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Summary

Objective: To define the association between late-onset epilepsy (LOE) and 25-year
change in cognitive performance.

Methods: The Atherosclerosis Risk in Communities (ARIC) study is a multicenter
longitudinal cohort study with participants from four U.S. communities. From linked
Medicare claims, we identified cases of LOE, defined as >2 seizure-related diagnos-
tic codes starting at age >67. The ARIC cohort underwent evaluation with in-person
visits at intervals of 3-15 years. Cognition was evaluated 4 times over >25 years (in-
cluding before the onset of seizures) using the Delayed Word Recall Test (DWRT),
Digit Symbol Substitution Test (DSST), and Word Fluency Test (WFT); a global
z-score was also calculated. We compared the longitudinal cognitive changes of par-
ticipants with and without LOE, adjusting for demographics and LOE risk factors.
Results: From 8033 ARIC participants with midlife cognitive testing and Medicare
claims data available (4523 [56%] female, 1392 [17%] Black), we identified 585
cases of LOE. The rate of cognitive decline was increased on all measures in the
participants who developed LOE compared to those without LOE. On the measure
of global cognition, participants with LOE declined by —0.43 z-score points more
over 25 years than did participants without epilepsy (95% confidence interval [CI]
—0.59 to —0.27). Prior to the onset of seizures, cognitive decline was more rapid on
the DWRT, DSST, and global z-scores in those who would later develop LOE than
it was in non-LOE participants. Results were similar after excluding data from par-
ticipants with dementia.

Significance: Global cognition, verbal memory, executive function, and word
fluency declined faster over time in persons developing LOE than without LOE.
Declines in cognition preceding LOE suggest these are linked; it will be important to

investigate causes for midlife cognitive declines associated with LOE.
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1 | INTRODUCTION

New-onset epilepsy is more common in older adults than at
any other time in life,"™ affecting 15 to 50 per 1000 older
adults, and over 700 000 people in the U.S. Medicare popula-
tion alone.* Stroke and neurodegenerative disease are major
causes of late-onset epilepsy (LOE; ie, epilepsy starting at
age 60 or later),>>~" as well as causes of cognitive impair-
ment. However, many cases of LOE occur in persons without
a known history of these conditions. We previously showed
that LOE is associated with vascular risk factors such as
hypertension and diabetes® and with the apolipoprotein E
(APOE) &4 genotype (APOE e4; the major genetic risk factor
for Alzheimer’s disease,9 [AD]), even in persons without de-
mentia.® However, the cognitive course in persons with LOE
without dementia or stroke is unknown.

Some studies of cognition in patients with epilepsy (of all
ages) suggest declines in memory over time,'*"? but there are
few longitudinal studies of cognition in LOE. Given the relatively
common co-occurrence of epilepsy with dementia'*"” and re-
cently reported increased risk of dementia in persons with LOE,"®
longitudinal studies of cognition in patients with acquired LOE
would be particularly informative to determine the relationship of
LOE to cognitive decline. Risk factors for LOE such as ischemic
stroke, hypertension, and diabetes® are associated with steeper de-
clines in cognition over time,'*" but the cognitive trajectory of
persons with LOE without stroke or dementia is unclear.

To characterize longitudinal cognitive changes in persons
with LOE, we analyzed cognitive scores from ages 45-64
to 72-94 among participants of the Atherosclerosis Risk in
Communities (ARIC) study, which included testing prior to
the first seizure. Because of the known association between
epilepsy and dementia'*'%!® and our previous studies linking
LOE with the APOE €4 genotype and with vascular risk fac-
tors,® we hypothesized that persons who develop LOE would
have a more rapid decline in cognitive scores than those without
LOE—even in the absence of clinically diagnosed dementia.

Epilepsia-
2 | METHODS

2.1 | Study population

This is an analysis of prospectively collected longitudinal
cohort study data. The ARIC study conducted initial study
visits in 1987-1989 among 15 792 black and white men
and women, ages 45-64 years, selected through probabil-
ity sampling from four U.S. communities (Jackson, MS;
Forsyth County, NC; Washington County, MD; and sub-
urbs of Minneapolis, MN). Cohort members participated
in six in-person visits between 1987 and 2017 (Figure 1;
with a seventh visit in process at the time of this analy-
sis), and have been contacted annually (and since 2012,
semiannually) by telephone to provide health status up-
dates. In addition, Centers for Medicare & Medicaid
Services (CMS) claims data have been linked with par-
ticipants’ data.””> We included black participants in MS
and NC and white participants in MN, MD, and NC, and
excluded those of other races, as is standard in ARIC due
to small numbers.® We excluded those who did not give
permission for use of DNA. We excluded those with a
known history (at any time) of brain tumor, brain radia-
tion, brain surgery, or multiple sclerosis. To omit persons

Key Points

e Cohort study participants with late-onset epilepsy
(LOE) had faster cognitive decline over 25 years
than did participants without LOE

e Some cognitive decline in participants with LOE
occurred prior to the first seizure

e We observed early changes on the measure of ver-
bal memory, measure of executive function, and
measure of global cognition

Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6
1987-1989 1990-1992 1993-1995 1996-1998 2011-2013 2016-2017
14214 participants 8033 included 6734 tested and 3642 tested and 2183 tested and
with cognitive testing ¥ — included included > included
585 with LOE 492 with LOE 164 with LOE 78 with LOE
585 pre-seizure 476 pre-seizure 56 pre-seizure 0 pre-seizure
0 post-seizure 16 post-seizure 108 post-seizure 78 post-seizure
4806 without sufficient CMS coverage excluded
1284 without complete covariate data excluded
91 race other than black or white excluded
FIGURE 1 Timeline of Atherosclerosis Risk in Communities study and numbers of participants included from each visit. Abbreviations:

LOE, late-onset epilepsy; CMS, Centers for Medicare & Medicaid Services. Participants were tested with the Delayed Word Recall Test, Digit

Symbol Substitution Test, and Word Fluency Test at Visits 2, 4, 5, and 6. Numbers of participants with LOE are those ever determined to have

LOE, broken down by pre-first seizure and post-first seizure
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with prevalent cognitive impairment, we excluded partici-

pants who scored below the fifth percentile at the time of
baseline cognitive testing.

2.2 | Institutional review board
approval and patient consent

All participants provided written informed consent at each
study visit. The institutional review boards at each participat-
ing institution approved the study.

2.3 | Cognitive assessments
At ARIC Visits 2, 4, 5, and 6 (Figure 1), participants were ad-
ministered the Delayed Word Recall Test (DWRT), a test of
verbal memory; Digit Symbol Substitution Test (DSST), a
measure of executive function; and Word Fluency Test (WFT),
a measure of language fluency; which have been described pre-
ViOUSly.19’23 In the DWRT, participants learn 10 common nouns
by reading each word and using it in a sentence. Participants are
then asked to recall each of the words (after a 5-minute delay
filled with distractors). In the DSST, participants are asked to
convert as many numbers to symbols as possible in 90 seconds,
using a key (maximum score of 93). In the WFT, participants
are asked to generate as many words as possible for the letters
S, F, and A (with 60 seconds for each letter).

Individual scores were converted to z-scores using Visit
2 means and standard deviations as referents. We calcu-
lated a global measure of cognition for each participant
from the individual z-scores, which was then converted to a
global z-score using Visit 2 mean and standard deviation as

referents. %2034

2.4 | Covariates

Seated blood pressure was measured three times, and the
second and third values were averaged; hypertension was
defined as systolic blood pressure mean >140 mm Hg, dias-
tolic blood pressure mean >90 mm Hg, or use of an antihy-
pertensive medication. We defined diabetes 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. We defined hyperlipidemia
as total cholesterol >200 mg/dL, and calculated body mass
index (BMI) from height and weight. Participants reported
smoking and alcohol use at each visit (never, former, cur-
rent). The APOE €4 genotype was ascertained at Visit 1, and
participants classified as having 0, 1, or 2 APOE &4 alleles
(TagMan assay; Applied Biosystems).25 Depression was
self-reported at Visit 5.

2.5 | Identification of late-onset epilepsy

To identify LOE, we used an international classification
of diseases (ICD) screening method which has previously
been validated in claims studies with chart review.”® LOE
was identified and defined as >2 seizure-related ICD-9 or
ICD-10 primary diagnostic codes (345.00-345.91, 780.39,
G40.0-G40.919, or R56.9) identified from CMS Medicare
fee-for-service (FFS) claims from 1991 through 2015 (one
outpatient and one inpatient claim, two separate inpatient
claims, or two claims for separate outpatient visits from the
carrier and outpatient claims). To identify incident cases, we
included only participants with at least 2 years of seizure-free
claims data prior to the first seizure-related code, and partici-
pants with the first seizure-related code at age 67 or later (to
allow for 2 years of seizure-free claims following Medicare
eligibility at age 65). This and similar definitions have been
used previously in claims-based research*”®*2” and have been
validated with chart review.”® We excluded individuals with
<2 years of FFS coverage or gaps in coverage.

2.6 | Statistical analysis

We used Stata 15.0 for statistical analysis. To compare change
in cognitive scores over time in participants ever diagnosed
with LOE to those without LOE, we used a generalized esti-
mating equation (GEE) with unstructured correlation matrix
and robust variance. The GEE contains linear spline terms
representing the time in years since the Visit 2 cognitive test-
ing baseline, with a knot 6 years post Visit 2 (as is standard
in ARIC analyses, due to the long interval between Visits 4
and 5)." We adjusted the models for baseline age, baseline
age-squared, and interactions between time, baseline age,
and baseline age-squared terms. We adjusted for hyperten-
sion, diabetes, hyperlipidemia, BMI, education, center-race,
smoking status (current, former, never), and drinking status
(current, former, never) ascertained at Visit 2 cognitive base-
line, and APOE €4 genotype, which was ascertained at Visit
1. We used a LOE-by-time term to estimate the cognitive
trajectories of participants with and without LOE, and then
used this annualized change to estimate the excess 25-year
change experienced by participants with LOE compared to
those without LOE.

2.7 | Effect of timing of seizure onset

To examine the effect of the timing of seizure development
on cognitive change, we used GEEs as described above, and
a time-LOE spline term with a knot at the visit prior to devel-
opment of LOE (as defined by the first seizure-related code).
We used marginal construction of the post-seizure spline
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term to statistically compare the change in slope from the
pre-seizure spline term. Both terms were compared to indi-
viduals without LOE as the reference group.

2.8 | Interactions

We examined the data for interactions between LOE and
race, and between LOE and sex, and conducted stratified
analyses when an interaction was present.

2.9 | Sensitivity analyses: effects of stroke,
dementia, traumatic brain injury, and possible
unrecognized seizures

Because stroke is a risk factor for LOE”®*® and causes
cognitive decline,”’ we performed a sensitivity analysis
adjusting for ischemic or hemorrhagic stroke to identify
cognitive changes not due to stroke. In participants who
developed a stroke, we introduced a time-varying variable
to adjust for stroke, which was 0 prior to the date of stroke
and 1 afterwards. Stroke information from hospitalization
records and self-report is collected for all ARIC partici-
pants, and adjudicated by computer algorithm and physi-
cian reviewers.”

Because dementia is a known risk factor for LOE,6’8 we
conducted a sensitivity analysis excluding participants at
the time of and after a diagnosis of dementia, which is as-
certained from informant interviews and neurocognitive as-
sessments from Visits 2-6, surveillance data, and telephone
interviews with informants or participants.30 We performed
this analysis to determine whether cognitive decline in the
setting of dementia was driving all the observed cognitive
changes.

To focus solely on cognitive changes in participants
without a known symptomatic etiology for LOE, we also
conducted a sensitivity analysis excluding all visits after a
diagnosis of stroke, dementia, or traumatic brain injury (ob-
tained from ICD-9 and ICD-10 codes31). Those with known
brain tumor, surgery, radiation, and multiple sclerosis are ex-
cluded from all analyses.

To investigate the possibility that undiagnosed seizures
caused the observed pre-seizure cognitive decline, we also
performed sensitivity analyses excluding data from visits that
occurred <2 and <3 years prior to the first seizure code.

2.10 | Effect of missing data

We used multiple imputations with chained equations (MICE)
in a sensitivity analysis to account for attrition due to visit
nonparticipation or death, as has been described previously

. P 1767
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and validated in ARIC.>> We used baseline (Visit 2) cogni-

tive scores and participant covariates (as detailed earlier) to
impute missing cognitive data.

3 | RESULTS

Baseline cognitive testing at Visit 2 and complete covari-
ate data were available for 8033 participants; 1721 (20.4%)
were Black and 4851 (57%) were female. A total of 585 par-
ticipants developed LOE during follow-up (incidence 3.62
per 1000 person-years; 95% CI 3.33-3.92; this was similar
to our previously reported incidence of 3.33 per 1000 per-
son-years in the full ARIC cohort.)® Patient characteristics
are summarized in Table 1, with the numbers and reasons
for exclusions in Figure 1. All participants with LOE had
baseline testing prior to the first seizure code, and testing
one to three times after the first seizure code (Figure 1).
At baseline (Visit 2), the correlation between z-scores for
all participants on the measure of verbal memory (DWRT)
and executive function (DSST) was 0.39, between execu-
tive function (DSST) and verbal fluency (WFT) was 0.52,

TABLE 1 Baseline (Visit 2) characteristics of ARIC participants
included in study
Without LOE With LOE
No. (%) n = 7448 n = 585 P-value
Age, mean (SD), y 57.7 (5.7) 59.4 (5.3) <0.001
Female 4164 (56.2) 341 (58.3) 0.315
Black 1288 (17.3) 104 (17.8) 0.766
>HS education 6249 (83.9) 478 (81.7) 0.166
Hypertension* 2035 (27.3) 192 (32.8) 0.004
Diabetes” 912 (12.2) 106 (18.1) <0.001
BMI, mean (SD) 27.7(5.2) 27.9(5.3) 0.350
Hyperlipidemia 410 (5.5) 34 (5.8) 0.754
APOE ¢4 genotype
1 allele 2025 (27.2) 171 (29.2) 0.034
2 alleles 170 (2.3) 22 (3.8)
Smoking status
Former 2896 (38.9) 242 (41.4) 0.345
Current 1497 (20.1) 105 (17.8)
Alcohol use
Former 1425 (19.1) 111 (19.0) 0.982
Current 4444 (59.7) 349 (59.7)

Note: Number of participants with late-onset epilepsy (LOE) is those diagnosed
at any time during study follow-up. Bold text indicates P < 0.05.

Abbreviations: APOE €4, apolipoprotein E €4 genotype ; ARIC, Atherosclerosis
Risk in Communities; BMI, body mass index; HS, high school; SD, standard
deviation.

*P < 0.05.



JOHNSON ET AL.

™ | Epilepsia
and between verbal memory (DWRT) and word fluency
(WFT) was 0.30.

Participants who developed LOE had a steeper global
cognitive decline by —0.43 z-score points over 25 years (ad-
justed as above; 95% CI —0.56, —0.28; Figure 2) than did
participants without LOE (—0.017 z-score points annually;
95% CI —0.023, —0.011). We observed similar effects for
all individual tests (Table 2). The excess decline associated
with LOE is comparable to an age-associated difference of
6.5 years (ie, a reduced z-score of —0.43 standard deviations
in participants developing LOE corresponds to the differ-
ence in cognitive performance between a 55-year-old and a
61.5-year-old person at baseline).

3.1 | Changes in cognitive decline
before and after onset of LOE

When we examined cognitive decline occurring only before
the first seizure-related code, those who would later develop
LOE declined more rapidly on the measure of global cog-
nition than did those without LOE, by —0.21 z-score points
over 14 years (the median time from baseline testing to the
first seizure among those with LOE; 95% CI —0.35, —0.08).
We observed similar results on the DWRT and DSST prior to
the first seizure (Table 2).

After the first seizure, participants with LOE had a more
rapid decline on global cognition than did those without LOE
by —0.19 z-score points over 8 years (the median time from
first seizure to last cognitive testing among those who with
LOE who attended Visit 6; 95% CI —0.32, —0.06). We ob-
served similar results on the DSST and WFT after the first
seizure (Table 2).

After the first seizure, participants” DSST and WFT per-
formance declined more steeply than it did prior to their sei-
zures (Table 2).

3.2 | Interactions
The effect of LOE on the decline over time was greater in
White than in Black participants on the DSST. White partici-
pants with LOE declined by —0.36 (95% CI —0.48, —0.26)
z-score points more over 25 years than did White partici-
pants without LOE, whereas Black participants with LOE
declined by —0.18 (95% CI —0.42, 0.05) z-score points more
over 25 years than did Black participants without LOE (P-
interaction 0.003; Figure 3). There was no difference by race
in the effect of LOE on the decline over time on the global,
DWRT, or WFT z-scores.

The effect of LOE on cognitive change over time did not
differ by sex.

3.3 | Sensitivity analyses: Effects of
stroke, dementia, traumatic brain injury, and
unrecognized seizures

In a sensitivity analysis adjusting for participants’ history
of stroke using a time-varying variable, the more rapid de-
clines in cognition in all domains found in participants with
LOE compared to without LOE persisted (Table S1). In the
sensitivity analysis excluding participants after dementia
diagnosis, the more rapid cognitive changes in all domains
demonstrated in participants with LOE compared to without
LOE also persisted (Table S2).

In a sensitivity analysis excluding all participants after
a diagnosis of stroke, dementia, or traumatic brain injury
(those with known brain tumor, surgery, radiation, and mul-
tiple sclerosis already excluded) focusing solely on cognitive
changes in participants without a known symptomatic etiol-
ogy for LOE, the excess cognitive change identified in all do-
mains over 25 years was still present. Prior to the first seizure,
the excess change in global z-score (—0.44, 95% CI —0.73,

Additional adjusted change in global z-score associated with LOE

0.1
0 O— O— o <
f + < No LOE
g -0 (Reference) FIGURE 2 Adjusted excess change in
b global z-score in participants with late-onset
Ll ® LOE : :
IS epilepsy (LOE) compared to those without
Foo 0.3 LOE. Model adjusted for baseline age, age-
£ squared, time since baseline (linear spline),
Eo 04 age and age-squared-time interaction terms,
g 05 sex, education, center/race, hypertension,
’ diabetes, body mass index, hyperlipidemia,
06 apolipoprotein E (APOE) 4 genotype,
Visit 2 Visit 4 Visit 5 Visit 6 smoking history, and alcohol use history.
0.7 1 Error bars represent 95% confidence
Visit V intervals
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TABLE 2 Additional adjusted 25-y cognitive change associated
with late-onset epilepsy (LOE)

Global z-score
DWRT z-score
DSST z-score
WEFT z-score
DWRT raw score
DSST raw score

WEFT raw score

Global z-score
DWRT z-score
DSST z-score
WEFT z-score
DWRT raw score
DSST raw score

WEFT raw score

Global z-score
DWRT z-score
DSST z-score”
WEFT z-score”
DWRT raw score

DSST raw score

WEFT raw score

No LOE LOE (all)

n = 7448 n = 585

0 (Reference) —0.43

0 (Reference) —0.49

0 (Reference) —0.34

0 (Reference) —0.26

0 (Reference) —0.75

0 (Reference) —4.83

0 (Reference) —3.21

No LOE LOE
(prior
to first
seizure
only)

0 (Reference) —0.38

0 (Reference) —0.67

0 (Reference) —0.19

0 (Reference) —0.03

0 (Reference) —1.02

0 (Reference) —2.74

0 (Reference) —0.41

No LOE LOE
(after
first
seizure
only)

0 (Reference) —0.60

0 (Reference) —0.40

0 (Reference)  —0.62

0 (Reference) —0.62

0 (Reference) —0.62

0 (Reference) —8.80

0 (Reference) —7.80

95% CI
(~0.59, —0.27)
(~0.69, —0.29)
(~0.44, —0.24)
(~0.38, —0.13)
(~1.05, —0.44)
(~6.28, —3.37)
(~4.78, —1.64)
95% CI
(~0.62, —0.14)
(~0.98, —0.35)
(~0.28, —0.00)
(~0.28,0.21)
(~1.49, —0.54)
(~5.42, —0.06)
(=3.50, 2.67)
95% CI
(~1.01, -0.19)
(~0.96, 0.16)
(~0.89, —0.35)
(~0.93, —0.32)
(—1.47,0.24)
(~12.60,
-5.01)
(-11.59,
—4.01)

Note: Results are adjusted for age, age-squared, time since baseline visit, sex,

race/center, education, hypertension, diabetes, body mass index, hyperlipidemia,

smoking status, alcohol use, and apolipoprotein E (APOE) €4 genotype.

Comparisons are the additional decline attributable to LOE on global z-scores,
Delayed Word Recall Test (DWRT) z-scores and raw number of words, Digit
Symbol Substitution Test (DSST) z-scores and raw number of symbols, Word
Fluency Test (WFT) z-scores and raw number of words. Maximum raw score

for the DWRT is 10 and for the DSST is 93, and maximum observed WFT score

at baseline was 99. Bold indicates 95% confidence interval does not include 1.

*Significant change from pre-seizure trajectory, P < 0.05.

—0.16) and DWRT z-score (—0.73, 95% CI —1.09, —0.37)

persisted (Table S3).

To exclude the effects of delay in diagnosis of seizures,
we performed a sensitivity analysis excluding data from 190

Epilepsia--™
visits that occurred <2 years prior to the first seizure-re-
lated code. The more rapid decline in the DWRT observed
in participants with LOE prior to the first seizure compared
to those without LOE persisted, as did the more rapid over-
all declines in the global, DWRT, and DSST z-scores among
those with LOE compared to those without LOE (Table S4).
Results were also similar after excluding data from the 219
visits from participants with LOE that occurred within
3 years prior to a first seizure.

We also performed a sensitivity analysis to adjust for a
diagnosis of depression to evaluate the possible effects of de-
pression in persons with epilepsy. This did not substantially
alter the results. In this analysis, the adjusted global z-score
change over 25 years in participants with LOE compared to
those without was —0.42 z-scores (95% CI —0.60, —0.25).

3.4 | Effect of missing data

ARIC participants with LOE were less likely to complete
all visits than were participants without LOE (Figure 1).
Therefore, to account for the effects of missing data, we used
multiple imputations with chained equations (or MICE) to
impute the missing cognitive scores, a technique that has
been validated previously in ARIC for cognitive scores. ™
The findings of more rapid annual cognitive change on global
cognition and all subtests in participants with LOE persisted
after using MICE to impute missing data from Visits 4, 5,
and 6 (Table S5). With use of imputed values, there was no
change in rate of cognitive decline between pre- and postsei-
zure intervals for any tests.

4 | DISCUSSION
In our study of 8033 adults followed for up to 26 years, we
found that participants who developed LOE had faster cogni-
tive decline over time than did those without LOE. Moreover,
steeper cognitive decline occurred prior to the first seizure,
and became more rapid after the development of seizures on
some measures. The adjusted decline we observed for LOE
(—0.43 excess global z-score points over 25 years) is larger
than the observed adjusted effects of hypertension (—0.07 ex-
cess global z-score points over 25 years) or diabetes (—0.19
excess global z-score points over 25 years) measured in other
studies.'*?°

To our knowledge, this is the first study examining cog-
nitive changes prior to the development of LOE, and the first
longitudinal study of cognition in LOE to be able to adjust for
comorbidities such as hypertension and diabetes, which also
affect cognitive function. Our findings are consistent with
prior longitudinal studies of patients diagnosed with epilepsy
at any age that demonstrated possible “accelerated cognitive
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Additional adjusted 25-year change in cognition associated with
late-onset epilepsy, stratified by race
0.4
0.2
oo O A o O A o A o O A
£ A
?-0.2 < No LOE - All
< + & LOE - All
G 04 + O No LOE - White
.'c: W LOE - White
— & A No LOE - Black
A LOE - Black

Global z-score DWRT z-score

-1.4

DSST z-score*

WEFT z-score

FIGURE 3 Additional adjusted 25-year change in cognition associated with late-onset epilepsy (LOE), stratified by race. Stratified changes in
z-scores for participants with LOE are compared to those of the same race without LOE. DWRT, Delayed Word Recall Test; DSST, Digit Symbol
Substitution Test; WFT, Word Fluency Test. Models adjusted for baseline age, age-squared, time since baseline (linear spline), age and age-

squared-time interaction terms, sex, education, field center, hypertension, diabetes, body mass index, hyperlipidemia, apolipoprotein E (APOE) €4

genotype, smoking history, and alcohol use history. Error bars represent 95% confidence intervals. *p-interaction <0.05 between race and effect of

LOE

ageing.'***” Our findings for LOE are supported by a recent
study showing a higher rate of progression to dementia after
3 years in patients with LOE compared to controls,** and a
large claims-based study of U.S. veterans that found an el-
evated rate of incident dementia over the period of study
follow-up.18 We also found, however, that steeper declines
in cognitive performance began prior to participants’ first
seizures (which persisted after we excluded measurements
within 2 and 3 years of the first seizure, to minimize the effect
of undetected seizures).

Vascular and metabolic diseases are possible contribu-
tors to these findings. We observed declines even prior to the
onset of seizures on the test of executive function (DSST),
which is associated with small vessel disease.”” Vascular risk
factors such as hypertension and diabetes are also associated
with LOE,® as are white matter hyperintensities (a marker of
cerebral small vessel disease).27 Vascular dementia is a lead-
ing cause of cognitive decline, and microvascular disease
affecting subcortical networks could explain some of our
findings.35 Metabolic dysfunction, such as altered glucose
metabolism that leads to synaptic dysfunction and neuronal
injury, is another possible cause of cognitive impairment36
that could also lead to seizures. Type 2 diabetes is a risk

factor for AD,* and we previously identified diabetes as a
risk factor for LOE.®

In our study, the steepest pre-seizure declines in partici-
pants with compared to without LOE occurred on the mea-
sure of verbal memory (DWRT); performance on this test is
compromised in individuals with amnestic mild cognitive
impairment and AD.*" Our findings persisted after exclud-
ing participants with diagnosed dementia, suggesting that
LOE could be associated with early stage, subclinical neuro-
pathologic changes. There has been prior evidence that AD-
related neuropathology may contribute to cognitive decline
in some persons who develop LOE: LOE is associated with
AD® and with having the APOE €4 genotype.8 Amyloid beta
(Ap) has previously been hypothesized as a possible cause
of seizures in AD,'* and one small study found that patients
with LOE (without dementia) had higher levels of patho-
logic CSF markers of AP and tau than did control patients
without LOE.** The cognitive tests used in the current study
are not sufficient to determine whether participants have
Alzheimer’s-type, vascular-type, or mixed cognitive changes.
Most likely, there are subsets of LOE associated with each
type of pathology, just as many individuals with dementia
have mixed pathologies.38
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The major identified causes of LOE in other series are cere-
brovascular disease, dementia, brain injuries, and tumors.>>>*
Another cause of new-onset epilepsy in adults (of all ages) is
autoimmune-mediated epilepsy, which may account for a large
share of unexplained cases (up to 35% of adults of all ages in
one series*!). One descriptive series of 32 patients with autoim-
mune epilepsy included 15 adults with autoimmune epilepsy
and seizures starting at age 60 or later.*” These epilepsies may
be associated with cognitive impairment as well as seizures,
and are often difficult to diagnose42; some of the participants
with LOE in this study may have had an autoimmune etiology.
Further studies to understand the importance of autoimmune
epilepsy in older adults and to describe the cognitive impact of
these epilepsies are needed.

It will be important to determine the causes of cogni-
tive decline in this population to identify risk factors that
can be improved. Cognitive changes in persons with LOE
should be investigated within the current framework of
dementia pathophysiology and cognitive loss with aging,
and possibly modifiable factors such as diet, exercise, and
lifestyle43 should be addressed. Clinicians must be aware
of the potential for this impairment, as persons with LOE
may develop difficulty with medication management and
other daily tasks. Identification of this risk may also help
clinicians and families in planning for future needs of pa-
tients with LOE.

The unique strengths of this study include the large
number of participants and >25-year longitudinal fol-
low-up, which includes cognitive testing prior to the first
seizure. This study also has several limitations. Diagnosis
using ICD codes is a potential limitation due to the risk
of misclassification; however, previous studies using this
method have shown that the use of >2 ICD codes has
94.4% sensitivity and 91.7% specificity for the identifi-
cation of epilepsy, validated using chart review.?® Similar
claims-based definitions are used and generally corrobo-
rated and accepted in research on epilepsy in the elderly
population.4’5 Seizures developing late in life are often
mild focal unaware or focal sensory seizures, which may
cause a delay in diagnosis.** However, we showed in a sen-
sitivity analysis that delayed diagnosis of seizures was un-
likely to account for the entirety of this cognitive decline; it
seems likely, therefore, that shared pathologic mechanisms
account for cognitive losses and later seizures. We also
do not have information about the type and frequency of
participants’ seizures, and whether there was a difference
between participants with and without medically refractory
epilepsy. However, other studies of LOE have shown that
new seizures in older patients are overwhelmingly focal
rather than generalized-onset seizures,z’45 and in char-
acterized series the majority are temporal46’47 or frontal'
in origin; this cohort is likely to be similar. MRI was not
available for many participants, precluding assessment for
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mesial temporal pathology. As there is an association be-
tween the severity of both hypertensionlg and diabetes®
and increased cognitive decline (with benefits from treat-
ment of these vascular risk factors'**), greater detail about
the severity of epilepsy to allow correlation with cognitive
decline would be of great interest. Another limitation is the
lack of information about whether and when antiseizure
medications were prescribed (as specific medication data
were not available on all participants), and whether some
or all of the observed changes after LOE onset could be
due to medication effect, and whether antiseizure treatment
could alter the cognitive trajectory. However, the finding
that cognitive decline started before seizure onset implies
that a neuropathologic process beyond medication effects
contributed to cognitive changes. In addition, although
ARIC participants with LOE were less likely than partic-
ipants without LOE to complete all visits, adjustment for
missing data using multiple imputations did not affect the
main results. The finding that some increased cognitive de-
cline precedes the first seizure is also unaffected by partic-
ipant attrition. We do not have specific information about
the specific etiologies of epilepsy given the nature of the
data, which would be vital to understanding an individual
patient’s course. To identify the cognitive changes in pa-
tients without a known symptomatic etiology, we include a
sensitivity analyses excluding participants after a diagnosis
of stroke, dementia, or traumatic brain injury; those with
known brain tumor, surgery, radiation, and multiple sclero-
sis are excluded from all analyses.

We identified steeper declines in cognitive performance in
participants with LOE, who were tested up to 20 years prior
to their first seizure. The fact that more rapid changes were
observed even prior to the development of seizures suggests
that at least some of the differences in some persons with
LOE without a clear symptomatic etiology could be due to
underlying neuropathology, rather than simply a medication
or seizure effect.

Late-onset epilepsy is associated with excess cognitive
decline during the 25-year ARIC study. Declines on global
cognition, verbal memory, and executive function occur be-
fore the onset of seizures.

ACKNOWLEDGMENTS

The authors thank the Atherosclerosis Risk in Communities
study participants and staff for their important contributions.
The authors also thank Dr. Andrea Schneider for her assis-
tance with traumatic brain injury data.

CONFLICTS OF INTEREST

GLK is a consultant or advisor for Eisai, Shire, and Otsuka, and
has received research support from SK life science, Biogen, and
UCB Pharma. RFG is an associate editor for Neurology. The
remaining authors have no conflicts of interest.



™ |_Epilepsia

JOHNSON ET AL.

ETHICAL APPROVAL

We confirm that we have read the Journal’s position on is-
sues involved in ethical publication and affirm that this report
is consistent with those guidelines.

ORCID

Emily L. Johnson

https://orcid.

org/0000-0001-6457-938X

Gregory L. Krauss

https://orcid.

org/0000-0002-0338-6039

REFERENCES

1.

10.

11.

12.

13.

14.

Ramsay RE, Rowan AJ, Pryor FM. Special considerations in treat-
ing the elderly patient with epilepsy. Neurology. 2004;62:524-29.
Cloyd J, Hauser W, Towne A, Ramsay R, Mattson R, et al.
Epidemiological and medical aspects of epilepsy in the elderly.
Epilepsy Res. 2006;68:539-48.

Hauser WA, Annegers JF, Kurland LT. Incidence of epilepsy
and unprovoked seizures in Rochester, Minnesota: 1935-1984.
Epilepsia. 1993;34:453-68.

Faught E, Richman J, Martin R, Funkhouser E, Foushee R, Kratt
P, et al. Incidence and prevalence of epilepsy among older U.S.
Medicare beneficiaries. Neurology. 2012;78:448-53.

Choi H, Pack A, Elkind MSYV, Longstreth WT, Ton TGN, Onchiri
F. Predictors of incident epilepsy in older adults: the cardiovascular
health study. Neurology. 2017;88:870-7.

Amatniek JC, Hauser WA, DelCastillo-Castaneda C, Jacobs
DM, Marder K, Bell K, et al. Incidence and predictors of sei-
zures in patients with Alzheimer’s disease. Epilepsia. 2006;47:
867-72.

. Rowan AJ, Ramsay RE, Collins JF, Pryor F, Boardman KD,

Uthman BM, et al. New onset geriatric epilepsy: a randomized
study of gabapentin, lamotrigine, and carbamazepine. Neurology.
2005;64:1868-73.

Johnson EL, Krauss GL, Lee AK, Schneider ALC, Dearborn
JL, Kucharska-Newton AM, et al. Association between mid-
life risk factors and late-onset epilepsy. JAMA Neurol.
2018;75:1375-82.

Corder E, Saunders A, Strittmatter W, Schmechel D, Gaskell P,
Small G, et al. Gene dose of apolipoprotein E type 4 allele and
the risk of Alzheimer’s disease in late onset families. Science.
1993;261:921-3.

Thompson PJ, Duncan JS. Cognitive decline in severe intractable
epilepsy. Epilepsia. 2005;46:1780-7.

Dodrill CB. Progressive cognitive decline in adolescents and adults
with epilepsy. In: Sutala T, Pitkanen A, editors. Progress in Brain
Research. Vol 135. Amsterdam, the Netherlands: Elsevier, 2002:
p. 399-407.

Holmes MD, Dodrill CB, Wilkus RJ, Ojemann LM, Ojemann
GA. Is partial epilepsy progressive? Ten-year follow-up of EEG
and neuropsychological changes in adults with partial seizures.
Epilepsia. 1998;39:1189-93.

Helmstaedter C, Kurthen M, Lux S, Reuber M, Elger CE. Chronic
epilepsy and cognition: a longitudinal study in temporal lobe epi-
lepsy. Ann Neurol. 2003;54:425-32.

Vossel KA, Tartaglia MC, Nygaard HB, Zeman AZ, Miller BL.
Epileptic activity in Alzheimer’s disease: causes and clinical rele-
vance. Lancet Neurol. 2017;16:311-22.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

. Hesdorffer DC, Hauser WA, Annegers JF, Kokmen E, Rocca

WA. Dementia and adult-onset unprovoked seizures. Neurology.
1996;46:727-30.

Mendez MF, Catanzaro P, Doss RC, Arguello R. Seizures in
Alzheimer’s disease: clinicopathologic study. J Geriatr Psychiatr
Neurol. 1994;7:230-3.

Sen A, Capelli V, Husain M. Cognition and dementia in older pa-
tients with epilepsy. Brain. 2018;141:1592-608.

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;77:1-6.

Gottesman RF, Schneider ALC, Albert M, Alonso A, Bandeen-
Roche K, Coker L, et al. Midlife hypertension and 20-year cogni-
tive change. JAMA Neurol. 2014;71:1218.

Rawlings AM, Sharrett AR, Schneider ALC, Coresh J, Albert M,
Couper D, et al. Diabetes in midlife and cognitive change over 20
years. Ann Intern Med. 2014;161:785.

De Reuck J, De Clerck M, Van Maele G. Vascular cognitive im-
pairment in patients with late-onset seizures after an ischemic
stroke. Clin Neurol Neurosurg. 2006;108:632-7.
Kucharska-Newton AM, Heiss G, Ni H, Stearns SC, Puccinelli-
Ortega N, Wruck LM, et al. Identification of heart failure events in
medicare claims: the atherosclerosis risk in communities (ARIC)
study. J Card Fail. 2016;22:48-55.

Schneider ALC, Richey Sharrett A, Gottesman RF, Coresh J,
Coker L, Wruck L, et al. Normative data for 8 neuropsychologi-
cal tests in older blacks and whites from the Atherosclerosis Risk
in Communities (ARIC) study. Alzheimer Dis Assoc Disord.
2015;29:32-44.

Pokharel Y, Mouhanna F, Nambi V, Virani SS, Hoogeveen R,
Alonso A, et al. ApoB, small-dense LDL-C, Lp(a), LpPLA2 activ-
ity, and cognitive change. Neurology. 2019;92:E2580-93.
Gottesman RF, Schneider ALC, Zhou Y, Chen X, Green E,
Gupta N, et al. The ARIC-PET amyloid imaging study brain
amyloid differences by age, race, sex, and APOE. Neurology.
2016;87:473-80.

Reid AY, St.Germaine-Smith C, Liu M, Sadiq S, Quan H, Wiebe
S, et al. Development and validation of a case definition for ep-
ilepsy for use with administrative health data. Epilepsy Res.
2012;102:173-9.

Johnson EL, Krauss GL, Lee AK, Schneider ALC, Kucharska-
Newton AM, et al. Association between white matter hyperin-
tensities, cortical volumes, and late-onset epilepsy. Neurology.
2019;92:988-95.

Adelow C, Andersson T, Ahlbom A, Tomson T. Prior hospitaliza-
tion for stroke, diabetes, myocardial infarction, and subsequent risk
of unprovoked seizures. Epilepsia. 2011;52:301-7.

Jones SA, Gottesman RF, Shahar E, Wruck L, Rosamond WD.
Validity of hospital discharge diagnosis codes for stroke. Stroke.
2014;45:3219-25.

Gottesman RF, Albert MS, Alonso A, Coker LH, Coresh J,
Davis SM, et al. Associations between midlife vascular risk fac-
tors and 25-year incident dementia in the Atherosclerosis Risk in
Communities (ARIC) cohort. JAMA Neurol. 2017;74:1246-54.
Schneider ALC, Selvin E, Liang M, Latour L, Turtzo LC, Koton S,
et al. Association of head injury with brain amyloid deposition: the
ARIC-PET study. J Neurotrauma. 2019;36:2549-57.

Rawlings AM, Sang Y, Sharrett AR, Coresh J, Griswold M,
Kucharska-Newton AM, et al. Multiple imputation of cognitive


https://orcid.org/0000-0001-6457-938X
https://orcid.org/0000-0001-6457-938X
https://orcid.org/0000-0001-6457-938X
https://orcid.org/0000-0002-0338-6039
https://orcid.org/0000-0002-0338-6039
https://orcid.org/0000-0002-0338-6039

JOHNSON ET AL.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

performance as a repeatedly measured outcome. Eur J Epidemiol.
2017;32:55-66.

Breuer LEM, Grevers E, Boon P, Bernas A, Bergmans JWM,
Besseling RMH, et al. Cognitive deterioration in adult epilepsy:
clinical characteristics of “Accelerated Cognitive Ageing”. Acta
Neurol Scand. 2017;136:47-53.

Costa C, Romoli M, Liguori C, Farotti L, Eusebi P, Bedetti C, et al.
Alzheimer’s disease and late-onset epilepsy of unknown origin: two
faces of beta amyloid pathology. Neurobiol Aging. 2019;73:61-7.

Prins ND, van Dijk EJ, den Heijer T, Vermeer SE, Jolles J,
Koudstaal PJ, et al. Cerebral small-vessel disease and decline in
information processing speed, executive function and memory.
Brain. 2005;128:2034-41.

Butterfield DA, Halliwell B. Oxidative stress, dysfunctional
glucose metabolism and Alzheimer disease. Nat Rev Neurosci.
2019;20:148-60.

Knopman DS, Ryberg S. A verbal memory test with high predic-
tive accuracy for dementia of the Alzheimer type. Arch Neurol.
1989;46:141-5.

Schneider JA, Arvanitakis Z, Leurgans SE, Bennett DA. The neu-
ropathology of probable Alzheimer disease and mild cognitive im-
pairment. Ann Neurol. 2009;66:200-8.

Ramsay RE, Macias FM, Rowan AJ. Diagnosing epilepsy in the
elderly. Int Rev Neurobiol. 2007;81:129-51.

Liihdorf K, Jensen LK, Plesner AM. Etiology of seizures in the
elderly. Epilepsia. 1986;27:458-63.

Dubey D, Alqallaf A, Hays R, Freeman M, Chen K, Ding K, et
al. Neurological autoantibody prevalence in epilepsy of unknown
etiology. JAMA Neurol. 2017;74:397-402.

Quek AML, Britton JW, McKeon A, So E, Lennon VA, Shin C, et
al. Autoimmune epilepsy: clinical characteristics and response to
immunotherapy. Arch Neurol. 2012;69:582-93.

Ngandu T, Lehtisalo J, Solomon A, Levilahti E, Ahtiluoto
S, Antikainen R, et al. A 2 year multidomain intervention of

44.

45.

46.

47.

48.

Epilepsia-™
diet, exercise, cognitive training, and vascular risk monitor-
ing versus control to prevent cognitive decline in at-risk el-
derly people (FINGER): a randomised controlled trial. Lancet.
2015;385(9984):2255-63.

Silveira DC, Jehi L, Chapin J, Krishnaiengar S, Novak E, Foldvary-
Schaefer N, et al. Seizure semiology and aging. Epilepsy Behav.
2011;20:375-7.

Forsgren L, Bucht G, Eriksson S, Bergmark L. Incidence and clini-
cal characterization of unprovoked seizures in adults: a prospective
population-based study. Epilepsia. 1996;37:224-9.

Kellinghaus C, Loddenkemper T, Dinner DS, Lachhwani D, Liiders
HO. Seizure semiology in the elderly: a video analysis. Epilepsia.
2004;45:263-7.

Fernandez-Baca Vaca G, Mayor CL, Losarcos NG, Park JT, Liiders
HO. Epileptic seizure semiology in different age groups. Epileptic
Disord. 2018;20:179-88.

Williamson JD, Pajewski NM, Auchus AP, Nick Bryan R, Chelune
G, Cheung AK, et al. Effect of intensive vs standard blood pressure
control on probable dementia. A randomized clinical trial. JAMA.
2019;321:553-61.

SUPPORTING INFORMATION
Additional supporting information may be found online in
the Supporting Information section.

How to cite this article: Johnson EL, Krauss GL,
Walker KA, et al. Late-onset epilepsy and 25-year
cognitive change: The Atherosclerosis Risk in
Communities (ARIC) study. Epilepsia. 2020;61:1764—
1773. https://doi.org/10.1111/epi.16616



https://doi.org/10.1111/epi.16616

