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Abstract

Background and Obijective: Primary sleep disorders are common in patients with epilepsy. Seizures, epileptiform
discharges, and antiepileptic drugs alter the sleep architecture of patients with juvenile myoclonic epilepsy (JME). We
evaluated sleep architecture and its quality in these patients.

Materials and Methods: Thirty patients with JIME (11 men and 19 women with mean age of 21.10 + 4.55 years) and
30 healthy controls underwent overnight polysomnography (PSG). Sleep quality and daytime sleepiness were assessed
using Pittsburgh Sleep Quality Index (PSQI) and Epworth Sleepiness Scale (ESS), respectively.

Results: Myoclonus and generalized tonic-clonic seizures (GTCS) were present in all patients with JME, while absence
seizures were in 13.3%. Sleep deprivation was the most frequent precipitating factor for seizures (56.6%) followed by
fatigue, sound, and photic stimulation. Patients with JME reported a statistically significant drop in sleep efficiency
(P<0.001) with prolonged sleep onset latency (P<0.001). There was prolongation in the N1 stage of non-rapid eye
movement (NREM) sleep (P=0.002), and reduction in the N2 stage of NREM (P<0.001) and rapid eye movement
(REM) sleep (P<0.001). The median PSQI score was higher in patients with JME, suggesting poor sleep quality
(P<0.001), and the daytime sleepiness was not different as indicated by the similar median ESS score (P=0.033).
Conclusion: Our results suggest a significant alteration in the sleep architecture of patients with JME with reduced
sleep efficiency and poor sleep quality. The possible role of the disease itself is suggested for these alterations as a simi-
lar trend was also observed in drug naive patients.
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Introduction fecting the quality of life (QOL) of the general
population (2), sleep disorders also adversely af-
fect daytime performance, scholastic performance,
cognitive function, and QOL in patients with epi-
lepsy (3-5). Sleep architecture and quality appear
to be affected by nocturnal and daytime seizures
(6). Apart from that, various antiepileptic agents
are also known to influence sleep architecture
among patients with epilepsy (7-9).

First described by Herpin (10) and later known

Patients with epilepsy frequently complain of
sleeping problems. Sleep and epilepsy are gener-
ally considered uneasy bedfellows (1). Patients
with epilepsy have primary sleep disorders a cou-
ple of times more common than the general popu-
lation, including sleep-maintenance insomnia,
excessive daytime sleepiness (EDS), and obstruc-
tive sleep apnea (OSA). In addition to poorly af-
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as impulsive petit mal (11), and after that by Lund
et al. as Juvenile myoclonic epilepsy (JME) (12),
is one of the most common forms of idiopathic
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properly cited.
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generalized epilepsy. It represents 5-10 percent of
idiopathic generalized epilepsy cases (13). Popu-
larly known as awakening-related epilepsy, JME
has specific age of onset with slight female pre-
dominance and a characteristic seizure profile of
myoclonic jerks, generalized tonic-clonic seizures
(GTCS), and absence seizures (14). Previous stud-
ies showed that in addition to seizures altering
macro and micro-architecture of sleep (15), epi-
leptiform discharges by acting as internal arousing
stimuli led to poor sleep quality in patients with
JME (16). This study aimed to evaluate sleep ar-
chitecture and its quality and daytime sleepiness
in patients with JME whether on treatment or drug
naive. Very few studies evaluated sleep architec-
ture in drug naive patients with JIME. Moreover,
this study analyzed any effect of antiepileptic
drugs on sleep architecture and its quality in pa-
tients with JIME.

Materials and Methods

This was a hospital-based single-center pro-
spective observational case-control study con-
ducted at the Department of Neurology in a ter-
tiary care hospital setting from January to Decem-
ber 2021. The study commenced after obtaining
ethical clearance from the institutional ethics
committee. All patients with JME, diagnosed ac-
cording to the International League Against Epi-
lepsy (ILAE) criteria (17), attending neurology
outdoor and indoor services fulfilling inclusion
criteria were included in the study after taking
written informed consent during the study period.
Any male or female patient with a history of myo-
clonic jerks with GTCSs or absence seizures was
included. The study size was limited because of
the defined study period. Patients with myoclonic
seizures secondary to hypoxic brain damage, met-
abolic disorders, or other structural brain disorders
were excluded. Detailed history, including family
and drug history, and clinical and neurological
examinations, were performed among all patients
by the first researcher. Previous electroenceph-
alography (EEG) and brain magnetic resonance
imaging (MRI) reports were reviewed. Thirty
healthy age- and gender-matched controls who
did not have a history of neurological or psychiat-
ric disorders and were not on any medications
were included. They were the attendants of the
patients admitted for other ailments, neither of
them was on any treatment nor had any family
history of seizure disorder. Patients with JME
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were divided into two groups of drug naive and
those on treatment. Further subgrouping was
done for patients on treatment into valproate
monotherapy or polytherapy and valproate dose of
<600 or > 600 mg/d.

Among the subjects, sleep quality and daytime
sleepiness were assessed via Pittsburgh Sleep
Quality Index (PSQI) (18) and Epworth Sleepi-
ness Scale (ESS) (18), respectively. PSQI assesses
sleep quality in the last month and includes 19
self-rated questions evaluating various factors
influencing sleep quality, grouped into seven
components scores, including: 1) sleep duration,
2) sleep disturbance, 3) sleep latency, 4) daytime
dysfunction due to sleepiness, 5) sleep efficiency,
6) overall sleep quality, and 7) sleep medication
use, each rating from 0 to 3 (0 = no difficulty,
1 = mild difficulty, 2 = moderate difficulty,
3 = severe difficulty) with total score ranging
from 0 to 21. Subjects with PQSI > 5 were con-
sidered poor sleep quality (18). ESS assesses the
daytime sleepiness of the individual, which in-
cludes the likelihood of falling asleep over eight
situations, each rated from 0 to 3 (0 = would never
doze, 1 = slight chance of dozing, 2 = moderate
chance of dozing, 3 = high chance of dozing) with
total score ranging from 0 to 24 (19). ESS > 10
indicates EDS.

Sleep architecture was evaluated with over-
night polysomnography (PSG), which was per-
formed in the Department of Neurology having
sixteen-channel EEG, chin and anterior tibialis
surface electromyography (EMG), electrocardiog-
raphy (ECG), electrooculography (EOG), chest
and abdominal movement monitor, and pulse ox-
imetry. Subjects were asked to have a relaxed day
without daytime sleep. They were instructed to
avoid strenuous exercise and caffeine in the after-
noon or evening on the day of PSG. To avoid the
first-night effect, subjects were asked and allowed
to have a familiar sleep routine including pillow,
pajamas, etc. during the PSG and they were al-
lowed to go to sleep during their routine time. The
temperature and darkness of the room were ade-
quately maintained. All the eligible patients and
healthy controls underwent overnight PSG. Vari-
ous parameters were recorded, including total
sleep time, sleep period time, sleep efficiency,
sleep onset latency, rapid eye movement (REM)
sleep latency, wake after sleep onset (WASO),
and various stages of sleep. Scoring of the events
was under the rules of the American Academy of
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Sleep Medicine (AASM) (20). Recorded data
were analyzed and compared among patients with
JME, control group, and its subgroups.

Quantitative data were expressed as mean +
standard deviation (SD) and qualitative data were
expressed as numbers and percentages. Median
and interquartile ranges (IQRs) were used for con-
tinuous variables with a non-parametric distribu-
tion. The normality of the data was checked using
the Shapiro-Wilk test. A comparison of PSG sleep
parameters along with sleep quality and the likeli-
hood of daytime sleepiness among patients with
JME and the control group was done by the
Mann-Whitney test. Sleep efficiency among pa-
tients with JME and controls as well as patients on
valproate monotherapy and polytherapy was com-
pared using a chi-square test. A P-value less than
0.05 was considered statistically significant. There
was no missing data. Data were analyzed with
Jamovi software (version 2.3).

Results

A total of 30 patients with JME fulfilling in-
clusion criteria were included in the analysis. The
mean age of patients with JME was 21.10 £ 4.55
years, while that of control group was
23.13 + 5.76 years (P = 0.19). Male/female ratio

Table 1. Demographic profile of the study

was 1:1.7 and 1:1.3 among patients with JME and
controls, respectively (P = 0.79). Myoclonus and
GTCS were present in all patients with JME,
while absence seizures were in 13.3% of patients.
The mean age of onset of myoclonus was
12.23 £+ 1.67 years among all patients with JME,
whereas it was 13.42 £ 1.58 and 8.71 £ 0.75 for
GTCS and absence seizure, respectively. Seventy
percent of all patients with JME reported seizure
occurrence while awakening from sleep, and 10%
of all patients with JME had nighttime seizures.
Twenty percent of patients did not report any di-
urnal variation of seizure. Most patients reported
sleep deprivation as a precipitating factor for sei-
zure (n = 17, 56.6%) and other factors were fa-
tigue (n = 8, 26%), sound (n = 4, 13.3%), and
photic stimulation (n = 2, 6%) (Table 1).

While comparing PSG data among patients
with JME and controls, median total recording
time was higher in patients with JME but median
sleep time was lower in these patients. Patients
with JME reported a statistically significant drop
in sleep efficiency [73.8 (52.1-87.8) vs. 84.5
(79.5-93.0), P < 0.001] compared to controls.
Sleep onset latency was higher among patients
with JME compared to controls [17.5 (3-31) vs.
4.5 (2-10), P < 0.001].

Parameters JME total patients JME patients on treatment Drug naive JME patients
(n=30) (n=24) (n=16)

Age (year) 21.10 £4.55 21.79 £4.53 18.33£3.72
Gender

Men 11 (36.7) 10 (41.7) 1(16.7)

Women 19 (63.3) 14 (58.3) 5(83.3)
Seizure types

Myoclonus 30 (100) 24 (100) 6 (100)

GTCS 30 (100) 24 (100) 6 (100)

Absence 4 (13.3) 3(12.5) 1(16.6)
Age of onset of the seizure (year)

Myoclonus 12.23 +1.67 12.21+£1.72 12.33£1.63

GTCS 13.42 +1.58 13.46 + 1.59 13.16 +1.72

Absence 8.71+0.75 8.50 £ 0.57 9.00 +£1.00
Diurnal variation of seizure

Seizure on awakening 21 (70.0) 18 (75.0) 3 (50.0)

Seizure during nighttime 3(10.0) 2 (8.3) 1(16.7)

No diurnal variation 6 (20.0) 4(16.7) 2 (33.3)
Precipitating factors

Sleep deprivation 17 (56.6) 13 (54.1) 4 (66.6)

Sound 4 (13.3) 3(12.5) 1(16.0)

Photic stimulation 2 (6.0) 2 (8.0) 0 (0)

Fatigue 8 (26.0) 6 (25.0) 2(33.3)

Data are presented as mean + standard deviation (SD) or number and percent
JME: Juvenile myoclonic epilepsy; GTCS: Generalized tonic-clonic seizure
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Table 2. Polysomnographic (PSG) sleep parameters among patients with juvenile myo-
clonic epilepsy (JME) and controls

Parameters JME group (n =30) Control group (n = 30) Statistics”

SPT (minute) 423 (214-491) 404 (328-456) U=23135, P = 0.044
TST (minute) 305 (170-421) 340 (260-400) U =286, P =0.015

Sleep efficiency (%) 73.8 (52.1-87.8) 84.5 (79.5-93.0) U=106.5,P<0.001
Sleep latency (minute) 17.5 (3-31) 4.5 (2-10) U =133, P <0.001
REM latency (minute) 103 (67-243) 106 (80-156) U =425 P=0.717
Wake (%) 19 (12-25) 115 (6-22) U =109, P <0.001
Stage N1 (%) 10.9 (5-19) 9 (7-10) U =238, P =0.002
Stage N2 (%) 42 (23-52) 49 (41-56) U =168.5, P <0.001
Stage N3 (%) 17.9 (10.4-34) 20 (13-25) U=367,P=0.219
Stage R (%) 2.4 (0-11) 7 (5-12) U =51, P <0.001
Respiratory index (AHI) 2 (0-5) 2 (0-4)

PLM index 0 (0-50) 0(0-7)

Data are presented as median and interquartile range (IQR)

“Mann-Whitney U test

JME: Juvenile myoclonic epilepsy; REM: Rapid eye movement; N1: Non-rapid eye movement stage 1; N2: Non-
rapid eye movement stage 2; N3: Non-rapid eye movement stage 3; SPT: Sleep period time; TST: Total sleep time;
AHI: Apnea-hypopnea index; PLM: Periodic limb movement

However, the REM sleep latency of two
groups was comparable. Patients with JME spent
more time awake during PSG compared to
controls [19 (12-25) vs. 11.5 (6-22), P < 0.001].
The distribution of sleep stages was significantly
changed among patients with JME compared to
controls with prolonged N1 stage [10.9 (5-19) vs.
9 (7-10), P = 0.002] and reduced N2 stage
[42 (23-52) vs. 49 (41-56), P < 0.001] of
non-REM (NREM) sleep. The N3 stage of NREM
sleep was comparable among the two groups.
REM sleep was reduced among patients with JME
compared to controls [2.4 (0-11) vs. 7 (5-12),
P < 0.001] (Table 2).

Subgroup analysis of patients with JME
showed that the majority of patients with JME had
sleep efficiency of less than 80%. It was also
evident that the majority of patients with JME on
valproate monotherapy or polytherapy had sleep
efficiency of less than 80% (Tables 3 and 4).

Compared to control group, a greater number
of patients with JME had PSQI score > 5 (n = 11,
36.7% vs. n = 2, 6.7%). Patients with JME had
higher median PSQI scores than controls, suggest-
ing poor sleep quality among patients with JME

[4 (0-7) vs. 1 (0-8), P < 0.001]. The likelihood of
daytime sleepiness was also reported higher
among patients with JME.

Table 3. Sleep efficiency among patients with Juvenile
myoclonic epilepsy (JME) and Controls

Sleep Group Statistics”
efficiency (%0) JME Control

(n = 30) (n = 30)
>80 5(16.7)  23(76.7) X?=21.7,
<80 25 (83.3) 7 (23.3) P <0.001

Data are presented as number and percent
“Chi-square test
JME: Juvenile myoclonic epilepsy

The majority of the patients with JME and
controls had ESS scores < 10 (n = 27, 90.0% and
n =29, 96.7%, respectively) (Table 5).

Table 4. Sleep efficiency among patients with juvenile
myoclonic epilepsy (JME) on valproate monotherapy

and polytherapy
Sleep Valproate Polytherapy  Statistics™
efficiency monotherapy (n=12)
(%) (n=18)
>80 3(16.7) 2 (16.7) X?=0.00,
<80 15 (83.3) 10 (83.3) P >0.999

Data are presented as number and percent
“Chi-square test

Table 5. Sleep quality and the likelihood of daytime sleepiness among patients with juvenile

myoclonic epilepsy (JME) and control group

Parameters JME group (n =30) [n (%)] Control group (n = 30) [n (%)] Statistics”

PSQI score 4 (0-7) 1(0-8) U =188, P<0.001
>5 11 (36.7) 2(6.7)

<5 19 (63.3) 28(93.3)

ESS score 2(1-11) 2 (0-12) U =309, P=0.033

>10 3(10.0) 1(3.3)

<10 27 (90.0) 29 (96.7)

“Mann-Whitney U test

PSQI: Pittsburgh Sleep Quality Index; ESS: Epworth Sleepiness Scale; JME: Juvenile myoclonic epilepsy
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Discussion

JME, also known as awakening-related epilep-
sy, accounts for 5-10 percent of all cases of idio-
pathic generalized epilepsies (13, 14). Various
epilepsy syndromes characteristically demonstrate
nocturnal events suggesting a bidirectional rela-
tionship between seizure and sleep (21). A previ-
ous study on focal epilepsy has demonstrated
markedly increased seizure discharges during
sleep (22). While eyeing a paucity of studies eval-
uating sleep abnormalities in patients with idio-
pathic generalized epilepsies, especially JME, this
study aimed to assess the sleep architecture of
patients with JME, both drug-naive and on treat-
ment, as well as its quality evaluation with vali-
dated sleep scales. Patients with JME are consid-
ered perfect for studying the correlation between
sleep and idiopathic generalized epilepsies due to
all types of generalized seizures that occur charac-
teristically after awakening, susceptibility to sleep
deprivation, and polygenic inheritance (23).

This study’s demographic and clinical profiles
of patients with JME were comparable to previous
studies with a slight female preponderance (24-26).
All patients had myoclonic jerks and GTCS. Sleep
deprivation was our study’s most frequent precipi-
tating factor for seizures (Tables 1 and 6), further
supporting the vicious cycle theory (21).

Table 6. Comparison of demographic details with
other studies

Parameters Value
Age (year) (mean £ SD) -0.09
Present study 21.1+45
Ramachandraiah et al. (24) 208+4.0
Krishnan et al. (25) 22.0+6.3
Nayak et al. (26) 21.2+40
Roshan et al. (27) 214+7.9
Gender (male/female ratio)
Present study 1:17
Krishnan et al. (25) 1.08:1
Roshan et al. (27) 1:2
Myoclonus, GTCS, absence seizure (%)
Present study 100, 100, 13.3
Ramachandraiah et al. (24) 100, 100, 5.0
Krishnan et al. (25) 100, 100, 16.0
Roshan et al. (27) 100, 96.0, 9.1
Sleep deprivation as a precipitating
factor for seizure (%)
Present study 56.6
Dhanuka et al. (28) 733
Roshan et al. (27) 68.7

GTCS: Generalized tonic-clonic seizure; SD: Standard deviation

We found that patients with JME had a signifi-
cant reduction in sleep efficiency, poor sleep qual-
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ity, prolonged sleep onset latency, and increased
wake percentage. While looking at the sleep mac-
ro architecture of patients with JME, sleep stage
distribution was also significantly deranged with
prolonged mean N1 stage, reduced mean N2
stage, and reduced mean REM stage of sleep
(Table 2). This supports the results of previous
studies done by Krishnan et al. (25), Roshan et al.
(27), and Mekky et al. (29), and contradicts the
result of the study by Nayak et al. (26). Our find-
ing supports the hypothesis of the destabilizing
effect of internal arousing stimuli on mechanisms
of sleep.

The reduced REM stage of sleep in the present
study may be due to a change in sleep architecture
because of internal arousing stimuli in the form of
epileptiform discharges, possibly replacing typi-
cally dominant REM sleep of later night sleep
with abnormally prevalent lighter NREM sleep,
which may be responsible for early morning sei-
zures. This could have pathophysiological impli-
cations as JME, epilepsy with polygenic inher-
itance, has defective gamma-aminobutyric acid
(GABA) receptors, leading to loss of inhibitory
signals and increased cortical excitability. Apart
from pontine circuitry, ventral medullary GA-
BAergic neurons have been shown to initiate and
maintain REM sleep (30). Here, defective GABA
receptors may lead to difficulty initiating and
maintaining REM sleep, leading to less desyn-
chronized seizure protector sleep.

Subgroup analysis of patients with JME showed
no difference in sleep parameters when a compari-
son was made between the groups of patients on
valproate monotherapy or polytherapy, and the
dose of sodium valproate < 600 or > 600 mg/day
for seizure. Besides, a comparison between drug
naive patients with JME with controls and patients
on treatment with controls showed similar results
for all patients with JME. These findings are
comparable to the observations by Krishnan et al.
(25), while contradictory to the one by Roshan
et al. (27), which states that treatment with
valproate leads to altered NREM sleep. Irreversible
GABA receptor dysfunction secondary to genetic
mutation may be responsible for these findings, as
similar sleep architecture was found in both drug-
naive and JME patients on treatment.

In this study, a more significant number of pa-
tients with JME had a PSQI score > 5, and the me-
dian PSQI score was higher in patients with JME
compared to controls, suggesting poor sleep quali-
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ty. The majority of the studies have taken a cut-off
value of 5 for the PSQI which suggests poor quali-
ty sleep (31). PSQI scores > 5 distinguish good
sleepers from poor sleepers with a sensitivity of
89.6% and specificity of 86.5% (18). In our study,
patients with JME and controls had comparable
median ESS scores, suggesting no difference in
EDS among the two groups (Table 5).

The positives of the study are that only a few
studies have correlated sleep quality, daytime
sleepiness with the validated questionnaire, and
sleep architecture among patients with JME irre-
spective of treatment status in comparison to con-
trol group. This study has analyzed sleep architec-
ture and its quality subjectively and objectively in
patients with JME, both on treatment and drug
naive, and the possible role of antiepileptic drugs
on sleep architecture in patients on treatment.

Alternatively, the study’s limitations were few
drug-naive patients with JME and a single-center
study with a limited sample size. Despite adequate
instructions and arrangements, the first-night ef-
fect cannot be fully eliminated.

Patients with JME report alteration in sleep ar-
chitecture and poor sleep quality, whether on
treatment or drug naive, suggesting a possible role
of the disease itself in this alteration. Future stud-
ies focusing on its molecular pathophysiology
with a larger sample size are recommended.

Conclusion

Sleep architecture is significantly altered in pa-
tients with JME with prolonged N1 stage and re-
duced N2 stage of sleep whether on treatment or
drug naive. REM sleep is also considerably re-
duced, with prolonged sleep onset latency among
the patients. Sleep quality was poor in patients
with JME.
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