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SUMMARY 

Background. Сognitive impairment is one of the major epilepsy-related comorbidities. Upon long-term disease course, a decline 
in cognitive functions occurs in about 70–80% of cases. Juvenile myoclonic epilepsy (JME) is one of the most common forms 
of epilepsy (about 9.3%). Compared with other forms of idiopathic generalized epilepsy, JME is featured with high risk of 
seizures along with lowered patient compliance to treatment as well as a danger of developing drug resistance that may be 
a cause of cognitive disorder. 

Objective: to review research publications on cognitive impairment in JME, discuss its putative causes, describe neuro- 
psychological profile for JME patients.

Material and methods. The search was carried out in eLibrary, PubMed/MEDLINE, and Google Scholar databases using 
keywords and their combinations: “cognitive impairment”, “cognitive disorder”, “cognitive functions”, “neuropsychology”, 

“epilepsy”, “juvenile myoclonic epilepsy”, “JME”, “idiopathic generalized epilepsy”, “antiepileptic drugs”. We analyzed the 
articles published over the past 5 years and some earlier works of significant scientific interest. All articles were published in 
English or Russian languages. 

Results. A total of 895 articles were found in databases. Comprehensive screening, evaluation of full-text articles eligibility in 
accordance with the criteria for selecting and deleting duplicates allowed to include 3 scientific publications in Russian and 
67 scientific publications in English in the literature review. The main causes of cognitive impairment in JME patients were 
analyzed followed by describing relevant neuropsychological profile. Diagnostic tools and current opportunities for correction 
of cognitive disfunctions were considered as well.

Conclusion. The underlying causes of cognitive impairment in JME patients are multifactorial in nature and require further 
research. However, in this patient cohort prominent obstacles remain in identifying and timely correcting such disorders. 
Approving uniform diagnostic and therapeutic standards, developing rehabilitation methods for cognitive impairment in epilepsy 
will help improve the quality of life in JME patients.
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РЕЗЮМЕ 

Актуальность. Когнитивные нарушения являются одними из основных коморбидных состояний при эпилепсии. При 
длительном течении заболевания снижение когнитивных функций встречается примерно в 70–80% случаев. Юноше-
ская миоклоническая эпилепсия (ЮМЭ) – одна из наиболее распространенных форм эпилепсии (около 9,3%). Особен-
ности ЮМЭ состоят в высоком риске возникновения приступов при снижении комплаентности пациента к лечению, 
а также в опасности развития фармакорезистентного течения заболевания по сравнению с другими формами идио-
патических генерализованных эпилепсий, что может стать причиной когнитивных расстройств. 

Цель: обзор научной литературы о когнитивных нарушениях при ЮМЭ, обсуждение предполагаемых причин их воз-
никновения, описание нейропсихологического профиля пациента с ЮМЭ.

Материал и методы. Поиск осуществляли в базах данных eLibrary, PubMed/MEDLINE и Google Scholar, используя клю-
чевые слова и их комбинации на русском и английском языках: «когнитивные нарушения», «когнитивные расстрой-
ства», «когнитивные функции», «нейропсихология», «эпилепсия», «юношеская миоклоническая эпилепсия», «ЮМЭ», 
«идиопатическая генерализованная эпилепсия», «противоэпилептические препараты», “cognitive impairment”, “cognitive 
disorder”,  “cognitive functions”, “neuropsychology”, “epilepsy”, “juvenile myoclonic epilepsy”, “JME”, “idiopathic generalized 
epilepsy”, “antiepileptic drugs”. Мы проанализировали статьи, опубликованные за последние 5 лет, и более ранние ра-
боты, представляющие весомый научный интерес.

Результаты. В базах данных найдено 895 научных статей. После тщательно проведенного скрининга, оценки  полно-
текстовых статей на приемлемость в соответствии с критериями отбора и  удаления дублирования в обзор включено 
3 публикации на русском языке и 67 публикаций на английском языке. Рассмотрены основные причины развития ко- 
гнитивных нарушений у пациентов с ЮМЭ и описан их нейропсихологический профиль. Также изучены методы диа-
гностики и возможности коррекции когнитивных дисфункций на сегодняшний день. 

Заключение. Причины, лежащие в основе когнитивных нарушений у пациентов с ЮМЭ, носят многофакторный харак-
тер и требуют дальнейших исследований. Сохраняются значительные трудности в выявлении и своевременной кор-
рекции таких расстройств. Принятие единых стандартов диагностики и лечения, разработка методов реабилитации 
когнитивных расстройств у больных эпилепсией помогут улучшить качество жизни пациентов с ЮМЭ.

КЛЮЧЕВЫЕ СЛОВА 

Когнитивные нарушения, когнитивные расстройства, когнитивные функции, нейропсихология, эпилепсия, юношеская 
миоклоническая эпилепсия, ЮМЭ, идиопатическая генерализованная эпилепсия, противоэпилептические препараты. 
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INTRODUCTION / ВВЕДЕНИЕ

Cognitive impairment is one of the major comorbid 
conditions in epilepsy [1]. Upon long-term disease course, 
a decline in cognitive functions occurs in about 70–80% of 
cases [2, 3].

Juvenile myoclonic epilepsy (JME) is one of the most 
common forms of epilepsy (about 9.3% of all forms) [4, 5]. 
Compared to other forms of idiopathic generalized epilepsy, 
JME is featured with a high risk of seizures along with 
lowered patient compliance to treatment as well as a risk 
of developing drug-resistant disease [6, 7] that may cause 
cognitive impairment.

JME is the most common syndrome of genetic generalized 
epilepsies (GGE) with onset in adolescence and adulthood 
[8]. The disease prevalence varies from one to three cases 
per 10 thousand people [9]. JME is characterized by a triad 
of seizures: myoclonic, generalized tonic-clonic seizures 
(GTCS), and absence of seizures. Myoclonic seizures 
usually occur upon awakening and during fatigue and are 
a mandatory criterion for JME diagnostics. GTCS are found 
in more than 90% of patients, absence of seizures occurs 
in 1/3 of JME patients [10–12]. Generalized spike-wave and 
polyspike-wave activity with electroencephalogram (EEG)-
monitored 3–5.5 Hz frequency is a typical sign for JME [8].

In most cases, despite the benign course of the disease, 
long-term antiepileptic drugs (AEDs) use and lifelong 
exclusion of disease provoking factors are required [7].

Recent studies indicate declines and specific impairment 
in cognitive functions, but it is not well understood whether 
such alterations are specific solely to JME patients or 
common for all GGE subtypes [13].

In addition, the problem of a unified taxonomy for 
determining cognitive impairment in patients with epilepsy 
has not been resolved. The lack of uniform diagnostic 
criteria poses prominent obstacles in clinical practice and 
investigation of epilepsy [1].

Among brain activities most complex are cognitive 
functions such as memory, gnosis, speech, praxis and 
intelligence [14], through which the process of rational 
cognition of the world is carried out (Fig. 1).

A selective cognitive impairment in JME patients 
is observed in most cases [15, 16]. Moreover, there is a 
high risk of developing mental disorders such as anxiety, 
depression, and impulsivity, which can lead to impaired 
socialization and psychological problems [17, 18] able to 
precede the onset of epileptic seizures [17].

Objective: to review research publications on cognitive 
impairment in JME, discuss its putative causes, describe 
neuropsychological profile for JME patients.

Figure 1. Human cognitive domains (adapted from [1])

Рисунок 1. Когнитивные домены человека (адаптировано из [1])
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EPILEPSY 
and paroxysmal 

conditions 

MATERIAL AND METHODS / МАТЕРИАЛ 
И МЕТОДЫ

The search for publications was carried out in the 
databases eLibrary, PubMed/MEDLINE, and Google 
Scholar, using keywords and their combinations in English 
and Russian: “cognitive impairment”, “cognitive disorders”, 

“cognitive functions”, “neuropsychology”, “juvenile 
myoclonic epilepsy”, “JME”, “idiopathic genetic epilepsy”, 

“anti-epileptic drugs”. We analyzed articles published over 
the past five years and earlier works referred to therein. 
Articles published in English and Russian that included 
studies with JME patients and cognitive impairment were 
selected for analysis.

A total of 895 articles were found in the databases. After 
carefully screening, assessing full-text article eligibility 
in accordance with the selection criteria and removing 
duplicate texts, 3 research publications in Russian and 
67 research publications in English were included in the 
literature review.

RESULTS AND DISCUSSION / РЕЗУЛЬТАТЫ 
И ОБСУЖДЕНИЕ

Сauses of cognitive impairment in epilepsy / 
Причины когнитивных нарушений при 
эпилепсии

It is believed that a multifactorial cognitive impairment 
develops in epilepsy. Available publications demonstrate 
that three major factors influencing the development of 
cognitive impairment are involved: the etiology of epilepsy 
[13], epileptic seizures and EEG-verified epileptiform activity 
as well as adverse events due to AEDs [19–21]. Depending 
on which factor has a greater impact on cognitive functions, 
the timing, degree, and course of cognitive impairment may 
vary [22], whereas ictal and postictal cognitive dysfunction 
are reversible that has been extensively discussed [23].

It is generally accepted that a progressive decline in 
cognitive functions occurs in long-term and drug-resistant 
epilepsy with the accumulation of epileptic seizures 
throughout life. However, epilepsy and its accompanying 
conditions such as depression and memory loss, can, but 
should not, be interrelated [24]. The term “comorbidity” 
does not imply or exclude a causal relationship between 
cognitive impairment and epilepsy [25].

Structural brain disorders and genetic 
predisposition / Структурные нарушения 
головного мозга и генетическая 
предрасположенность

Theoretically, cognitive impairment in JME patients may 
result from microstructural changes in brain gray and white 
matter [26].

In GGE, much attention is paid to neurogenetic etiology, 
but research in this field remains sparce [27]. To date, only 
six genes bearing pathogenic variants (GABRA1, GABRD, 

EFHC1, BRD2, CASR and ICK) with Mendelian and complex 
inheritance are considered as the major JME susceptibility 
alleles and can determine development of microstructural 
changes in the brain [26].

Despite that the definition of JME proposed by the 
International League Against Epilepsy (ILAE) in 2022 [8] 
points at the lack of magnetic resonance imaging (MRI) 
structural changes, histopathological, morphometric studies 
reveal microstructural changes in both gray and white 
matter of the brain in this patient group [28]. MRI data show 
that changes in brain white matter and reduced thalamus 
volume were found in newly JME-diagnosed patients [29, 
30]. Microstructural changes have also been described in the 
prefrontal cortex and thalamus [31] as well as hippocampal 
regions [32, 33].

In the 2018 meta-analysis conducted by the ENIGMA (The 
Enhancing Neuro Imaging Genetics through Meta-Analysis) 
consortium, altered thickness of the precentral gyri was 
identified in 367 GGE patients compared to control group 
[34], which is consistent with some data from a more recent 
JME meta-analysis.

Meta-analysis by D. Kazis et al. (2021) assessing 12 studies 
and 365 patients used voxel-based morphometry to identify 
structural changes such as increased gray matter level in 
the left middle cingulate/paracingulate gyrus, right superior 
frontal gyrus, left precentral gyrus, right supplementary 
motor area, and left supplementary gyrus of the motor area. 
A decreased volume of gray matter was also detected in the 
left thalamus and the left insula of the brain [35].

Hippocampal neuroimaging and spectroscopy data 
collected by L. Caciagli et al. (2019) identified that 
50% JME patients and paired siblings had structural 
changes in hippocampal shape as well as altered left 
hippocampus. While assessing mesotemporal functions 
using neuropsychological tests and functional MRI, no overt 
impairment in verbal and nonverbal memory was detected, 
but altered rate of activation for mesotemporal functions 
was revealed. In addition, patients with hippocampal 
malrotation showed lowered frontal cortex activation during 
verbal memory and more prominently involved left posterior 
hippocampus during visual memory activation [32].

Moreover, neuroimaging data assessed in a series 
of studies with newly diagnosed JME patients showed 
structural changes in the brain, including a less modular 
cortical network as well as larger volume and thickness 
of the fronto-parietal-temporal region [36–38]. Altered 
signal was detected in the cortico-cortical, orbitofrontal, 
ventrolateral frontal, premotor and temporopolar regions. 
The latter was also demonstrated to be most affected by 
abnormal embedding of cognitive frontoparietal, dorsal and 
limbic networks [39].

The study by D.A. Lee et al. (2021) uncovered changes 
in the local and global networks of the hippocampus in 
35 newly diagnosed JME patients, which may also result in 
developing specific cognitive impairment [40].

Thus, study data show that JME patients more commonly 
have: altered volume, structure and morphological 
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hippocampus properties [32, 40], affected structure in 
the prefrontal and cingulate cortex (such as increased 
complexity of folding and altered surface area) [39] and 
changes in motor cortex hyperactivation based on functional 
MRI data [41]. Despite this, the specificity of frontotemporal 
endophenotypic properties in JME patients requires to be 
further investigated [38].

Epileptic seizures and epileptiform activity 
on electroencephalogram / Эпилептические 
приступы и наличие эпилептиформной 
активности на электроэнцефалограмме

Seizure frequency and epileptiform EEG activity in JME 
patients may also cause persistent and progressive cognitive 
impairment. In particular, the study by Z.E. Balcik et al. 
(2020) showed dysfunction of the frontal lobes in 60 JME 
patients, and those with one-second-longer generalized 
activity performed worse tests assessing attention and 
had more errors in perseveration. However, no significant 
correlation between focal EEG patterns and test scoring for 
frontal lobe cognitive functions was found in JME group [42].

Study by S. Sezikli et al. (2018) on JME with EEG-based 
15 asynchronous vs. 15 synchronous generalized activity 
patients revealed a more prominent decline in frontal lobe 
cognitive functions [15].

In epilepsy, transient cognitive impairment (TCI) is 
commonly associated with generalized activity [43]. In 
addition, up to 50% of patients with epileptiform activity 
are found to have TCI upon cognitive assessment [44] 
suggesting that epileptiform changes may affect cognition 
in epilepsy or be a marker of more severe disease associated 
with cognitive impairment. Thus, it has been shown that 
deterioration of memory and cognitive functions is 
associated with longer cumulative duration of epileptiform 
activity based on 24-hour EEG monitoring in GGE patients 
[45]. Moreover, it also found that difference in IQ scores was 
more likely to be accounted for by total duration of sleep 
vs. wakefulness epileptiform discharge [45]. In addition, 
changes in long-term memory functions were accounted for 
by longer total duration of wakefulness vs. sleep epileptiform 
activity [46].

An earlier retrospective study showed that decreased 
mean duration of generalized seizures, fewer epileptiform 
discharge and lower EEG spike density were associated with 
longer seizure free period in GGE patients [47].

Cognitive impairment is recorded mainly outside remis- 
sion and depends on the nature of epileptic seizures. 
Myoclonic seizures along with GTCS vs. isolated myoclonic 
seizures more often resulted in developing cognitive 
impairment [17].

S.C. Tromp et al. (2003) showd that in children EEG-
monitored epileptiform activity during cognitive testing 
caused no prominently decreased IQ scores, but significantly 
reduced the reaction time to binary choice, i.e. the speed of 
information processing. The frequency of epileptic seizures 
and the disease severity influenced the decline in stable 
aspects of cognitive functions resulting in lower IQ scores [48].

Epileptiform discharge may be considered a useful 
biomarker for response to AED treatment, because it was 
evidenced that they correlate with seizure control and 
cognitive epilepsy outcomes [46].

The study by A.S. Eriksson et al. (2001) suggested 
that improvement in mental speed and behavior following 
changes in antiepileptic therapy is related to lowered 
interictal epileptiform activity [49].

Effect of antiepileptic drugs on cognitive 
functions / Влияние противоэпилептических 
препаратов на когнитивные функции

In most cases, patients with epilepsy should receive long-
term antiepileptic treatment, which can impact on cognitive 
functions, both positively and negatively. The number of 
medications taken, poor adherence to drug treatment and 
AED-related side effects affect the patients' quality of life 
[50, 51].

R. Moavero et al. (2017) identified several factors 
involved in emerging cognitive side effects in epilepsy 
therapy. Among them are polytherapy, introduction of same-
mechanism-of-action AEDs, and improper drug dosing [52].

According to M. Mula et al. (2009), older-generation 
AEDs such as phenobarbital, phenytoin, carbamazepine 
and valproic acid affect general cognitive indicators [53]. 
JME patients taking valproic acid monotherapy scored 
significantly lower than those matched for age, education, 
and gender on neuropsychological measures of attention, 
immediate verbal memory, mental flexibility, inhibitory 
control, working memory, processing speed, verbal memory 
delay, visual memory delay, naming and verbal fluency 
compared to the control group. The duration of epilepsy 
correlated with a decline in cognitive functions; in addition, 
patients with higher education showed less progression of 
cognitive deficits [54].

The effect of valproic acid on lowered cognitive functions 
in children born to mothers who took valproic acid during 
pregnancy has been proven. Compared to other AEDs such 
as lamotrigine, phenytoin and carbamazepine, decreased 
cognitive functions were recorded in the form of delayed 
speech development, lower IQ scores in 30–40% of valproic 
acid-treated patients [55]. A dose-dependent effect was also 
proven; when a mother took valproic acid at a dose of 1000 
mg/day or higher, lower IQ scores, decreased verbal and 
non-verbal intelligence, decreased memory and impaired 
executive functions were recorded in paired children [56].

Higher AED doses and polytherapy are associated with 
aggravated overall side effects [57]. It has also been shown 
that each additional drug in treatment regimen can result 
in lowered objective cognitive parameters [58, 59], which 
is in line with the results by L. Feldman et al. (2018) who 
suggested that after severity level of depressive symptoms 
the number of AEDs represents the second predictor for 
subjective cognitive impairment [60].

Of the AED-impaired cognitive domains, the most 
common reported AED are shown to affect attention, 
vigilance, and psychomotor speed [61]. In addition, the study 
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by R.J. Quon et al. (2020) found that patients receiving AED 
polytherapy vs. monotherapy passed less efficiently tests on 
subjective cognition, verbal and working memory as well as 
information processing speed [61].

In adult patients, topiramate affected verbal functions 
primarily acting on verbal fluency [53, 62]. F.M.C. Besag 
and M.J. Vasey (2021) uncovered that topiramate and 
phenobarbital in children specifically strongly elicited 
cognitive impairment, whereas topiramate alone was 
associated with speech impairment [63]. Lamotrigine and 
levetiracetam less likely cause cognitive impairment and in 
some patients may improve cognitive functions presumably 
by achieving seizure control [63].

Neuropsychological profile of JME patient / 
Нейропсихологический профиль пациента 
с ЮМЭ

It was previously thought that cognitive decline in patients 
with JME was relatively less common than in other forms of 
epilepsy. However, recent studies show a high percentage 
of selective cognitive and behavioral impairment [64]. In 
addition, there is evidence of the absence of cognitive 
impairment at the onset of the disease, before the start of 
taking AEDs, but such studies are few in number [65].

It is assumed that general cognitive abilities are 
negatively correlated with disease duration [13].

R.V. Magzhanov et al. (2017) analyzed the prevalence 
of cognitive impairment in 44 JME patients. A decline in 
Montreal scale-assessed cognitive functions was detected 
in 40% of patients. In addition, 33.3% of them showed 
subclinical manifestations of anxiety according to the 
Hospital Anxiety and Depression Scale (HADS) [66].

The study by D.N. Almane et al. (2019) with 111 JME 
children aged 8 to 18 years (41 patients with newly or 
recently diagnosed JME and 70 first-degree relatives) vs. 
control subjects showed an overall decline in cognitive 
functions. They also had a higher incidence of attention 
deficit hyperactivity disorder, depression, and anxiety [17].

Many studies have described dysregulatory disorders, 
including impaired speed of thinking, difficulty concentra- 

ting, difficulty switching, and difficulty making decisions. 
Impaired executive functions occur in JME patients 
experiencing difficulties planning tasks, forming goals and 
subsequent control [13, 67]. Apart from this, a decline in 
phonemic and semantic speech fluency they suffer is also 
noted [13, 68].

Meta-analysis by A. Loughman et al. (2017) evidenced 
about consistent decline in semantic knowledge and 
problem-solving skills, which replicates findings in mixed 
groups of GGE patients. However, intellectual abilities stay 
within normal range, although slightly lower than in control 
groups. In addition, disturbances in visuospatial perception 
and visual attention are noted [69].

The involvement of temporal and hippocampal process-
dependent cognitive functions in JME patients requires 
to be further explored. Several studies reported a normal 
performance in learning and memory tests [68], whereas 
others detailed deficits in short- and long-term memory 
compared to control subjects [70]. Memory impairment 
was considered to be a consequence of insufficient visual 
and verbal learning [15]. Conflicting data may be partly due 
to JME syndromic heterogeneity [28, 54].

CONCLUSION / ЗАКЛЮЧЕНИЕ

The causes underlying cognitive impairment in JME 
patients are multifactorial and require further assessment. 
Identifying the mechanisms of developing cognitive 
impairment will allow to promptly prevent such conditions.

The cognitive profile of JME patients is represented by 
mean general level of intelligence, which is accompanied by 
impaired semantic and phonemic fluency, working memory 
and a wide range of executive functions, varying from mild 
to severe level.

At the moment, significant obstacles remain in identifying 
and timely correcting cognitive impairment in JME patients. 
Approving uniform diagnostic and therapeutic standards and 
developing rehabilitation methods for cognitive disorders in 
patients with epilepsy will help improve the quality of life for 
this patient cohort.
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