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Introduction
With advances in healthcare and an ageing population, the number of older adults with 

epilepsy is set to rise substantially across the world. In developed countries the highest 
incidence of epilepsy is already in people over 65 and, as life expectancy increases, individuals 
who developed epilepsy at a young age are also living longer. Recent findings show that older 
persons with epilepsy are more likely to suffer from cognitive dysfunction and that there 
might be an important bidirectional relationship between epilepsy and dementia. 

Thus, some people with epilepsy may be at a higher risk of developing dementia, while 
individuals with some forms of dementia, particularly Alzheimer’s disease and vascular 
dementia, are at significantly higher risk of developing epilepsy [1]. 

Epilepsy and Dementia

Figure 1

Whether epilepsy simply lowers brain reserve and thereby facilitates manifestation of 
dementia-related pathology, or whether epilepsy is a disorder that itself produces dementia-
by the effects of seizures and IEDs on brain structure and function also remains unclear. The 
evidence certainly suggests that some vascular risk factors and pathophysiological mechanisms 
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Abstract
In this review, we analyze the possible linkage between epilepsy and dementia, considering the actual 
knowledges about epileptogenesis. In the final part, we also speak about the treatment of epilepsy in 
dementia and of dementia in epilepsy.
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(e.g., tau and vascular pathology) are indeed common to people 
with epilepsy and dementia. Another important future direction 
of research would be to investigate whether more aggressive 
management of vascular risk factors (e.g., blood pressure, smoking, 
diet and exercise) would improve control of seizures and thereby 
protect against worsening of cognitive decline in people with 
epilepsy. Likewise, an important related, unanswered question is 
whether elderly patients with epilepsy are genuinely susceptible to 
accelerated cognitive decline (Figure 1).

Does the pathological burden (vascular, traumatic, tau or 
amyloid) in people with epilepsy interact synergistically with 
ongoing seizure activity or IEDs to lead to progressive worsening 
of cognitive function and further deviation away from the normal 
trajectory associated with cognitive ageing? Longitudinal studies of 
older patients with epilepsy could potentially assist greatly in this 
regard [1].

In clinical practice, seizures in patients with Alzheimer’s 
disease can easily go unrecognized because they usually present 
as non-motor seizures and can overlap with other symptoms of 
the disease. In patients with Alzheimer’s disease, seizures can 
hasten cognitive decline, highlighting the clinical relevance of early 
recognition and treatment. Some evidence indicates that subclinical 
epileptiform activity in patients with Alzheimer’s disease, detected 
by extended neurophysiological monitoring, can also lead to 
accelerated cognitive decline. Treatment of clinical seizures in 
patients with Alzheimer’s disease with select Antiepileptic Drugs 
(AEDs), in low doses, is usually well tolerated and efficacious. 
Moreover, studies in mouse models of Alzheimer’s disease suggest 
that certain classes of AEDs that reduce network hyperexcitability 
have disease-modifying properties. These AEDs target mechanisms 
of epileptogenesis involving amyloid β and tau. Clinical trials 
targeting network hyperexcitability in patients with Alzheimer’s 
disease will identify whether AEDs or related strategies could 
improve their cognitive symptoms or slow decline [2].

It has been proposed that inflammatory reactions occurring in 
various CNS diseases, can, as a risk factor, predispose to dementia. 
Inflammatory reactions occur in the brain in various CNS diseases, 
including autoimmune, neurodegenerative, and epileptic disorders. 
Proinflammatory and anti-inflammatory cytokines and related 
molecules have been described in CNS and plasma, in experimental 
models of seizures and in clinical cases of epilepsy. Inflammation 
involves both the innate and the adaptive immune systems and 
shares molecules and pathways also activated by systemic infection. 
Experimental studies in rodents show that inflammatory reactions 
in the brain can enhance neuronal excitability, impair cell survival, 
and increase the permeability of the blood-brain barrier to blood-
borne molecules and cells. Moreover, some anti-inflammatory 
treatments reduce seizures in experimental models and, in some 
instances, in clinical cases of epilepsy. However, inflammatory 
reactions in brain also can be beneficial, depending on the tissue 
microenvironment, the inflammatory mediators produced in 
injured tissue, the functional status of the target cells, and the 
length of time the tissue is exposed to inflammation [3].

Pathogenesis 
Cognitive comorbidities are very common in epilepsy and often 

seen as secondary to epilepsy or caused by epilepsy. The implicit 
and sometimes explicit assumption is that epilepsy damages the 
brain and thus leads to functional deterioration and behavioral 
alterations. The central is whether there is a bidirectional 
relationship between epilepsy and cognition. In this regard it 
is essential to disentangle what is the disease and what is the 
symptom. Cognitive problems often exist from the onset of epilepsy, 
if not before, and the impact of epilepsy on cognition cannot be 
discerned without also considering the underlying brain pathology 
and its dynamics. Unraveling the etiologies of epilepsy increasingly 
reveals conditions wherein epilepsy, cognitive and behavioral 
problems are all symptoms of a common underlying pathological 
condition. Functional reserve capacities determine the outcome 
of epilepsy and its treatment. A functional interrelationship exists 
between epilepsy and behavior, since epileptic activity can affect 
behavior and behavior can alter epileptic activity. In conclusion, 
an epilepsy-centric unidirectional view of the behavioral problems 
being caused by epilepsy is obsolete. Such a view may even prevent 
the search for and treatment of the underlying etiological factors. 
Instead, a practical clinical approach is favored according to which 
the comorbidities of epilepsy must be diagnosed at the onset of 
the disease, and according to which comorbidities may require 
separate treatment approaches [4].

Epilepsy and dementia in older patients: a bidirectional 
relationship?

Gowers [5] first introduced the concept of epileptic dementia, 
implying that dementia and epilepsy might, in some subjects, be 
the consequence of the same underlying disorder [5]. The higher 
incidence of cognitive impairment in older people with epilepsy 
certainly raises questions as to whether these individuals might 
have increased rates of progression to dementia, particularly those 
with TLE [6]. As part of the EURODEM project, eight case-control 
studies that assessed the risks of developing Alzheimer’s disease 
in several medical conditions were reanalysed [7]. When compared 
with population-based controls, individuals with epilepsy had 
an increased relative risk of being diagnosed with Alzheimer’s 
disease at least 1 year after epilepsy diagnosis. The greatest risk 
for Alzheimer’s disease occurred in patients who had epilepsy for 
<10 years (relative risk 2.5) versus >10 years (relative risk 1.4). 
Importantly though, this increased risk appeared not to be related 
to the cumulative effect of longstanding seizures. A follow-up study 
based on three nationwide Dutch morbidity registers over the 
period 1980-89 investigated the risk of dementia for patients aged 
50-75 years. Patients with epilepsy were found to have a relative 
risk of 1.5 of being diagnosed with dementia over an 8-year period 
[8].

The mechanisms underlying an increased likelihood of 
developing dementia have not been definitively established. 
Intriguingly, part of the risk might be attributable to the fact that 
patients with Alzheimer’s disease and/or vascular dementia are 
actually more likely to develop epilepsy [9,10]. In a UK study that 
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examined the records of 22 084 patients (mean age ∼80 and half 
the sample with Alzheimer’s disease), after adjusting for baseline 
predictors of seizures, Alzheimer’s disease was associated with a 
significantly increased risk of seizures [Hazard Ratio (HR) 5.31, 
95% Confidence Interval (CI) 3.97-7.10] [11]. In addition, patients 
with Alzheimer’s disease were at a higher risk of haemorrhagic 
stroke (HR 1.49, 95% CI 1.06-2.08), which is an independent 
risk factor for developing seizures. In Han Chinese patients with 
Alzheimer’s disease too, the risk of seizures is higher in Alzheimer’s 
disease than in age-matched controls (HR 1.85; 95% CI 1.40-2.90) 
[12].

Vascular dementia also increases the risk of seizures (Figure 
2). Another large UK population-based study examined the 
records of 4438 cases with vascular dementia and 7086 patients 
with Alzheimer’s disease, comparing them to 11 524 dementia-
free patients (mean age >80 in the three samples). This reported 
an odds ratio of developing seizures of 5.7 (95% CI 3.2-10.1) for 
vascular dementia and 6.6 (95% CI 4.1-10.6) for Alzheimer’s 
disease [10]. Thus, it might not simply be a case of epilepsy and 
associated risk factors, increasing the risk of dementia, but 
dementia-whether in the form of Alzheimer’s disease or vascular 
dementia-simultaneously increasing the risk of epilepsy [4].

Figure 2: Comorbidities in old patient.

These considerations raise important questions: do seizures 
cause dementia, does dementia cause seizures, or does something 
else cause both? Some recent work suggests that epilepsy could 
be considered a symptom rather than a disease in itself [4]. It is 
argued that epilepsy is simply one manifestation of the underlying 
pathological process that might contribute to seizures, cognitive 
decline, psychological problems, systemic illness and, perhaps 
indirectly, psychosocial difficulties. Seizures can, for example, be 
observed in the prodromal phase of several neurodegenerative 
illnesses [13], and some studies in patients with mild cognitive 
impairment or Alzheimer’s disease have reported that cognitive 
decline may begin several years earlier in those individuals who 
suffer from seizures compared to those who do not [14-16]. These 
findings have led some authors to consider whether there might 
be analogous processes occurring in patients with TLE who might 
progress to dementia [6].

In patients with familial autosomal dominant early-onset 
Alzheimer’s disease (<50 years old) seizures are far more common 
than in typical late-onset Alzheimer’s disease, affecting >45% of 
cases, although rates vary with specific genetic mutations [17]. This 
suggests that younger people with Alzheimer’s disease (aged 50-
59) are at highest risk of developing seizures and therefore disease 
duration might not be crucial [14]. There is also some evidence that 
epilepsy in typical late-onset Alzheimer’s disease may be associated 
with faster progression of cognitive decline [14,18], but large-scale 
longitudinal studies are required to confirm this. As highlighted 

in a comprehensive recent systematic review, much more work is 
needed to fully elucidate the epidemiology of epilepsy in dementia 
and also of dementia in epilepsy [19]. It remains unclear whether 
epilepsy and dementia simply share common risk factors, whether 
there is truly a bidirectional relationship between the two-or both. 
In the next section we examine evidence for common risk factors.

Network hyperexcitability in Alzheimer’s disease
In patients with mild cognitive impairment due to Alzheimer’s 

disease, task-based fMRI studies have shown increased 
hippocampal activation during memory encoding [20]. Although 
this activation can be interpreted as the compensatory recruitment 
of neural reserves to meet cognitive demands within compromised 
brain regions, some evidence indicates that hyper activation of 
the hippocampus and multiple other cortical and subcortical 
brain regions during encoding is inefficient and might contribute 
to Alzheimer’s disease pathogenesis [20,21]. The amount of 
hippocampal hyper activation in patients with mild cognitive 
impairment due to Alzheimer’s disease might predict future 
cognitive decline [20]. Furthermore, in patients with amnestic 
mild cognitive impairment, suppressing hippocampal dentate 
gyrus and CA3 hyperactivation with levetiracetam improves their 
performance on a hippocampal-based pattern-separation task 
[22]. Interestingly, 125mg twice a day of levetiracetam was more 
effective than 250mg twice a day at normalizing fMRI changes and 
improving memory function in these patients [22]. Since fMRI is 
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an indirect measure of neuronal activity, the association between 
hippocampal hyperactivation detected by fMRI and epileptiform 
activity (detected by EEG) is poorly understood.

Regions outside the hippocampus also show excess network 
activity and synchrony in early stages of Alzheimer’s disease. 
For instance, patients with mild cognitive impairment or mild 
Alzheimer’s disease, and cognitively healthy people with PET 
evidence for amyloid β deposition have aberrant activity in the 
default network, including the precuneus and posterior cingulate 
cortex, indicated by failure to deactivate this network during 
memory encoding [23]. Additionally, resting-state MEG has shown 
network hypersynchronisation across multiple frequency bands 
in frontoparietal and interhemispheric networks in patients with 

amnestic mild cognitive impairment [24]. 

We propose that a crucial period during mild cognitive 
impairment stages exists, in which hippocampal hyperactivation 
(Figure 3) is associated with an increase in deposition of 
neurofibrillary tangles while amyloid β deposition begins to plateau 
[20,25]. Brain deposits of amyloid β and tau are not as tightly linked 
with cognitive dysfunction in human beings as soluble forms of 
these proteins are in animal models of Alzheimer’s disease [26]. 
Since non-invasive means of measuring soluble protein in the 
brain are not available, functional imaging and neurophysiological 
recordings might become crucial biomarkers of the functional 
effects of these proteins, both for protein-lowering approaches and 
other network-stabilizing therapeutic strategies.

Figure 3

Dementia after years of focal epilepsy: the case of 
Temporal Lobe Epilepsy

The association of epilepsy with structural brain changes and 
cognitive abnormalities in midlife has raised concern regarding 
the possibility of future accelerated brain and cognitive aging and 
increased risk of later life neurocognitive disorders. To address 
this issue a study (Hwang, 2020), recently examined age-related 
processes in both structural and functional neuroimaging among 
individuals with Temporal Lobe Epilepsy (TLE, N=104) who were 
participants in the Epilepsy Connectome Project (ECP). Support 
Vector Regression (SVR) models were trained from 151 healthy 
controls and used to predict TLE patients’ brain ages. It was found 

that TLE patients on average have both older structural (+6.6 years) 
and functional (+8.3 years) brain ages compared to healthy controls. 
Accelerated functional brain age (functional-chronological age) was 
mildly correlated (corrected P=0.07) with complex partial seizure 
frequency and the number of anti-epileptic drug intake. Functional 
brain age was a significant correlate of declining cognition (fluid 
abilities) and partially mediated chronological age-fluid cognition 
relationships. Chronological age was the only positive predictor of 
crystallized cognition. Accelerated aging is evident not only in the 
structural brains of patients with TLE, but also in their functional 
brains. Understanding the causes of accelerated brain aging in 
TLE will be clinically important in order to potentially prevent or 
mitigate their cognitive deficits.
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Treatment approaches of epilepsy with dementia and of 
dementia with epilepsy

Several factors must be considered when deciding to treat 
seizures in patients with Alzheimer’s disease, including age, 
comorbidities, drug interactions, cognitive and non-cognitive side-
effects, and optimal dose. In patients with epileptiform activity but 
no witnessed seizures, the decision of whether to treat with AEDs 
is controversial and should be based on the clinician’s judgment 
on whether so-called silent seizures might be contributing to 
cognitive symptoms (eg, cognitive fluctuations or confusion on 
waking). Empirical treatment with AEDs is not recommended 
for patients without clinical or electro graphical signs of network 
hyperexcitability. Such decisions must be guided by future clinical 
trials targeting network hyperexcitability in Alzheimer’s disease. 
The exact mechanism of action of most AEDs is unknown, and 
mechanisms might differ depending on dose. Because of the 
absence of randomised clinical trials addressing Alzheimer’s 
disease-associated seizures, therapeutic choices have to be based 
on evidence from other studies of AEDs in older adults with or 
without dementia [2].

The use of levetiracetam and lamotrigine to treat seizures 
associated with Alzheimer’s disease is supported by the strongest 
evidence. Notably, both AEDs can reduce excessive glutamate 
release from excitatory neurons, which might be relevant to 
epileptogenesis in Alzheimer’s disease [27,28]. Belcastro et al. [29] 
did an open-label, observational study of levetiracetam (1000-
1500mg per day) treatment for 1 year or longer in 25 patients 
with advanced Alzheimer’s disease and epilepsy [29]. 16% of 
participants discontinued the medication because of intolerable 
side-effects, and 72% were seizure-free for at least 1 year. Cumbo 
et al. [30] did a randomised, three-group parallel case-control study 
of levetiracetam (500-2000mg per day), lamotrigine (25-100mg 
per day), and phenobarbital (50-100mg per day) in 95 patients 
with Alzheimer’s disease and epilepsy (mean age 72 years) and 68 
age-matched control patients with Alzheimer’s disease but without 
epilepsy, who did not receive AEDs [30]. Treatment consisted of 
a 4-week dose adjustment period followed by a 12-month dose 
evaluation period. Levetiracetam and lamotrigine caused fewer 
adverse events than phenobarbital, which caused somnolence 
in 30% of patients. 17% of patients on phenobarbital withdrew 
because of adverse effects. The three AEDs had equivalent 
effects on seizure reduction (response rates: levetiracetam 71%, 
lamotrigine 59%, and phenobarbital 64%). Levetiracetam and 
lamotrigine treatment resulted in better cognitive outcomes than 
phenobarbital, and lamotrigine improved mood. Patients with 
both Alzheimer’s disease and epilepsy who took levetiracetam 
had improved performance on MMSE and Alzheimer’s disease 
Assessment Scale-cognitive (ADAS-cog), similar to patients with 
Alzheimer’s disease and without epilepsy. A small, double-blind, 
crossover trial of lamotrigine (150 or 300mg per day) for patients 
with Alzheimer’s disease without epilepsy showed that treatment 
with 300 mg of lamotrigine was associated with improved 
performance on recognition and naming tasks as well as depressed 

mood on the ADAS behavior subscale after 8 weeks of treatment 
[31]. 

In the Veterans Administration Cooperative Study, Rowan et 
al. [32] did a randomised, double-blind, parallel trial comparing 
the tolerability and efficacy of gabapentin (1500mg per day), 
lamotrigine (150mg per day), and carbamazepine (600mg per 
day) for 12 months in a cohort of 593 adults (mean age 72 years) 
with new-onset epilepsy [32]. Notably, 66% of participants had 
vascular disease based on the prevalence of stroke, cardiac disease, 
and hypertension, while 35% of participants had mild cognitive 
impairment. Overall, patients tolerated lamotrigine and gabapentin 
better than carbamazepine. Seizure control was similar with all 
three AEDs, and more than half of participants remained seizure 
free at 12 months.

A multicenter, randomized, double-blind, placebo-controlled 
trial assessed the efficacy of valproic acid (10-12mg/kg per day), 
given over 2 years, to treat agitation in 313 patients with moderate 
Alzheimer’s disease without epilepsy [33,34]. Valproic acid 
treatment did not reduce incidence of agitation or psychosis, and 
was associated with higher rates of somnolence, gait disturbance, 
tremor, diarrhoea, and muscle weakness. Patients who were taking 
valproic acid also showed greater brain volume loss and faster 
decline in MMSE at 1 year than patients in the placebo group. These 
results should dissuade use of valproic acid, at least at the doses 
used in this trial, as a first-line therapy for patients with Alzheimer’s 
disease with or without epilepsy.

Evidence for using phenytoin in patients with Alzheimer’s 
disease is mostly limited to observational studies that have 
reported variability in its efficacy in seizure control and 
neurological side-effects, including ataxia, delirium, sedation, and 
accelerated cognitive decline [16,35,36]. Phenytoin paradoxically 
exacerbates seizures in the APP-J20 mouse model [37], but not 
in mice overexpressing APP and PS1 [38]. The deleterious effects 
of phenytoin on seizures and cognition in hAPP-J20 mice might 
be related to the depletion of Nav1.1 in parvalbumin-positive 
interneurons in the parietal cortex, a change also observed in 
brain samples from patients with Alzheimer’s disease [37]. 
Blocking Nav1.1 activity with phenytoin might exacerbate cortical 
excitability by reducing activity of Nav1.1-containing interneurons 
and disinhibiting neighboring pyramidal neurons. Lamotrigine also 
inhibits sodium channels but has a higher potency for inhibiting 
release of glutamate than of GABA, which distinguishes it from 
phenytoin [27]. Individuals with Down’s syndrome who develop 
epilepsy early in life usually tolerate phenytoin well, but those 
who develop Alzheimer’s disease and epilepsy later in life can have 
deleterious cognitive side-effects when taking phenytoin [35]. 

Benzodiazepines should be used as a last resort to treat 
seizures associated with Alzheimer’s disease. Although these 
drugs are highly effective at suppressing seizures and myoclonus, 
they can induce delirium and their sudden discontinuation (eg, 
when forgetting to take the medication) can induce withdrawal 
seizures, even in patients without epilepsy. Furthermore, chronic 
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benzodiazepine use in an older population has been associated 
with increased risk of developing Alzheimer’s disease [38]. 
Topiramate reduces behavioural deficits in mouse models of 
Alzheimer’s disease [39]; however, its cognitive side-effects, such 
as word-finding difficulty and reduced concentration span, make it 
less appealing as a treatment for patients with Alzheimer’s disease. 
Other AEDs, such as oxcarbazepine and lacosamide, are being used 
successfully as monotherapy to treat seizures in older adults, but 
limited data are available for their use in patients with Alzheimer’s 
disease. Patients on carbamazepine or oxcarbazepine should 
have sodium levels monitored regularly, as these AEDs can cause 
hyponatraemia, particularly with advanced age.

Some symptomatic treatments for Alzheimer’s disease have 
been associated with an increased risk of seizures. In particular, the 
antidepressant bupropion and typical neuroleptics can decrease the 
seizure threshold in these patients. Acetylcholinesterase inhibitors, 
the mainstay of current symptomatic treatments, are likely to 
have neutral effects on seizure risk. A randomised, double-blind, 
placebo-controlled study of donepezil in patients with epilepsy did 
not reveal an increased frequency of seizures [40]. Memantine, a 
non-competitive NMDA receptor antagonist, has been reported 
to have both pro-seizure and anti-seizure effects in rat models of 
kindling [41]. 

Overall, most seizures associated with Alzheimer’s disease 
are responsive to AED monotherapy, often at low doses, which 
are preferred in an elderly population [2,30,42,43]. Whether 
low-dose levetiracetam (125mg twice a day), which seemed to 
improve hippocampal-based memory performance in patients with 
mild cognitive impair ment [23], is also effective at suppressing 
Alzheimer’s disease-associated seizures and epileptiform activity 
is unclear, but treatment with low-dose levetiracetam deserves 
consideration from a cognitive standpoint, particularly in patients 
with Alzheimer’s disease in whom seizures are mild or infrequent, 
and who have no history of status epilepticus. Levetiracetam should 
be used with caution in patients with advanced dementia and 
behavioural disturbances, because it can exacerbate agitation [44].

Treatment with many AEDs, particularly enzyme-inducing 
AEDs such as carbamazepine, phenytoin, and phenobarbital, is 
associated with decreased bone density. Therefore, long-term use 
of AEDs in elderly patients should be accompanied by routine 
examination of bone mineral density and supplementation with 
calcium, vitamin D, or other therapies.
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