of a retrospective, US population-based study for
the years 2000-2018 in those who died with epilepsy as the underlying
or contributing cause-of-death. The results demonstrate three major
findings. First, the proportion of deaths in epilepsy due to ischemic
heart disease declined 34.4% from 2000 to 2018. These reductions
were similar to the 39.9% change in the US general population. This
confirms for the first time that people with epilepsy are experienc-
ing a significant reduction in mortality due to cardiovascular disease.
Reductions in the proportions of ischemic heart disease represent a
major advance in the cardiovascular health of people with epilepsy.
Second, though epilepsy age-adjusted mortality rates are rising
due to an increased in epilepsy prevalence, epilepsy-related mortal-
ity is declining as a proportion of all epilepsy deaths. We were able to
confirm this trend by evaluating changes in specific epilepsy-related
ICD-10 codes, which also declined significantly over the study

period (Table 2). Reductions in epilepsy-related deaths are an excit-
ing development which requires further investigation into causality.

Third, the proportions of deaths due to cerebrovascular dis-
ease and malignant neoplasms increased compared with the US
general population. Increases in epilepsy deaths due to stroke and
neoplasms likely reflect the effects of aging and the increase in
the global burden of neurological disease.?”3° Nevertheless, the
increase in deaths due to neoplasms and stroke relative to the US
population is a major concern, warranting increased efforts at rec-

ognition, prevention, and treatment.
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