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Abstract

Objective: The purpose of this study is to compare demographical and cognitive features of patients who have neurodegenerative diseases with or without 
seizures.
Methods: This descriptive retrospective study included a total of 16 348 participants, 479 with seizures and 15 869 without seizures. Independent samples t-test 
and chi-square tests were used to compare age, education, Mini Mental State Examination, and gender of groups.
Results: There was a significant difference between patients with seizures and without seizures in age [t(3764) = 2.815, P = .005]. It is found that patients with 
seizures (M = 67.51, standard deviation = 9.69) were significantly younger than patients without seizures (M = 70.37, standard deviation = 9.51).
Conclusion: In all neurodegenerative diseases, especially Alzheimer’s disease, at an early age and regardless of cognitive status, diagnosis of seizures at the first 
admission and subsequent follow-ups is of great importance in terms of the patient’s quality of life, prognosis of the disease, and treatment options.
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INTRODUCTION
Neurodegenerative diseases is the second cause of epileptic seizures in the elderly after stroke, and the cause of approximately 50% of epileptic 
seizures in the elderly is unknown.1 The most common degenerative diseases in the elderly can be listed as Alzheimer’s disease (AD), Lewy bodies 
dementia (LBD), Parkinson’s disease (PD), frontotemporal lobar degeneration (FTLD), corticobasal degeneration (CBD), progressive supranuclear 
palsy (PSP), and multisystem atrophy (MSA).2 Many comorbidities have been associated with dementia, and recent studies have reported that one 
or more seizures may be associated with dementia.3 Temporary worsening of cognitive symptoms is common in patients with dementia, particularly 
AD. This deterioration is often described by loss of response and blank stares.

Caregivers report that the patient is occasionally “missed” or appears more sluggish and unresponsive on some days than others. It is thought that 
this may be a result of the silent seizures seen in dementia. In a study, it was found that the incidence of having at least 1 seizure in individuals with 
AD was higher than that in cognitively unimpaired elderly people.4 In addition, it has been reported that patients with dementia are at 5 to 10 times 
more risk for epilepsy compared to healthy controls of the same age.5 According to the evidence from longitudinal studies, the early age of onset, 
the severity of cognitive impairment, and the use of antipsychotics increase this risk in neurodegenerative diseases.4 In previous studies, it has been 
reported that seizures are more common in patients with advanced stages of dementia. The first studies in this area were mostly conducted with 
patients with severe AD. However, in mouse models of Alzheimer’s,6 studies on seizures seen in the early stages of the disease were emphasized 
since it was shown that seizures and epileptiform activity can occur before amyloid β plaque deposition. It is known that abnormal synchronization 
in corticothalamic connections is associated with non-convulsive seizures characterized by momentary loss of consciousness and pauses in move-
ments. Observation of similar seizures in AD patients suggests that the underlying mechanism is similar. It is thought that amyloid β plaques, which 
are also seen to accumulate in subcortical structures such as the thalamus in AD, cause degeneration and lead to deterioration of thalamocortical 
inhibition, and the resulting cortical hyperexcitability causes seizures.7 An increasing number of studies show that seizures, which are possible 
results of hyperexcitability in the cortex, can occur in the early stages of all dementias, especially AD, and may cause an increase in the severity of 
cognitive impairment.8-10 However, some studies have noted an increased risk of seizures with increasing dementia severity or early onset of AD.11 
It is thought that not only cortical but also subcortical structures (cholinergic nuclei and locus coeruleus) are involved in the pathogenesis; also, 
glutamate/gamma-aminobutyric acid imbalance at the cellular level and inflammation play a role in this situation.12

In the longitudinal follow-up of patients before dementia diagnosis, it was reported that seizures may be a precursor to AD or may occur simultane-
ously with the onset of cognitive impairment.13

Seizures can accelerate cognitive decline in patients with dementia.14 In addition, seizures and myoclonus have been associated with reduced sur-
vival rate in patients with Alzheimer’s.15 It is essential to recognize and intervene beforehand, as the frequency of seizures will worsen the current 
cognitive status and reduce the patient’s quality of life.
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The aim of this study is to compare the demographical and cognitive 
characteristics of patients who have neurodegenerative diseases with 
and without seizures in order to understand the effects of seizures on 
cognition or factors that affect seizure occurrence.

METHODS
Participants
Data of 16 348 participants from 29 different AD centers were 
included in the study retrospectively. This data were obtained from 
the American National Alzheimer’s Coordination Center Data Set 
supported by the National Institute on Aging. The primary etiological 
diagnoses of the participants included AD, LBD, MSA, PSP, CBD, 
FTLD, and vascular dementia (VD). Of the participants included in the 
study, 55.6% had primary etiological diagnoses of AD, 5.5% of LCD, 
1% of PSP, 1.1% of CBD, 8.8% of FTDL, and 2.7% of VD. Primary 
etiological diagnosis information could not be reached in 25.3% of the 
participants. During the diagnosis of neurodegenerative disease, the 
history of seizures was questioned; the cases with a history of seizures 
requiring treatment in the last year were recorded as active, and the 
cases without seizures in the last year but requiring treatment before 
were recorded as remote seizures. In all the cases included in the study, 
neurodegenerative prognoses were proven by autopsy, while 479 par-
ticipants had a history of seizures, 15 869 participants did not have a 
history of seizures.

Statistical Analysis
Demographic and cognitive characteristics of patients with seizures 
(active and remote) were compared with individuals without seizures. 
Statistical Package for the Social Sciences version 24.0. (IBM SPSS 
Corp.; Armonk, NY, USA) was used in all analyses. Demographic 
variables were evaluated with independent samples t-test for com-
parisons between groups (age, education, and Mini Mental State Test 
scores). Gender (female-male) variable was analyzed with chi-square 
test. The normality distribution of data was evaluated with Shapiro–
Wilk Test.

RESULTS
Determining the distribution of the variables was important for choos-
ing an appropriate statistical method. So a Shapiro-Wilk test was 
performed and did not show evidence of non-normality for MMSE 
[W(479) = .990; P = .30], age [W(479) = .759; P = .15], and education 
[W(479) = .402; P = .28].

Independent samples t-test showed that there was a statistically sig-
nificant difference in age between subjects with and without seizures 
[t(3764) = 2.815, P = .005]. Participants with seizures (M = 67.51, stan-
dard deviation (SD) = 9.69) were found to be significantly younger than 
participants without seizures (M = 70.37, SD = 9.51). Significant dif-
ference in education [t(16346) = .577, P = .571], MMSE [t(152)=.179, 

P=0.774], and gender variables [χ2 (1, N = 12238) = .176, P =.615.] 
was not observed (Table 1).

DISCUSSION
The findings of our study show that patients with seizures and neuro-
degenerative disease are younger than those without seizures and with 
neurodegenerative disease. In our study, MMSE was used as a basis 
for grading the cognitive status of the participants, and it was observed 
that there was no difference in MMSE scores in participants with and 
without seizures.

In previous studies, it has been reported that seizures are seen in the 
later stages of AD.16,17 Current studies supported by electrophysiology 
show that seizure activity precedes the symptoms of the disease in a 
substantial number of cases.8 Seizures are 2 times more common in 
early-onset AD than late-onset AD. As shown in our study, the younger 
age of patients with seizures may be since seizures are associated with 
early-onset familial AD. It has been shown that autosomal dominant 
presenilin I (PSEN1) and/or amyloid precursor protein (APP) gene 
mutations, which are known to be associated with early-onset AD, are 
also associated with seizures.18,19

Previous studies show that the degree of cognitive deterioration in AD 
is associated with the risk of seizures. However, this relationship was 
found by evaluating the severity of cognitive impairment according to 
the duration of the disease.20 In our study, the cognitive status of the 
participants was evaluated with MMSE, and contrary to the general, no 
difference was found between the MMSE scores of the patients with 
and without seizures. In the light of this information, it is thought that 
the presence of seizures should be questioned in the presence of any 
neurodegenerative disease, regardless of the patient’s cognitive status. 
Short screening tests performed in the clinical setting do not always 
provide detailed information about the cognitive status, and the pres-
ence of seizures may also occur independently from the worsening of 
the cognitive status or the severity of cognitive symptoms. The dif-
ference of our study from the similar ones in the literature is that the 
sample size is quite large, and the participants consist of cases with 
different neurodegenerative diseases proven by biomarkers.

Our findings show that seizures should be questioned at an early age, 
preferably at the first admission and all subsequent follow-ups, not only 
in AD but also in all degenerative processes with cognitive impairment. 
In current studies initiated with the increasing importance of therapeu-
tic approaches on the pathophysiology of AD, it has been reported that 
hyperexcitability may be associated with the underlying pathological 
protein accumulation. It has been suggested that the inhibitory effect 
of antiepileptic drugs on hyperexcitability may reduce pathological 

MAIN POINTS

•	 Seizures can occur in the early stages of all dementia syndromes.
•	 Seizures and epileptiform activity can occur before amyloid β plaque 

deposition.
•	 Hyperexcitability accelerates protein accumulation in neurodegenera-

tive diseases.
•	 The frequency of seizures will worsen the current cognitive status and 

reduce the patient’s quality of life.

Table 1.  Demographic Variables and MMSE Scores in Patients With and 
Without Seizures With Cognitive Impairment

With Seizures  
(N = 479)

Without Seizures  
(N = 15 869) P

Agea 68.86 ± 10.80 72.27 ± 10.10 <.001
Educationa 15.39 ± 9.47 15.64 ± 9.31 .571
Gender (F/M)b 240/239 8136/7733 .615
MMSEa 24.47 ± 12.32 25.32 ± 13.18 .199
Data are presented as mean ± standard deviation.
aIndependent samples t-test; bChi-square test.
MMSE, Mini Mental State Examination; F, female; M, male.
Statistically significant values are shown in bold type.
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Aβ protein accumulation.21 Controlling possible seizures in patients 
followed up with a diagnosis of neurodegenerative disease may also 
provide benefits in terms of reducing the burden of pathological aggre-
gation, along with preventing seizure-related cognitive decline.

In general, it is thought that seizures tend to appear in the later stages of 
the disease and at an older age. However, studies have reported that the 
incidence of seizures in the early period is relatively high. For this rea-
son, seizures should be inquired at the first diagnosis and follow-ups. 
Since the clinical presentation can be very diverse in dementia patients, 
especially AD, it is not always easy to recognize seizures. Therefore, 
besides generalized motor seizures, a more detailed seizure query 
[vacant stare, automatism, temporary confusion, etc.] should be done.

Ethics Committee Approval: Ethical committee approval was received from 
the Ethics Committee of Dokuz Eylul University Faculty of Medicine (Date: 
October 6, 2021, Decision No: 2021/27-01).

Informed Consent: Written informed consent was obtained from all partici-
pants who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – D.Ö., T.A., Y.Ö.İ., İ.Ö., B.B., G.Y.; Design 
– D.Ö., T.A., Y.Ö.İ.; Supervision – İ.Ö., B.B., G.Y.; Resources – D.Ö., T.A., 
Y.Ö.İ.; Materials – D.Ö., T.A., Y.Ö.İ.; Data Collection and/or Processing – D.Ö., 
T.A., Y.Ö.İ.; Analysis and/or Interpretation – D.Ö., T.A., Y.Ö., İ.Ö.; Literature 
Search – D.Ö., T.A., Y.Ö.İ.; Writing Manuscript – D.Ö., T.A., Y.Ö.İ., İ.Ö.; 
Critical Review – İ.Ö., B.B., G.Y.

Declaration of Interests: The authors have no conflicts of interest to declare.

Funding: The authors declared that this study has received no financial 
support.

REFERENCES
1.	 Hauser  WA. Seizure disorders: the changes with age. Epilepsia. 

1992;33(suppl 4):6-14. [CrossRef]
2.	 Vöglein J, Kostova I, Arzberger T, et al. Seizure prevalence in neurode-

generative diseases—a study of autopsy proven cases. Eur J Neurol. 
2022;29(1):12-18. [CrossRef]

3.	 Rao  SC, Dove  G, Cascino  GD, Petersen  RC. Recurrent seizures in 
patients with dementia: frequency, seizure types, and treatment outcome. 
Epilepsy Behav. 2009;14(1):118-120. [CrossRef]

4.	 Irizarry MC, Jin S, He F, et al. Incidence of new-onset seizures in mild to 
moderate Alzheimer disease. Arch Neurol. 2012;69(3):368-372. [CrossRef]

5.	 De la Court  A, Breteler  MMB, Meinardi  H, Hauser  WA, Hofman  A. 
Prevalence of epilepsy in the elderly: the Rotterdam Study. Epilepsia. 
1996;37(2):141-147. [CrossRef]

6.	 Sanchez PE, Zhu L, Verret L, et al. Levetiracetam suppresses neuronal 
network dysfunction and reverses synaptic and cognitive deficits in an 
Alzheimer’s disease model. Proc Natl Acad Sci U S A. 2012;109(42):E28
95-E2903. [CrossRef]

7.	 Hanke  JM, Schindler  KA, Seiler A. On the relationships between epi-
lepsy, sleep, and Alzheimer’s disease: A narrative review. Epilepsy Behav. 
2022;129:108609. [CrossRef]

8.	 Vossel KA, Beagle AJ, Rabinovici GD, et al. Seizures and epileptiform 
activity in the early stages of Alzheimer disease. JAMA Neurol. 
2013;70(9):1158-1166. [CrossRef]

9.	 Palop JJ, Mucke L. Amyloid-β–induced neuronal dysfunction in Alzhei-
mer’s disease: from synapses toward neural networks. Nat Neurosci. 
2010;13(7):812-818. [CrossRef]

10.	 Sarkis  RA, Dickerson  BC, Cole AJ, Chemali  ZN. Clinical and neuro-
physiologic characteristics of unprovoked seizures in patients diagnosed 
with dementia. J Neuropsychiatry Clin Neurosci. 2016;28(1):56-61. 
[CrossRef]

11.	 Bernardi  S, Scaldaferri  N, Vanacore  N, et al. Seizures in Alzheimer’s 
disease: a retrospective study of a cohort of outpatients. Epileptic Disord. 
2010;12(1):16-21. [CrossRef]

12.	 Giorgi FS, Saccaro LF, Busceti CL, Biagioni F, Fornai F. Epilepsy and 
Alzheimer’s disease: potential mechanisms for an association. Brain Res 
Bull. 2020;160:107-120. [CrossRef]

13.	 Cretin  B, Sellal  F, Philippi  N, et al. Epileptic prodromal Alzheimer’s 
disease, a retrospective study of 13 new cases: expanding the spectrum 
of Alzheimer’s disease to an epileptic variant? J Alzheimers Dis. 
2016;52(3):1125-1133. [CrossRef]

14.	 Samson WN, van Duijn CM, Hop WC, Hofman A. Clinical features and 
mortality in patients with early-onset Alzheimer’s disease. Eur Neurol. 
1996;36(2):103-106. [CrossRef]

15.	 Volicer L, Smith S, Volicer BJ. Effect of seizures on progression of demen-
tia of the Alzheimer type. Dementia. 1995;6(5):258-263. [CrossRef]

16.	 Hauser WA, Morris ML, Heston LL, Anderson VE. Seizures and myo-
clonus in patients with Alzheimer’s disease. Neurology. 1986;36(9):1226-
1230. [CrossRef]

17.	 Romanelli MF, Morris JC, Ashkin K, Coben LA. Advanced Alzheimer’s 
disease is a risk factor for late-onset seizures. Arch Neurol. 1990;47(8):847-
850. [CrossRef]

18.	 Singleton AB, Hall R, Ballard CG, et al. Pathology of early-onset Alz-
heimer’s disease cases bearing the Thr113-114ins presenilin-1 mutation. 
Brain. 2000;123(12):2467-2474. [CrossRef]

19.	 Mendez M, Lim G. Seizures in elderly patients with dementia: epide-
miology and management. Drugs Aging. 2003;20(11):791-803. 
[CrossRef]

20.	 Vöglein  J, Ricard  I, Noachtar S, et al. Seizures in Alzheimer’s disease 
are highly recurrent and associated with a poor disease course. J Neurol. 
2020;267(10):2941-2948. [CrossRef]

21.	 Vossel K, Ranasinghe KG, Beagle AJ, et al. Effect of levetiracetam on 
cognition in patients with Alzheimer disease with and without epilepti-
form activity: a randomized clinical trial. JAMA Neurol. 2021;78(11):1345-
1354. [CrossRef]

https://doi.org/10.1111/j.1528-1157.1992.tb06222.x
https://doi.org/10.1111/ene.15089
https://doi.org/10.1016/j.yebeh.2008.08.012
https://doi.org/10.1001/archneurol.2011.830
https://doi.org/10.1111/j.1528-1157.1996.tb00005.x
https://doi.org/10.1073/pnas.1121081109
https://doi.org/10.1016/j.yebeh.2022.108609
https://doi.org/10.1001/jamaneurol.2013.136
https://doi.org/10.1038/nn.2583
https://doi.org/10.1176/appi.neuropsych.15060143
https://doi.org/10.1684/epd.2010.0290
https://doi.org/10.1016/j.brainresbull.2020.04.009
https://doi.org/10.3233/JAD-150096
https://doi.org/10.1159/000117218
https://doi.org/10.1159/000106956
https://doi.org/10.1212/WNL.36.9.1226
https://doi.org/10.1001/archneur.1990.00530080029006
https://doi.org/10.1093/brain/123.12.2467
https://doi.org/10.2165/00002512-200320110-00001
https://doi.org/10.1007/s00415-020-09937-7
https://doi.org/10.1001/jamaneurol.2021.3310

