
IMPORTANCE The incidence of epilepsy is higher in older age than at any other period of life.
Stroke, dementia, and hypertension are associated with late-onset epilepsy; however, the
role of other vascular and lifestyle factors remains unclear.

OBJECTIVE To identify midlife vascular and lifestyle risk factors for late-onset epilepsy.

DESIGN, SETTING, AND PARTICIPANTS The Atherosclerosis Risk in Communities (ARIC) study is
a prospective cohort study of 15 792 participants followed up since 1987 to 1989 with
in-person visits, telephone calls, and surveillance of hospitalizations (10 974 invited without
completing enrollment). The ARIC is a multicenter study with participants selected from 4 US
communities. This study included 10 420 black or white participants from ARIC with at least 2
years of Medicare fee-for-service coverage and without missing baseline data. Data were
analyzed betweeen April 2017 and May 2018.

EXPOSURES Demographic, vascular, lifestyle, and other possible epilepsy risk factors
measured at baseline (age 45-64 years) were evaluated in multivariable survival models
including demographics, vascular risk factors, and lifestyle risk factors.

MAIN OUTCOMES AND MEASURES Time to development of late-onset epilepsy (2 or more
International Classification of Diseases, Ninth Revision codes for epilepsy or seizures starting
at 60 years or older in any claim [hospitalization or outpatient Medicare through 2013]), with
first code for seizures after at least 2 years without code for seizures.

RESULTS Of the 10 420 total participants (5878 women [56.4%] and 2794 black participants
[26.8%]; median age 55 years at first visit), 596 participants developed late-onset epilepsy
(3.33 per 1000 person-years). The incidence was higher in black than in white participants
(4.71; 95% CI, 4.12-5.40 vs 2.88; 95% CI, 2.60-3.18 per 1000 person-years). In multivariable
analysis, baseline hypertension (hazard ratio [HR], 1.30; 95% CI, 1.09-1.55), diabetes (HR,
1.45; 95% CI, 1.17-1.80), smoking (HR, 1.09; 95% CI, 1.01-1.17), apolipoprotein E ε4 genotype (1
allele HR, 1.22; 95% CI, 1.02-1.45; 2 alleles HR, 1.95; 95% CI, 1.35-2.81), and incident stroke
(HR, 3.38; 95% CI, 2.78-4.10) and dementia (HR, 2.56; 95% CI, 2.11-3.12) were associated with
an increased risk of late-onset epilepsy, while higher levels of physical activity (HR, 0.90; 95%
CI, 0.83-0.98) and moderate alcohol intake (HR, 0.72; 95% CI, 0.57-0.90) were associated
with a lower risk. Results were similar after censoring individuals with stroke or dementia.

CONCLUSIONS AND RELEVANCE Potentially modifiable risk factors in midlife and the APOE ε4
genotype were positively associated with risk of developing late-onset epilepsy. Although
stroke and dementia were both associated with late-onset epilepsy, vascular and lifestyle risk
factors were significant even in the absence of stroke or dementia.
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T he annual incidence of epilepsy is 90 to 150 per 100 000
in elderly populations,1-3 higher than at any other time
of life,2 with a prevalence of 1.1% by age 60 years4 and

cumulative incidence of 4.4% by age 85 years.3 The number
of patients with late-onset epilepsy (LOE; ie, recurrent unpro-
voked seizures starting at 60 years or older5) will markedly in-
crease because the population older than 65 years is pro-
jected to grow by 60% in the next 15 years.6 Stroke and
neurodegenerative disease account for 30% to 50% of cases
of LOE,3,7-9 but 25% to 50% have no known cause.3,10,11

Prior (mostly cross-sectional) studies show that some vas-
cular risk factors, such as hypertension12,13 and elevated
cholesterol,12,14 are more common in patients with adult-
onset epilepsy than in those without seizures. However,
whether diabetes, cigarette smoking, diet, or exercise are as-
sociated with LOE is unknown. The apolipoprotein E ε4 (APOE
ε4) polymorphism is a known risk factor for Alzheimer dis-
ease, but an association has not been previously examined be-
tween APOE ε4 and LOE.

The goal of this prospective cohort study analysis was to
determine whether midlife risk factors (including potentially
modifiable risk factors) for stroke and cerebrovascular dis-
ease are associated with LOE, using data collected in the Ath-
erosclerosis Risk in Communities (ARIC) Study, a large, bira-
cial cohort followed up for more than 25 years.

amined a second definition that required medication infor-
mation (definition 2): participants with 1 or more ICD-9 codes
345.00-345.91 or 780.39, and the use of an antiepileptic drug
obtained from Medicare Part D data or recorded at the fifth in-
person ARIC visit (2011-2013). The use of an epilepsy-related
code with use of antiepileptic drug is reported to have a sen-
sitivity of 82% to 84% and specificity of 94% to 98%19,20 for
identification of epilepsy.

We defined cases of incident LOE as epilepsy with the first
epilepsy-related code at 60 years or older, with at least 2 years
of available ARIC hospitalization or Medicare data prior to the
first code for seizures, epilepsy, or convulsions.

Because case identification was based on ARIC hospital-
ization and Medicare data, we included only participants with
at least 2 years of FFS coverage in primary analysis (n = 11 538).
For definition 2, only participants with Medicare Part D cov-
erage were included (n = 6872).

Participants not giving permission for DNA research were
excluded from analyses using APOE ε4 genotype (n = 46). Par-
ticipants with known brain tumor, multiple sclerosis, brain sur-
gery, or brain radiation were excluded (n = 95) because were
those with a claims-identified first seizure prior to age 60 years
(n = 64). We included all black and all white participants in North
Carolina, all black participants in Mississippi, and all white par-
ticipants in Maryland and Minnesota (because of small num-
bers, we excluded 48 participants of other races/ethnicities and
55 black participants in Maryland and Minnesota).

Independent Variables
Information on participant sex, education, race/ethnicity, field
center, age, hypertension, diabetes, hyperlipidemia, body mass
index (calculated as weight in kilograms divided by height in
meters squared), smoking history, activity level, alcohol use,
and diet was collected from ARIC visit 1 data. Blood pressure
was measured 3 times, and the second and third measure-
ments averaged. Hypertension was defined as mean systolic
blood pressure at least 140 mm Hg, diastolic blood pressure
at least 95 mm Hg, or use of an antihypertensive medication
at that visit. Diabetes status was defined as fasting blood glu-
cose level of at least 126 mg/dL (to convert to millimoles per
liter, multiply by 0.0555), nonfasting blood glucose level of at
least 200 mg/dL, use of diabetic medications or insulin, or self-
report of physician-diagnosed diabetes. Hyperlipidemia was
defined as low-density lipoprotein cholesterol level of at least
200 mg/dL (to convert to millimoles per liter, multiply by
0.0259) and obesity as a body mass index of 30 or higher.

Key Points
Question Are midlife risk factors for stroke and cerebrovascular
disease also risk factors for late-onset epilepsy?

Findings In this cohort study of 10 420 adults, hypertension,
diabetes, smoking, APOE ε4 allele number, activity level, and
alcohol use were associated with late-onset epilepsy.

Meaning Potentially modifiable midlife vascular and lifestyle
factors were associated with epilepsy in later life.

Methods
Participant Inclusion
Men and women ages 45 to 64 years were recruited to the ARIC 
cohort between 1987 and 1989 (n = 15 792) by probability sam-
pling from 4 US communities15: Forsyth County, North Caro-
lina; suburbs of Minneapolis, Minnesota; Jackson, Missis-
sippi; and Washington County, Maryland. Participants were 
examined in person 5 times between 1987 and 2013 and con-
tacted yearly by telephone (with semiannual calls starting in 
2012). All participants provided written informed consent, and 
each center’s institutional review board approved the study.

Case Identification
To identify cases of incident epilepsy, we used claims data from 
the ARIC hospitalization records (reported by patient or proxy 
and identified through surveillance of local hospital dis-
charge lists)16 and from the Centers for Medicare and Medic-
aid Services (CMS) Medicare fee-for-service (FFS) data (inpa-
tient, outpatient, and carrier claims) for 1991 to 2013. Linkage 
of the Medicare data to the ARIC cohort was performed using 
social security number, sex, and birthdate.17 Of the 15 792 ARIC 
cohort participants, we identified 13 270 with enrollment in 
Medicare FFS during the period of observation.

We defined epilepsy cases as participants with 2 or more 
International Classification of Diseases, Ninth Revision (ICD-9) 
codes for epilepsy, seizures, or convulsions (345.00-345.91 or 
780.39; definition 1) in ARIC hospitalization or Medicare claims 
data. The use of at least 2 ICD-9 codes has a reported sensitiv-
ity of 94.4% and specificity of 91.7% for identification of 
epilepsy.18 Given the potential for misclassification, we also ex-
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epilepsy in African American individuals4,30) and sex (hypoth-
esizing no interactions). We also estimated HRs for development
of LOE by tertiles of LSS score (described previously), adjusted
for sex, race/ethnicity, center, age at visit 1, and education.23

We performed sensitivity analyses including participants re-
gardless of Medicare FFS information. We analyzed only pa-
tients with LOE onset at age 67 years or older (n = 479), the first
age at which participants were eligible for the diagnosis of LOE
using only Medicare enrollment at age 65 years (rather than using
ARIC hospitalization data or Medicare enrollment at younger
than 65 years) and also using 2 years after the first ICD-9 code
as the analysis origin. We assessed the influence of missing data
using multiple imputation for missing variables. We also per-
formed a sensitivity analysis that used a proportional hazards
model, with death as a competing risk to LOE.31

Results
We identified 596 cases (ages 60-91 years at first seizure; 348
women) of LOE, using definition 1, of 10 420 eligible partici-
pants with FFS coverage and all baseline data (Figure 1). This
represents an incidence rate of 3.33 cases of LOE per 1000
person-years after age 60 years (95% CI, 3.08-3.61). We iden-
tified 286 cases using definition 2, of 6216 participants Medi-
care Part D participation (incidence 2.58 per 10 000 person-
years; 95% CI, 2.30-2.90). Participant characteristics are
detailed in Table 1.

Risk Factors for LOE
The incidence of LOE was higher among black participants
compared with white participants, 4.71 vs 2.88 per 1000 per-
son-years (95% CI, 4.12-5.40 and 95% CI, 2.60-3.18; inci-
dence rate ratio, 1.66; 95% CI, 1.41-1.95). In univariate Cox analy-
ses, hypertension, diabetes, obesity, activity level, alcohol
use, smoking history, and APOE ε4 allele status were each sig-
nificantly associated with LOE, as were stroke and dementia.
There was a dose-dependent effect for number of APOE ε4
alleles. The ARIC Healthy Food Score, glycemic load, and hy-
perlipidemia were not significantly associated with LOE.

The final multivariable model included demographics, hy-
pertension, diabetes, smoking history, alcohol use, and APOE
ε4 status (which had a dose-dependent effect) (Table 2). Stroke
and dementia were also significantly associated with LOE when
included as time-varying exposures (Figure 2). Higher activ-
ity levels and a mean of 1 to 7 alcoholic beverages per week were
associated with a lower risk of LOE. Obesity was not signifi-
cantly associated with LOE in multivariable analysis. Race/
ethnicity and field center was significantly associated with a
higher risk of LOE, with higher observed rates in Mississippi
and North Carolina black participants compared with North
Carolina white participants.

In models censoring individuals at the time of stroke
(n = 1265) or dementia (n = 1574), hypertension, diabetes,
smoking, and APOE ε4 alleles (with a dose-dependent effect)
were associated with an increased risk of LOE. Moderate al-
cohol use and increased level of exercise were associated with
a lower risk of LOE (Table 2).

Smoking history was obtained from each participant and 
the pack-years of smoking calculated. The Baecke activity in-
dex was calculated from the modified Baecke questionnaire,21 

and divided by sex-adjusted standardized deviation.
The  ARIC  Healthy  Food  Score  has  been  described  

previously.22 Using questionnaire data, we calculated an in-
dex of diet health from food groups such as dairy, vegetables, 
and meats. Participants were assigned a score for each food 
group based on the quintile of food consumption within each 
group, and the total points summed. We also obtained partici-
pants’ alcohol intake and calculated daily glycemic load from 
questionnaire data. A mean of 1 to 7 alcoholic drinks per week 
was considered moderate alcohol use.

In addition to analysis of separate risk factors, we evalu-
ated a combined “Life’s Simple Seven” (LSS) score using the 
number of the American Heart Association’s recommendations23 

met by each participant at a poor, intermediate, or ideal level 
(0, 1, or 2 points each)24: controlled blood pressure, choles-
terol, and glucose levels; smoking status; physical activity; 
healthy diet; and healthy weight (see eTable 1 in the Supplement 
for category definitions). The APOE ε4 allele status was ascer-
tained previously, and participants classified on the number of 
ε4 alleles (TaqMan assay; Applied Biosystems).25

Incident clinical stroke information was collected on all 
ARIC participants, based on hospitalization records, and ad-
judicated by computer algorithm and independent physician 
reviewers26; prevalent stroke before visit 1 was obtained by self-
report. Determination of dementia was made by expert panel 
at visit 5 using neurocognitive assessments and informant in-
terviews from visits 2 through 5, with additional cases iden-
tified via telephone interviews (with participants and/or in-
formants) and surveillance data.27

Data Analysis
Statistical analysis was performed using Stata, version 15.0 (Stata-
Corp). A 2-sided P value of .05 was considered significant. We 
used χ2 or t tests as appropriate to compare characteristics of par-
ticipants with and without LOE. We used Cox proportional haz-
ards models to estimate the hazard ratio (HR) of developing in-
cident LOE for each individual risk factor, using the date of the 
first seizure code as the event failure time, participants’ 60th 
birthday as the origin time, and time since 60th birthday as mod-
eling time. Participants were censored at date of death, last ARIC 
contact, or last month of CMS Medicare enrollment. The final 
model included demographic factors and all risk factors thatwere 
significant in multivariable analysis. Owing to uniracial enroll-
ment at some sites, race/ethnicity and field center locations 
were combined into a joint covariate, as is standard in ARIC 
studies28,29: North Carolina white, North Carolina black, Mis-
sissippi black, Minnesota white, and Maryland white partici-
pants. We also included stroke and dementia as time-varying ex-
posures (using the date of prevalent or incident stroke26 and date 
of dementia diagnosis27) in a multivariable model with our co-
variates and created a model that censored individuals at the time 
of dementia or adjudicated stroke.

We tested for interactions between the primary risk factors 
and race/ethnicity (hypothesizing stronger associations in black 
participants, based on previous studies showing higher rates of
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FFS coverage was similar. Results after multiple imputation for
missing variables were similar (eTable 4 in the Supplement).
Using death as a competing risk yielded similar effects for hy-
pertension, alcohol, APOE ε4, stroke, and dementia; effects of
exercise, smoking, and diabetes did not remain statistically sig-
nificant (eTable 5 in the Supplement).

Discussion
Our analysis of incident LOE in this biracial community-
based cohort demonstrated an association of LOE with midlife
vascular risk factors, as well as lifestyle risk factors. More-
over, the increased risk of LOE in persons with APOE ε4 car-
rier status, midlife hypertension, diabetes, and smoking per-
sisted after adjusting for demographics, as did the lower risk
of LOE in participants with moderate alcohol intake and with
higher midlife physical activity level. Results also remained
similar when participants were censored at time of stroke or
dementia diagnosis. These findings show that midlife vascu-
lar and lifestyle risk factors may contribute to the develop-
ment of epilepsy later in life. Associations differed somewhat
by race/ethnicity, with a greater risk for LOE in black partici-
pants with diabetes.

Our LOE incidence rates are comparable with other stud-
ies of LOE and to estimates worldwide.7 Faught et al4 found
an incidence of 2.4 per 1000 person-years in a sample of na-
tionwide Medicare beneficiaries, while Choi et al7 found an
incidence of 2.5 per 1000 person-years in a study of partici-
pants in the Cardiovascular Health Study. Previous cross-
sectional, case-control, and smaller cohort studies have also
found an association between hypertension,13,32 stroke,7,14

dementia,33 and LOE. While diabetes,34 smoking,35 physical
activity,36 and alcohol use37 are known to be associated with
risk of ischemic stroke (and have been associated with post-

Figure 1. Identification of Cases of Late-Onset Epilepsy

15 792 ARIC visit 1 participants

11 538 Participants matched to CMS
data with at least 2 years of 
FFS coverage

10 420 Participants with complete
visit 1 data included
(definition 1)

6216 Participants with Medicare
Part D information included
(definition 2)

9824 Participants without
late-onset epilepsy

596 With late-onset epilepsy
(definition 1)

286 With late-onset epilepsy
(definition 2)

2522 Participants unmatched to CMS
FFS data

1118 Excluded
381 Participants excluded for

race/ethnicity other than
black or white, known brain
pathology, lack of consent,
first seizure prior to 60 y

737 Participants without
complete visit 1 data

Definition 1 includes participants with
2 or more International Classification
of Diseases, Ninth Revision (ICD-9)
codes for seizures, epilepsy, or
convulsions, with at least 2 years of
Atherosclerosis Risk in Communities
(ARIC) hospitalization or Medicare
data prior to first seizure-related
code, and first seizure at 60 years or
older. Definition 2 includes
participants with at least 1
epilepsy-related ICD-9 code and at
least 1 antiepileptic drug prescription
and includes only participants with
Medicare Part D information
available. CMS indicates Centers for
Medicare and Medicaid Services;
FFS, fee-for-service, RR, risk ratio.

Stratified Analyses
We stratified participants by race/ethnicity and sex to assess 
the interaction of those demographic characteristics with 
midlife risk factors. There was a significant interaction 
between race/ethnicity and diabetes. In black participants, 
the adjusted HR for diabetes and LOE was 1.98 (95% CI, 
1.47-2.67; P < .001) while in white participants, the HR for 
diabetes was not statistically significant (HR, 1.01; 95% CI, 0.72-
1.43; P = .004 for interaction) (Figure 2).

There was a significant interaction between sex and smok-
ing. For smoking, the HR in women was 1.27 (95% CI, 1.14-
1.42), while there was no association for men (HR, 0.98; 95%
CI, 0.88-1.09; P = .001 for interaction).

Results from analysis of the smaller number of available 
participants using LOE definition 2 are included in eTable 2 in 
the Supplement. Diabetes, stroke, and dementia were signifi-
cant risk factors in multivariable analysis after adjusting for 
demographics; effect sizes for alcohol, exercise, and APOE ε4 
were similar to those seen in definition 1 though did not achieve 
statistical significance.

Life’s Simple Seven
We compared the HR of developing LOE in participants by LSS 
score (0-14),23  adjusted for sex, field center and race/
ethnicity, and education level. Compared with participants in 
the top tertile (LSS, 9-14), the bottom tertile (LSS, 0-6) and 
middle tertile (LSS, 7-8) had increased risks of LOE (HR, 1.57; 
95% CI, 1.27-1.94 and HR, 1.22; 95% CI, 1.09-1.64 respec-
tively) (Figure 3).

Sensitivity Analyses
Sensitivity analyses using only LOE cases occurring at 67 years 
or older, and using 2 years after first claim code as the analy-
sis origin, yielded similar results (eTable 3 in the Supple-
ment). Analysis including all patients regardless of Medicare
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Table 1. Characteristics of Participants
With and Without Late-Onset Epilepsy

Variable
No. (%) (n =
10 420)

Incidence Rate of LOE
per 1000 Person-Years
(95% CI)

Incidence ages, y

60-75 NA 2.39 (2.14-2.65)

≥75 NA 6.92 (6.12-7.82)

Baseline variables

Race/ethnicity

White 7626 (73.19) 2.88 (2.60-3.18)

Black 2794 (26.81) 4.71 (4.12-5.40)

Sex

Male 5878 (56.41) 3.19 (2.82-3.61)

Female 4542 (43.59) 3.44 (3.10-3.82)

Education

≤HS degree 2558 (24.55) 3.91 (3.36-4.53)

≥HS 7862 (75.45) 3.15 (2.86-3.46)

No hypertension 7309 (70.14) 2.79 (2.51-3.10)

Hypertension 3111 (29.86) 4.62 (4.07-5.23)

No diabetes 9212 (88.41) 3.04 (2.78-3.32)

Diabetes 1208 (11.59) 5.70 (4.73-6.86)

Exercise

<Median Baecke score 5048 (48.45) 3.87 (3.48-4.30)

≥Median Baecke score 5372 (51.55) 2.83 (2.50-3.19)

Alcohol use, mean drinks/wk

None 6939 (66.59) 3.62 (3.30-3.98)

1-7 2243 (21.53) 2.47 (2.02-3.01)

>7 1238 (11.88) 3.29 (2.60-4.18)

Smoking, pack-years

Never 4569 (43.85) 3.31 (2.94-3.73)

<25 3007 (28.85) 2.98 (2.54-3.49)

≥25 2844 (27.29) 3.76 (3.24-4.37)

APOE ε4 status

0 alleles 7207 (69.17) 2.87 (2.59-3.19)

1 allele 2928 (28.10) 4.13 (3.61-4.74)

2 alleles 285 (2.74) 7.05 (5.01-9.92)

ARIC healthy food score

<Median score 5064 (48.60) 3.54 (3.15-4.00)

≥Median score 5356 (51.40) 3.12 (2.85-3.54)

Not obese 7464 (71.63) 3.04 (2.76-3.36)

Obese 2956 (28.37) 4.08 (3.56-4.70)

Glycemic loada

<Median 5127 (49.20) 3.36 (3.00-3.77)

≥Median 5293 (50.80) 3.31 (2.95-3.72)

No hyperlipidemia 9527 (91.43) 3.30 (3.03-3.59)

Hyperlipidemia 893 (8.57) 3.66 (2.83-4.75)

Variables over follow-up

No incident or prevalent
stroke

9541 (91.56) 3.05 (2.80-3.33)

Any strokeb 879 (8.44) 7.61 (5.83-9.94)

No incident or prevalent
dementia

9466 (90.84) 2.57 (2.33-2.84)

Any dementiab 954 (9.16) 8.28 (7.20-9.52)

Abbreviations: APOE ε4, apolipoprotein E ε4; ARIC, Atherosclerosis Risk in
Communities Study; HS, high school; LOE, late-onset epilepsy; NA not
applicable.
a One unit of glycemic load reflects the equivalent effect on blood glucose as

consuming 1 g of glucose.
b At any time during follow-up or at baseline; time-varying covariates.

stroke epilepsy38), to our knowledge, no association between 
these risk factors at midlife and LOE or in the absence of stroke 
has previously been demonstrated. The APOE ε4 genotype is 
the major genetic risk factor for Alzheimer disease,39 which is 
associated with epilepsy40; however, no prior association be-
tween APOE ε4 and LOE has previously been shown. Given the 
prospectively collected nature of these risk factors and the as-
certainment of later development of epilepsy, we show a tem-
poral association between previously known and unknown risk 
factors and LOE. The association of LOE with vascular and life-
style risk factors persisted after participants with diagnosis of 
clinical stroke or dementia were included or censored, sug-
gesting that these risk factors may contribute to LOE even in 
the absence of dementia or clinical stroke.

The incidence of LOE in our study was higher in black than 
in white participants: 4.71 per 1000 person-years in black par-
ticipants (95% CI, 4.12-5.40) vs 2.88 per 1000 person-years 
(95% CI, 2.60-3.18) in white participants. Previous studies 
have also shown a higher incidence in black (4.1 in 10004 and 
4.44 in 10007) than in white (2.3 in 10004 and 2.17 in 10007) 
individuals.30 The larger proportion of black participants in this 
study (25% of ARIC participants) may account for the slightly 
higher incidence of LOE in this study than in others. The rea-
sons for the different incidences of LOE by race/ethnicity may 
be owing to differing effects of comorbidities, such as diabe-
tes, for which we found a significantly higher effect in black 
individuals than in white individuals.

Mechanisms associated with LOE might include micro-
vascular disease, which contributes to gliosis and blood-
brain barrier breakdown, implicated in epileptogenesis in ani-
mal studies and in human tissue.41-43 In animal studies, APOE 
ε4 increases microvascular injury44 and exacerbates diabetes-
related microvascular disease.45 That these risk factors are also 
highly associated with ischemic stroke could imply that sub-
clinical vascular injuries account for some of the observed as-
sociations between the risk factors and LOE. An alternative hy-
pothesis is that amyloid deposition may play a role in the 
pathogenesis of LOE, even in the absence of dementia. Previ-
ous work has shown that increasing numbers of vascular risk 
factors are linked to higher levels of estimated brain amyloid 
deposition in patients without dementia.46 Other studies have 
demonstrated higher levels of amyloid-β accumulation in pa-
tients with the APOE ε4 genotype and higher levels of amy-
loid-β in dual-allele APOE ε4 carriers than in single-allele 
carriers.47-51 The potential role of amyloid in epileptogenesis 
is described in animal models and in patients with AD40,52,53 

and has been hypothesized in patients with epilepsy; in cog-
nitively normal patients with temporal lobe epilepsy who un-
dergo resection, there is a higher age-related incidence of amy-
loid plaques compared with control individuals without 
epilepsy.54 The APOE ε4 carrier status has also been associ-
ated with an increased risk of seizures after traumatic brain in-
jury and hemorrhage.55,56 The dose-dependent association of 
APOE ε4 allele genotype and LOE identified here could sug-
gest that amyloid deposition is a possible mechanism for LOE 
even in individuals without dementia.

These results have a number of important implications. 
First, they imply that (as for stroke and cardiovascular



disease) it is possible that lifestyle modifications and treat-
ment of earlier-life conditions could mitigate these risk fac-
tors associated with LOE. Second, they raise the possibility of

identifying patients at risk for LOE who may benefit from clini-
cal trials of targeted interventions for prevention.57 Third, while
our data do not directly show an association with cerebral

Table 2. Adjusted Hazard Ratios for Development of Late-Onset Epilepsy (Multivariable Model)a

Variable

Unadjusted Hazard Ratios
(95% CI) Adjusted Hazard Ratios (95% CI)

All Participants All Participants
Censored at Stroke and
Dementia

Field center/race/ethnicity

North Carolina/white 1 [Reference] 1 [Reference] 1 [Reference]

North Carolina/black 2.19 (1.42-3.36) 1.77 (1.15-2.74) 1.41 (0.77-2.56)

Mississippi/black 1.93 (1.51-2.46) 1.37 (1.05-1.78) 1.37 (0.99-1.90)

Minnesota/white 0.95 (0.72-1.26) 0.93 (0.70-1.24) 1.03 (0.74-1.45)

Maryland/white 1.28 (1.01-1.63) 1.18 (0.92-1.51) 1.31 (0.98-1.75)

Male 0.93 (0.79-1.10) 0.96 (0.80-1.15) 0.88 (0.70-1.09)

Education, ≥HS 0.82 (0.69-0.99) 1.01 (0.84-1.68) 1.07 (0.84-1.35)

Hypertension 1.63 (1.38-1.91) 1.41 (1.39-2.13) 1.31 (1.06-1.63)

Diabetes 1.92 (1.57-2.37) 1.72 (1.39-2.13) 1.52 (1.16-2.00)

Exercise, per sex-corrected SD 0.85 (0.78-0.92) 0.88 (0.81-0.97) 0.87 (0.78-0.96)

Alcohol use, mean drinks/wk

1-7 0.68 (0.54-0.85) 0.75 (0.59-0.95) 0.76 (0.57-1.00)

>7 0.94 (0.73-1.22) 1.00 (0.76-1.32) 0.95 (0.67-1.32)

Smoking, per 20 pack-years 1.06 (0.99-1.14) 1.12 (1.04-1.21) 1.16 (1.05-1.27)

APOE ε4 status

1 allele 1.46 (1.23-1.73) 1.42 (1.19-1.69) 1.40 (1.14-1.73)

2 alleles 2.57 (1.80-3.67) 2.36 (1.65-3.38) 2.14 (1.36-3.39)

ARIC healthy food score, per SD 0.94 (0.86-1.02) NA NA

Obesity 1.39 (1.17-1.65) NA NA

Glycemic load, per standard
deviationb

1.00 (0.92-1.09) NA NA

Hyperlipidemia 1.07 (0.81-1.41) NA NA

Abbreviations: APOE ε4,
apolipoprotein E ε4;
ARIC, Atherosclerosis Risk in
Communities Study; HS, high school;
NA, not applicable.
a All variables in table and age at visit

1 were included in the same model.
b One unit of glycemic load reflects

the equivalent effect on blood
glucose as consuming one g of
glucose.

Figure 2. Hazard Ratios (95% CIs) of Midlife Risk Factors for Late-Onset Epilepsy
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All covariates and visit 1 age are
included in same model, with stroke
and dementia as time-varying
exposures based on date of stroke or
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high school; MD, Maryland;
MS, Mississippi; MN, Minnesota;
NC, North Carolina.



amyloid, given the previously demonstrated association be-
tween amyloid and these vascular risk factors46 and the asso-
ciation demonstrated here between APOE ε4 and LOE, they
suggest the possibility of a role of amyloid deposition in LOE.

Strengths and Limitations
The strengths of our study are the longitudinal design, large
sample size, inclusion of representative population-based co-
hort of black and white adults, rigorous methods of adjudicat-
ing stroke cases, and length of follow-up. This study also has
limitations. Given our use of claims data, there is undoubtedly
some misclassification of cases, as is typical for studies using
claims codes. We have attempted to mitigate this limitation by
using 2 different definitions to identify epilepsy cases. It is pos-
sible that individuals with more vascular risk factors might have
more frequent medical care and thus be more likely to be iden-

tified as having LOE. In primary analysis, we only included pa-
tients with Medicare FFS coverage, which may introduce some
bias; however, sensitivity analysis including participants re-
gardless of Medicare FFS showed no change. Additionally, be-
cause we included only risk factors hypothesized a priori to be
associated with LOE, we are most likely overlooking other im-
portant contributions to the development of LOE.

Conclusions
Midlife vascular risk factors and lifestyle factors were signifi-
cantly associated with LOE, even in the absence of stroke or
dementia. These findings are consistent with a possible role
of vascular disease and neurodegeneration in the develop-
ment of LOE.
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