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Abstract

Background and Objectives @ class of Evidence
Criteria for rating

The effect of new-onset seizures in young stroke survivors on the subsequent development of
therapeutic and diagnostic

dementia is poorly understood. This study aimed to assess the association between new onset

of seizure and dementia in a population-based study of patients with stroke. studies

NPub.org/coe

Methods

The IBM Watson Health MarketScan Commercial Claims and Encounters database for the
years 2005-2014 served as the data source for this study. Using the International Classification of
Diseases, Ninth Revision (ICD-9), we identified patients aged 18-60 years with ischemic strokes
(ISs; 433.x1, 434x1, and 436) and hemorrhagic strokes (HSs; 430, 431, 432.0, 432.1, and
432.9) between January 1, 2006, and December 31, 2009, which constituted our baseline study
cohort. At baseline, all included participants were free of claims for dementia, brain tumors,
toxin exposure, traumatic brain injury, and neuroinfectious diseases, identified using ICD-9
codes. They had at least 1-year continuous enrollment before the index stroke diagnosis and 5
years after, with no seizure claims within 1 year after the index date. The exposure of interest
was seizures: a time-dependent variable. The study outcome of interest was dementia (ICD-9:
290.0, 290.10-13, 290.20-21, 290.3, 290.40-43, 291.2, 292.82, 294.10-11, 294.20-21, 294.8,
331.0,331.11,331.19, and 331.82), which occurred during the follow-up period from January 1,
2010, to December 31, 2014. A Cox proportional hazards regression model was applied to
calculate the hazard ratio (HR) and 95% CI for the independent association of seizures with the
occurrence of dementia.

Results

At the end of the baseline period, we identified 23,680 patients with stroke (IS: 20,642 and HS:
3,038). The cumulative incidence of seizure was 6.7%, 6.4%, and 8.3% for all strokes, IS, and HS,
respectively. The cumulative incidence of dementia was 1.3%, 1.4%, and 0.9% for all strokes, IS,
and HS, respectively. After multivariable adjustment, young patients with stroke who developed
seizures had a greater risk of dementia compared with those without seizures (all strokes
adjusted HR: 2.53, 95% CI 1.84-3.48; IS: 2.52, 1.79-3.53; HS: 2.80, 1.05-7.43).

Discussion
These findings suggest that the onset of seizures in young stroke survivors is associated with a
2.53 times increased risk of developing dementia.

Classification of Evidence
This study provides Class II evidence that poststroke seizures increase the probability of
dementia in young stroke survivors.
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Glossary

CHF = congestive heart failure; HR = hazard ratio; HS = hemorrhagic stroke; ICD-9 = International Classification of Diseases,
Ninth Revision; IS = ischemic stroke; MI = myocardial infarction.

Dementia is frequent after a stroke, affecting 1 in 3 stroke
survivors. Dementia after stroke is associated with a 26 times
higher adjusted mortality rate,"* a higher rate of stroke re-
currence, and a poor functional outcome.” It is often antici-
pated that dementia prevalence and burden after stroke are
likely to increase because of improved stroke survival and
aging.* Many of the known predictors of dementia after stroke
are related to stroke risk factors and the stroke itself, including
a history of diabetes, atrial fibrillation, the number and size of
stroke lesion, the type of stroke (greater risk for hemorrhagic
stroke [HS]), and the stroke severity. Stroke consequences
and sequela such as dysphasia, incontinence, and seizures are
also independent predictors of dementia occurring after
stroke.’

On the other hand, stroke is also associated with an in-
creased risk of seizures. The cumulative incidence of seizure
among stroke survivors is up to 12% after a follow-up period
of 10 years.”” Furthermore, stroke survivors visit the
emergency department or are hospitalized for seizures at a
rate 10 times higher than the general population.” Poststroke
seizures are associated with poor functional outcomes,®
increased risk of death,’ and a higher rate of stroke
recurrence.'”"" More importantly, seizures may be associ-
ated with accelerated clinical decline and neuronal loss in
patients with dementia.""? For example, in a small hospital
series of 169 predominantly elderly patients with stroke
without preexisting dementia, early seizure was associated
with a nearly 4-fold increased risk of developing dementia
within 3 years of the index event.'* Our population-based
study has evaluated the effect of late-onset seizures on sub-
sequent development of dementia among stroke survivors. If
we could confirm in a population-based study the deleterious
consequences of seizures on dementia among stroke survi-
vors, this would provide important public health information
related to dementia occurring after stroke. Moreover, the
investigation of the relationship between dementia and sei-
zures in young stroke survivors (18-60 years) is particularly
meaningful given the longer life expectancy and higher social
and economic burden. Finally, if poststroke seizures are as-
sociated with dementia, this would support the future in-
vestigation of antiseizure medications to prevent the onset
and progression of dementia following a stroke. We there-
fore propose to test the hypothesis that among young stroke
survivors, poststroke seizures are associated with an in-
creased risk of subsequently developing dementia, using a
large nationwide database in the United States. The goal of
this study was to examine the association between new onset
of seizure and dementia in a population-based sample of
young patients with stroke.
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Methods

Design and Data Source

We performed a retrospective study using data from January
1, 2003, through December 31, 2014 from the IBM Watson
Health MarketScan Commercial Claims and Encounters
database. The database consists of reimbursed health care
claims that include individual-level and longitudinal data
from patients aged 0-64 years covered by diverse private
insurance plans across all 50 US states and the District of
Columbia. MarketScan contains inpatient and outpatient
medical claims, enrollment information of enrollees, and
prescription drug claims for approximately 40 million pri-
vately insured patients annually. Patients’ demographic
characteristics include information such as age, sex, and US
census regions. Data on race and ethnicity are not available
in MarketScan. Detailed information about the database is
described elsewhere.'*

Standard Protocol Approvals, Registrations,
and Patient Consents

This study protocol was submitted to the Pennsylvania State
College of Medicine institutional review board and was not
considered to be human subject research. All records con-
tained within the database are fully deidentified. Thus, in-
formed consent was waived.

Study Population

We identified patients with stroke, aged >18 years, using
the International Classification of Diseases, Ninth Revision
(ICD-9), during January 1, 2006, through December 31,
2009. Patients with ischemic stroke (IS) were identified
using ICD-9 433.x1, 434.x1, and 436 and HS using ICD-9
codes 430, 431, 432.0, 432.1, and 432.9. All participants met
the following criteria at baseline: (1) free of dementia, brain
tumors, toxin exposure, traumatic brain injury, and condi-
tions listed in eTable 1 (links.lww.com/WNL/C44); (2)
having 1-year continuous enrollment before the index stroke
diagnosis date and S years after; and (3) no seizure within 1
year before the index dates. In all, we identified 23,680
participants with a diagnosis of stroke who met the study
inclusion criteria. For participants who developed seizures,
we used the first date of seizures diagnosis as the index date
and the first date of stroke diagnosis for those who did not
develop seizure. Figure 1 summarizes the selection process
for participants with stroke.

Assessment of Exposure

The study exposure of interest was a diagnosis of seizure
during the baseline period (January 1, 2006, to December 31,
2009), identified using ICD-9 codes 345.x and 780.39.
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Figure 1 Study Participants’ Flowchart

Patients with stroke aged 18-64 years
identified in the MarketScan 2005-2014
(N =2,370,836)

Excluded (n = 2,217,599):

5 years after index dates

* No continuous enrollment 1 year prior and

Continuous enrollment 1 year prior and
5 years after index dates
(n=153,237)

Excluded (n = 129,557):

eTable 1

* Unrelated stroke diagnosis

* Prior dementia, brain tumors, toxin
exposure, TBI, and conditions listed

* Prior seizure within 1 year prior

Eligible patients included in the current analysis
(n =23,680)

TBI = traumatic brain injury.

Assessment of Outcome

The study outcome of interest was dementia that occurred in
the S-year follow-up after baseline comprised between Janu-
ary 1, 2010, and December 31, 2014. Incident cases of de-
mentia were identified by the presence of relevant ICD-9
codes in the database (eTable 2, links.Iww.com/WNL/C44).

Covariates

The following demographic covariates were extracted from
the database: age, sex, place of residence, and US census re-
gion. Based on the available literature,'® we also extracted the
following individual-level data at baseline in the database:
presence of diabetes, hypertension, depression, acute myo-
cardial infarction (MI), congestive heart failure (CHF) using
ICD-9 (eTable 3, links.lww.com/WNL/C44), and use of
antiseizure drugs (eTable 4).

Statistical Analysis

All statistical analyses were performed using SAS statistical
software version 9.4 (SAS Institute, Cary, NC). We used R
version 3.4.3 (R Foundation for Statistical Computing,
Vienna, Austria) to generate Kaplan-Meier figures. For each
participant, we calculated the person-time from the index data
to the first occurrence of dementia, inpatient death, end of
enrollment, or end of the study period (December 31, 2014),
whichever date came first. We performed descriptive analyses
using t tests for continuous variables and X2 tests for cate-
gorical variables. We applied a Cox proportional hazards re-
gression model to calculate the hazard ratio (HR) and 95% CI
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for the risk of dementia by seizure status. We tested the
proportional hazards assumption for the full model 2, which
was not violated (p = 0.35). In the multivariable models, we
adjusted for age (years), sex (male/female), type of residence
(rural or urban), region (South, West, Midwest, Northeast, or
unknown), diabetes, hypertension, depression, acute MI,
CHF (each yes or no), and use of antiseizure drugs (each yes
or no). Patients were included regardless of whether they
were on antiseizure drugs, which can be prescribed for con-
ditions other than seizures.

To further test the robustness of our results, we conducted a
series of sensitivity analyses. First, to reduce potential bias, we
conducted the analysis with inverse probability of seizure
weighting using the propensity score, which was calculated by
including the covariates mentioned above in the final model 2.
This approach allowed us to balance baseline data between
participants with seizures and those without seizures. Second,
we further restricted our study population to healthy indi-
viduals by excluding participants with chronic disease such as
diabetes, hypertension, depression, acute MI, CHF, and an-
tiseizure drug use. This could potentially reduce the residual
confounding due to uneven distribution of these factors
across exposure groups. Because the risk of recurrent stroke is
not uncommon and could potentially contribute to dementia,
we performed a stratified analysis by stroke recurrence status.
Similarly, we examined the interaction between age and sei-
zures for the risk of dementia given that the risk of dementia
is not uniform across all age groups. Statistical tests were
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reported as significant at p values less than 0.05. We reported
statistically significant association in the Results section.

Data Availability

Although the data are available for others to purchase, the
terms of our data use agreement with IBM prohibit us from
sharing the MarketScan data with other investigators.

Results

Study Participants

The stroke cohort included a total of 23,680 patients, of
whom 20,642 (87.2%) had ISs and 3,038 (12.8%) HSs. Pa-
tients with stroke were relatively young (the MarketScan
database does not contain individuals aged 65 years and
older) with a mean (SD) age of 49.8 (8.3) years for all strokes,
50.2 (8.0) years for ISs, and 47.0 (10.0) years for HSs. The
proportions of women were 56.1%, 55.4%, and 60.3% for all
strokes, ISs, and HSs, respectively. In general, selected stroke

risk factors such as diabetes mellitus and hypertension and
medical comorbidities were highly prevalent in the cohort

(Table 1).

Seizure Incidence

During the baseline study period (January 1, 2006, to De-
cember 31, 2009), seizures developed in 1,574 (6.7%) pa-
tients with stroke overall, including 1,322 (6.4%) and 252
(8.3%) with ISs and HSs, respectively (Table 1). More
women than men developed seizures for all stroke types
(59.21 vs 40.79%) and for ISs (59.08% vs 40.92%). Patients
who developed seizures were younger than those who did not
develop seizures (all strokes mean age: 48.4 years vs 49.8
years; ISs mean age: 48.9 years vs 50.2 years; HSs: 45.6 years
vs 47.1 years). Stroke risk factors such as diabetes and hy-
pertension were equally distributed among patients with sei-
zures and those without seizures. Stroke survivors overall and
IS survivors with seizures were more likely to have CHF (all
strokes: 4.07% vs 2.83%; ISs: 4.24% vs 2.95%). Depression
was more likely to be present in patients who developed

Table 1 Baseline Characteristics of 23,680 Stroke Patients With and Without New-Onset Seizure

All strokes Ischemic strokes Hemorrhagic strokes
No seizures Seizures No seizures Seizures No seizures Seizures
(n =22,106) (n=1,574) (n=19,320) (n=1,322) (n =2,786) (n =252)
Sex
Male 4416 40.79 44.81 40.92 39.63 40.08
Female 55.84 59.21 55.19 59.08 60.37 59.92
Age, y, mean (SD) 49.8 (8.2) 48.4(9.4) 50.2(7.9) 48.9 (9.0) 47.1(9.8) 45.6 (10.8)
Residence
Rural 16.21 14.93 16.63 14.90 13.32 15.08
Urban 83.79 85.07 83.37 85.10 86.68 84.92
US region
Northeast 46.63 47.33 47.67 48.56 39.41 40.87
West 13.74 13.21 13.15 12.33 17.84 17.86
Midwest 26.14 25.73 25.99 25.57 27.14 26.59
South 13.11 0.70 12.83 12.86 15.08 13.89
Unknown 0.38 13.02 0.36 0.68 0.54 0.79
Medical and psychiatric comorbidities
Diabetes 18.25 17.34 19.18 18.31 11.84 12.30
Hypertension 39.10 36.98 40.62 39.49 28.57 23.81
Depression 4.31 6.35 4.21 6.51 5.03 5.56
Acute myocardial infarction 1.38 1.27 1.49 1.21 0.61 1.59
Congestive heart failure 2.83 4.07 2.95 4.24 2.01 3.17
Atrial fibrillation 2.80 3.1 2.92 3.18 1.94 2.78
Antiseizure drugs 9.95 20.27 10.11 20.65 8.87 18.25
Death 0.47 0.76 0.46 0.91 0.54 0.00
Neurology | Volume 99, Number 4 | July 26,2022 Neurology.org/N
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seizures than those who did not for all strokes (6.35% vs
4.31%) and ISs (6.51% vs 4.21%). The rate of antiseizure
drugs use was higher among those who developed seizures
than their counterparts (all strokes: 20.27% vs 9.95%; ISs:
20.65% vs 10.11%; HSs: 18.25% vs 8.87%).

Incidence of Dementia and Association With
Seizures After Stroke

During the S-year follow-up period (January 1, 2010, to De-
cember 31, 2014; mean [SD], 4.4 [1.0] years), we identified
313 cases of dementia (1.3%) in the stroke cohort, including
285 (1.4%) and 28 (0.9%) patients with ISs and HSs, re-
spectively (Table 2, Figure 2).

An unadjusted Cox proportional hazards analysis found that
seizure status was a significant predictor of incident dementia
for all strokes (HR: 2.56,95% CI 1.87-3.51) and ISs (HR: 2.60,
95% CI 1.86-3.63) but not for HSs (HR: 2.57, 95% CI
0.98-6.76). In the entire cohort, the risk of incident dementia
associated with seizures remained high (adjusted HR: 2.53,
95% CI 1.84-3.48) after adjusting for age, sex, place of resi-
dence (urban/rural), US regions, diabetes, hypertension, de-
pression, acute MI, CHF, atrial fibrillation, and use of
antiseizure drugs. Similarly, the adjusted hazard for incident
dementia remained high for patients with IS with seizures
compared with those without seizures (adjusted HR: 2.52, 95%
CI 1.79-3.53). There was also a statistically significant associ-
ation between seizures and incident dementia in patients with
HS after adjustment (adjusted HR: 2.80, 95% CI 1.05-7.43).

In a sensitivity analysis of the entire cohort, compared with
those without seizures, and applying inverse weighting by the
propensity score on the adjusted model, the association be-
tween seizures and incident dementia was attenuated but
remained statistically significant (adjusted HR: 2.52, 95% CI
2.19-2.89). In the second sensitivity analysis, excluding 12,807
participants with diabetes, hypertension, depression, acute MI,
CHEF, and use of antiseizure drugs, the hazard for developing
dementia for patients with seizures was 4.14 (95% CI
2.25-7.59) compared with those without seizures. In a strati-
fied analysis (eTables S and 6, links.lww.com/WNL/C44),
assessing the association between seizures and dementia by
stroke recurrence status (number of patients with recurrent
strokes = 9,100), the association between seizures and de-
mentia remained statistically significant for recurrent strokes
(adjusted HR: 2.25, 95% CI 1.59-3.19) and was attenuated for
patients without recurrent strokes (adjusted HR: 1.87, 95% CI
0.80-4.353). There was no significant interaction between
seizures and age (dichotomized as <50 years and >50 years)

with Pisteraction = 0.93 (eTable 7, links.Iww.com/WNL/C44).

Discussion

In this population-based study of nearly 24,000 young stroke
survivors, developing poststroke seizures was associated with
a 2.5 times increase in the risk of subsequently developing

Neurology.org/N

Table 2 Hazard Ratios and 95% Cls of Dementia,
According to Seizure Status for Total Stroke

(N =23,680)
No seizures Seizures
All strokes
PY 144,369 9,773
Dementia case, n 268 45

Incidence rate (95% Cl), per
1,000 PY

1.86 (1.65-2.09)

4.60 (3.44-6.17)

Model 1 1 (ref) 2.56 (1.87-3.51)

Model 2 1 (ref) 2.53 (1.84-3.48)
Ischemic strokes

PY 126,206 8,180

Dementia case, n 245 40

Incidence rate (95% Cl),
per 1,000 PY

1.94 (1.71-2.20)

4.89 (3.59-6.67)

Model 1 1 (ref) 2.60 (1.86-3.63)

Model 2 1 (ref) 2.52 (1.79-3.53)
Hemorrhagic strokes

PY 18,162 1,593

Dementia case, n 23 5

Incidence rate (95% Cl),
per 1,000 PY

1.27 (0.84-1.91)

3.14 (1.31-7.54)

Model 1 1 (ref) 2.57 (0.98-6.76)
Model 2 1 (ref) 2.80 (1.05-7.43)
Sensitivity analyses (all
strokes)®
Inverse weighted by the 1 (ref) 2.52(2.19-2.89)
propensity score
Excluding 13,002 participants 1 (ref) 4,14 (2.25-7.59)

with diabetes,
hypertension, depression,
acute myocardial
infarction, congestive
heart failure, atrial
fibrillation, and antiseizure
drug use

Abbreviation: PY = person-year.

Model 1: unadjusted; model 2: age, sex (male/female), place of residence
(urban/rural), region of US (Northeast, North Central, West, South, and un-
known), diabetes, hypertension, depression, acute myocardial infarction,
congestive heart failure, atrial fibrillation, and antiseizure drug use (each
yes/no).

2 Sensitivity analyses (based on model 2).

dementia. Patients with ISs and HSs had a similar risk of
developing dementia. The association was unchanged when
sensitivity analyses were performed.

To the best of our knowledge, this is the first large-scale study

assessing the association between poststroke seizures and the
risk of dementia in a group of young stroke patients. Using a
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Figure 2 Unadjusted Cumulative Incidence of Dementia in Young Stroke Survivors With and Without Seizures

A. All strokes B. Ischemic strokes C. Hemorrhagic strokes
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small hospital cohort of 169 patients with stroke with a me-  overall severity of brain pathology including in stroke patients.
dian age of 73 years, the authors concluded that early epileptic = They are common complications of stroke with large epide-
seizures were associated with a 3.81 times increased risk of  miologic studies suggesting a cumulative incidence of seizures
dementia within 3 years of stroke.* Seizures have been as-  of 10% or more at 10 years.7 Furthermore, seizures occur at a
sociated with the onset of dementia in older adults without  rate 8-10 times higher in patients with dementia, particularly
stroke. Late-onset seizures in older veterans drawn from a  advanced Alzheimer disease, compared with those without
hospital registry doubled the risk of developing dementia.'®  dementia.**** Of note, vascular changes are frequently en-
Our study therefore expands on prior studies by providing  countered in degenerative dementia pathology, and both
data in young patients from a large cohort of stroke survivors.  vascular and degenerative dementias frequently coexist in the
These findings are of interest for researchers and clinicians for ~ same patient.** Finally, controlling vascular risk factors may
several reasons. First, stroke increasingly affects young slow down the progress of degenerative dementia.”® In ad-
patients.”’18 Stroke survival has also improved; therefore, dition, the presence of vascular lesions accelerates neuro-
clinicians are more likely to address the issues of long-term  degeneration, which in turns increases the risk of seizures.
complications of stroke including dementia.* Second, seizures  One of the best evidence for neurodegeneration causing sei-
are common complications of stroke, but seizures are ame-  zures comes from animal models. For example, amyloid f
nable to therapeutic interventions.”” The possibility to treat ~ brain deposition, a neuropathologic marker of Alzheimer
or prevent seizures in patients with stroke has potential im-  disease, causes aberrant network excitation leading to re-
plications because seizure control in this population may  current.”” Another potential pathophysiologic construct is
advert dementia onset or slow down the progression of cog-  that vascular lesions may lead to late-onset seizure, which in
nitive impairment in stroke survivors. Third, the economic  turn may accelerate the onset of dementia. In support of this
burden of stroke is higher among young stroke survivors;  hypothesis, it has been shown that subclinical interictal ep-
therefore, interventions targeting young stroke survivors may  ileptiform discharges in a group of patients with Alzheimer
provide robust economic and societal gains by preventing its  disease were associated with faster cognitive decline.”®
long-term effects such as dementia and seizure in this age  addition, repetitive clinical seizures may lead to permanent
group.'” Fourth, although early-onset dementia (before age  brain injury and hence cognitive deficits, particularly in the
65 years) is traditionally considered to be related to a single  presence of preexisting brain lesions such as strokes.”” The
neurodegenerative disease,”””" the current analysis is a call to  deleterious effects of seizures on cognition may be mediated
increase attention on other causes of dementia including in by the increase in infarct size with repetitive seizures as
particular strokes, accounting for recent rise in stroke in-  observed in animal models; however, whether this is appli-
cidence among young individuals,**** and the potential role  cable to chronic infarcts remains to be demonstrated.*®

In

of underdiagnosed seizures. Antiseizure drugs may impair cognitive functions and con-

tribute to dementia although the net effect in patients with
The association between seizures and cognition in patients  ongoing seizures is uncertain because seizure control may
with stroke has multiple facets. Seizures may be markers of  also improve cognition. The current analysis accounted for

Neurology | Volume 99, Number 4 | July 26,2022 Neurology.org/N

Copyright © 2022 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.


http://neurology.org/n

the potential role of antiseizure drugs on cognition by ac-
counting for their effects in various analyses (regression
models and sensitivity analysis).”’ In animal models of
Alzheimer disease, chronic epileptiform activities are impli-
cated in the development of aberrant network activities and
cognitive impairment.32

The results of the current analysis are in line with this last
hypothesis. We included patients with no preexisting de-
mentia who had no seizures for at least 1 year after stroke. A
2.5 times increase in the risk of dementia suggests that
seizures independently contributed to impaired brain
activities.

This is a retrospective cohort study, which relied on avail-
able variables in the database and could not assess the effect
of granular data such as the stroke lesion characteristics,
stroke etiologies, stroke severity, markers of inflammation
including C-reactive protein, electroencephalographic
findings, level of seizure control, and dementia subtype.
Furthermore, the use of ICD-9-Clinical Modification codes
to establish diagnoses could have introduced biases because
they are less sensitive than structured diagnoses. This is
particularly true for the diagnosis of dementia in patients
with stroke, which may be challenging because of decline in
previous functional activities. Finally, patients who died
early on after stroke or those with severe stroke may have
been excluded, potentially underestimating poststroke de-
mentia incidence.

To address this limitation, we excluded patients with preex-
isting dementia, accounted for seizures that developed a year
after the index stroke event, and applied dedicated statistical
analysis in a large sample of patients; this careful approach
allowed us to provide the most robust results to date of the
association between seizure and incident dementia in young
patients with stroke.

This population-based study revealed that seizures after a
stroke more than double the risk of dementia in young stroke
survivors. This observation raises the possibility that system-
atically screening and treating stroke survivors for seizures
may reduce the onset of dementia and have important public
health implications. Future studies may address screening
strategies to identify individuals at higher risk.
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