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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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New-onset epilepsy affects 90 to 150 per 100,000 older
adults,1–3 including >700,000 persons in the US Medicare
population alone.3,4 Diagnosed dementia is a known risk
factor for epilepsy, with an elevated risk of epilepsy 5 to 10
times that in age-matched adults without dementia5; 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.6,7

Conversely, recent studies have also shown an increased risk
of incident dementia in patients with adult-onset epilepsy,8–11

and 1 retrospective study showed an increased risk of epilepsy
in the preclinical AD stage.12

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),13 which could lead to
vascular dementia,14 and β-amyloid and tau, disease proteins
that begin to aggregate in the brain before cognitive decline in
AD15 and that have been hypothesized as causes of seizures in
AD16–19 due to altered synaptic transmission and increased
network hyperexcitability.19 We previously showed that cog-
nitive scores decline over time faster in those with LOE than
in those without20 and that the APOE4 genotype, a major
genetic risk factor for AD21 and for β-amyloid accumulation,22

is itself associated with risk of LOE.13 However, because many
risk factors for LOE are also risk factors for dementia,13 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, MN23 (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

ARIC participants, andMedicare claims data have been linked
with participant data.24

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.13 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), 5 (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 5 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.

Glossary
AD = Alzheimer disease; ARIC = Atherosclerosis Risk in Communities; BMI = body mass index; CI = confidence interval;
CMS =Centers forMedicare &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.
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Dementia in ARIC was classified using assessments obtained
at visits 5 and 6, and the time of dementia onset was de-
termined before visit 5 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 5 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.14,25

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.14,25 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≥90mmHg, or use of an antihypertensivemedication.
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

diabetes. Body mass index (BMI) was calculated from height
and weight at each visit. TheAPOE4 genotype (0, 1, or 2APOE
e4 alleles) was determined at visit 1 (TaqMan assay; Applied
Biosystems, Foster City, CA).26 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.27 We used covariates from visit 1 to adjust
in the time to incident dementia analysis and covariates from
visit 5 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.13 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

Figure 1 Timeline of visits and assessments in ARIC

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 formild cognitive impairment (MCI) 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.
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neuropsychological testing at visits 5 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 andMCI or dementia as
determined by detailed in-person neurocognitive assessment, we
used multinomial logistic regression. Because MCI was ascer-
tained only at visits 5 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 5 (hypertension, diabetes, BMI,

smoking history, BMI, and alcohol use). To determine the effect
of LOEon incidentMCI or dementia, we excluded thosewho had
a diagnosis of dementia at visit 5, those with MCI at both visits 5
and 6, and those who had a first seizure date after visit 5.

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,28 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.

Figure 2 Inclusions for each analysis

(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 (MCI) and dementia analysis. The analysis of visit 5 to 6 incident
dementia orMCI uses only participants who attendedboth visits 5 and 6 and had cognitive status diagnosed after full neuropsychology assessment. FFS = fee-
for-service.
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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), 671met the definition of LOE
with ≥2 seizure-related CMS codes. Participants who de-
veloped LOE were slightly older at baseline (56.5 vs 55.1
years, p < 0.001) andmore 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

consistent with our previous work showing increased risk of
LOE in participants with these characteristics.13

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

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
analysis Visit 1 characteristics

MCI and dementia
analysis

Visit 5 characteristics
(visit 6 for No. of incident MCI,
dementia)

No LOE, n or mean
% or
SD

LOE, n or
mean

% or
SD

p
Value No LOE, n or mean

% or
SD

LOE, n or
mean

% or
SD

p
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
(HS+)

6,574 78.62 514 76.6 0.222 1815 90.07 36 80.00 0.027

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 23.82 10 22.22 0.80

BMI, kg/m2 27.52 5.13 28.03 5.42 0.013 28.89 5.57 27.94 5.64 0.26

Current
alcohol

4,858 58.3 369 55.16 0.374 1,065 52.85 19 42.44 0.158

Current
smoking

1,967 23.52 148 22.06 0.388 90 4.47 1 2.22 0.469

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
(ever)

828 9.9 164 24.44 <0.001 99 4.91 6 13.33 0.011

Abbreviations: ARIC = Atherosclerosis Risk in Communities; BMI = bodymass index; HS = high school graduate; HTN=hypertension; LOE = late-onset epilepsy;
MCI = mild cognitive impairment.
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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% CI 2.89–3.97). 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 5 attended visits 5 and 6 and had sufficient FFS
Medicare information available. Of those, 148 hadMCI at both
visits 5 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 andwere 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

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 5 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,28 we additionally ad-
justed the MCI and dementia analysis for the use of
carbamazepine or oxcarbazepine at visit 5 in the analysis of
those participants who attended visits 5 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).13

Prior studies have shown that LOE is associated with an in-
creased risk of later stroke,29,30 and recent studies have

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

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.
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similarly suggested an increased risk for incident dementia in
those with LOE.8–11 Other retrospective studies have sug-
gested an increased risk of dementia in those with epilepsy at
any age,31 with a stronger association in those with epilepsy
diagnosed later in life.32 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.6,7

Dementia is a known risk factor for LOE,5 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.35,36

Seizures can also impair cognition andmemory in the absence
of dementia; for example, older adults with temporal lobe
epilepsy can exhibit transient epileptic amnesia.37 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.38 Transgenic mouse models of AD
demonstrate that animals with pathologic amyloid39 or tau40

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,19 including altered
synaptic transmission, increased network hyperexcitability,

reduced GABAergic interneuron activity, and alterations in
voltage-gated ion channels.19,41,42

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,43 which
maywash out the contributions of LOE to cognitive impairment.
There alsomay 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.13 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.3,44,45 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 5 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 changes19 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.

Table 2 Unadjusted and adjusted HRs and RRRs and 95% CIs 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; MCI = 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 MCI 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.
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The strengths of this study include the detailed, validated
neuropsychological assessments used to diagnose dementia
andMCI 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.46 Similar claims-based definitions are used and gen-
erally corroborated and accepted in research on epilepsy in
the elderly population.4,47 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]).28 However, we were not able to adjust for an-
tiseizure medication use in the analysis of time to incident
dementia because specificmedication 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 5 whomet our inclusion criteria. Finally, while AD
is thought to be the primary cause of dementia in this co-
hort,25 other neurodegenerative dementias are also associated
with higher seizure risk,48 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,
β-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.
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