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Abstract
Objective
To identify the association between brain vascular changes and cortical volumes on MRI and
late-onset epilepsy.

Methods
In 1993–1995, 1,920 participants (median age 62.7, 59.9% female) in the community-based
Atherosclerosis Risk in Communities (ARIC) Study underwent MRI, and white matter
hyperintensities were measured. In addition, in 2011–2013, 1,964 ARIC participants (median
age 72.4, 61.1% female) underwent MRI, and cortical volumes and white matter hyper-
intensities were measured. We identified cases of late-onset epilepsy (starting at age 60 or later)
from ARIC hospitalization records and Medicare claims data. Using the 1993–1995 MRI, we
evaluated the association between white matter hyperintensities and subsequent epilepsy using
survival analysis. We used the 2011–2013 MRI to conduct cross-sectional logistic regression to
examine the association of cortical volumes and white matter hyperintensities with late-onset
epilepsy. All models were adjusted for demographics, hypertension, diabetes, smoking, and
APOE e4 allele status.

Results
Ninety-seven ARIC participants developed epilepsy after having an MRI in 1993–1995 (in-
cidence 3.34 per 1,000 person-years). The degree of white matter hyperintensities measured at
ages 49–72 years was associated with the risk of late-onset epilepsy (hazard ratio 1.27 per age-
adjusted SD, 95% confidence interval [CI] 1.06–1.54). Lower cortical volume scores were
associated cross-sectionally with higher odds of late-onset epilepsy (odds ratio 1.87, 95% CI
1.16–3.02) per age-adjusted SD.

Conclusions
This study demonstrates associations between earlier-life white matter hyperintensities onMRI
and later-life incident epilepsy, and between cortical volumes measured later in life and late-
onset epilepsy. These findings may help illuminate the causes of late-onset epilepsy.

From the Department of Neurology (E.L.J., G.L.K., A.L.C.S., R.F.G.), Johns Hopkins University School of Medicine; Department of Epidemiology (A.K.L., R.F.G.), Johns Hopkins School of
Public Health, Baltimore, MD; Department of Epidemiology (A.M.K.-N.), University of North Carolina at Chapel Hill; Department of Neurology (J.H.), University of Mississippi Medical
Center, Jackson; and Department of Radiology (C.R.J.), Mayo Clinic, Rochester, MN.

Go to Neurology.org/N for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article.

http://dx.doi.org/10.1212/WNL.0000000000007010
mailto:ejohns92@jhmi.edu
http://n.neurology.org/lookup/doi/10.1212/WNL.0000000000007010


1 occurred between 1987 and 1989, visit 2 between 1990 and
1992, visit 3 between 1993 and 1995, visit 4 between 1996 and
1998, and visit 5 between 2011 and 2013. A subset of par-
ticipants participated in the ARIC Neurocognitive Study
(ARIC-NCS) at visit 5 (having had prior MRI or low cogni-
tive scores, or chosen as part of an age-stratified random
sample). Participants had sampling weights assigned based on
inverse sampling fractions and the probability of completing
the examination.15

Standard protocol approvals, registrations,
and patient consents
The institutional review boards at all participating institutions
approved the study, and all participants provided written in-
formed consent at each study visit.

Outcome ascertainment
Cases of late-onset epilepsy were defined as participants with
at least 2 ICD-9 codes from any setting for epilepsy, seizures,
or convulsions (345.* or 780.39) in ARIC hospitalization
records or in Medicare claims data (outpatient, inpatient, and
carrier claims files). We used diagnosis code data from Cen-
ters for Medicare & Medicaid Services (CMS) Medicare fee-
for-service (FFS) data for 1991–2013. ARIC participant data
were linked to CMS data using birth date, sex, and social
security number,16 and linkage was established for 14,899
participants.

To qualify as incident LOE, the first seizure-related code had
to occur after at least 2 years of data without a seizure-related
code, and had to occur at age 60 or later. In primary analysis,
we included only participants with at least 2 years of Medicare
FFS enrollment.

We excluded participants with a claims-identified first seizure
before age 60 (n = 64), and with multiple sclerosis, brain
tumor, brain surgery, or brain radiation identified from ARIC
data (n = 95). Due to small numbers, we excluded participants
of races other than black or white (n = 48), and black par-
ticipants fromMinnesota andMaryland (n = 55). Participants
who did not give permission for DNA research were also
excluded (n = 46). From longitudinal analysis of WMHs, we
excluded participants with a first seizure prior to the date of
the visit 3 MRI (n = 13).

Covariates
For this analysis, covariates were ascertained from in-
formation collected at the third ARIC visit (for longitudinal
analysis of WMHs) or fifth ARIC visit (for cross-sectional

Glossary
ARIC = Atherosclerosis Risk in Communities; ARIC-NCS = Atherosclerosis Risk in Communities Neurocognitive Study;
CHS = Cardiovascular Health Study; CI = confidence interval; CMS = Centers for Medicare & Medicaid Services; FFS = fee-
for-service;HR = hazard ratio; ICD-9 = International Classification of Diseases–9; LOE = late-onset epilepsy;OR = odds ratio;
WMH = white matter hyperintensity.

New-onset epilepsy is more common in older age than at any 
other time of life,1 with annual incidence estimates as high as 
2.5 per 1,000.2,3 While some of these cases are attributed to 
stroke or dementia,2,4–6 a large proportion have no clear eti-
ology and are presumed to be due to occult cerebrovascular 
disease.7 Case-control studies have shown that white matter 
T2 hyperintensities (a marker for small vessel cerebrovascular 
disease) are more prevalent in patients with late-onset epi-
lepsy (LOE) than in age-matched controls.8,9 The volume of 
cortical structures is also of interest as a possible marker for 
cerebrovascular disease and neurodegeneration.10 One small 
case-control study found lower cortical gray matter volumes 
in patients with seizures (mainly in the temporal lobes).9 A 
separate case-control study found more medial temporal lobe 
atrophy in older adults with epilepsy than cognitively normal 
controls.11

To our knowledge, there have been no longitudinal studies to 
date showing a relationship between earlier white matter 
changes and later epilepsy. Furthermore, evaluation of white 
matter and cortical volumes in LOE has been taken from case-
control studies matched on age, without adjustment for hy-
pertension, smoking, or other vascular risk factors that are 
known to be highly associated with white matter hyper-
intensities (WMHs) and markers of cerebrovascular disease12 

and that we previously demonstrated are associated with 
LOE.13

The goals of this study were to determine the longitudinal 
association of white matter disease with the development of 
epilepsy in older adults, and to determine the cross-sectional 
association of brain cortical volumes with LOE, adjusting for 
demographic factors, APOE e4 genotype, hypertension, di-
abetes, and smoking.

Methods
Participant inclusion
Men and women between 45 and 64 years of age were 
recruited to the Atherosclerosis Risk in Communities (ARIC) 
cohort from 1987 to 1989 from 4 US communities, using 
probability sampling (n = 15,792).14 Participants were 
recruited from Forsyth County, North Carolina; suburbs of 
Minneapolis, Minnesota; Jackson, Mississippi; and Wash-
ington County, Maryland. Participants were examined in-
person at 6 visits between 1987 and 2017, contacted yearly by 
telephone (with semiannual calls starting in 2012), and fol-
lowed continuously with hospital discharge surveillance. Visit



analysis of cortical volumes and WMHs). Sitting blood
pressure was measured 3 times, and the 2nd and 3rd values
averaged; hypertension was defined as systolic blood pressure
mean ≥140 mm Hg, diastolic blood pressure mean ≥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 medications or
insulin, or self-report of physician-diagnosed diabetes. Par-
ticipants self-identified as never, former, or current smokers.
APOE e4 genotype was previously ascertained, and partic-
ipants classified into 0 or 1–2 e4 alleles (TaqMan assay; Ap-
plied Biosystems, Foster City, CA).17 Participant field center
and race (self-reported) were used to generate a combined
center–race variable, as is standard in ARIC analyses.18,19

Prevalent stroke information on all ARIC participants is col-
lected at visit 1 by participant report, and incident stroke in-
formation is collected from hospitalization records and
adjudicated by physician reviewers and computer algorithm
during study follow-up.20 Dementia diagnosis was made at visit
5 by expert panel, using neurocognitive assessments, surveil-
lance data, informant interviews, and telephone interviews.21

Imaging variables
Visit 3 MRI was performed between 1993 and 1995, with
a 1.5T MRI obtained on 1920 ARIC participants. A white
matter grade (developed for the Cardiovascular Health Study
[CHS]22) of 0–9 was assigned to eachMRI, using evaluation of
subcortical and periventricular WMHs by expert radiologists18

(with interrater agreement within 1 grade of 92%).12 Because
of high collinearity of age at MRI with WMH score, white
matter grade was transformed to an age-adjusted z score.

The ARIC-NCSMRI was performed between 2011 and 2013,
with a 3T MRI obtained on 1,964 participants including all
those who had MRI at visit 4, those with cognitive decline or
low cognitive scores, and an age-stratified random sample of
cognitively normal individuals.15 Cortical and hippocampal
volumes were obtained using Freesurfer software (version
5.1),23 and the total cortical volume, hippocampal volume,
and volume of each cortical region (frontal, temporal, parietal,
occipital) calculated as a proportion of total intracranial vol-
ume and transformed to an age-adjusted z score, which was
used to compare the strength of association with LOE. The
volume of WMHs was measured using an algorithm de-
veloped at the Mayo Clinic,24 and calculated as a percentage
of total white matter volume, which was also transformed to
an age-adjusted z score.

Data analysis
Statistical analysis was performed with Stata 15.0 software
(StataCorp, College Station, TX) and a 2-sided p value of 0.05
was considered significant. We used a t test or χ2 test as ap-
propriate to compare participants with and without LOE.

To analyze the longitudinal association of WMHs with later
LOE, we used survival analysis with a Cox proportional

hazards model to estimate the hazard ratio (HR) of de-
veloping LOE, using the visit 3 date as the origin time, and
the date of the first seizure code as the event time failure.
Participants were censored at date of death or last ARIC or
CMS contact. White matter CHS grade was included as an
age-adjusted z score. Participants with a first seizure prior to
visit 3 MRI were excluded from this analysis. As the majority
of cases of LOE developed after visit 3 MRI, we used lon-
gitudinal analysis to assess the relationship between visit 3
WMHs and LOE.

To analyze the cross-sectional associations of cortical, hip-
pocampal, and WMH volumes with LOE, we used multivar-
iable logistic regression models incorporating sampling
weights, with LOE as the dependent variable. Volumes were
adjusted for total intracranial volume and converted to an age-
adjusted z score. Models were adjusted for field center, edu-
cation level, hypertension, diabetes, smoking status, and
APOE e4 status. As few cases of LOE developed after visit 5
MRI based on available hospitalization and CMS data, we
used cross-sectional analysis to assess the relationships be-
tween visit 5 regional volumes and LOE.

Participants with missing variables at analysis baseline were
excluded from primary analyses. We performed sensitivity
analyses using multiple imputation for missing baseline data
(hypertension, diabetes, smoking status, APOE e4 genotype).
We also performed a sensitivity analysis using participants’
67th birthdays as the origin, the age at which participants who
had Medicare coverage starting at age 65 and epilepsy codes
only from CMS data (rather than ARIC hospitalization data)
could be eligible for the diagnosis of LOE.

Data availability
The full data are not publicly available because of participant
consent and privacy. A public-use ARIC dataset is available
through BioLINCC. Additional data are available to
researchers who submit a manuscript proposal to the ARIC
publications committee.

Results
Visit 3 MRI
Of the 1,920 participants withMRI at visit 3, 1,644 had at least
2 years of Medicare CMS enrollment (at any time). Of those,
1,526 had no missing baseline data and were included in
primary analysis, and 97 developed LOE after the MRI was
performed (incidence 3.34 per 1,000 person-years, 95%
confidence interval [CI] 2.74–4.08; figure, B).

Participants with LOE had significantly higher white matter
CHS grades than did participants without LOE (table 1).
After adjusting for demographics, hypertension, diabetes,
APOE e4 genotype, and smoking, white matter grade at visit 3
was associated with later development of LOE (HR 1.27, 95%
CI 1.06–1.54 per age-adjusted z score; table 2).



FigureAtherosclerosis Risk in Communities (ARIC) study design, data collection, and visits 3 and 5MRI participant inclusion

Flowcharts show (A) data collection andMRImeasurements in the ARIC cohort, (B) participant inclusion/exclusion for analysis of visit 3MRI, and (C) participant
inclusion/exclusion for analysis of visit 5 MRI. *Participants are eligible for Medicare coverage after reaching age 65, or in cases of end-stage renal disease,
amyotrophic lateral sclerosis, or disability. ARIC-NSC = ARIC Neurocognitive Study; CMS = Centers for Medicare & Medicaid Services; FFS = fee-for-service;
LOE = late-onset epilepsy.

Table 1 Characteristics of participants with and without late-onset epilepsy (LOE) at visit 3 MRI

Visit 3 MRI With LOE (n = 97) Without LOE (n = 1,429) p Value

Age, y, mean (SD) 64.2 (4.32) 63.2 (4.96) 0.066

Sex, male 32.0 (31) 40.5 (578) 0.099

Race, black 59.8 (58) 51.6 (738) 0.120

Education, high school or more 69.1 (67) 71.2 (1,018) 0.649

APOE «4 genotype 0.001

1 allele 41.2 (40) 27.9 (399)

2 alleles 7.2 (7) 3.4 (49)

Hypertension (visit 3) 48.5 (47) 40.0 (571) 0.099

Diabetes (visit 3) 27.8 (27) 17.8 (254) 0.013

Smoking status 0.054

Former smoker (visit 3) 32.0 (31) 37.6 (537)

Current smoker (visit 3) 18.6 (18) 17.3 (247)

White matter grade, median (Q1–Q3) 1 (1–2) 1 (1–2) 0.019

Abbreviation: Q = quartile.
Values are % (n) unless indicated otherwise.



A total of 252 participants who had MRI at visit 3 were later
diagnosed with dementia, and 69 were later diagnosed with
stroke (including 13 with both stroke and dementia; figure,
B). Of these, 20 later developed LOE. When these partic-
ipants were censored at the time of stroke or dementia di-
agnosis and after adjusting for demographics, hypertension,
diabetes, APOE e4 genotype, and smoking status, the asso-
ciation between white matter grade at visit 3 LOE persisted
(HR 1.34, 95% CI 1.07–1.67).

Visit 5 MRI
Of the 1,664 participants with MRI during the ARIC-NCS
study at visit 5, 1,545 had at least 2 years of Medicare FFS
enrollment. Of these, 1,404 had no missing baseline data and
were included in primary analysis, and 28 had a diagnosis of
LOE (figure, C). Participants with LOE had lower cortical
volumes as a proportion of total intracranial volume (total
cortical volume, and in each region) than did participants
without LOE (table 3). After adjusting for demographics,

Table 2 Adjusted hazard ratios (HRs) and 95% confidence intervals (CI) for risk factors for development of late-onset
epilepsy (LOE) after MRI at visit 3

All eligible participants
(n = 1,526; 97 with LOE), HR

Censored at stroke, dementia diagnosis
(n = 1,526; 77 with LOE prior to stroke or
dementia), 95% CI HR 95% CI

Model 1: White matter grade (age-adjusted z score) 1.34 1.11–1.61 1.37 1.10–1.71

Model 2: White matter grade (age-adjusted z score) 1.28 1.06–1.54 1.33 1.06–1.67

Model 1 is adjusted for age, sex, and race. Model 2 is adjusted for age, sex, race, education level, hypertension, diabetes, smoking status (ever/never), and
APOE e4 alleles.

Table 3 Characteristics of participants with and without late-onset epilepsy (LOE) at visit 5 MRI

Visit 5 MRI With LOE (n = 28) Without LOE (n = 1,372) p Value

Age, y, mean (SD) 78.25 (5.61) 77.01 (5.18) 0.209

Sex, male 46.4 (13) 39.4 (540) 0.449

Race, black 35.7 (10) 30.2 (414) 0.528

Education, high school or more 85.7 (24) 84.7 (1,162) 0.882

APOE «4 genotype 0.148

1 allele 35.7 (10) 26.5 (363)

2 alleles 7.1 (2) 2.6 (35)

Hypertension (visit 5) 64.3 (18) 69.0 (947) 0.592

Diabetes (visit 5) 42.9 (12) 33.7 (462) 0.309

Smoking status 0.727

Former smoker (visit 5) 60.7 (17) 53.1 (729)

Current smoker (visit 5) 3.6 (1) 4.5 (62)

Mean cortical volume, mL; % IC volume 3,742; 27.2 3,976; 28.9 0.002; <0.001

Mean frontal cortical volume, mL; % IC volume 1,419; 10.3 1,500; 10.9 0.004; <0.001

Mean temporal cortical volume, mL; % IC volume 962; 7.0 1,016; 7.4 0.005; <0.001

Mean parietal cortical volume, mL; % IC volume 987; 7.2 1,057; 7.7 0.002; <0.001

Mean occipital cortical volume, mL; % IC volume 372; 2.7 402; 2.9 0.002; <0.001

Mean total hippocampal volume, mL; % IC volume 7.38; 0.5 7.51; 0.5 0.262; 0.087

Volume of white matter hyperintensities, mL; % of
white matter with hyperintensity

218; 5.2 175; 4.0 0.163; 0.053

Abbreviation: IC = intracranial.
Values are % (n) unless indicated otherwise.



hypertension, diabetes, smoking, and APOE e4 genotype,
lower global cortical volume was associated with LOE (ad-
justed odds ratio [OR] 1.87, 95% CI 1.16–3.02 per age-
adjusted z score; table 4).

Total hippocampal volume was not associated with LOE
(adjusted OR 1.19, 0.78–1.81). Volume of WMHs from
ARIC-NCS MRI was also not associated with LOE (adjusted
OR 1.33, 0.85–2.08).

A comparison of ORs for each region of cortex when analyzed
separately found that the individual volumes of the frontal,
parietal, and occipital regions were associated with LOE in
separate models (table 4).

A total of 120 participants who had MRI at visit 5 were di-
agnosed with stroke or dementia at any time. Of these, 3 had
stroke diagnosed prior to development of LOE (none had
dementia prior to LOE; figure, C). When only participants
without stroke or dementia by the time of MRI were analyzed,
the association between lower total cortical volume and LOE
persisted (adjusted OR 1.96, 1.24–3.09).

Sensitivity analyses
Use of multiple imputation for participants missing data
(hypertension, diabetes, education level, smoking status,
APOE e4 genotype) did not substantially alter the results
(table 5).

A model using participants’ 67th birthday as the origin time
for longitudinal analysis of LOE development after visit 3
MRI yielded similar results (table 6).

Discussion
We found an association between higher degree of WMHs on
MRI and increased likelihood of later development of LOE,
which persisted after adjusting for demographics and vascular
risk factors, as well as after censoring at time of stroke or
dementia. These results are in agreement with existing case-
control studies that have demonstrated increased white mat-
ter disease in age-matched participants with LOE,8 and
furthermore demonstrate a longitudinal relationship, as we
included only participants with a first seizure after the date of
the MRI for this analysis. WMHs are known to be associated
with hypertension,25 infarcts,15 and cortical microinfarcts26

and seem to be a marker for overall brain vascular health,25

thus in this study may be a marker for cortical disease as well.
This would explain the association between white matter
disease and seizures, which originate in gray matter rather
than white matter.

We also found an association between lower total cortical
volumes and LOE, which similarly persisted after adjusting for
demographics and vascular risk factors. This finding is in
agreement with prior literature, as one small case-control
study of 16 patients with LOE and controls matched for age
previously suggested lower cortical volumes in patients with
LOE than controls.9 As very few participants developed LOE
after cortical volumes were measured at the ARIC-NCS MRI,
no temporal relationship between cortical volumes and LOE
was possible to observe at this time. We previously demon-
strated that the APOE e4 genotype is associated with LOE,1

which held true in this study as well. APOE e genotype is also
known to be associated with cortical volume, with lower hip-
pocampal and cortical volumes associated with the APOE e4
genotype.11,12 In this study, the association of LOE with cor-
tical volume persisted after adjusting for APOE e4 genotype.

Table 4 Odds ratios (ORs) for late-onset epilepsy and
total and regional cortical volumes at visit 5 MRI
(n = 1,404)

OR
95% Confidence
interval

Total cortical volume (model 1) 1.91 1.27–2.88

Total cortical volume (model 2) 1.87 1.16–3.02

Region

Frontal cortical volume (model 2) 1.75 1.02–3.08

Temporal cortical volume (model 2) 1.46 0.87–2.45

Parietal cortical volume (model 2) 1.82 1.28–2.57

Occipital cortical volume (model 2) 1.86 1.22–2.85

Total hippocampal volume (model 2) 1.19 0.78–1.81

ORs are based on negative z scores of cortical and hippocampal volumes
adjusted for total intracranial volume and age. Model 1 is adjusted for age,
sex, and race. Model 2 is adjusted for age, sex, race, education level, hy-
pertension, diabetes, smoking status (ever/never), and APOE e4 alleles. Re-
gional cortical volumes and hippocampal volumes are evaluated in separate
models.

Table 5 Adjusted hazard ratios (HRs) and 95% confidence
intervals (CI) for risk factors for development of
late-onset epilepsy, using multiple imputations
for missing baseline variables

HR 95% CI

Model 1 (visit 3 MRI): White matter grade
(age-adjusted z score)

1.30 1.07–1.57

Model 2 (visit 3 MRI): White matter grade
(age-adjusted z score)

1.29 1.07–1.56

Model 1 (visit 5 MRI): Total cortical volume
(negative age-adjusted z score)

2.06 1.44–2.94

Model 2 (visit 5 MRI): Total cortical volume
(negative age-adjusted z score)

1.99 1.36–2.90

Model 1 is adjusted for age, sex, and race. Model 2 is adjusted for age, sex,
race, education level, hypertension, diabetes, smoking status (ever/never),
and APOE e4 alleles. Missing at baseline (visit 3 MRI): education level (n = 3),
hypertension (n = 18), diabetes (n = 11), smoking history (n = 5), APOE e4
genotype (n = 64). Missing at baseline (visit 5 MRI): education level (n = 2),
hypertension (n = 21), diabetes (n = 26), smoking history (n = 34), APOE e4
genotype (n = 69).



We did not find an association between hippocampal volume
and LOE. This was somewhat unexpected, as decreased hip-
pocampal volume is associated with some types of Alzheimer
disease,27 which is associated with an increased risk of seizures28

in the elderly. However, some studies suggest that seizures occur
relatively late in the Alzheimer disease course,29,30 and these
participants may not have been included in the visit 5 MRI.
WMH burden is known to be associated with cortical atrophy in
the ARIC cohort, with a higher white matter score associated
with lower cortical volume.15,31 This was the case for our analysis
as well, with higher white matter grade at visit 3 associated with
lower total cortical volume at visit 5, p = 0.013.

Interestingly, the cross-sectional association between WMH
volume at visit 5 and LOE was not significant in multivariable
analysis. WMHs are increasingly prevalent with increasing age,
and are present in over 90% of the general population by age
80.32 No association was found between ARIC-NCSMRI white
matter disease (at which participants were age 67–90) and LOE.
This suggests that earlier white matter disease (as identified at
visit 3, at which participants were age 49–72) is indicative of the
microvascular disease pathology that leads to LOE, which is
cumulative or progressive rather than immediately present when
white matter disease develops.

A previous comparison of poststroke epilepsy to leukoaraiosis-
associated epilepsy found a higher proportion of the
leukoaraiosis-associated epilepsy patients with temporal lobe
epilepsy than frontal lobe epilepsy, while the opposite was true in
poststroke epilepsy.33 We found that low cortical volumes in the
frontal, parietal, and occipital regions as well as global cortical
volume were associated with LOE; however, whether low re-
gional cortical volumes correspond to the seizure focus in par-
ticipants with LOE remains to be determined in further studies.

We previously found the incidence of LOE in ARIC participants
to be 3.3 per 1,000 person-years,13 somewhat higher than other
recently reported incidences of 2.4–2.5 per 1,000 person-years2,3;
this may be due in part to the relatively high proportion of black
participants (25% of ARIC participants) as the rate of LOE is
known to be higher in black than in white individuals.2,3,13

The strengths of this study are the longitudinal nature of
comparison of white matter scores and later epilepsy, large size,

and prospective nature. These strengths allow us to include and
adjust for vascular and lifestyle risk factors in our models, which
is of vital importance given the high association of hypertension
and smoking with the imaging measures under study. Limi-
tations include the small number of cases of LOE with MRI at
visit 5, and the reliance on hospitalization discharge and CMS
claims data and resulting imperfection of case identification; this
reliance may also limit the generalizability to persons who do
not use Medicare FFS. Cortical and regional volumes from visit
3MRI are not available, which precludes longitudinal analysis of
association of cortical volumes with later epilepsy. Numbers
were insufficient to allow examination of association of epilepsy
with specific patterns of WMHs or infarcts. In addition, there
were only 8 participants with LOE and both visit 3 MRI and
ARIC-NCS MRI, which prevented analysis of the effects of
white matter progression over time. The lower rate of repeat
MRI (at the ARIC-NCS MRI after visit 3 MRI) in participants
with LOE compared to without LOEmay be due to higher rates
of missed visits and deaths in participants with LOE. The rea-
sons for this remain to be explored, but may include increased
medical comorbidities in participants with LOE.

Our findings suggest the role of occult cerebrovascular disease
in LOE (as both white matter disease and cortical volumes are
associated with cerebrovascular disease), even in the absence
of stroke or dementia.7 However, besides cerebrovascular
disease, cortical volume loss is associated with aging,34 im-
paired glucose metabolism,35 and neurodegenerative disease
including Alzheimer disease,36 which may also contribute to
LOE. We adjusted for hypertension, diabetes, smoking, and
APOE e4 genotype in our models, and excluded participants
with known dementia, to attempt to address these consid-
erations. The degree of these structural findings adds addi-
tional risk of LOE beyond the known risk factors of
hypertension, diabetes, smoking, and APOE e4,13 which were
included in our models. This may imply that there is het-
erogeneity in susceptibility to the effects of these vascular and
lifestyle risk factors; further studies to develop prediction
models to identify patients at risk for LOE should incorporate
imaging findings as well as medical and social risk factors.
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Table 6 Adjusted hazard ratios (HRs) and 95% confidence intervals (CI) for risk factors for development of late-onset
epilepsy (LOE) after MRI at visit 3, using age 67 as origin

All eligible participants
(n = 1,507; 94 with LOE)

Censored at stroke, dementia diagnosis (n = 1,507;
68 with LOE prior to stroke or dementia)

HR 95% CI HR 95% CI

Model 1: White matter grade (age-adjusted z score) 1.31 1.09–1.59 1.34 1.06–1.69

Model 2: White matter grade (age-adjusted z score) 1.27 1.05–1.55 1.30 1.02–1.65

Model 1 is adjusted for age, sex, and race. Model 2 is adjusted for age, sex, race, education level, hypertension, diabetes, smoking status (ever/never), and
APOE e4 alleles.
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