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Abstract

Juvenile myoclonic epilepsy (JME) is a well-defined sub-syndrome of idiopathic generalized/genetic epilepsy, usually
presenting in adolescence and characterized by myoclonic jerks, predominately in the arms, associated with tonic-clonic seizures
and less often generalized absences. Although the evidence base for a relationship between JME and sleep disorders is weak, most
experts regard sleep disorders as an actual comorbidity. This paper reviews the literature underpinning the development of sleep
disorders in JME patients. Data that report associated causes of sleep problems in JME patients are discussed, as is the importance
of counseling on lifestyle issues. Lastly, a practical approach to managing sleep disorders in young men and women with JME is

summarized. (International Journal of Biomedicine. 2018;8(2):108-114.)
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Abbreviations

AEDs, antiepileptic drugs; EEG, electroencephalography; GABA, gamma-aminobutyric acid; JME, juvenile myoclonic epilepsy;
NREMS, non-rapid eye movement sleep; PDs, personality disorders; PSG, polysomnography; QL, the quality of life; REMS,
rapid eye movement sleep; SDs, sleep disorders; TLE, temporal lobe epilepsy.

Introduction

Sleep is a naturally recurring state of mind and body,
characterized by altered consciousness, relatively inhibited
sensory activity, inhibition of nearly all voluntary muscles,
and reduced interactions with surroundings.” Sleep is a
necessary condition for the normal functioning of the brain.
Even the loss of one hour of sleep time that accumulates for
several days can have a powerful negative effect on daytime
performance, thinking, and mood. After one night of total
sleep deprivation, even healthy people scored significantly
lower on tests of judgment, simple reaction time, explicit
recall, and inverse word reading.®» Moreover, the brain has a
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neurophysiological pathology that is more dependent on sleep
than on health.

Epilepsy and sleep disorders (SDs) are closely
connected. B.Schmitt showed that about 20% of patients
suffer seizures only at night, approximately 40% only during
the day and approximately 35% during day and night.®) That
is more than half of patients have nocturnal seizures during
sleep.

Currently, scientists are trying to relate certain
epilepsies with different SDs: disturbance of sleep quality and
architecture, daytime sleepiness, and others. Chronobiology
and chronopharmacology of epilepsy are actively developing
scientific directions.®

Seizures and AEDs can lead to different SDs and,
conversely, SDs can cause daytime sleepiness, memory
impairment, and loss of control of seizures in epileptic
patients.® Depression, anxiety, and suicidal ideation are also
considered as causes of secondary chronic insomnia—sleep
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disorder characterized by an inability to sleep or to remain
asleep for a reasonable period—and hence they may also
cause impairments in daily regime and mode of the drugs.®
These relationships are shown in Figure 1.
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Fig. 1. Interference of seizures and sleep in
JME patients.

These problems are more common in JME, which
is characterized by frequent myoclonic jerks, most often of
the upper limbs, usually occurring shortly after awakening;
possible generalized tonic-clonic seizures; and absences.©

Dr Gary J Dennis divided the focal forms of epilepsies
into seizures arising from sleep and idiopathic generalized/
genetic epilepsies, which include JME, when seizures arise
shortly before or after sleep onset but not from a sleep stage
(Table 1).

Table 1.

Epilepsy syndromes closely associated with sleep

Idiopathic Epilepsy
generalized syndromes
epilepsy syndromes| of uncertain origin|

Focal onset syndromes

Benign childhood epilepsy
with centrotemporal spikes JME
(BCECTS or Rolandic

epilepsy)

Begin childhood epilepsy
with occipital paroxysms
(Panayiotopoulos
syndrome)

Continuous spike
and wave during
slow wave sleep

Generalized tonic-
- . Landau-Kleffner
clonic seizures on
syndrome

waking

Autosomal dominant
nocturnal frontal lobe
epilepsy (ADNFLE)

Nocturnal frontal lobe
epilepsy

Nocturnal temporal lobe
epilepsy

Important provokers of seizures in JME were: (1) in
83% of patients, a disturbance in the circadian rhythm of
sleep, (2) in 77%-80% of patients, sleep deprivation, and (3)
in 66%, fatigue. ¢

Abnormalities in frontal lobe gray matter, often occurring
with JME, lead to psychological changes in personality:

Namely, dysfunction of frontal lobes, especially the prefrontal
cortex, results in deficits of executive functions, including
concept formation, abstract reasoning, and planning as well
as self-regulation of behavior and control of impulsivity and
emotions. Executive functions are responsible for processes
of the elaboration of cognitive and behavioral reactions and
strategies for the achievement of immediate or future goals. (*!D

This feature can explain the failure of IME patients to
follow treatment recommendations and regulate their sleep
habits.®

Diagnostics of sleep disorders

The uses of EEG and PSG for evaluating sleep quality
and its architecture in JME patients are described in the
scientific literature.

1.EEG

Interictal EEG abnormalities were reported in 76%-88%
of cases.(213 JME is usually associated with a generalized 4-
to 6-Hz polyspike and wave, and less commonly with single
spikes or sharp waves.® Several scientists also describe subtle
focal EEG abnormalities and other peculiar EEG characteristics
in JME patients." These EEG patterns are likely registered
during NREM sleep, while REM sleep is resistant to their
propagation.™ So such electroencephalographic potentials
clinically manifest in arousals and sleep fragmentation, ending
with episodic daytime sleepiness. This closes the vicious
cycle because sleep deprivation is a trigger for seizures and
epileptiform discharges.'®

2. PSG

All-night polysomnographic recordings are used
for analyzing epileptiform EEG abnormalities in relation
to sleep stages.!” It has been  demonstrated!®!® that
epileptiform discharges in NREMS, leading to arousal,
form stage shifts.Several studies have evaluated such sleep
parameters as sleep duration, sleep onset latency, sleep staging,
wakefulness after sleep onset, sleep efficiency, REMS latency
and duration, arousal index, apnea-hypopnea index, cardiac
events, and periodic limb movements during sleep.!®

Sleep instability (difficulties in initiation and
maintenance of sleep) in JME patients was confirmed in
many studies. According to research by P.Kristian et al.,!
which was confirmed by others,'® patients had reduced sleep
efficiency, increased sleep onset latency, and increased wake
percentage. Reduced REMS was noted by S.Roshan up to the
total lack of REMS at all during sleep cycles.!!®

The purpose of this review was to evaluate scientific
literature on management of SDs in JME.

Materials and Methods

Available full-text publications were selected from the
following databases: PubMed, Springer, Clinical Keys, and
eLIBRARY.RU. The search for publications was conducted
using the following keywords: “Juvenile myoclonic epilepsy”
and “sleep disorders.” We considered studies published from
1992 to 2017 and identified 48 publications dealing with the
problem of the influence of sleep on JME. Only 12 of these
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publications have been included in this review, based on
search criteria.

Results

Our analysis shows that there is a bi-directional
connection between JME and SDs. High-grade healthy sleep
is one of the keys to successful control of seizures. However,
there is a reverse effect of epilepsy on sleep. In this scientific
review, we highlighted the three main reasons for SDs in JME:

1. The epilepsy itself

2. The lifestyle of patients

3. The comorbid depression and anxiety
4. The application of AEDs

The epilepsy itself
The peak of JME onset is between ages 14 and 16, with

a diapason from 8 to 25 years (i.e. transitional age) when it is
especially difficult to find an approach to the patient.

Sleep deprivation, as the most common predictor for
seizures, can follow from stress, menstruation in females,
sounds, and alcohol consumption.'® These are precisely the
unfavorable factors facing a patient-teenager, besides JME.

JME is a socially significant disease with poor long-term
social outcome after 25 years, including depression, social
isolation, and underemployment.?*?? Such young patients
usually have difficulties with socialization, and sometimes even
demonstrate agoraphobic disorders. The debut of the disease
is often accompanied by a negative attitude and unwillingness
to follow the doctor’s recommendations. Patients deal with
the problems of socialization by, for example, going to
nightclubs where they face most of the dangerous factors of
sleep deprivation and seizures described above. It is important
that doctors should not require applying restrictions, because
excessive regimentation may be counterproductive.®) In
addition, the formation of the menstrual cycle in girls, which
is also a proconvulsant, plays an important role at this time.

Because JME 1is a chronic disease, the circadian
rhythm and circadian profile are very important. A.Fukuda
compared JME with TLE and concluded that the pattern of
seizure occurrence in JME patients tends to be on awakening
(diurnal seizures), while TLE patients tend to have seizures
during sleep (nocturnal seizures). Consequently, Fukuda and
colleagues suggested that most JME patients do not feel better
in the morning, especially if there was a lack of sleep the day
before.?® Thus, disturbances of the regime cause seizures,
resulting in daytime sleepiness, which in turn leads again to
disturbances of regime. The doctor can break this triangle only
by establishing individual contact and trust with every patient.

The lifestyle of patients

Counseling patients on the importance of adequate
sleep hygiene and alcohol restriction is an important part of
the management strategy for JME patients, but information
is lacking on how these lifestyle restrictions impact JME
patients. In one study, however, Leahy et al. conducted a
qualitative descriptive analysis of the social impact of JIME
on patients, from their own perspective.?¥ The researchers

identified four prominent themes: the importance of alcohol
use as a social norm, how JME affected relationships, decision
making (risk versus consequences), and knowledge-imparting
control. Given that these restrictions were interpreted by
patients as social curfews, we suggest that the term “Cinderella
Syndrome” encapsulates the perceived imperative to be home
before midnight. These findings underscore the importance for
clinicians to recognize that in counseling patients with JME
about lifestyle adjustments, there may be a significant social
consequence unique to this patient group. So reinforcement of
proper behavior and sleep hygiene should be encouraged by
doctors and family members to help control of seizure in JME
patients.®

There are several key points of education and support of
JME patients.®> The patient with JME needs support first in
the family in which he grows, and then in the family which he
creates. At the first stage, after the debut of the disease, parents
need to help the child take the disease and understand how to
live with it. The teenager should know about safety and mortality
risks, healthy lifestyle, and potential comorbidities to be able to
assess his condition and well-being. Parents, in turn, should not
only support the child, but also create a favorable environment:
social (prevention of aggravation and agoraphobia, teacher and
collective notification), psychological (support groups, stigmas
destruction), and physical (organization of safe leisure and
healthy sleep).

An equally important stage for the JME patient is the
transition to adulthood, because JME is a chronic disease. The
patient begins to conduct self-control and self-determination.
The development of relationships with the opposite sex should
preferably be sincere and mutual. It is necessary to inform the
person who spends a lot of time with the patient about the
possibility of seizures and their causes, so that the reason for
refusing alcohol or the need for early sleep, for example, will
be clear. This will help avoid conflicts, and hence stress, for
the patient. It is important to remember about contraception
to avoid a shock due to unwanted pregnancy. Therefore, it is
necessary to strictly observe the sleep-wakefulness regime,
and explain to the partner this need. It is necessary to find a
compromise between the restrictions narrowing the life of a
person with epilepsy and the possibility of a full life.

Comorbid depression and anxiety

As well as being a very common neurological disease
worldwide, epilepsy significantly impairs patients’ emotional,
behavioral, and cognitive functioning. SDs are the most
frequent complaint in patients with epilepsy. Adults with
epilepsy have poorer self-reported subjective sleep quality
and a higher prevalence of insomnia than the control group.
Depressive and anxiety-related symptoms independently exert
an adverse effect on the subjective sleep quality and insomnia
of patients. In addition, seizure control, partial seizures, and the
duration of epilepsy affect the quality of sleep and insomnia
in patients, but seem less powerful predictors of sleep quality
and insomnia than affective symptoms. Early identification
and treatment of affective symptoms is of great importance
in improving the sleep quality and insomnia of patients with
epilepsy.®®
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The difficulty of establishing contact is due to comorbid
depression. Lack of drive and endurance, unstable self-
concept, and rapidly changing affect and mood states are
typical features of JME patients.?” The social-cultural
background of patients, rather than neurobiological factors,
may be a reason for SDs ¥ and for the depression and anxiety
often described in JME.@30

Sh.Somayajula et al.®" studied PDs, psychosocial and
socioprofessional integration, in 165 JME patients. Of those,
77/46.7% patients were diagnosed with PDs, while 50/30.3%
(more common in young people) were categorized as having
anxiety disorders, and 27/16.4% patients (more common in
the elderly) had depressive disorders.

Insomnia is the cause of the depression and personality
traits of JME patients. Moskaleva et al. previously described
this vicious cycle: "Despite recognizing the factors, which
cause more frequent seizures and worsening of the general
condition, many patients cannot cope with their emotions
singly; they note a decrease in stress resistance, and therefore
complain about the difficulties of falling asleep, resulting in an
undesirable lack of sleep."¢?

Depression forms pathophysiological pathways with
the epileptogenic process and may be independent of seizure
control. S.Roshan tried to attribute this connection. He
observed that the GABRAI gene on chromosome 5q and
the GABRD gene on chromosome 1p are two of the genes
responsible for JME pathogenesis ©¢® and, on the other hand,
GABA is a crucial mediator of sleep architecture. «The effect
of defective GABA receptors is the loss of inhibitory signals
with resultant increase in the cortical excitability». So the
GABAergic pathway may be the reason for both the disease
and its comorbidities."®

Table 2.
Effects of AEDs on sleep

The application of AEDs

Previous work has shown that sleep deprivation of any
type can exacerbate seizure activity, leading to speculation
that the intrinsically poor sleep in these patients may serve
as a threshold-lowering factor, and that this factor might be
partially reversed by effective AEDs. However, to better
understand this interaction, it is necessary to know whether
the sleep disorder of JME is caused by repetitive ictal events
or whether it is part of a process that causes epilepsy to emerge
in the first place.®¥ On the contrary, SDs can be a consequence
of taking the AEDs (Table 2). There are 3 criteria: mono/poly
therapy, dose, type of AEDs.

Mono/poly therapy

B.Vaughn claimed that excessive daytime sleepiness is
associated with low seizure control and with monotherapy with
low AEDs serum levels.®® Foldvary-Schaefer demonstrated
the same facts with an emphasis on the fact that SDs often
need to be suspected in patients with daytime sleepiness and
well-controlled seizures (i.e. taking AED monotherapy or low
serum drug concentrations).®
Dose

S.Roshan etal. concluded that the quality and architecture
of sleep are disturbed predominantly by the disease itself, with
some additional contribution of AEDs, because comparing the
results of patients on drugs and a drug naive group, they did
not identify a statistically significant difference in most of the
sleep parameters, except a reduced percentage of slow-wave
sleep (N3) in the drug treatment group.'® Similar results not
distinguishable between drug-naive and valproate-groups were
shown by Ramachandraiah and colleagues: higher epileptiform
discharges in NI/REM in the drug-naive group; higher

AEDs

Influences on sleep

Sedative effects — positive (+)

Negative (-) effects

First-generation drugs

First choice line drugs

Valproates

beneficially modulate arousal instability ¢4
mood stabilizing — relief from depression and
exclusion of nREM parasomnias

— sleepiness
— depression

Second choice line drugs (combined therapy)

Succinimides (Phenytoin,
Ethosuximide) ¢7:39

Barbiturates (Phenobarbital) %

Benzodiazepines (Clonazepam,
Clobazam) #1492

Iminostilbenes (Carbamazepine) “0)

— normalization of the sleep in patients with insomnia 3

— a decrease in delta sleep and an increase
in stage | nREMS @

— sleepiness

— sleepiness
isodes of nocturnal @3
— episodes of nocturnal apnoea

— anxiety

Second-generation drugs

— fatigue, sleepiness,” nervousness,|

obstructive sleep apnoea 7

Levetiracetam irritability

Lamotrigine mood stabilizing — reg)ef from depression and exclusion | _ ;. dependent insomnia “?
of nREM parasomnias

Topiramate weight control and mood stabilizing — exclusion of
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epileptiform discharges in N2/N3 in the valproate group.!'®
Krishnan and colleagues found a longer stage 2 and N3 latency
in JME patients on valproate therapy >1 year.!” Therefore,
valproate in higher dosages and longer treatment disrupts
slow-wave sleep and increases shallow or light (N2) GABA
sleep.t®

Tvpe of AEDs

There are a few AEDs that promote stabilization and
normalization of sleep, such as phenytoin, @373 carbamazepine,
233940 and benzodiazepines.®#4? On other hand, there are
sedative AEDs that may increase sleepiness, such as clobazam,
clonazepam and phenobarbital. Lamotrigine may cause
dose-dependent insomnia.“® Ethosuximide decreases slow-
wave sleep and increases stage 1 nREMS. ®® Valproates may
beneficially modulate arousal instability in JME patients. “¥

The effects of the more recently introduced AEDs on
sleep in JME patients await further investigations. With the
large number of AED choices currently available, and with
additional AEDs in clinical testing, clinicians may base their
AED choice not only on JME manifestation, but also on its
effects on sleep. For example, sedating AEDs may benefit
epilepsy patients with insomnia, and stimulating AEDs may
benefit epilepsy patients with daytime sleepiness. In addition
to their direct pharmacologic effects on sleep, AEDs may
indirectly improve sleep in the epilepsy patient through the
reduction of seizures and, in some cases, interictal epileptic
discharges.

Discussion

JME is among the most common types of genetic
epilepsies, displaying a good prognosis when treated with
appropriate drugs, but with a well-known tendency to relapse
after withdrawal. The majority of IME patients have continuing
seizures after a follow-up of two decades.“® However,
the clinical scenario might not be as clear as the classical
description would suggest. Repeated mistakes in diagnosis and
treatment of JME are a problem of management and continuity
of patient management among physicians in primary health
care.*? Delayed diagnosis (and/or misdiagnosis) of JME
directly impacts the development of the disease. Inadequate
treatment allows aggravation of seizures and worsening of
the condition, alongside undesired side effects and emotional
stress, all of which significantly reduce patients’ quality of
life.“® Clinicians should remember that there is a small but
still considerable subgroup of JME patients whose seizures
are difficult to treat before informing patients with newly
diagnosed JME about their “benign” prognosis. This resistant
course is not fully explained, though there are many suggested
factors.“® Usually, the dominating myoclonic seizures do not
disappear nor diminish in severity in JME patients with SDs.
Despite the favorable JME outcome in most of the cases, 75%
of JME patients have at least one major unfavorable social
outcome. The possible subsyndromes of JME,* and sleep
pathophysiological/neurophysiological correlates should be
further investigated.

The relationship between JME and sleep has been known
since ancient times, but it is still not very well understood

because of the multiple aspects involved in its analysis, as
well as its reciprocal and intrinsic influences. Currently, there
is growing acknowledgement of the importance of epileptic
manifestations during sleep, the relationship between sleep
and QL in patients with epilepsy and the relevance of primary
sleep pathologies on seizure control.®) Several factors are
thought to contribute to inadequate seizure control in JME
patients, including resistance to AEDs, neuropsychiatric
comorbidity, and poor lifestyle choices.*¥

Comorbid anxiety and depression in JME patients
adversely affects QL,*? because seizures in public places
reduce social interaction and compromise the quality of
interpersonal relationships. Nevertheless, there are materials
showing depressive disorders even in patients with controlled
seizures.®® Such inevitable depression results in SDs.

The comorbid SDs have negative effects on daytime
behavior and academic performance in children and
adolescents.'%**> This leads to untimely and irregular intake
of AEDs.

Decrease in the frequency and severity of seizures
depends on the patient, who in turn adheres to the sleep-
wakefulness regime and who avoids strong emotional shocks
and other behaviors that might cause stress.®? So patients
should know about the risk of seizure recurrence after sleep
deprivation.® Identifying and treating SDs and understanding
the effect of circadian rhythms on JME can improve QL and
control of seizures.

In conclusion, the available evidence indicates a distinct
sleep pattern in JME. However, many questions remain to be
answered regarding the relationship between SDs and JME,
because SDs in JME are etiologically heterogeneous. At the
same time, sleep problems in epileptic patients are important
as an essential component in JME management. Therefore,
this problem requires further and extensive investigation.
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