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Abstract

Background—Transient symptoms in Alzheimer disease (AD) are frequent and include seizures,
syncope, and episodes of inattention or confusion. The incidence of seizures in AD and predictors
of which patients with AD might be more predisposed to them is based primarily on retrospective
studies and is not well established.

Objective—To determine the incidence and predictors of new-onset unprovoked seizures.
Design—~Prospective cohort study.
Setting—Three academic centers.

Patients—Four hundred fifty-three patients with probable AD observed prospectively from mild
disease stages since 1992,

Main Outcome Measure—Informant interviews every 6 months included questions about
whether the patient had a seizure (convulsion, fainting, or “funny” spell) and whether diagnosis or
treatment for epilepsy or seizure was made. Two epileptologists independently retrospectively
reviewed all available medical records for 52 patients with positive responses to either of these
questions, and using a specific checklist form, events were diagnosed as to whether they were
unprovoked seizures (intrarater concordance, k=0.67). Diagnosis of unprovoked seizures constituted
the event in survival analyses. Potential predictors included sex, age, race/ethnicity, educational
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achievement, duration of ilIness, baseline cognition and function, depression, medical comorbidities,
and time-dependent use of cholinesterase inhibitors and neuroleptic agents, apolipoprotein E
genotype, and previous electroencephalographic findings.

Results—Ouver the course of 3518 visit-assessments (per patient: mean, 7.8; maximum, 27), 7
patients (1.5%) developed seizures. Younger age was associated with higher risk (hazard ratio, 1.23;
95% confidence interval, 1.08-1.41; P=.003 for each additional year of age) of seizure incidence.
No other predictor was significant. The overall incidence of seizures was low (418 per 100 000
person-years of observation) although significantly higher than expected for idiopathic unprovoked
seizures in similar age ranges of the general population (hazard ratio, 8.06; 95% confidence interval,
3.23-16.61).

Conclusions—Unprovoked seizures are uncommon in AD, but they do occur more frequently than
in the general population. Younger age is a risk factor for seizures in AD.

Both case-control! and prospective?= previous studies have suggested that Alzheimer disease
(AD) may be arisk factor for seizures. Seizures are common in various brain diseases; however,
differentiation between nonepileptic and epileptic events may be challenging. Patients with
dementia may experience nonepileptic episodes of inattention or confusion as well as syncope
or near-syncope and seizures. Hospitalizations may ensue, and anticonvulsant agents are often
prescribed. The relationship of epileptic activity to AD is of clinical importance. In addition,
it has been proposed to relate to the pathogenesis of AD. For example, according to the findings
arecent study by Palop et al,> spontaneous nonconvulsive seizure activity was noted in a mouse
model of AD.

Previous studies in human beings have reported conflicting results about the prevalence of
seizures in dementia and AD, with frequency ranging from 5% to 64%.2-4:6=13 Qverall, data
is scarce about seizures in dementia and AD, and it is not well known which factors might
contribute to seizures. Most previous studies have been small, with short follow-up, and have
not systematically recorded clinical characteristics that may relate to seizure risk. Individuals
with dementia have been enrolled at varying disease stages, and clinical evaluations have
typically been infrequent. Few studies have examined the association prospectively. Dementia
characterization has not always been comprehensive, and dementia diagnosis has not always
been made in academic centers with experience with the disease. Clinical characterization of
seizure events has been variable as well, with many reports relying on medical record reviews
or assessments by nonepileptologists.

To investigate the issue of seizures in AD, we analyzed data from a large multicenter study of
patients with probable AD followed up prospectively on a semiannual basis from the early
stages of the disease for up to 14 years. We assessed the incidence of unprovoked seizures and
identified characteristics that predict them. A recent publication from our group® investigated
these issues in a small sample (“Predictors Study”1416 | cohort). This study is an extended
evaluation of the incidence of seizures in AD with particular attention to accurate assessment
of the nature of possible epileptic events. We used a standardized checklist for review of events.
Independent review of all events was performed by 2 epileptologists (H.C. and J.C.). We also
considered a wide variety of potential seizure predictors. We markedly increased our sample
size by including both the Predictors Study | and Il cohorts and also had a longer duration of
follow-up to more fully capture any events.

METHODS
PARTICIPANTS

Individuals from 2 Predictors Study cohorts4~16 were included in these analyses. Patients
were recruited and studied at 3 sites: Columbia University, New York, New York; The Johns
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Hopkins University, Baltimore, Maryland; and Massachusetts General Hospital, Harvard
University, Boston. The inclusion and exclusion criteria and the evaluation procedures of the
Predictors Study are fully described elsewhere.24~17 In brief, patients met Diagnostic and
Statistical Manual of Mental Disorders (Third Edition Revised) criteria for primary
degenerative dementia of the Alzheimer type and National Institute of Neurological Disorders
and Stroke—Alzheimer Disease and Related Disorders Association criteria for probable AD.
Enrollment required a modified Mini-Mental State Examination (MMSE) score of 30/57 or
higher, which is approximately equivalent to 16/30 or higher on the Folstein MMSE.18:19 The
study was approved by the local institutional review boards.

EVALUATION

OUTCOMES

Neurologic, other clinical, and mental status examinations were conducted at study enrollment
and at 6-month intervals thereafter. The cognitive function measure used for the analysis was
the modified MMSE,18-20 3 57-point modification of the original MMSE.1® Functional
capacity was assessed using the Blessed Dementia Rating Scale, parts 1 and 2.21 Depression
recorded using the Columbia University Scale for Psychopathology in Alzheimer’s
Disease?? was also used as a predictor.23 At every 6-month visit, medications taken by the
patients were recorded. All cholinesterase inhibitors were grouped in a single category and
considered as a dichotomous variable in the analyses,16:24 as were all neuroleptic agents.16:
24 A modified version%:16 of the Charlson Index of Comorbidity2° (referred to as “comorbidity
index”) was calculated and used in a dichotomous form (0 [67%] vs >1 [33%)]).

When data collection was initiated, apolipoprotein E (APOE) testing was unavailable; however,
beginning in the sixth year of the study, the pattern of APOE isoforms was determined?® and
considered in the analyses. An electroencephalogram (EEG) was not required but was obtained
in a subset of patients as part of the routine dementia workup at or before the baseline visit.
The EEG reports were coded dichotomously on the basis of specific criteria for slow dominant
rhythm, focal slowing, intermittent rhythmic slowing, other slowing, focal epileptic-form
activity, and generalized epileptiform activity.

The questions in the original database addressing the occurrence of a seizure were as follows:
“In the past 6 months, has the patient been diagnosed or treated for epilepsy or seizures?” and
“Has the patient had a seizure (fit, faint, or funny spell) since the last visit?” This information
was recorded at baseline and at every 6-month evaluation thereafter. To assess the likelihood
of an event being a seizure, 2 epileptologists (H.C. and J.C.) independently retrospectively
reviewed the original questionnaires and all available medical records (including clinical and
EEG data) for 52 patients with an affirmative answer to either of the 2 questions in any
evaluation. Each epileptologist’s conclusion about the epileptic nature of the event (rated
dichotomously as “likely in the presence of adequate information vs unlikely or uncertain)
was used for diagnostic agreement calculation. The 2 epileptologists convened and reached a
consensus diagnosis if their opinions varied about the likelihood of a seizure. This consensus
diagnosis of unprovoked seizures was used for final seizure calculation.

STATISTICAL ANALYSES

We calculated the « statistic to examine unprovoked seizure diagnostic concordance between
the 2 epileptologists. We used the Kaplan-Meier method to calculate survival curves for the
development of unprovoked seizures (outcome) in patients who were seizure free at the
baseline assessment. The duration between the initial visit and either development of a seizure
or last evaluation without a seizure (ie, death or last follow-up) served as the timing variable.
Because we did not have a control population without AD, age-specific incidence in 10-year
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age groups was calculated and compared with age-specific incidence in a referent cohort,2’:
28 resulting in incidence ratios.

To identify potential predictors of seizure incidence, we calculated Cox proportional hazards
models?® with the following predictors: cohort (Predictors Study I vs Il cohorts; dichotomous),
recruitment center (dummy variable with the New York center as reference), sex (male as
reference), age at intake (years), race/ethnicity (dummy variable with white as reference),
educational achievement, estimated duration of illness, baseline function (Blessed Dementia
Rating Scale), cognition (modified MMSE), depression, medical comorbidities (comorbidity
index), and time-dependent use of cholinesterase inhibitors and neuroleptic agents. In
supplementary models, we included patient APOE genotype and EEG variables as additional
predictors.

Overall, 453 patients with AD were included in the study, with approximately half from each
Predictors Study cohort (Table). As dictated by the inclusion criteria, patients were at relatively
early stages of AD at initial recruitment (mean MMSE score, 21). They were, on average, well
educated and in good general health (approximately two-thirds had a comorbidity index of 0).

Most patients were white. About half of the patients reported some symptoms of depression.
23

SEIZURE SCREENING QUESTION

Fifty-two of 453 patients (11.5%) gave at least 1 positive response to the seizure-related
questions. Compared with 401 patients without any positive response, the 52 with at least 1
positive response were younger (74.9 vs 70.7 years; t=3.3; P=.001). The groups did not differ
in recruitment cohort or center, sex, race/ethnicity, educational achievement, baseline cognitive
performance, functional status, estimated duration of illness, APOE genotype, mortality or
institutionalization risk during follow-up, or presence of depression or medical comorbidities.

Autopsy data were available for 90 patients (75 of the 401 patients without any positive
response to the seizure-related questions and 15 of the 52 patients with at least 1 positive
response). At autopsy, all 15 patients with at least 1 positive response to the seizure-related
questions had AD-type pathologic changes and none had pathologic changes consistent with
hippocampal sclerosis. Lewy bodies were present in addition to AD pathologic findings in 27
of 75 patients (36%) without any positive response to the seizure-related questions and in 4 of
15 (27%) with at least 1 positive response to the seizure-related questions (P=.49).

SEIZURE DIAGNOSTICS

Among 52 patients with at least 1 positive response to the seizure-related questions, 7 (13%)
were deemed by consensus to have had epileptic events (approximately 1.5% of 453 patients).
The EEG reports were available for the epileptologists’ review for 21 of 52 patients (40%).
Among those with available EEGs, findings were completely normal in 38%, diffuse slowing
was noted in 38%, focal slowing in 20%, and epileptiform activity in 16%. The 2 epileptologists
were in diagnostic agreement for 48 of the 52 patients (5 deemed to have and 43 deemed not
to have events of an eplipetic nature). There was an initial diagnostic discordance for 4 patients:
2 were considered to have had seizures by 1 epileptologist (J.C.) but not by the other (H.C.),
and 2 were considered to have had seizures by 1 epitologist (H.C.) but not by the other (J.C.).
The overall « statistic was 0.67, denoting good diagnostic reproducibility.30 Insofar as seizure
semiology, changes in level of attention were noted in all 7 patients, and whole-body
convulsion in 6. Two patients demonstrated clinical semiology of lateralized findings; 3 events
led to hospitalization, and 5 patients were treated with antiepileptic medications. Four patients
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had only a single seizure, and 3 had more than 1 seizure. Data only for patients who were
seizure free at the baseline assessment were used for seizure incidence calculation. Considering
patient-estimated duration of illness before enrollment in the study, seizures occurred ata mean
(SD; range) of 8.2 (2.6; 5.1-11.8) years after estimated clinical onset of AD and 3.7 (3.1) years
after recruitment into the study.

Among the 45 patients-events not rated by the epileptologists as being of an epileptic nature,
9 (17%) were classified as “very unlikely to be epileptic in the presence of good information
for diagnostic assignment,” and 36 (69%) were classified as of “uncertain diagnostic
assignment because of inadequate information.” Compared with 45 patients whose events were
not convincing of an epileptic nature, the 7 judged to have had seizures were younger (71.9 vs
62.9 years; t=2.85; P=.006). These groups did not differ in recruitment cohort or center, sex,
race/ethnicity, educational achievement level, baseline cognitive performance, functional
status, estimated duration of illness, APOE genotype, mortality or institutionalization risk
during follow-up, or presence of depression or medical comorbidities.

Autopsy data were available for 11 of the 45 patients whose events were not considered of an
epileptic nature and for 4 of the 7 subjects deemed to have had seizures (all of the 15 autopsied
subjects had AD-type pathologic changes, and none had hippocampal sclerosis). Lewy bodies
were present in 3 of 11 patients (27%) with events that were not considered of an epileptic
nature and in 1 of 4 patients (25%) with seizures (P=.93).

SEIZURE RATES

Patients were followed up on average for 3.7 (up to 14) years, during which time there were
3518 visit assessments (on average, 7.8; as many as 27 per patient). During the period that each
subject was followed up, missed visits were rare: less than 18% missed more than 1 semiannual
visit, and less than 9% missed more than 2 semiannual visits. Cumulative incidence of new-
onset seizures (N=7 over 1674 person-years of observation) was 418 per 100 000 person-years
of observation (Figure). Assuming a stable rate over time and no increasing risk with increasing
severity, this would correspond to approximately 2% of patients with AD developing seizures
after 5 years of follow-up. Compared with the rate of unprovoked seizures in the general
population of similar age strata,2”:28 this incidence was higher than expected (incidence ratio,
8.06; 95% confidence interval [Cl], 3.23-16.61).

In sensitivity analyses of 43 patients, we considered as patients with seizures not only the 7
patients with a consensus diagnosis of seizures but also the 36 classified as having uncertain
diagnostic assignment because of inadequate information. Cumulative incidence of new-onset
seizures (n=43 over 1602 person-years of observation) was 2684 per 100 000 person-years of
observation. Assuming a linear risk over time, this would correspond to approximately 13%
of patients with AD developing seizures after 5 years of follow-up. Compared with the rate of
unprovoked seizures in the general population of similar age strata,2”:28 this incidence was
higher than expected (incidence ratio, 49.43; 95% Cl, 37.58-69.96).

In a Cox model considering cohort, recruitment center, sex, age, race/ethnicity, educational
achievement, estimated duration of illness, baseline function, cognition, depression, medical
comorbidities, and time-dependent use of cholinesterase inhibitors and neuroleptic agents, only
younger age was associated with higher risk of seizures (hazard ratio for each additional year
of age, 1.23; 95% CI, 1.08-1.41; P=.003), corresponding to a 23% increased risk. In a
supplementary model including patient APOE genotype as an additional predictor (6 incident
seizure events in 157 patients), the associations were similar, with younger age being the only
predictor of increased seizure risk (hazard ratio, 1.22; 95% ClI, 1.01-1.47; P=.04). Ina
supplementary model considering also the EEG variables as additional predictors (6 incident
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seizure events in 169 patients), younger age was the only significant predictor of increased
seizure risk (for each additional year of age: hazard ratio, 1.39; 95% Cl, 1.03-1.85; P=.03).

COMMENT

Our study supports previous reports1™ that suggested that AD is a risk factor for seizures.
However, we also observed that seizures are not common in AD. In our study, only about 1.5%
of patients with AD developed seizures over the course of a mean of 3.7 years of follow-up.
Most seizures were generalized convulsions and nonrecurrent. The observed incidence
corresponds to less than 1 patient with a seizure for every 200 patients with AD followed up
over the course of 1 year. Therefore, we conclude that although seizures are more common in
patients with AD compared with the general population, they are a quite uncommon feature of
AD.

Some studies have concluded that seizures occur in the more advanced stages of the disease.
39,12 In our study, we did not detect an association between seizures and either estimated
disease duration or cognitive or functional performance. Lack of association between patient
age at AD onset and seizures® or higher risk of seizures in younger patients with AD has been
noted in other studies, including one from the Predictors Study | cohort. Younger patients
with AD may have more aggressive disease3! or may be more likely to have a clinical episode
recognized; alternatively, the younger brain may be more susceptible to seizure manifestation.

Unlike our group’s previous report from the Predictors Study,* in the present study, we did not
observe an association between seizure risk and either EEG findings or race/ethnicity.
Differences between the previous and the present article include the following. The present
analyses are much more powerful because we included more than twice as many patients with
AD (Predictors Study) with data from additional years of follow-up. We also examined
potential seizure events in a more conservative and detailed manner using 2 independent
epileptologists and consensus diagnostic procedures. These differences resulted in a lower
seizure rate. In addition, we considered in our analyses more potential predictors such as
multiple additional EEG variables, additional medical comorbidities, measures of functional
status, use of medications such as neuroleptic agents and cholinesterase inhibitors, and autopsy
information.

This study has several limitations. Patients with AD were selected from tertiary care university
hospitals and specialized diagnostic and treatment centers and, thus, constitute a nonrandom
sample of those affected by AD in the population. The percentage of African American and
Hispanic patients in our sample was small, and our results might not be generalizable to all
racial/ethnic groups. In the absence of internal controls, we used data on incidence of
unprovoked seizures from a different population. Routine EEGs were available for only a small
percentage of the patients, and the EEG yield insofar as detection of underlying epileptiform
activity may vary substantially.32 A large-scale epidemiologic study such as this can only
address seizures that are clinically evident but cannot evaluate subclinical epileptic activity. In
particular, partial seizures without convulsive components or with more subtle alterations in
attention and alertness may have been underrecorded. Despite thorough review of available
records, information for reliable diagnostic assignment of events as epileptic or not was missing
in a substantial number of subjects. Hence, it is conceivable that considering only patients with
convincing clinical information for seizure diagnosis may underestimate the rates of seizure
occurrence. In addition, despite expertise in seizure diagnosis, diagnostic concordance between
epileptologists was good but not excellent. In the absence of an objective diagnostic marker
for seizures, there is always a strong subjective component in seizure characterization, and
different diagnostic thresholds may result in different seizure rate estimations (as demonstrated
in the sensitivity analyses). Although most of the information was derived by informants,
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description of epileptic semiology may be less reliable in individuals with dementia; however,
even patients with epilepsy without dementia have major difficulties in describing seizure
experiences or accurately reporting seizure frequency,32 in particular for complex or
generalized seizures. These factors may lead to seizure underestimation. In contrast,
fluctuations in alertness and attention and presence of tremor (phenomena common in
dementia) may lead to seizure overestimation. For similar reasons, seizure rates in the general
population may substantially vary; therefore, the choice of referent population may also affect
the calculated incidence ratios. Although patient follow-up and seizure-related screening
questions were prospective, clinical evaluation for the epileptic nature of the event was
retrospective. Because of the small number of autopsies performed, our power to detect
associations with Lewy bodies or hippocampal sclerosis may have been limited.

Confidence in our findings is strengthened by several factors. To our knowledge, this is the
largest study of its kind to examine the issue of seizures in AD, supplying enough power for
detection and more precise calculation of effects of interest and ability to control for multiple
potential confounders. Clinical diagnosis occurred in university hospitals with specific
expertise in epilepsy and dementia and was based on uniform application of widely accepted
criteria via consensus diagnostic conference procedures for both diseases. In the Predictors
Study | and 11 cohorts, the clinical diagnosis of AD was confirmed in a high percentage (93%)
of those evaluated postmortem14:16: it was also confirmed in every autopsy case with positive
response to the seizure-related questions. The patients were followed up prospectively, and
evaluations were performed semiannually with a high rate of follow-up participation and few
missing data. Clinical symptoms and signs of interest were ascertained and coded in a
standardized fashion at each visit. Patients with AD were included from relatively early stages
of the disease; thus, the cohort captures most of the range of progression over time. We took
medication administration into account in a time-dependent manner, which provides higher
confidence that the associations are strictly related to the underlying disease process rather than
to treatment for it.

Alzheimer disease is an illness with considerable clinical and physiologic heterogeneity.14:
16,34=36 Although seizures do occur in AD, the present study indicates that they are not a
common phenomenon.
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Figure.
Survival curve based on Kaplan-Meier analysis depicts cumulative seizure incidence.
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Demographic and Clinical Characteristics of 453 Patients
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Variable Value
Age at study enrollment, mean (SD), y 74.4 (8.9)
Men, No. (%) 181 (40)
Predictors Study cohort I, No. (%) 247 (55)
Recruitment center, No. (%)
New York, New York 197 (43)
Baltimore, Maryland 139 (31)
Boston, Massachusetts 117 (26)
Race/ethnicity, No. (%)
White 423 (93)
Black 27 (6)
Other 3(1)
Educational achievement, mean (SD), y 13.7 (3.5)
Examination score
Baseline mMMMSE, mean (SD) 38.4(6.7)
Baseline MMSE, mean (SD) 21.0(3.3)
Baseline BDRS, mean (SD) 3.6 (2.0)
Duration of illness, mean (SD), y 4.1(2.4)
Comorbidity index 1 (%) 150 (33)
Depression, No. (%) 208 (46)
€4 Alleles, No. (%)
None 77 (45)
1-2 93 (55)
EEG findings,2 No. (%)
Slow dominant rhythm 55 (29)
Focal slowing 22 (12)
Intermittent rhythmic slowing 10 (5)
Other slowing 51 (28)
Focal epileptiform 5(3)
Generalized epileptiform 2(1)

Abbreviations: BDRS, Blessed Dementia Rating Scale; EEG, electroencephalographic; MMSE, Mini-Mental State Examination; mMMSE, modified

MMSE.

8h=184.

Arch Neurol. Author manuscript; available in PMC 2009 October 27.



