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Abstract
Objective

To determine the risk of dementia after the development of late-onset epilepsy.

Methods

We used data from the Atherosclerosis Risk in Communities (ARIC) cohort study, which
started in 1987 to 1989 with 15,792 mostly Black and White men and women from 4 US
communities. We identified late-onset epilepsy (LOE; seizures starting at age 67 or later) from
linked Medicare claims data. We used a Cox proportional hazards regression model to evaluate
associations between LOE and dementia through 2017 as ascertained from neuropsychological
testing, interviews, and hospital discharge surveillance, and we used multinomial logistic re-
gression to assess the risk of dementia and mild cognitive impairment in the subset with full
neuropsychological assessments available. We adjusted for demographics and vascular and
Alzheimer disease risk factors.

Results

Of 9,033 ARIC participants with sufficient Medicare coverage data (4,980 [55.1%] female,
1993 [22.1%] Black), 671 met the definition of LOE. Two hundred seventy-nine (41.6%)
participants with and 1,408 (16.8%) without LOE developed dementia (p < 0.001). After a
diagnosis of LOE, the adjusted hazard ratio for developing subsequent dementia was 3.05 (95%
confidence interval 2.65-3.51). The median time to dementia ascertainment after the onset of
LOE was 3.66 years (quartile 1-3, 1.28-8.28 years).

Interpretation
The risk of incident dementia is substantially elevated in individuals with LOE. Further work is
needed to explore causes for the increased risk of dementia in this growing population.
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Glossary

AD = Alzheimer disease; ARIC = Atherosclerosis Risk in Communities; BMI = body mass index; CI = confidence interval;
CMS = Centers for Medicare & Medicaid Services; FFS = fee-for-service; HR = hazard ratio; ICD = International Classification of
Diseases; LOE = late-onset epilepsy; MCI = mild cognitive impairment; RRR = relative risk ratio.

New-onset epilepsy affects 90 to 150 per 100,000 older
adults, > including >700,000 persons in the US Medicare
population alone.** Diagnosed dementia is a known risk
factor for epilepsy, with an elevated risk of epilepsy S to 10
times that in age-matched adults without dementia®; neuro-
pathologic studies show that 17% of patients with autopsy-
confirmed Alzheimer disease (AD), which is the most com-
mon neurodegenerative dementia, also have epilepsy.*”
Conversely, recent studies have also shown an increased risk
of incident dementia in patients with adult-onset epilepsy,® "'
and 1 retrospective study showed an increased risk of epilepsy
in the preclinical AD stage.'>

Possible mechanisms for this co-occurrence include the as-
sociation of vascular risk factors such as diabetes and hyper-
tension with late-onset epilepsy (LOE),"® which could lead to
vascular dementia,'* and f-amyloid and tau, disease proteins
that begin to aggregate in the brain before cognitive decline in
AD"® and that have been hypothesized as causes of seizures in
AD'®™" due to altered synaptic transmission and increased
network hyperexcitability.'” We previously showed that cog-
nitive scores decline over time faster in those with LOE than
in those without® and that the APOE4 genotype, a major
genetic risk factor for AD?! and for p-amyloid accumulation,*
is itself associated with risk of LOE."® However, because many
risk factors for LOE are also risk factors for dementia,"* the
additional effect of LOE on dementia risk in the context of
these comorbid conditions is unknown.

We hypothesized an elevated risk of developing dementia
after LOE, adjusting for comorbid conditions such as diabetes,
hypertension, and APOE4 that are associated with vascular
and Alzheimer dementia as well as with LOE. We analyzed
prospectively collected longitudinal cohort study data to ex-
amine the development of dementia after LOE in individuals
without dementia at the time of LOE.

Methods

The Atherosclerosis Risk in Communities (ARIC) study is a
community-based, longitudinal cohort study that started with
baseline visits in 1987 to 1989 among 15,792 mostly Black
and White men and women in Jackson, MS; Forsyth County,
North Carolina; Washington County, Maryland; and suburbs
of Minneapolis, MN** (figure 1). Participants have attended 7
in-person visits between 1987 and 2019 (visit 7 completed
just before this analysis) and have been followed up annually
and semiannually (since 2012) with telephone calls. In addi-
tion, hospitalization discharge records are collected on all
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ARIC participants, and Medicare claims data have been linked
with participant data.**

Identification of LOE

To identify LOE, we used Centers for Medicare & Medicaid
Services (CMS) fee-for-service (FFS) outpatient, inpatient,
and Carrier claims from 1991 to 2015, linked with ARIC
cohort participant data. We defined LOE using >2 seizure- or
epilepsy-related ICD-9 or -10 primary diagnostic codes
(345.00-345.91, epilepsy; 780.39, seizure/convulsion;
G40.0-G40.919, epilepsy; and R56.9, seizure/convulsion)
from separate visits (1 outpatient and 1 inpatient claim, 2
separate inpatient claims, or 2 claims for separate outpatient
visits from the Carrier and outpatient claims). We included
only participants with at least 2 years of claims data before
the first seizure-related code in order to identify incident
epilepsy. We used age at onset of 67 years or later to allow for
the 2 years of seizure-free codes (following Medicare eligi-
bility at age 65) before the diagnosis of LOE; thus, age 67
was the earliest at which participants could qualify for a
diagnosis of LOE. We included Black participants in Mis-
sissippi and North Carolina and White participants in
Maryland, Minnesota, and North Carolina and excluded
those of other races, as is standard in ARIC due to small
numbers."* To focus on the risk of dementia in persons with
LOE without a preexisting condition such as brain tumor, we
excluded those with a history of brain tumor, brain surgery,
brain radiation, or multiple sclerosis; those with claims-
identified seizures prior to age 67; and those who did not
give consent for DNA to be used. We also excluded partic-
ipants without at least 2 years of FFS coverage, those with
gaps in FFS coverage, and those whose date of the first
seizure-related code was after the date of dementia
ascertainment.

Cognitive assessments and identification of
dementia and mild cognitive impairment

All ARIC participants who attended in-person visits at visits 2
(1990-1992), 4 (1996-1998), S (2011-2013), and 6
(2016-2017) had cognitive testing with the Delayed Word
Recall Test, Digit Symbol Substitution Test, and Word Flu-
ency Test. At visits S and 6, testing also included the Mini-
Mental State Examination, Boston Naming Test, Wechsler
Memory Scale-III, Trail Making Test Parts A and B, animal
naming, and incidental learning. Those who had predefined
deficits and a sample with normal cognition also received
additional testing and questionnaires.25 Because visit 7 was
completed late in 2019, without completion of adjudicated
dementia diagnoses by the time this manuscript was prepared,
these data were not included in this analysis.
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Figure 1 Timeline of visits and assessments in ARIC

Epilepsy ascertainment form Medicare CMS claims data

Dementia ascertainment from cognitive testing, telephone interviews, and
hospital/death certificate surveillance (for time-to-dementia analysis) (N = 9,033)

Visit 1 > Visit 2 > Visit3 > Visit4 > Visit5 Visit 6
1978-1989 1990-1992 1993-1995 1996-1998 2011-2013 2016-2017
Demographics;  Limited Limited Detailed Detailed
APOE4 cognitive cognitive neuropsychology neuropsychology
testing testing assessment assessment
Vascular risk Vascular risk
factors factors
(time-to- (MCl-and-
dementia dementia
analysis) analysis)
Dementia, MCI Dementia, MCI
ascertainment ascertainment
(MCl-and- (MCl-and-
dementia dementia
analysis) analysis)
(N =15,792) (N =14,348) (N =12,887) (N=11,656) (N =6,358) (N =4,003)

Dementia ascertainment for time to incident dementia analysis used surveillance data from hospitalizations and death certificates as well as study cognitive
testing. Cognitive status ascertainment for mild cognitive impairment (MCl) and dementia analysis took place after detailed neuropsychological assessments
at visits 5 and 6. ARIC = Atherosclerosis Risk in Communities; CMS = Centers for Medicare and Medicaid Services; N = total ARIC participants at each visit.

Dementia in ARIC was classified using assessments obtained
at visits S and 6, and the time of dementia onset was de-
termined before visit S and between visits 5 and 6 from prior
interviews (with participants and informants), telephone calls,
and hospital discharge surveillance data. For those who did
not attend visits S and 6 (due to either visit nonparticipation
or death), dementia diagnosis and date of onset were also
identified from prior interviews, telephone calls, and hospital
discharge and surveillance data as previously described.'***
We used these dementia diagnoses in an analysis of time to
dementia.

Mild cognitive impairment (MCI) was also ascertained at
visits 5 and 6 using neurocognitive assessments and informant
interviews, as previously described."**® Because diagnostic
criteria rely on standardized cognitive testing, MCI diagnoses
could be determined only for individuals seen in-person at
visit 5 or 6. We used these dementia and MCI diagnoses in an
analysis of MCI and dementia.

Covariates

Age, sex, and race were collected at visit 1. Information on self-
reported smoking status and alcohol use was collected at each
visit. Blood pressure was measured 2 or 3 times at each visit,
averaged, and recorded; hypertension was defined as mean
systolic blood pressure >140 mm Hg, mean diastolic blood
pressure >90 mm Hg, or use of an antihypertensive medication.
Diabetes was defined as fasting blood glucose >126 mg/dL,
nonfasting blood glucose >200 mg/dL, use of diabetic medi-
cations or insulin, or self-report of physician-diagnosed
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diabetes. Body mass index (BMI) was calculated from height
and weight at each visit. The APOE4 genotype (0, 1, or 2 APOE
€4 alleles) was determined at visit 1 (TagMan assay; Applied
Biosystems, Foster City, CA).* Prevalent strokes were self-
reported at visit 1, and incident strokes during ARIC follow-up
are determined in ARIC using surveillance hospital discharge
records adjudicated by computer algorithm and independent
physician reviewers.”” We used covariates from visit 1 to adjust
in the time to incident dementia analysis and covariates from
visit S to adjust in the MCI and dementia analysis.

We included Black participants in Mississippi and North
Carolina and White participants in Maryland, Minnesota, and
North Carolina, and we excluded those of other races, as is
standard in ARIC due to small numbers."® We also excluded
those with a history of brain tumor, brain surgery, brain ra-
diation, or multiple sclerosis; those with claims-identified
seizures before age 67; and those who did not give consent for
DNA to be used.

Data analysis

We used Stata 15.0 (StatCorp, College Station, TX) for sta-
tistical analysis. A 2-sided value of p=0.05 was considered
significant.

We assessed the association of LOE with dementia in 2 ways,
first analyzing all participants for whom dementia ascertain-
ment was available to minimize the influence of differential
attrition at later visits (time to dementia analysis) and then
analyzing data for only those participants who had in-person
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Figure 2 Inclusions for each analysis

A. Time-to-dementia analysis

B. McCl-and-dementia analysis

Participants who attended visit 1
(N=15,792)

Participants who attended visit 5
(N =6,538)

Excluded (n = 2,136):

Excluded (n = 5,639):
» Without >2 years FFS or

+ Without >2 years or with
gaps in coverage (2,136)

|

with gaps in coverage

Continuous FFS coverage, (5,639)

>2 years
(n=10,153)

Continuous FFS coverage,
>2 years
(n=4,402)

I

Excluded (n = 216):

Excluded (n = 1,120):
* Missing covariate(s) (1,120)

Included in analysis

RS e i » Wtihdementia at visit 5 (216)

(n=9,033)

(n=4,186)
l Excluded (n = 1,677):
Atendedniste + Did not attend visit 6 (1,677)
(n=2,509)

|

Excluded (n = 148):

+ MClI at both visits 5 and 6
Withou MCI at both visit 5 and 6 (148)

(n=2,361)

Excluded (n = 32):

/

S S/

Excluded (n = 301):

l

» Patients with first seizure
after visit 5 (32)

+ Missing covariate(s) (301)

Included in analysis
(n=2,060)

(A) Time to incident-dementia analysis. The analysis of incident dementia uses dementia ascertainment from neuropsychology tests, participant and
informant interviews, hospital codes, and death certificates. (B) Mild cognitive impairment (MCl) and dementia analysis. The analysis of visit 5 to 6 incident
dementia or MCl uses only participants who attended both visits 5 and 6 and had cognitive status diagnosed after full neuropsychology assessment. FFS = fee-

for-service.

neuropsychological testing at visits S and 6 (MCI and de-
mentia analysis).

Time to incident dementia analysis

To assess the risk of dementia (ascertained from neuro-
psychological testing, telephone interviews, or surveillance data)
after LOE, we used a Cox proportional hazards model with the
67th birthday (the earliest time at which ARIC participants could
be eligible for the definition of LOE) as the origin and the date of
dementia onset (as ascertained from neurocognitive assess-
ments, surveillance codes, or telephone interviews with partici-
pants and informants) as the event time. Censoring occurred at
death or date of last contact. We adjusted for baseline (visit 1)
age, sex, combined center-race variable, education level, and
APOE4 genotype, as well as covariates obtained at visit 1: hy-
pertension, diabetes, smoking history, BMI, alcohol use, and
stroke. We used time-varying variables for LOE and stroke (0
before the date of the first event, 1 after). For this analysis, we
excluded participants whose date of the first seizure-related code
was after the date of dementia ascertainment.

MCI and dementia analysis

To assess the relationship between LOE and MCI or dementia as
determined by detailed in-person neurocognitive assessment, we
used multinomial logistic regression. Because MCI was ascer-
tained only at visits S and 6, we restricted this to participants who
attended both visits 5 and 6. We adjusted for demographics and
for covariates as measured at visit S (hypertension, diabetes, BMI,
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smoking history, BMJ, and alcohol use). To determine the effect
of LOE on incident MCI or dementia, we excluded those who had
a diagnosis of dementia at visit S, those with MCI at both visits 5
and 6, and those who had a first seizure date after visit S.

Interactions
We checked for interactions between LOE and sex, LOE and
race, and LOE and APOE4 genotype.

Sensitivity analyses

To investigate the possibility that undiagnosed dementia
preceded LOE, we performed a sensitivity analysis in the
analysis of time to dementia excluding participants who de-
veloped dementia within 2 years of the first seizure-related
code. In addition, because of the recently described re-
lationship between some anticholinergic medications such as
carbamazepine and dementia,*® we also performed a sensi-
tivity analysis adjusting the analysis of MCI and dementia for
use of carbamazepine or oxcarbazepine at visit 5.

Standardized protocol approvals,
registrations, and patient consents

All participants provided written informed consent at each
study visit (consent was obtained from designated surrogates
along with the participant’s assent in those with dementia,
impaired mental status, or diminished capacity). The in-
stitutional review boards at each participating institution ap-
proved the study.
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Table 1 Characteristics of ARIC participants with and without LOE in the analytic samples for the time to dementia and

MCI and dementia analyses

Time to dementia

Visit 5 characteristics

MCI and dementia (visit 6 for No. of incident MCI,

analysis Visit 1 characteristics analysis dementia)
% or LOE, n or % or 14 % or LOE, n or % or 14

No LOE, n or mean sD mean SD Value No LOE, n or mean sD mean sD Value

8,362 92.57 671 7.43 2015 97.82 45 2.18
Age,y 55.12 5.72 56.84 56.45 <0.001 75.03 4.61 76.57 4.33 0.027
MCI 285 14.14 6 13.13
Dementia 1,408 16.84 279 41.58 <0.001 112 5.56 8 17.78 0.002
Female 4,593 54.93 387 57.68 0.168 1,175 58.31 30 66.67 0.26
Black 1837 21.97 156 23.25 0.442 421 20.89 9 20.00 0.88
Education 6,574 78.62 514 76.6 0.222 1815 90.07 36 80.00 0.027
(HS+)
HTN 2,785 33.31 261 38.9 0.003 1,472 73.05 32 71.11 0.77
Diabetes 803 9.6 108 16.1 <0.001 480 2382 10 2222 0.80
BMI, kg/m? 27.52 5.13 28.03 5.42 0.013  28.89 5.57 27.94 5.64 0.26
Current 4,858 58.3 369 55.16 0.374 1,065 52.85 19 42.44  0.158
alcohol
Current 1,967 2352 148 22.06 0388 90 4.47 1 2.22 0.469
smoking
APOE4 0.026 0.33

1 Allele 2,305 27.57 201 29.96 520 25.81 9 20.00
2 Alleles 207 2.48 26 3.87 37 1.84 2 4.44

Stroke 828 9.9 164 2444  <0.001 99 4.91 6 1333  0.011
(ever)

Abbreviations: ARIC = Atherosclerosis Risk in Communities; BMI = body mass index; HS = high school graduate; HTN = hypertension; LOE = late-onset epilepsy;

MCI = mild cognitive impairment.

Data availability

A public-use ARIC dataset is available through BioLINCC. Ad-
ditional data are available to researchers who submit a manuscript
proposal to the ARIC publications committee; due to participant
consent and privacy, the full data are not publically available.

Results

Participants

Of 9,033 eligible participants with at least 2 years of contin-
uous FFS coverage (figure 2A), 671 met the definition of LOE
with >2 seizure-related CMS codes. Participants who de-
veloped LOE were slightly older at baseline (56.5 vs 5S.1
years, p < 0.001) and more likely to have hypertension (38.9%
vs 33.3%), diabetes (16.1% vs 9.6%), and 2 alleles of the
APOE4 genotype (3.9% vs 2.5%) than were those without
LOE (table 1). Participants with LOE were also more likely to
have a stroke at any time than were those without LOE
(24.4% compared to 9.9% p < 0.001). These findings are
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consistent with our previous work showing increased risk of
LOE in participants with these characteristics."?

Dementia

A total of 1,687 individuals developed dementia at some point
during follow-up (18.6%). The incidence of dementia was
higher in Black participants than in White participants: 21.4
(20.0-22.9) vs 13.7 (13.1-14.4) per 1,000 person-years.
Dementia was diagnosed in 279 of the 671 participants with
LOE (41.6%) compared to 1,408 cases of dementia among
the 8,362 participants without LOE (16.8%; figure 3). The
incidence of dementia was 14.8 (14.2-15.4) per 1,000 person-
years in participants without LOE and 32.7 (29.2-36.7) per
1,000 person-years in participants with LOE.

Time to incident dementia analysis

Fifty participants had a diagnosis of dementia before LOE,
and 219 had a diagnosis of dementia after the onset of LOE (2
had their first diagnoses at the same time). Of those diagnosed
with dementia after LOE, the median time to dementia

Neurology.org/N

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.


http://neurology.org/n

Figure 3 Cumulative Incidence of dementia in ARIC partic-
ipants with and without LOE

0.3 Without LOE
——— With LOE
[0}
o
=
= ©
% ';::' 0.2
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2 g
©
5% O
IS
=)
]
67 72 77 82 87 92
Age (years)
Number at risk:
8,362 7,536 5,369 2,903 1,121 296
— 671 611 451 239 86 14

Dementia is ascertained after age 67, the earliest age at which participants
could be eligible for the diagnosis of late-onset epilepsy (LOE) in this study.
ARIC = Atherosclerosis Risk in Communities.

ascertainment after development of seizures was 3.66 years
(quartile 1-3, 1.28-8.28 years).

Participants with LOE had a hazard ratio (HR) of 3.29 (95%
confidence interval [CI] 2.87-3.75) for developing dementia
compared to those without LOE (excluding those who were
diagnosed with dementia before the first seizure-related code;
table 2). After adjustment for demographics and other vascular
risk factors, including stroke, as above, the HR for subsequent
dementia associated with LOE was 3.05 (95% CI 2.65-3.51).

In this analysis, there was an interaction between LOE and
stroke (p for interaction = 0.002), with a stronger relationship
with dementia risk in those without stroke. In those without a
history of stroke, the HR for dementia after LOE was 3.39
(95% C12.89-3.97). In those with a history of stroke, the HR
for dementia after LOE was 2.16 (95% CI 1.59-2.94). There
were no interactions between race, sex, or the APOE4 geno-
type and the effect of LOE on the risk of dementia.

MCI and dementia analysis

When we restricted the analysis to only the participants who
attended both visits 5 and 6 and had LOE ascertainment
available (figure 2B), LOE was again associated with an in-
creased risk of incident dementia; 2,509 participants without
dementia at visit S attended visits S and 6 and had sufficient FFS
Medicare information available. Of those, 148 had MCI at both
visits S and 6 and were excluded. Of the remaining 2,361
participants, 32 with LOE had a first seizure after visit 5 and
were excluded to assess the effect of prevalent LOE on incident
cognitive impairment. Of the remaining participants, 2,060 had
all covariate information available and were included in analysis.

Of these 2,060 participants without dementia at visit 5 and
without MCI at both visits 5 and 6, 45 had LOE preceding
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visit 5. Two hundred ninety-one participants developed MCI
(of whom 6 had LOE) and 120 developed dementia (of
whom 8 had LOE) by visit 6. After adjustment for de-
mographics and comorbid conditions as above, the relative
risk ratio (RRR) for dementia at visit 6 for those with LOE
was 2.90 (95% CI 1.22-6.92), while the RRR for MCI was
0.97 (95% CI 0.40-2.38).

There was no interaction between LOE and race, APOE4
genotype, sex, or stroke in the MCI and dementia analysis.

Sensitivity analyses

From the time to incident dementia analysis, we excluded
participants who had a diagnosis of dementia within 2 years of
the first seizure to exclude individuals in whom early un-
diagnosed dementia may have actually preceded LOE onset.
In this model, the adjusted HR for developing dementia at
least 2 years after LOE was 2.11 (95% CI 1.78-2.50). We
performed an additional sensitivity analysis excluding 178
participants with LOE who had first diagnosis of dementia
within § years of the first seizure. In this group, the elevated
risk of dementia in persons with LOE persisted, with an ad-
justed HR of 1.43 (95% CI 1.17-1.76).

Because a recent study associated antiseizure drugs with an-
ticholinergic effect with later dementia,”® we additionally ad-
justed the MCI and dementia analysis for the use of
carbamazepine or oxcarbazepine at visit S in the analysis of
those participants who attended visits S and 6 (for whom
detailed medication data were available). In this analysis, re-
sults were similar; the RRR of dementia was 2.89 (95% CI
1.21-6.89), and the RRR of MCI was 0.97 (95% CI
0.40-2.38).

Discussion

LOE was associated with an increased risk of subsequent
dementia in older adults in both of our models after adjust-
ment for comorbid conditions and history of stroke. Com-
pared to those without LOE, participants with LOE had an
=3-fold elevated risk of subsequently developing dementia.
This increased risk persisted after the exclusion of those with
dementia diagnosis within 2 years or 5 years of a first seizure
and after adjustment for the use of anticholinergic antiseizure
medications associated with dementia.

We previously found that the incidence of LOE is slightly
higher in ARIC (3.33 [95% CI 3.08-3.61] per 1,000 person-
years after age 60) than in other claims-identified reports,
which may be due in part to a high percentage of Black par-
ticipants in ARIC (who have a higher incidence of LOE, 4.71
[95% CI 4.12-5.40] vs 2.88 [95% CI 2.60-3.18] per 1,000
person-years)."

Prior studies have shown that LOE is associated with an in-
creased risk of later stroke,””?° and recent studies have
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Table 2 Unadjusted and adjusted HRs and RRRs and 95% Cls for dementia (time to dementia analysis) and dementia or
MCI (analysis of incident MCI and dementia) after LOE

Time to dementia

Unadjusted HR

Adjusted HR

Dementia

3.29 (2.89-3.75) p < 0.001

3.05 (2.65-3.52) p < 0.001

MCI and dementia

Unadjusted RRR

Adjusted RRR

Normal cognition

1.0 (reference group)

1.0 (reference group)

Mild Cognitive Impairment

1.37(0.68-2.78) p = 0.461

0.97 (0.39-2.38) p = 0.803

Dementia

4.03 (2.06-7.88) p < 0.001

2.90(1.22-6.92) p = 0.009

Abbreviations: CI = confidence interval; HR = hazard ratio; MCl = mild cognitive impairment; RRR = relative risk ratio.
Models are adjusted for age, sex, field center, race, education level, hypertension, diabetes, body mass index, alcohol use (current, former, never drinkers),

smoking status (current, former, never drinkers), and APOE4 status.

The time to dementia analysis includes all dementia ascertainments and is the proportional hazard of developing dementia after late-onset epilepsy.
The MClI and dementia analysis includes only participants with neuropsychological testing at visits 5 and 6, without dementia at visit 5, and without

MCI at both visits 5 and 6, with late-onset epilepsy before visit 5.

similarly suggested an increased risk for incident dementia in
those with LOE.*™"" Other retrospective studies have sug-
gested an increased risk of dementia in those with epilepsy at
any age,”" with a stronger association in those with epilepsy
diagnosed later in life.** Our study provides further evidence
of this increased risk and furthermore adjusts for the possibly
confounding effects of risk factors associated with both LOE
and dementia (including hypertension, diabetes, and the
APOE4 genotype13’14’33’34).

Of all ARIC participants with available ascertainment of
dementia, 17% of those with dementia had LOE. This
finding is in agreement with the 17% of those with autopsy-
confirmed AD who had seizures in 2 previous neuropatho-
logic studies.””

Dementia is a known risk factor for LOE,® with an elevated
risk of seizures in patients with AD. The importance of sei-
zures (both clinical and subclinical) in AD is beginning to be
recognized, and patients with AD with seizures may have a
more rapid cognitive decline than those without seizures.>>*°
Seizures can also impair cognition and memory in the absence
of dementia; for example, older adults with temporal lobe
epilepsy can exhibit transient epileptic amnesia.’’ Indeed,
there is likely a bidirectional relationship between epilepsy
and dementia, with common causative neuropathology, as
well as cognitive effects of seizures themselves. The preclinical
phase of dementia may be years long, with pathologic changes
decades before cognitive impairment is recognized. In par-
ticular, amyloid deposition is thought to begin in cognitively
normal individuals decades before evidence of cognitive im-
pairment is present.’® Transgenic mouse models of AD
demonstrate that animals with pathologic amyloid®® or tau®®
have epileptic spiking and seizures. Preexisting amyloid and/
or tau pathology may similarly cause both seizures and later
cognitive impairment in persons with LOE and subsequent
dementia; multiple potential mechanisms for AD pathology
to cause seizures have been proposed,'” including altered
synaptic transmission, increased network hyperexcitability,
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reduced GABAergic interneuron activity, and alterations in
voltage-gated ion channels.'”*"*

We observed an interaction between LOE and stroke, with a
lower (but still substantial) association between LOE and de-
mentia in those with a history of stroke. This may be due to the
known strong association between stroke and dementia,** which
may wash out the contributions of LOE to cognitive impairment.
There also may be undercapturing of dementia diagnoses among
participants with stroke in the ascertainment from CMS codes
because physicians may be reluctant to make a separate code for
dementia in those with cognitive impairment after stroke.

We did not observe a relationship between LOE and MCI,
despite the strong relationship between LOE and dementia.
This may be due to greater functional impairment in partici-
pants with LOE, making them more likely to be diagnosed
with dementia.

Among participants with LOE, 24.4% had a stroke at any time
during study follow-up, of whom 139 persons (18.7% of
participants with LOE) had a stroke before the development
of LOE and therefore likely have poststroke epilepsy. The
participants with LOE also have higher rates of hypertension
and diabetes than participants without LOE, suggesting that
microvascular disease may also be an etiology for LOE in this
population."? This cohort is likely similar to other populations
of LOE in whom cerebrovascular disease, neurodegenerative
diseases, traumatic brain injury, and brain tumors are major
causes.”***  Preclinical, unrecognized neurodegenerative
disease is a likely etiology in a subset, even though our findings
persisted after the exclusion of participants diagnosed with
dementia up to S years after the first seizure. The preclinical
phase of neurodegenerative diseases lasts for many years;
thus, seizures likely occur in a subset of persons due to early
dementia-related neuropathologic changes'” in the absence of
clinical symptoms in some individuals. MRI was not available
for all participants, which precluded identification of some
other etiologies such as mesial temporal sclerosis.
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The strengths of this study include the detailed, validated
neuropsychological assessments used to diagnose dementia
and MCI and the high-quality longitudinal data on participant
health status and comorbid conditions. Our study also has
several limitations. The diagnosis of LOE using ICD codes is a
potential limitation due to the risk of misclassification; how-
ever, previous studies using this method have shown that the
use of >2 ICD codes has 94.4% sensitivity and 91.7% speci-
ficity for the identification of epilepsy, validated with chart
review.*® Similar claims-based definitions are used and gen-
erally corroborated and accepted in research on epilepsy in
the elderly population.**” We were able to adjust for the use
of carbamazepine and oxcarbazepine in the analysis of in-
cident MCI and dementia, which have been associated with a
moderate increased risk of dementia due to moderate anti-
cholinergic effects (adjusted odds ratio 1.39 [95% CI
1.22-1.57]).>® However, we were not able to adjust for an-
tiseizure medication use in the analysis of time to incident
dementia because specific medication use was not available for
all participants. While ARIC has clinical record review and
adjudication of all clinically recognized strokes, MRI is not
available for all participants, so some silent infarcts may have
been missed, which could be associated with both epilepsy
and cognitive decline. In addition, we do not have information
about the type and number of seizures experienced by in-
dividual participants, which prevents us from examining the
effect of seizures themselves vs underlying conditions that
lead to epilepsy. We were also unable to observe a relationship
between LOE and incident MCI, which may be due to the
relatively small number of participants with seizures occurring
before visit S who met our inclusion criteria. Finally, while AD
is thought to be the primary cause of dementia in this co-
hort,* other neurodegenerative dementias are also associated
with higher seizure risk,*® and we did not distinguish between
Alzheimer and non-Alzheimer dementias.

While there was a risk of bias from differential attrition in the
number of participants with LOE who attended visits 5 and 6
for the detailed neuropsychological testing for determination
of MCI or dementia (in the MCI and dementia analysis), we
also examined the diagnosis of dementia ascertained from
telephone interviews (with participants and informants),
hospitalizations, and death records, which included 9,033
participants, and results were similar (the analysis of time to
dementia).

This study demonstrates an increased risk of dementia in
older adults with a previous diagnosis of LOE; however,
verification in a clinical population is needed. Further work is
also needed to determine whether seizures directly contribute
to this risk (and the effects of their types and frequencies) or
whether shared neuropathology such as vascular pathology,
[-amyloid, or tau explains the risk. Clinicians should be aware
of the risk of cognitive impairment and dementia in patients
with LOE, who may need assistance with medication man-
agement and other activities and who may wish to take this
risk into account when planning for future healthcare needs.

Neurology.org/N

Acknowledgment
The authors thank the staff and participants of the ARIC study
for their important contributions.

Study funding

The ARIC study has been funded in whole or in part with
federal funds from the National Heart, Lung, and Blood In-
stitute, NIH, Department of Health and Human Services, un-
der contracts HHSN2682017000011, HHSN2682017000021,
HHSN2682017000031, HHSN268201700004I, and
HHSN2682017000051. Neurocognitive data are obtained
by grants U01 HL096812, U01 HL096814, U01 HL096899,
U01 HL096902, and U01 HL096917 from the National
Heart, Lung, and Blood Institute, with funding also provided
by the National Institute of Neurological Disorders and
Stroke. This study was also supported by contract K24
AGO052573 (Dr. Gottesman) from the National Institute on
Aging.

Disclosure
The authors report no disclosures relevant to the manuscript.
Go to Neurology.org/N for full disclosures.

Publication history

Received by Neurology May 14, 2020. Accepted in final form
August 3, 2020.

Appendix Authors

Name Location Contribution

Emily L. Johns Hopkins School of Conceived study design;

Johnson, MD Medicine, Baltimore, MD data analysis; drafted
manuscript

Gregory L. Johns Hopkins School of Significantly edited

Krauss, MD Medicine, Baltimore, MD manuscript for content

Anna M. University of North Interpreted the data;

Kucharska- Carolina, Chapel Hill; significantly edited

Newton, PhD, University of Kentucky, manuscript for content

MPH Lexington

Marilyn S. Johns Hopkins School of Significantly edited

Albert, PhD Medicine, Baltimore, MD manuscript for content

Jason Brandt,
PhD

Johns Hopkins School of
Medicine, Baltimore, MD

Significantly edited
manuscript for content

Keenan A. Johns Hopkins School of Significantly edited
Walker, PhD Medicine, Baltimore, MD manuscript for content
Sevil Yasar, Johns Hopkins School of Significantly edited
MD, PhD Medicine, Baltimore, MD manuscript for content
David S. Mayo Clinic, Rochester, MN  Significantly edited
Knopman, MD manuscript for content
Keith A. University of Minnesota, Significantly edited
Vossel, MD, Minneapolis manuscript for content
MSc

Rebecca F. Johns Hopkins School of Interpreted the data;
Gottesman, Medicine, Baltimore, MD major role in data

MD, PhD acquisition; significantly

edited manuscript for
content

Neurology | Volume 95, Number 24 |

December 15, 2020

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.


https://n.neurology.org/lookup/doi/10.1212/WNL.0000000000011080
http://neurology.org/n

e3256

References

1.

10.

11.
12.
13.

14.

1S.
16.
17.
18.
19.
20.

21.

22.
23.

24.

2S.

Neurology | Volume 95, Number 24 |

Ramsay RE, Rowan AJ, Pryor FM. Special considerations in treating the elderly
patient with epilepsy. Neurology 2004;62(suppl 2):524-529.

Cloyd J, Hauser W, Towne A, et al. Epidemiological and medical aspects of epilepsy in
the elderly. Epilepsy Res 2006;68(suppl 1):S39-548.

Hauser WA, Annegers JF, Kurland LT. Incidence of epilepsy and unprovoked seizures
in Rochester, Minnesota: 1935-1984. Epilepsia 1993;34:453-468.

Faught E, Richman J, Martin R, et al. Incidence and prevalence of epilepsy among
older U.S. Medicare beneficiaries. Neurology 2012;78:448-453.

Hesdorffer DC, Hauser WA, Annegers JF, Kokmen E, Rocca WA. Dementia and
adult-onset unprovoked seizures. Neurology 1996;46:727-730.

Rauramaa T, Saxlin A, Lohvansuu K, Alafuzoff I, Pitkinen A, Soininen H. Epilepsy in
neuropathologically verified Alzheimer’s disease. Seizure 2018;58:9-12.

Mendez MF, Catanzaro P, Doss RC, Arguello R, Frey WH. Seizures in Alzheimer’s
disease: clinicopathologic study. J Geriatr Psychiatry Neurol 1994;7:230-233.
Costa C, Romoli M, Liguori C, et al. Alzheimer’s disease and late-onset epilepsy of
unknown origin: two faces of beta amyloid pathology. Neurobiol Aging 2019;73:61-67.
Kawakami O, Koike Y, Ando T, et al. Incidence of dementia in patients with adult-
onset epilepsy of unknown causes. ] Neurol Sci 2018;395:71-76.

Keret O, Hoang TD, Xia F, Rosen HJ, Yaffe K. Association of late-onset unprovoked
seizures of unknown etiology with the risk of developing dementia in older veterans.
JAMA Neurol 2020;94158:1-6.

Keret O, Brauner R, Beninger F, Steiner I, Glik A. New unprovoked idiopathic seizures
and later development of dementia, a case series. Alzheimer Dement 2019;15:P709.
Difrancesco JC, Tremolizzo L, Polonia V, et al. Adult-onset epilepsy in presymptomatic
Alzheimer’s disease: a retrospective study. J Alzheimers Dis 2017;60:1267-1274.
Johnson EL, Krauss GL, Lee AK, et al. Association between midlife risk factors and
late-onset epilepsy. JAMA Neurol 2018;75:1375-1382.

Gottesman RF, Albert MS, Alonso A, et al. Associations between midlife vascular risk
factors and 25-year incident dementia in the Atherosclerosis Risk in Communities
(ARIC) cohort. JAMA Neurol 2017;74:1246-1254.

Jack CR, Bennett DA, Blennow K, et al. A/T/N: an unbiased descriptive classification
scheme for Alzheimer disease biomarkers. Neurology 2016;87:539-547.
Minkeviciene R, Rheims S, Dobszay MB, et al. Amyloid beta-induced neuronal hy-
perexcitability triggers progressive epilepsy. ] Neurosci 2009;29:3453-3462.

Paudel YN, Angelopoulou E, Jones NC, et al. Tau related pathways as a connecting link
between epilepsy and Alzheimer’s disease. ACS Chem Neurosci 2019;10:4199-4212.
Sen A, Capelli V, Husain M. Cognition and dementia in older patients with epilepsy.
Brain 2018;141:1592-1608.

Vossel KA, Tartaglia MC, Nygaard HB, Zeman AZ, Miller BL. Epileptic activity in
Alzheimer’s disease: causes and clinical relevance. Lancet Neurol 2017;16:311-322.
Johnson EL, Krauss GL, Walker KA, et al. Late-onset epilepsy and cognitive trajec-
tories. AES Annu Meet Abstr Database 2019;AESnet.org:A.385.

Corder E, Saunders A, Strittmatter W, et al. Gene dose of apolipoprotein E type 4
allele and the risk of Alzheimer’s disease in late onset families. Science 1993;261:
921-923.

Morris JC, Roe CM, Xiong C, et al. APOE predicts amyloid-beta but not tau Alz-
heimer pathology in cognitively normal aging. Ann Neurol 2010;67:122-131.
ARIC Investigators. The Atherosclerosis Risk in Communities study: design and
objectives. Am J Epidemiol 1989;129:687-702.

Kucharska-Newton AM, Heiss G, Ni H, et al. Identification of heart failure events in
Medicare claims: the Atherosclerosis Risk in Communities (ARIC) study. J Card Fail
2016;22:48-S5.

Knopman DS, Gottesman RF, Sharrett AR, et al. Mild cognitive impairment and
dementia prevalence: the Atherosclerosis Risk in Communities Neurocognitive Study
(ARIC-NCS). Alzheimer Dement (Amst) 2016;2:1-11.

December 15, 2020

26.

27.

28.

29.

30.

3L

32.

33.

34.

3S.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Gottesman RF, Schneider ALC, Zhou Y, et al. The ARIC-PET amyloid imaging study
brain amyloid differences by age, race, sex, and APOE. Neurology 2016;87:473-480.
Jones SA, Gottesman RF, Shahar E, Wruck L, Rosamond WD. Validity of hospital
discharge diagnosis codes for stroke. Stroke 2014;45:3219-3225.

Coupland CAC, Hill T, Dening T, Morriss R, Moore M, Hippisley-Cox J. Anticho-
linergic drug exposure and the risk of dementia. JAMA Intern Med 2019;179:
1084-1093.

Wannamaker BB, Wilson DA, Malek AM, Selassie AW. Stroke after adult-onset
epilepsy: a population-based retrospective cohort study. Epilepsy Behav 2015;43:
93-99.

Cleary P, Shorvon S, Tallis R. Late-onset seizures as a predictor of subsequent stroke.
Lancet 2004;363:1184-1186.

Breteler MM, de Groot RR, van Romunde LK, Hofman A. Risk of dementia in
patients with Parkinson’s disease, epilepsy, and severe head trauma: a register-based
follow-up study. Am J Epidemiol 1995;142:1300-1305.

Breteler MMB, Van Duijn CM, Chandra V, et al. Medical history and the risk of
Alzheimer’s disease : a collaborative re-analysis of case-control studies. Int ] Epidemiol
1991;20:536-542.

Rawlings AM, Sharrett AR, Schneider ALC, et al. Diabetes in midlife and cognitive
change over 20 years. Ann Intern Med 2014;161:785-793.

Myers RH, Schaefer EJ, Wilson PW, et al. Apolipoprotein E epsilon4 association with
dementia in a population-based study: the Framingham study. Neurology 1996;46:
673-677.

Vossel KA, Ranasinghe KG, Beagle AJ, et al. Incidence and impact of subclinical
epileptiform activity in Alzheimer’s disease. Ann Neurol 2016;80:858-870.

Baker J, Libretto T, Henley W, Zeman A. A longitudinal study of epileptic seizures in
Alzheimer’s disease. Front Neurol 2019;10:1266.

Butler CR, Graham KS, Hodges JR, Kapur N, Wardlaw JM, Zeman AZJ. The syn-
drome of transient epileptic amnesia. Ann Neurol 2007;61:587-598.

Jack CR, Knopman DS, Jagust W], et al. Hypothetical model of dynamic biomarkers of
the Alzheimer’s pathological cascade. Lancet Neurol 2010;9:119-128.

Gureviciene I, Ishchenko I, Ziyatdinova S, et al. Characterization of epileptic spiking
associated with brain amyloidosis in APP/PS1 mice. Front Neurol 2019;10;1151.
Sénchez M, Garcia-Cabrero A, Sénchez-Elexpuru G, Burgos D, Serratosa J. Tau-
induced pathology in epilepsy and dementia: notions from patients and animal
models. Int ] Mol Sci 2018;19:1092.

Cheng A, Wang J, Ghena N, et al. SIRT3 haploinsufficiency aggravates loss of
GABAergic interneurons and neuronal network hyperexcitability in an Alzheimer’s
disease model. ] Neurosci 2020;40:694-709.

Yin J, Reiman EM, Beach TG, et al. Effect of ApoE isoforms on mitochondria in
Alzheimer disease. Neurology 2020;94:e2404-¢2411.

Mijajlovi¢ MD, Pavlovi¢ A, Brainin M, et al. Post-stroke dementia: a comprehensive
review. BMC Med 2017;15:11.

Ramsay RE, Macias FM, Rowan AJ. Diagnosing epilepsy in the elderly. Int Rev
Neurobiol 2007;81:129-151.

Lihdorf K, Jensen LK, Plesner AM. Etiology of seizures in the elderly. Epilepsia 1986;
27:458-463.

Reid AY, St Germaine-Smith C, Liu M, et al. Development and validation of a case
definition for epilepsy for use with administrative health data. Epilepsy Res 2012;102:
173-179.

Choi H, Pack A, Elkind MSV, Longstreth WT, Ton TGN, Onchiri F. Predictors of
incident epilepsy in older adults: the Cardiovascular Health Study. Neurology 2017;
88:870-877.

Beagle AJ, Darwish SM, Ranasinghe KG, La AL, Karageorgiou E, Vossel KA. Relative
incidence of seizures and myoclonus in Alzheimer’s disease, dementia with Lewy
bodies, and frontotemporal dementia. J Alzheimers Dis 2017;60:211-223.

Neurology.org/N

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.


http://neurology.org/n

