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Abstract

Background and Objectives

The objective of this study was to determine the relationship between plasma B-amyloid (AB),
specifically the ratio of 2 AB peptides (the AB4,/AByo ratio, which correlates with increased
accumulation of A in the CNS), and late-onset epilepsy (LOE).

Methods

We used Medicare fee-for-service claims codes from 1991 to 2018 to identify cases of LOE
among 1,424 Black and White men and women enrolled in the Atherosclerosis Risk in
Communities (ARIC) study cohort. The AB,,/AP,o ratio was calculated from plasma samples
collected from ARIC participants in 1993-1995 (age 50-71 years) and 2011-2013 (age 67-90
years). We used survival analysis accounting for the competing risk of death to determine the
relationship between late-life plasma AP4,/AP4o, and its change from midlife to late life, and the
subsequent development of epilepsy. We adjusted for demographics, the apolipoprotein e4
genotype, and comorbidities, including stroke, dementia, and head injury. A low plasma ratio of
2 AP peptides, the AP,,/APy4 ratio, correlates with low CSF AP4,/AP4o and with increased
accumulation of AP in the CNS.

Results

Decrease in plasma Ap,,/Ap 4 ratio from midlife to late life, but not an isolated measurement of
AP42/APyo, was associated with development of epilepsy in later life. For every 50% reduction in
AB42/ APy, there was a 2-fold increase in risk of epilepsy (adjusted subhazard ratio 2.30, 95% CI
1.27-4.17).

Discussion
A reduction in plasma AB,,/AP, is associated with an increased risk of subsequent epilepsy.

Our observations provide a further validation of the link between A, hyperexcitable states, and
LOE.

Introduction

Aggregations of B-amyloid (A) in the brain are a hallmark of Alzheimer disease (AD). A

measured by brain PET with tracer or through the CSF is widely used to classify AD' and to
. . e 23

predict progression to cognitive impairment and dementia.”” However, measurements of the

CSF are highly invasive, and AP-PET is currently prohibitively expensive for use in routine

clinical practice. In recent years, Ap measured from plasma has been found to correlate with

CSF levels of AB* and with A in the CNS as measured by PET.>” The amyloid precursor
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Glossary

AD = Alzheimer disease; ARIC = Atherosclerosis Risk in Communities; aSHR = adjusted subhazard ratio; AR = amyloid; BMI =
body mass index; CMS = Centers for Medicare and Medicaid Services; FFS = fee-for-service; IPW = inverse probability

weighting; LOE = late-onset epilepsy.

molecule is cleaved into peptides of different lengths, with the
main final forms the 42-residue length (Ap,,) and 40-residue
length (AB4o). Due to structural differences, these peptides
have unique conformational states and can aggregate into
plaques in the CNS.® As plaques deposit in the brain, there is
less AP in the periphery. In particular, the ratio of the APy, to
AP, peptides has become a recognized marker for CNS Ap.
Specifically, a lower AB4,/AP,4 ratio in the CSF or plasma is
correlated with a higher burden of CNS plaque deposition,s_7
and low plasma and CSF levels are believed to represent
increased deposition into insoluble plaques. This biomarker
has the potential to be clinically relevant as well. Midlife
plasma AP,,/APy4p ratio is associated with later-life cognitive
impairment and dementia,” as was recently demonstrated in
the Atherosclerosis Risk in Communities (ARIC) study.'®
These findings support the association of a long preclinical
period of AD with neuropathologic changes before the first
clinical manifestations of memory impairment.

Unexplained new-onset seizures affect more than 100,000
older adults in the United States annually.'" The risk of seizures
is elevated in people with AD compared with that in the general
population,'> and people with late-onset epilepsy (LOE) are
also at an increased risk of subsequent dementia compared with
the general population.'*'* One hypothesis for this association
is induced hyperexcitability caused by AP pathology in the
brain.'*'® Two prior studies showed abnormal AB in the CSF
of cognitively normal persons with unexplained seizures com-
pared with that in healthy controls,'”'® and neuronal hyper-
excitability is known to increase AB deposition in the brain in
animal models."” However, longitudinal AP measurements
have not previously been examined in the context of LOE. In
this study, we examine measurements of plasma Ap and lon-
gitudinal changes in plasma AP and the development of sei-
zures, hypothesizing that a lower plasma AP4,/Ap4 ratio and a
greater decline over time corresponds to an increased risk

of LOE.

Methods

The ARIC study is a longitudinal cohort study, initiated in
1987-1989 in 4 US communities (Forsyth County, NC;
Washington County, MD; Jackson, MS; and suburbs of Min-
neapolis, MN). The ARIC study enrolled 15,792 mostly Black
and White men and women, now followed up with 8 study visits
(with a ninth visit in progress during this analysis), annual (and
since 2011, semiannual) telephone calls, and with continuous
hospital discharge and death certificate surveillance. Participants
were aged 45-64 years during the first visit (Figure 1).
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Outcome Ascertainment

The ARIC study has merged Centers for Medicare and
Medicaid Services (CMS) fee-for-service (FFS) claims code
data from 1991 to 2018 with participant information. We used
a definition of 2 or more epilepsy or seizure-related codes
from at least 2 sources (inpatient, outpatient, or carrier files;
eTable 1, links.lww.com/WNL/D24), in the first S diagnostic
positions, to ascertain epilepsy.'>***! To identify incident
epilepsy, we identified participants with at least 2 years of FFS
coverage before the first seizure-related code (excluding those
with earlier seizures). Because most participants became eli-
gible for Medicare coverage at age 65 years, we considered
only those with first seizure code at age 67 years or later, to
allow for a confirmed 2-year seizure-free period.

Plasma A3 Measurement

A subset of ARIC participants had plasma samples from visit 3
(1993-1995, at which participants with amyloid sampled were
50-71 years of age) and visit S (2011-2013, at which participants
with amyloid sampled were 67-90 years of age) analyzed for AP,
and AP.,. This subset consisted of 50% participants with prevalent
cognitive impairment at visit 5, and 50% participants unimpaired at
visit S, randomly selected across 2 age strata (younger than 80
years and aged 80 years or older). Criteria for cognitive impair-
ment in the ARIC have been previously detailed.”> Procedures for
blood sampling in the ARIC have been previously described in
detail ™ Whole-blood samples were obtained from fasting partic-
ipants in EDTA tubes, were stored in an ice bath, and plasma was
separated by centrifugation at 4°C. Plasma was stored in —80°C
freezers in 1.5-mL tubes. The plasma AP assay was performed in
2014 at the Mayo Clinic, Jacksonville, FL, with the INNO-BIA
assay (Innogenetics, Ghent, Belgium'®). This is a fluorometric
bead-based immunoassay that measures peptides AP; 4, and
AP;_40. Bound AP fluorescence was detected by a Luminex 200 IS
Total System instrument (Luminex Corp, Austin, TX). The same
plate was used to quantify plasma AP from visit 3 and 5 samples
simultaneously for each participant. Then, AB, and AB,, con-
centrations (in picograms per milliliter) were predicted through a
logistic regression model by relating the observed fluorescence

intensities to a standard curve.'

For analysis, we considered the plasma Ap4,/Ap40 ratio from
visit S and change in AP,,/AP4 ratio from visit 3 to visit 5. We
hypothesized that lower AP4,/AP4o ratio at visit 5, and a
greater decrease in AP,,/APy4o ratio from visit 3 to visit S,
would be associated with LOE. Due to a skewed distribution,
we used the base 2 log of the plasma ratio for analysis.'® The
use of the base 2 logarithm allows for intuitive comparisons,
because each increase by 1 in the log, ratio is equivalent to a
doubling of the raw ratio. Because most participants were
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Figure 1 Timeline of ARIC Visits

Epilepsy ascertainment from Medicare CMS claims data

Dementia ascertainment from cognitive testing, telephone interviews, and hospital/death certificate surveillance
Stroke and head injury surveillance

Visit 1 | Visit 2 i Visit 3 N Visit 4 - Visi,S » Visits 6,7, 8: 9 ‘
1987-1989 1990-1992 1993-1995 1996-1998 2011-2013 } ongoing 1
Ages 45-64 years Ages 49-73 years Ages 66-90 years Detailed
Demographics; Plasma sample Detailed neuropsychology
APOE genotype AB42/AB40 neuropsychology assessment
measurement assessment

Vascular risk factors

Plasma sample
AB42/AB40
measurement

Ages listed are for whole cohort attending each visit. AB = B-amyloid; APOE = apolipoprotein; ARIC = Atherosclerosis Risk in Communities; CMS = Centers for

Medicare Services.

younger than 67 years at visit 3, we did not examine visit 3 Ap
measurements in isolation to avoid immortal time bias.

Covariates

Demographic information and blood sample for DNA sequencing
for the apolipoprotein E genotype (Tagman) were collected at
visit 1. At visit S, blood pressure was measured 3 times, and the
second and third measurements averaged. Medications and
medical history were recorded, and blood glucose level, weight,
and height measured. We considered participants to have hyper-
tension if they had an averaged systolic blood pressure (of 2
measurements taken at each visit) of >140 mm Hg or averaged
diastolic blood pressure of >90 mm Hg or if they used an anti-
hypertensive agent. We considered participants to have diabetes if
they had fasting blood glucose >126 mg/dL, nonfasting blood
glucose >200 mg/dL, or used a diabetic medication or insulin.
Body mass index (BMI) was calculated from height and weight.
Prevalent stroke was self-reported at visit 1, and incident strokes
during subsequent follow-up were recorded from hospital sur-
veillance by computer algorithm and adjudicated by cerebrovas-
cular experts. Dementia was ascertained from in-person
neuropsychological testing starting at visit 5 and from telephone
testing of the participants, interviews with their informants, and
hospital and death certificate surveillance with expert adjudication.
Head injury was ascertained from participant self-report, CMS
claims codes (eTable 2, links.Iww.com/WNL/D24), and ARIC

hospitalization surveillance.

Statistical Analysis

We used survival analysis accounting for the competing risk of
death®* to determine the association of plasma AP4,/AB4o
ratio with development of LOE, using visit 5 as the origin and
LOE as the failure. Participants without LOE were censored
on December 31,2018 (last date of available CMS data). The
2 participants younger than 67 years at visit S, therefore not
eligible for CMS Medicare benefits, were excluded from

Neurology.org/N

analyses. We adjusted for age, sex, a combined field center-
race variable (as is standard in the ARIC due to some centers
being primarily monoracial), hypertension, diabetes, APOE
genotype, self-reported sleep apnea, BMI, and history of
stroke, dementia, and head injury. Stroke, dementia, and head
injury were included as time-varying variables.

To examine the change in plasma A,,/Ap4 ratio, we sub-
tracted plasma visit S data from visit 3 data; thus, a positive
number corresponded to a decrease in plasma APyy/AP4o
ratio from visit 3 to visit S.

Due to the known relationships between plasma AP and de-
mentia'® and between dementia and LOE'*'* we also per-
formed analyses stratified by cognitive diagnosis at visit S
(normal; MCI or dementia). We used Stata version 16.0
(College Station, TX) for analysis.

Sensitivity Analyses

We performed a sensitivity analysis excluding individuals who
developed LOE within 2 years of the last plasma AP mea-
surement, in case subclinical seizures preceded the clinical
diagnosis of LOE.

Participants who had measurement of plasma AB were over-
sampled for those with mild cognitive impairment and de-
mentia at visit 5. We therefore performed a sensitivity analysis
using sampling weights to make our estimates representative of
all visit S participants (inverse probability weighting [IPW]).
Weights were constructed from a base weight representing

sampling probability, adjusted for participant refusal.

Standard Protocol Approvals, Registrations,
and Patient Consents

All participants provided written informed consent at each
visit. Each field center obtained IRB approval.
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Data Availability

Deidentified ARIC data are available through the NTH Heart,
Lung, and Blood Institute—sponsored Biologic Specimen and
Data Repository Information Coordinating Center.

Results

In total, 2,585 participants had plasma AP measured from
plasma collected at visits 3 and 5. One thousand six hundred
fifty-two participants with plasma Ap measured at visits 3 and S
also had sufficient FES coverage for LOE ascertainment; of
them, 49 had LOE (Figure 2). Of them, 1,424 had all covariate
data available and 33 had LOE with first seizure code after visit 5
and were thus included in the primary analysis. The mean time
to first seizure code after visit 5 in those with LOE was 4.4 years
(SD 1.6 years). In this subset of ARIC participants with plasma
AP (which is enriched for those with cognitive impairment, as
described earlier), the incidence of LOE was 4.16 (95% CI
2.97-5.82) per 1,000 person-years. Compared with those
without LOE, participants with LOE were more likely to have
cognitive impairment at visit S (p < 0.001; Table 1). Among
participants without LOE, visit 5 AB4,/Ap .o ratio was lower in
those with cognitive impairment or dementia than in those with
normal cognition (0.167 vs 0.175, p = 0.029); there was no
difference in plasma AP, /AP ratio between those with cog-
nitive impairment or dementia and those with normal cognition
in the smaller number with LOE (0.160 vs 0.167, p = 0.710).

In survival analysis with a mean follow-up of 5.4 years (SD 1.5),
plasma AP ,,/APBy4o ratio at visit 5 was not associated with later
development of LOE (p = 0.267; Table 2). However, the change
in APys/AP4 ratio from visit 3 to visit S was associated with
LOE, with the decline from visit 3 to visit 5 in AP4,/Apy40 ratio

associated with a greater risk of developing LOE after visit 5
(Figure 3). A 50% reduction in the AB4,/Ap 4 ratio from visit 3
to visit S corresponded to a 2-fold greater risk of LOE, which
persisted after adjusting for the covariates that included stroke,
dementia, head injury, and vascular comorbidities (adjusted
subhazard ratio [aSHR] 2.30, 95% CI 1.27-4.17; Table 2). The
addition of BMI and sleep apnea did not substantially change the
relationship between change in plasma AB 42/40 ratio and ep-
ilepsy (aSHR 2.4, 95% CI 1.26-4.72). Self-reported sleep apnea
itself was not independently associated with LOE (aSHR 1.32,
95% CI 0.45-3.88; Table 2).

After stratifying by cognitive status at visit S, in the 778 par-
ticipants with normal cognition at visit S, there were 13 cases
of LOE after visit 5. The relationship between change in
plasma AP4,/AP,4o ratio and LOE had similar magnitude to
that in the whole sample, but the 95% CI included 1 (aSHR
2.34,95% C1 0.88-6.27). In the 643 participants with MCI or
dementia at visit S, the relationship persisted (aSHR
2.24, 95% CI 1.02-4.98). Analyses additionally stratified as
MCI only and dementia only at visit S are in eTable 3, link-
sIww.com/WNL/D24; the relationship between change in
plasma AP4,/AP4o ratio and LOE was strongest in the 78
participants with dementia at visit 5.

In the sensitivity analysis excluding the 2 participants whose
first seizure-related code occurred within 2 years of the last AB
measurement, the relationship between change in plasma
AP4r/AP 4o ratio and LOE persisted, with adjusted SHR 2.63
(95% CI 1.44-4.82).

In the sensitivity analysis using IPW for representation of the
full cohort at visit S, the relationship between change in

Figure 2 Box Plots of AB42/AB4o Ratio at Visit 3 and Visit 5 in Participants With and Without Late-Onset Epilepsy (LOE)
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Table 1 ARIC Participant Characteristics at Visit 5

Overall N (%)

Without LOE N (%)

With LOE N? (%) p Value (for LOE vs no LOE)

Number 1,424 1,391 33
Mean age at visit 5 (SD) 54.1(5.2) 773 (5.3) 77.5 (5.1) 0.823
Female 815 (57.2) 797 (57.3) 18 (54.6) 0.752
White 1,165 (81.8) 1,142 (82.1) 23(69.7) 0.068
Black 259 (18.2) 249 (17.9) 10 (30.3)
Hypertension 1,069 (75.1) 1,040 (74.8) 29 (87.9) 0.085
Diabetes 365 (25.6) 353 (25.4) 12 (36.4) 0.153
APOE4 0.227
At least 1 allele 408 (28.7) 396 (28.5) 12 (36.4)
History of stroke 100 (7.0) 33(2.3) 2(6.1) 0.176
Cognitive status at visit 5 <0.001
Mmcl 565 (39.8) 553 (39.8) 12 (36.4)
Dementia 78 (5.5) 70(5.0) 8(24.3)
History of head injury 584 (41.0) 391 (28.1) 9(27.3) 0.916
Visit 3 AB42/ABao 0.195 (0.070) 0.20 (0.07) 0.20 (0.05) 0.473
Visit 5 AB42/ABao 0.171 (0.063) 0.17 (0.06) 0.16 (0.05) 0.424
Change in AB42/ABao 0.024 (0.068) 0.02 (0.07) 0.04 (0.05) 0.139

Abbreviations: AB = amyloid beta; APOE4 = apolipoprotein E genotype, number of E4 alleles; ARIC = Atherosclerosis Risk in Communities; LOE = late-onset

epilepsy; MCl = mild cognitive impairment.
2Number developing LOE at any time after visit 5.

plasma AB,,/AB,o ratio persisted (aSHR 2.99, 95% CI
1.43-6.29). In this sensitivity analysis, stratifying by cognitive
status at visit 5 found that change in plasma A4,/Ap4 ratio
was associated with LOE in participants both with and
without dementia (Table 3). In the IPW sensitivity analysis,
among individuals with normal cognition at visit S, the re-
lationship between change in plasma AP,,/AP4o ratio and
LOE persisted even after adjusting for incident dementia after

visit S (which occurred in 200 individuals; aSHR 3.00, 95% CI
1.37-6.57, p = 0.006).

Discussion

We found that a reduction in the plasma A4, /AP, ratio from
midlife to later life was positively associated with the risk of

Table 2 Hazard of Developing Late-Onset Epilepsy After Visit 5 Associated With Plasma Amyloid Measurements, With

Competing Risk of Death

Change in AB42/AB4o ratio from V3 to V5 (risk per 50% reduction)

AB42/AB4o ratio at visit 5 (risk per doubling of ratio)

Model SHR 95% Cl p Value SHR 95% CI p Value
1 2.09 1.22-3.57 0.007 0.80 0.42-1.52 0.500
2 2.22 1.23-4.01 0.008 0.79 0.41-1.52 0.483
3 2.30 1.27-4.17 0.006 0.71 0.37-1.38 0.317
4 2.44 1.26-4.72 0.008 0.74 0.34-1.62 0.453

Abbreviations: AB = B-amyloid; SHR = subhazard ratio.

Plasma AB42 and AB40 were measured from samples collected at visit 3 and visit 5.
Model 1 is adjusted for age at visit 5, sex, and combined field-center race variable.

Model 2 is also adjusted for hypertension, diabetes, and apolipoprotein E genotype.
Model 3 is also adjusted for stroke, dementia, and head injury (as time-varying variables).

Model 4 is also adjusted for body mass index and self-reported sleep apnea.

Neurology.org/N
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Figure 3 Plasma AB42/AB4o Ratio at Visit 3 vs Visit 5 in Participants With and Without Late-Onset Epilepsy (LOE), by

Comorbidities
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Each participant was characterized as no history of stroke or dementia (top row), prevalent dementia (by visit 5) or incident dementia (after visit 5; middle
row), or prevalent stroke (by visit 5) or incident stroke (after visit 5; bottom row). Each plot has the line y = x. Alarger decrease in the AB42/AB4o ratio from visit 3
to visit 5 was associated with LOE. The markers in the upper/left half of the graph represent participants with a higher AB4,/AB4o ratio at visit 3 and a lower
AB42/AB4o ratio at visit 5, while the markers in the lower/right half of the graph represent participants with a lower AB42/AB4o ratio at visit 3 and a higher

AB42/AB4o ratio at visit 5. AR = B-amyloid.

developing LOE in later life. This research aligns with prior
studies that found increased prevalence of “pathologic” Ap in
the CSF of nondemented people with LOE compared with
that in healthy controls."”*® Our findings are also supported
by the relationships observed in other studies between plasma
APy2/AP4o ratio and dementia'®*® and between LOE and
dementia.'****® In the ARIC study, high visit 3 and visit 5
AP42/AByo ratios (in all participants) were each associated
with a lower risk of cognitive impairment compared with
higher AB,/AP4o ratios.'® Each doubling of visit 3 AP4,/AB4o
ratio was associated with a 37% reduction in risk of later

Neurology | Volume 101, Number 13 | September 26, 2023

cognitive impairment, and each doubling of visit 5 AP4>/AP.o
ratio was associated with a 23% reduction in the risk of cog-
nitive impairment.

As outlined earlier, low Af4,/AP 4 ratio in the CSF or plasma
is correlated with high CNS AB plaque burden®” because low
plasma and CSF levels are believed to represent deposition
into insoluble plaques and less freely circulating Ap. CNS Ap
is implicated in synaptic dysfunction in AD and may lead to an
increase of excitatory synaptic transmission at low concen-
trations.”” Animal studies provide many possible explanations

Neurology.org/N
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Table 3 Hazard of Developing Late-Onset Epilepsy After
Visit 5 Associated With Plasma Amyloid
Measurements, With Competing Risk of Death

Change in AB4,/AB4o ratio from
V3 to V5 (risk per 50% decrease)

Population, cognition

at visit 5 aSHR 95% CI p Value
All cognitive statuses 2.40 1.30-4.41 0.005
(n=1,424)

Normal cognition (n = 778) 2.34 0.87-6.27 0.090
MCI or dementia (n = 646) 2.24 1.02-4.90 0.044
Inverse probability 2.99 1.43-6.29 0.004
weighted:

all cognitive statuses

Inverse probability 3.10 1.09-8.83 0.034
weighted:

Normal cognition

Inverse probability 2.37 0.92-6.15 0.075
weighted:

MCI or dementia

Abbreviations: AB = amyloid beta; aSHR = adjusted subhazard ratio.
Plasma AB42 and AR40 were measured from samples collected at visit 3 and
visit 5.

All models adjusted for age at visit 5, sex, combined field-center race vari-
able, hypertension, diabetes, apolipoprotein E genotype, stroke, and head
injury. If population includes all cognitive statuses, model also includes
adjustment for dementia.

for the relationship between CNS Ap and induced hyperex-
citability. For example, transgenic mouse models of AD
demonstrate that animals with increased brain AP have epi-
leptiform spiking activity and seizures.”® AB may also alter
synaptic transmission, reduce interneuron GABAergic activity,
and alter the normal slow-wave oscillations in the brain.>'>* In
humans, an investigation of autosomal dominant early-onset
AD families with identified genetic variants found that those
with a duplication of the amyloid precursor protein, which is
associated with overproduction of AP, had the highest rates of
clinical seizures (occurring in 81% of individuals).>> Prior
studies have identified lower CSF AP and higher CSF tau in
persons with normal cognition and unexplained LOE com-
pared with healthy controls without seizures along with higher
rates of progression to dementia in those with unexplained
1718 Retrospective studies of people with AD have
found increased rates of adult-onset epilepsy in the S years
preceding cognitive symptoms>® and have also found that those
with epileptiform activity have faster cognitive decline than do
those without.*” This study adds to this growing body of evi-
dence that there may be shared pathophysiology between
neurodegenerative disorders and unexplained LOE.

seizures.

Of interest, we did not find a relationship between a single
measurement of ABy,/APyg ratio in later life and LOE; rather,
the change from midlife to later life was associated with later
development of LOE. This may suggest that the rate or du-
ration of AP accumulation in the brain has an effect on hy-
perexcitability; additional studies are needed to support this
conclusion.

Neurology.org/N

One important caveat is that animal studies also show that sei-
zures increase AP. Indeed, in humans, patients with childhood-
onset epilepsy have a higher amyloid burden in adulthood than
do healthy controls.® Thus, it is possible that early subclinical
seizures in people who would go on to develop clinically rec-
ognized LOE actually occurred first, increasing AP deposition in
the CNS. However, our findings persisted after adjusting for
diagnosis of dementia, suggesting that people with LOE may also
have decreased peripheral AP and increased CNS AP. In addi-
tion, in our sensitivity analysis excluding participants whose first
clinical seizure diagnosis occurred within 2 years of the last Ap
measurement, this association persisted. Given the above-
mentioned considerations, there is most likely a bidirectional
relationship between AP and seizures in susceptible persons.

Because plasma A,,/Ap, ratio is associated with cognitive
impairment and dementia and because seizures are elevated in
clinically diagnosed dementia (and even preceding recognition
of dementia®®), it is possible that our observed association is
driven solely by these relationships. However, we adjusted our
models for development of dementia, which did not alter the
findings. Stratified analysis of the subset of participants without
dementia or MCI at visit 5 included a smaller number of par-
ticipants who developed LOE, but the magnitude of the re-
lationship was similar across participants with and without
cognitive impairment and the whole study population. In ad-
dition, the IPW sensitivity analyses accounting for the over-
sampling of cognitively impaired participants in the amyloid
measurement subset did show the relationship between change
in amyloid and LOE in individuals with normal cognition at
visit S, including after adjustment for incident dementia.

Other limitations of this study include the reliance on CMS
codes for identification of LOE and therefore the potential for
misclassification errors and the lack of information about sei-
zure type, frequency, or severity. This and similar definitions of
LOE have been validated against a gold standard of chart re-
view, with sensitivities and specificities of 85%-97%.**" In
addition, the number of participants with measurement of
plasma AP and LOE is small; however, the incidence of LOE in
this sample is similar to the expected incidence from prior
population studies,""*" with the known increased incidence of
LOE in dementia®®*" (because 50% of the participants with
plasma AB measurement had cognitive impairment at visit 5). In
addition, AP was measured in 2014 before widespread adoption
of newer techniques now used to measure A (single-molecule
array and mass spectrometry™>**). These weaknesses are bal-
anced with the strengths of this study; in particular, the use of
multiple measurements of plasma AP from samples acquired
before first clinical recognition of seizures and the diversity of the
ARIC cohort. Future studies of plasma and CSF AP and brain
imaging and more detailed clinical information about seizure
types and frequencies would be of great importance to further
define this relationship.

A reduction in plasma AP4,/AP4o ratio from midlife to later
life, but not the APy,/APy ratio in later life alone, was
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associated with LOE. Our observations provide a further
validation of the link between AP, hyperexcitable states,
and LOE.
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