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ABSTRACT

Background: Epilepsy poses significant challenges globally, with varied clinical, social, and economic impacts.
Despite advances in treatment, epilepsy-related mortality remains a concern. This study aimed to analyze the
demographic and regional distributions of epilepsy-related mortality in the United States (U.S.) from 1999 to
2020, identifying high-risk populations for targeted interventions.
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) Results: A total of 12,573 deaths (age <35), 22,947 (35-64), and 21,782 (65+) were attributed to epilepsy. Mortality
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Conclusion: Epilepsy-related mortality exhibits demographic and regional disparities in the U.S. Understanding

DOl these patterns can guide targeted interventions to mitigate mortality risk.
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INTRODUCTION

Significant neurological conditions like epilepsy can be prevented, and their symptoms can be
controlled. It also has extensive clinical, psychological, and economic ramifications that vary
Supplementary dataavailableon:  g]obally and are linked to varying incidence, prevalence, and mortality rates.[*'>?!) Recurrent

}SlttPS://dX'dOi'Org/ 10.25259/ seizures and the ensuing neurological, cognitive, psychological, and social effects are its
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defining features. It is a chronic brain disorder that can
have a major impact on an individual’s life. The following
conditions result in an epilepsy diagnosis: (1) two or more
unprovoked (or reflex) seizures that happen more than
24 h apart; (2) one unprovoked (or reflex) seizure with a
probability of future seizures equal to the combined risk
of recurrence after two unprovoked seizures over the next
10 years, which is at least 60%; or (3) the identification of
an epilepsy syndrome.!

Between 1% and 2% of people worldwide have epilepsy, a
neurological condition that affects about 3.4 million people
in the United States (U.S.).””! Approximately one-third of
people still have refractory seizures even after using antiseizure
drugs™ which raises the risk of disease and death, lowers the
quality of life, and increases the need for medical care.'s!
According to research on the American populace, ischemic
heart disease, organic mental diseases, central nervous system
degenerative disorders, hypertension, and malignant neoplasms
are the leading causes of mortality linked to epilepsy.©**"

Five novel anti-seizure drugs (brivaracetam, cannabidiol,
cenobamate, everolimus, and fenfluramine) have been used as
recent therapies for epilepsy.”**! By employing one or more
low- or high-intensity ultrasound beams, focused ultrasound
can be utilized to modify brain activity or destroy neural
tissue.["'>% Phytocannabinoids, which have anticonvulsants
properties, are receiving more attention within the area of
treatment resistant epilepsy.®!7:>¢]

Although there has been significant advancement in the
treatment of epilepsy, the death rate related to this illness
has not yet been fully studied. This is due to the fact that
no previous study has focused on or published death rates
among epileptic patients. The objective of the current study
was to examine the geographic and demographic patterns
of mortality associated with epilepsy in the U.S. between
1999 and 2020. To enable prompt actions to lower death
rates, this investigation sought to identify the groups most
at risk of epilepsy-related mortality. The study extracts
data from death certificates from the Centers for Disease
Control and Prevention Wide-Ranging Online Study
Epidemiologic Research (CDC WONDER) using the
International Classification of Diseases, Tenth Revision
(ICD-10) codes.

METHODOLOGY
Study setting and population

Data from death certificates for the years 1999-2020 were
obtained from the CDC WONDER database using the ICD-
10 codes. Particular codes used were G40.0, G40.1, G40.2,
G40.3, G40.4, G40.5, G40.6, G40.7, G40.8, and G40.9. The
multiple cause-of-death public-use record death certificates
were used to identify deaths connected to epilepsy, that is,
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deaths in which epilepsy was mentioned as an underlying
or contributing cause of death on the death certificate.
This included data extracted from death certificates in the
District of Columbia and all 50 states. All patients with
epilepsy as the cause of death, regardless of age at death,
were included in this study. This study has been exempted
from local institutional review board clearance since it used
a de-identified public use data set from the government
and followed Strengthening the Reporting of Observational
Studies in Epidemiology reporting guidelines.

Data extraction

Demographics, place of death, year of death, urban/rural
classification, regional split, and state-specific data were
gathered. The demographic section contained information
on race/ethnicity, age, and sex. The places of death included
homes, hospices, nursing homes/long-term care facilities,
and medical facilities (death on arrival, outpatient, inpatient,
emergency room, or status unknown). Based on information
from death certificates and earlier WONDER database
study, race/ethnicity was divided into nonHispanic (NH)
or African American; NH White, NH Asian, or Pacific
Islander; Hispanic or Latino; and NH American Indian or
Alaskan Native categories. The National Center for Health
Statistics Urban-Rural Classification Scheme categorizes the
population into urban and rural areas based on the 2013 U.S.
census. Urban areas were further subdivided into medium/
small metropolitan regions, which have populations between
50,000 and 999,999, and big metropolitan areas, which have
populations over one million. In the current investigation,
the same classification scheme was applied. Geographical
regions were categorized using the U.S. Census Bureau’s
guidelines into the Midwest, Northeast, South, and West
areas.

Statistical analysis

We looked into epilepsy-related mortality trends by carefully
analyzing data from 1999 to 2020. With a focus on regional
patterns, mortality rates per 100,000 people were computed
for both age-adjusted and unadjusted data. These rates came
with 95% confidence intervals (CIs) and were broken down
by year, sex, race/ethnicity, state, and urban/rural status.
The total number of deaths from epilepsy divided by the
matching U.S. population for each year yielded the crude
mortality rates. Up to 2000, the U.S. epilepsy-related deaths
were standardized to determine age-adjusted mortality
rates (AAMR). We used the Joinpoint Regression Program
(Version 5.0.2, National Cancer Institute) to analyze the
annual percent change (APC) and its related 95% CI in age-
adjusted mortality rates (AAMR) to identify any significant
changes over time.
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RESULTS

Between 1999 and 2020, there were 12,573 deaths in the
population under 35 years old that were associated with epilepsy
[Figure 1 and Supplemental Table 1]. In total, 22947 deaths were
recorded in the age range of 35-64 [Figure 1 and Supplemental
Table 2], whereas 21,782 deaths were reported in the age group
of 65 and above [Figure 1 and Supplemental Table 3].

For 12550 cases, information on the place of death for infants
to younger adults (those under 35) was available. Of them,
47.9% happened at home, 2% happened in nursing homes
or long-term care facilities, 1.4% happened in hospices, and
41.1% happened in medical facilities [Supplemental Table 4].

A total of 269283 fatalities among middle-aged people
(aged 35-64) were recorded. Of them, 34.7% happened
at home, 9.2% in long-term care or nursing homes, 2.4%
in hospices, and 50.3% occurred in medical facilities
[Supplemental Table 5]. Data on the location of death for
57,254 deaths among older persons 65 years of age and
older were recorded. About 34.2% of these deaths took place
in hospitals (medical facilities), 16.9% in long-term care
or nursing homes, 2.9% in hospices, and 39.88% at home
[Supplemental Table 6].

Annual trends in AAMR associated with epilepsy in
infants to young adults

In 1999, the AAMR for fatalities in the population of
<35 years caused by epilepsy was 1.9 (95% CI: 1.6-2.2);

by 2020, it had increased to 6.3 (95% CI: 5.7-6.9). The
AAMR increased overall between 1999 and 2011, with a
noteworthy APC of 3.7016 (95% CI: 1.0337-5.3265). From
2011 to 2020, there was another notable increase, with
an APC of 9.1412 (95% CI: 7.6822-11.7359) [Figure 1,
Supplemental Tables 7 and 8].

Epilepsy-related yearly patterns in AAMR in middle-aged
adults

In 1999, the AAMR for epilepsy-related deaths in people
aged 35-64 was 6.3 (95% CI: 5.8-6.8); by 2020, it had
risen to 15.8 (95% CI: 15.1-16.5). AAMR increased
significantly between 1999 and 2011 (APC of 0.3596, 95%
CI:  -0.4050-0.9969) and then increased significantly
again between 2011 and 2020 (APC of 9.5371, 95%
CI: 8.6977-10.8628) [Figure 1, Supplemental Tables 9-11].

Epilepsy-related yearly patterns in AAMR in older adults

In addition, in 1999, the AAMR for fatalities in the
population of 64 and above years of age caused by
epilepsy was 17.3 (95% CI: 15.9-18.6); by 2020, it had
increased to 53 (95% CI: 51.1-55). With an APC of
-1.5866 (—3.3958--0.0128), the AAMR showed a large
overall decline from 1999 to 2009. From 2009 to 2020,
however, there was a significant increase, with an APC
of 12.3579 (11.4440-13.5803) [Figure 1, Supplemental
Tables 12 and 13].
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Epilepsy gender-based annual trends in AAMR among
infants and young adults

The study found that across all age categories, male AAMRs
were consistently higher than female AAMRs, with men’s
having overall AAMRSs of 4.6 (95% CI: 4.4-4.7) and women’s
having overall AAMRs of 3.2 (95% CI: 3.1-3.3). Male AAMR
in 1999 was 3.1, with a 95% CI of 2.7-3.5. The APC increased
to 3.7 (95% CIL 3.2-4.1) in 2011, indicating an increase
in the rate. A following increase in AAMR to 9.1 (95% CI:
8.4-9.7) with an APC of 10.0922 and a 95% CI spanning
from 8.4824 to 13.8721 occurred in 2020. In 1999, women’s
AAMR was 1.9, with a 95% CI spanning from 1.6 to 2.2.
APC of 2.5547 (95% CI: 1.5827-3.3951) indicates that the
AAMR went risen between 1999 and 2011. With an APC
of 10.1021 (95% CI: 9.0051-11.8872), there was a further,
more notable increase through 2020. By the end of the
study period, the female AAMR was 6.3 (95% CI: 5.7-6.9)
[Figure 2, Supplemental Tables 7 and 8].

Epilepsy gender-based annual trends in AAMR among
middle-aged adults

Males’ AAMRs were higher than females’ across the board
for all ages in the analysis conducted for people aged 35-64.
Men’s overall AAMRs were 10.2 (95% CI: 10-10.3), while
women’s were 6.7 (95% CI: 6.6-6.8). Male AAMR in 1999
was 8, with a 95% CI of 7.2-8.8. The AAMR value changed to
8.4 (95% CI: 7.7-9.2) in 2011, with the APC showing a slight
decreasing trend of —0.1168 (95% CI: —0.8942-0.5252). There

was a significant increase to 18.1 (95% CI: 17.1-19.2) in 2020
in AAMR with an APC of 9.2574 (95% CI: 8.5433-10.2134).
Comparable to this, the 1999 AAMR for women between
the ages of 35 and 64 was 4.6 (95% CI: 4.1-5.2). APC of
1.0686 (95% CI: —0.9412-2.5645) indicates that the AAMR
went up between 1999 and 2011. Up to 2020, there was
a more notable increase, with an APC of 10.0227 (95%
CL: 8.4063-12.4949). By the end of the study period,
the AAMR for females was 13.5 (95% CI: 12.6-14.4)
[Figure 2, Supplemental Tables 9-11].

Epilepsy-related yearly patterns in AAMR graded by
gender in older adults

The overall AAMRs of men and women were found to be
consistently higher in the study on mortality trends for
ages spanning from 65 and above. Men’s AAMRs were
25.6 (95% CI: 25.1-26.1), and womens AAMRs were
22 (95% CI: 21.7-22.4). In 1999, male AAMR was 18.7,
with a 95% CI of 16.3-21. The AAMR value changed
to 153 (95% CI: 13.4-17.2) in 2009. The APC values
also showed a slightly decreasing trend of —1.9575 (95%
CL: -4.2313--0.0398). There was a significant increase to
56 (95% CI: 53-59.1) in 2020 with an APC of 11.9738 (95%
CI: 10.8531-13.5006). Similar to this, the AAMR for
women aged 65 and above in 1999 was 16.3 (95% CI: 14.6-
18) with an APC of —1.3562 (95% CI: —3.1845-0.1553).
The years 1999-2009 saw a decrease in the AAMR. Up to
2020, there was a more notable increase, with an APC of

Multiple Joinpoint Models

61

56

51

46

41

36

31

Age Adjusted Rate

26

® Female (Newborn to Younger Adults) - 1 Joinpoint
= 1999-2011 APC = 3.70*
= 2011-2020 APC = 9.14*
*  Male (Newborn to Younger Adults) - 1Joinpoint
— 1999-2011 APC = 231
~ 2011-2020 APC = 10.09*
*  Overall (Newborn to Younger Adults) - 1Joinpoint
— 1999-2011 APC = 2.55*
— 2011-2020 APC = 10.10*
* Female Middle Aged - 1 Joinpoint
" 1999-2011 APC = 107
— 2011-2020 APC = 10.02*
*  Male Middle Aged - 1 Joinpoint
— 1999-2011 APC = -0.12
— 2011-2020 APC = 9.26*
Overall Middle Aged - 1Joinpoint
1999-2011 APC = 036
2011-2020 APC = 9.54*
*  Overall Older Adults - 1 Joinpoint
= 1999-2009 APC = -1.59*
= 2009-2020 APC = 12.36*
Female Older Adults - 1Joinpoint
" 1999-2009 APC = -1.36
" 2009-2020 APC = 12.55*
*  Male Older Adults - 1Joinpoint
— 1999-2009 APC = -1.96*
= 2009-2020 APC = 11.97*

1988 2000 2002 2004 2006 2008 2010 2012 2014

Year

2018 2020

Figure 2: Gender.

Surgical Neurology International « 2024 « 15(450) | 4



Igbal, et al.: Epilepsy-related mortality in the USA

12.5546 (95% CI: 11.6798-13.7399). By the end of the study
period, the AAMR for females was 50.1 (95% CI: 47.6-52.7)
[Figure 2, Supplemental Tables 12 and 13].

Epilepsy and race-based annual trends in AAMR among
newborn and young adults

In this population, the NH or African American population
had the highest AAMRs, followed by the NH American
Indian or Alaska Native, NH White, and Hispanic or
Latino groups. The following were the overall AAMR
values: NH or African American, 5.8 (95% CI: 5.6-6); NH
American Indian or Alaska Native, 4.2 (95% CI: 3.4-4.9);
NH White, 3.8 (95% CI: 3.7-3.9); and Hispanic or Latino,
3.2 (95% CI: 3.1-3.4). In conclusion, there was an increase
in AAMR among NH White people between 1999 and
2011. The APC was 2.0765 (95% CI: —2.2581-4.2343).
A significant increase in the mortality trend was observed
with an APC of 10.6017 (95% CI: 8.2341-16.3243) through
2020. The AAMR for the NH or African American
population increased similarly from 1999 to 2011, with
an APC of 2.0765 (95% CI: -2.2581-4.2343), which
showed a significant increase until 2020 with an APC of
10.6017 (95% CI: 8.2341-16.3243). From 1999 to 2011, the
AAMR for the Hispanic or Latino population increased,
and the APC was 1.5668 (95% CI: -2.5224-4.1074).
Subsequently, there was an increase in mortality until
2020, with an APC of 10.6381 (95% CI: 8.3859-16.3447)
[Figure 3.1, Supplemental Tables 7 and 14].

Epilepsy-related yearly patterns in AAMR graded by
race/ethnicity in middle-aged adults

The highest AAMR was observed in the NH or African American
population, followed by the NH American Indian or Alaska
Native, NH White, Hispanic or Latino, and NH Asian or Pacific
Islander groups. The corresponding AAMR values for each group
were as follows: NH White: 8 (95% CI: 7.9-8.2), NH American
Indian or Alaska Native: 13.4 (95% CI: 11.8-14.9), NH Asian
or Pacific Islander: 2.5 (95% CI: 2.3-2.8), Hispanic or Latino:
3.2 (95% CI: 3.1-3.4), and NH or African American: 14.5 (95%
CI: 14.1-14.9). Between 1999 and 2011, the AAMR for NH White
individuals increased, with an APC of 1.2072 (95% CI: 0.0996—
2.1401). Furthermore, a rising mortality trend was observed, with
an APC 0f9.8766 (95% CI: 8.9024-11.1332) until 2020. In contrast,
the AAMR for the Hispanic and Latino populations decreased
from 1999 to 2011, with an APC of —0.6206 (95% CI: —13.9388-
2.9201), and then increased significantly until 2020, with an APC
of 8.8012 (95% CI: 5.3485-22.3329). The AAMR for NH and
African American individuals also decreased from 1999 to 2010,
with an APC of —2.5489 (95% CI: —5.0380--0.6865). After that,
mortality rates increased until 2020, with an APC of 9.2360 (95%
CI: 7.4995-11.8797) [Figure 3.2, Supplemental Tables 10 and 15].

Epilepsy-related yearly patterns in AAMR graded by
race/ethnicity in older adults

The highest AAMR was observed in the NH and African
American groups, followed by the Hispanic, Latino,
and NH White groups. The respective AAMR values
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were as follows: NH or African American: 42.5 (95%
CL: 41.1-44.0), NH White: 21.8 (95% CI: 21.5-22.1),
and Hispanic or Latino: 26.7 (95% CI: 25.3-28.0). It was
concluded that there was a decrease in AAMR for NH or
African American individuals between 1999 and 2009,
with an APC of -4.0413 (95% CI: —9.3105--0.3574).
In addition, a rising mortality trend was observed,
with an APC of 11.9042 (95% CI: 9.6239-15.6015)
through 2020. The AAMR for NH White individuals
showed an increasing trend from 1999 to 2009, with an
APC of -1.1620 (95% CI: —-2.7863-0.1569). This trend
continued to increase from 2009 to 2020, with an APC
of 12.3621 (95% CI: 11.5653-13.5243). The AAMR for
the Hispanic and Latino populations also decreased from
1999 to 2008, with an APC of —2.5244 (95% CI: —19.1973-
3.9210), which then showed a significant increase until
2020, with an APC of 12.6252 (95% CI: 10.4388-17.4924)
[Figure 3.3, Supplemental Tables 12 and 16].

Epilepsy-related yearly patterns in AAMRs graded by
geographic region

States - Newborn to younger adults

There were notable differences in the AAMR among the
states, ranging from 2 (95% CI: 1.6-2.3) in Massachusetts
to 7.8 (95% CI: 7.2-8.3) in Michigan. AAMRs were more
than 3 times higher in the top 90" percentile (South
Dakota, Massachusetts) than in the bottom 10" percentile
(New Hampshire, Massachusetts, Maryland, Delaware,
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Connecticut, and New York breeds) [Figure 4.1 and
Supplemental Table 17].

The AAMR, which varied from 2 (95% CI: 1.6-2.3) in
Massachusetts to 7.8 (95% CI: 7.2-8.3) in Michigan, was
significantly different in each state. The AAMRs of the
breeds in the lowest 10" percentile (New Hampshire,
Massachusetts, Maryland, Delaware, Connecticut, and
New York) were <3 times greater than those of the
top 90" percentile (South Dakota and Massachusetts)
[Figure 4.1 and Supplemental Table 17].

States - Middle-aged adults

The AAMR, which spanned from 3.4 (95% CI: 2.8-4.1) in
Connecticut to 16.5 (95% CI: 13.4-19.6) in South Dakota,
differed significantly across all states, with the highest
values observed in South Dakota, Vermont, Michigan,
and Wyoming, which were in the top 90" percentile,
and the lowest values in Connecticut and Massachusetts,
which were in the bottom 10" percentile [Figure 4.2 and
Supplemental Table 18].

States - Older adults

For individuals aged 65 and over, the AAMR varied from
11.4 (with a 95% CI of 8.5-15.0) in Hawaii to 38.3 (with a
95% CI of 34.8-41.7) in Colorado. The AAMR in states such
as Texas, Oregon, Colorado, and California, which were
in the top 90™ percentile, was more than 3 times higher
than that in states such as Massachusetts, Hawaii, Florida,
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Figure 4.1: States - Newborn to younger adults.

and Delaware, which were in the bottom 10" percentile
[Figure 4.3 and Supplemental Table 19].

Census region: Newborn to younger adults

The Western region had the greatest death rate throughout
the study period, at 4.8 (95% CI: 4.6-4.9), followed by the

Midwestern region at 4.5 (95% CI: 4.4-4.7), the Southern
region at 3.6 (95% CI: 3.5-3.7), and the Northeastern
region at 2.5 (95% CI: 2.3-2.6). In summary, the Western
region's AAMR increased between 1999 and 2012, with
an APC of 2.4853 (95% CI: —0.3934-4.1655). AAMRs
increased significantly between 2012 and 2020 (APC of
9.7581, 95% CI: 7.2047-16.3046). Between 1999 and 2012,
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Data dassified using quantiles
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Figure 4.2: States - Middle-aged adults
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Figure 4.3: States - Older Adults.

the Midwestern regions AAMR climbed consistently,
with an APC of 25850 (95% CI: -6.4413-4.6854),
which then showed a further increase with an APC of
8.9186 (95% CI: 5.6160-22.2300) from 2012 to 2020. The
AAMR in the Southern region initially declined from 1999
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to 2009, with an APC of 0.5261 (95% CI: —4.0527-3.2322),
but then showed an increase with an APC of 10.1040 (95%
ClI: 8.4217-13.4707) from 2009 to 2020. Finally, the AAMR
in the Northeastern region showed a significant increase
with an APC of 2.9995 (95% CI: —16.4385-9.1995) during



Igbal, et al.: Epilepsy-related mortality in the USA

the 1999-2007 period. This was followed by a further
significant increase until 2020, with an APC of 10.8459 (95%
CI: 8.5056-23.0045) [Figure 5, Supplemental Table 7 and 20].

Census region: Middle-aged adults

Among individuals aged 35-64 years, the highest mortality
rate was observed in the Western region at 10.7/1000
population (95% CI: 10.5-11), followed by the Midwestern
region at 9.7/1000 population (95% CI: 9.4-10), the
Southern region at 7.9/1000 population (95% CI: 7.7-8),
and the Northeastern region at 5.1/1000 population (95%
CIL: 4.9-5.3). In summary, the age-adjusted mortality rate
(AAMR) in the western region showed an increasing
trend from 1999 to 2013, with an APC of 1.8168 (95%
CI: 0.5533-2.8253). This trend continued between 2013 and
2020, with an APC of 9.2882 (95% CI: 7.3245-12.6445).
The AAMR in the Midwestern region increased from 1999
to 2012, with an APC of 1.6631 (95% CI: —0.7636-3.0376),
which then showed a significant increase with an APC of
7.8958 (95% CI: 5.7550-13.0807). The Southern region’s
AAMR decreased between 1999 and 2010 (APC = -2.0062,
95% CI: —4.0373--0.3665) and then increased between 2010
and 2020 (APC = 11.2939, 95% CI: 9.7546-13.4050). Finally,
the Northeastern region’s AAMR from 1999 to 2009 showed
a decline with an APC of -1.8372 (95% CI: -7.9218-
1.5804) and then an increase until 2020 with an APC of
10.0640 (95% CI: 7.8012-14.6558) [Figure 5, Supplemental
Tables 10 and 21].

Census region: Older adults

The West region had the greatest mortality rate (32.1, 95%
CI: 31.3-32.9) among people aged 65 and above, followed by
the Midwestern region (23.3, 95% CI: 22.6-23.9), Southern
region (22.8, 95% CI: 22.3-23.3), and Northeastern region
(16.5, 95% CI: 15.9-17.1). In summary, the western region’s
AAMR increased from 1999 to 2011, with an annual
percentage change (APC) of 1.7984 (95% CI: —1.3098-
3.8437). This increase persisted between 2011 and 2020,
with an APC of 11.6213 (95% CI: 9.6880-15.0780). From
1999 to 2011, the AAMR for the Midwestern area fell with
an APC of 0.7257 (95% CI: —1.3645-2.3142) but then
increased significantly with an APC of 10.5283 (95% CI:
8.8379-13.2260) between 2011 and 2020. With an APC of
—-5.1822 (95% CI: -8.2784--2.6988), the AAMR for the
Southern area fell between 1999 and 2008; however, from 2008
and 2020, it grew with an APC of 14.2170 (95% CI: 13.1276—
15.8664). With an initial increase from 1999 to 2002 (APC:
7.4610, 95% CI: —3.0250-25.8201) and a subsequent fall from
2002 to 2008 (APC: —6.4622,95% CI: —17.0579-18.8307), the
AAMR for the Northeastern area showed a changing trend.
An increase was seen between 2008 and 2018, with an APC
of 11.4012 (95% CI: 5.2262-13.9582), and between 2018 and
2020, there was an additional increase of 32.3161 (95% CI:
20.0965-40.2359) [Figure 5, Supplemental Tables 12 and 22].

Urbanization - Newborn to younger adults

During the study period, the AAMR for epilepsy was
consistently higher in nonmetropolitan areas, with an overall
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Figure 5: Census.
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AAMR of 4.3 (95% CI: 4.1-4.5), compared to metropolitan
areas’ AAMRSs of 3.8 (95% CI: 3.7-3.9). The nonmetropolitan
APC of 2.6588 and 95% CI of —12.3286-6.2589 suggest
that AAMR increased in nonmetropolitan areas between
1999 and 2011. AAMR continued to rise in subsequent
years, peaking in 2020 with an APC of 9.3819 and a 95%
CI of 5.6056-25.1289. In contrast, from 1999 to 2011, the
AAMR in urban regions grew, with an APC of 2.6727 and
a 95% CI of 0.4064-4.0848. However, the mortality trend
in metropolitan regions increased significantly from 2011
to 2020, with an APC of 10.1376 (95% CI: 8.3016-13.9555)
[Figure 6, Supplemental Tables 7 and 23].

Urbanization - Middle-aged adults

Nonmetropolitan regions had higher total AAMR
values in individuals aged 35-64 years, with a value of
10.4 (95% CI: 10.1-10.7), compared to metropolitan areas’
AAMR of 8 (95% CI: 7.9-8.1). Between 1999 and 2011,
nonmetropolitan regions had an APC of 0.6693 with a
95% CI ranging from -1.1303 to 2.1639, indicating a
decrease in mortality. However, from 2011 to 2020, there
was an increase in mortality, with an APC of 12.1867 (95%
CI: 10.4042-14.6994). Metropolitan regions, on the other
hand, showed a declining trend in mortality, with an APC of
—0.2217 and a 95% ClI ranging from —1.1523 to 0.6452 between
1999 and 2010. Nonetheless, mortality increased from 2010
to 2020, with an APC of 8.4288 (95% CI: 7.6945-9.5738)
[Figure 6; Supplemental Tables 12 and 24].

Urbanization - Older adults

The results show that individuals aged 64 or above
residing in nonmetropolitan regions had a higher AAMR
(264, 95% CI: 25.6-27.1) compared to those living in
metropolitan areas (23.0, 95% CI: 22.6-23.3). As for
APC values, nonmetropolitan regions demonstrated
a declining trend from 1999 to 2007, with an APC of
-3.6294 (95% CI: —9.0118--1.4803). However, this trend
reversed from 2007 to 2013, with an APC of 5.1926 (95%
CL: —0.0878-11.2080). This upward trend persisted until
2020, with an APC of 14.8163 (95% CI: 13.0433-19.3884).
In contrast, metropolitan areas experienced a decline
in mortality rates from 1999 to 2009, with an APC of
-1.0029 (95% CI: —3.1525-0.8046). This trend reversed
from 2009 to 2020, with an APC of 12.3679 (95% CI:
11.3895-13.7544) [Figure 6, Supplemental Tables 12 and 25].

DISCUSSION

Recurrent seizures are the hallmark of epilepsy, a neurological
condition that poses a serious threat to worldwide public
health. There is still a significant study vacuum concerning
epilepsy-related mortality trends, especially when it comes
to different demographic groups and geographical areas,
despite the condition’s prevalence and potential for serious
consequences, including death. To close this gap, this study
examined mortality patterns associated with epilepsy in the
US utilizing extensive data from the Centers for Disease
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Figure 6: Urbanization.
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Control and Prevention (CDC) covering more than 20 years,
from 1999 to 2020.

Notable patterns in the fatality rates from epilepsy across
different demographic and geographic groups over the
research period were found by analyzing CDC data. The results
showed that AAMRs were rising steadily in all age categories,
with especially notable accelerations seen between 2011 and
2020. Across all age categories, males notably consistently
showed greater AAMRs than females,*'” indicating possible
sex-related differences in epilepsy management and outcomes.
Moreover, differences in AAMRs associated with epilepsy
were seen between racial/ethnic groupings, geographical
areas, and urban-rural divides, highlighting the complex
interactions between the socioeconomic determinants of
health and epilepsy outcomes.

The trend of increasing mortality due to epilepsy that has seen
may have been caused by many variables. Over time, more
precise identification and reporting of deaths associated with
Epilepsy is probably going to be facilitated by advancements
in awareness, diagnostic methods, and reporting systems.!®!
In addition, as the population ages, there may be a rise in the
prevalence of epilepsy and related comorbidities, which would
raise the death rate for the elderly.”*! Inequalities in access
to health care, especially in underprivileged or rural regions,
may potentially be a factor in increased death rates as people
with epilepsy may find it difficult to get timely and effective
medical care. Socioeconomic variables that affect access to
care and health-seeking behaviors, such as homelessness,
poverty, lack of sleep,” and poor education, may further
inequities in epilepsy outcomes. Furthermore, comorbidities
such as mental health problems, endocrine/metabolic
disorders, and cardiovascular disease are frequently linked to
epilepsy and can raise the risk of death.”**”!

Although these findings shed light on variations in epilepsy-
related mortality, it is crucial to acknowledge the several
limitations of the research. Since the CDC mortality data used
in this research were aggregated, there is a possibility that
some epilepsy-related fatalities were misreported, incorrectly
categorized, or reported unfairly. Moreover, the research
disregarded factors at the individual level, such as medication
adherence and lifestyle decisions, that may have an impact
on how epilepsy develops. Moreover, neither the efficacy
of therapies in lowering mortality rates nor the underlying
causes of fatalities due to epilepsy were investigated in this
study. To overcome these constraints and get a deeper
understanding of the intricate factors influencing mortality
due to epilepsy, future research should carry out longitudinal
studies and incorporate individual-level data.

Subsequent investigations have to concentrate on mitigating
these constraints and investigating the elements impacting
death patterns associated with epilepsy. To evaluate changes
in death rates over time and pinpoint risk variables that

may be changed, longitudinal research is required. Further
research is necessary to determine how differences in health-
care access affect the management of epilepsy and death
rates, especially in marginalized communities. Therefore,
it is important to look into the effectiveness of treatments
intended to improve epilepsy care and reduce death rates.
With a greater knowledge of the evolving picture of epilepsy-
related mortality, policymakers, health-care professionals,
and researchers may collaborate to devise targeted
interventions to reduce the burden of epilepsy on affected
individuals and communities.

CONCLUSION

This study provides valuable insights into epilepsy-related
mortality trends in the U.S., highlighting the significant
increase in mortality rates across different demographic
groups and geographic regions. Addressing the underlying
factors contributing to these trends requires a multifaceted
approach that includes improving access to health care,
addressing socioeconomic disparities, and enhancing
epilepsy management strategies. By addressing these
challenges, we can work toward reducing the burden of
epilepsy and improving outcomes for affected individuals,
ultimately enhancing public health and well-being.
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