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Abstract
Purpose  Studying the effects of epilepsy on sleep and its architecture and sleep on the epilepsy activity using sleep question-
naires, electroencephalogram (EEG), and polysomnogram (PSG) in patients with idiopathic epilepsy.
Methods  25 patients with idiopathic epilepsy and 25 healthy controls (M: F = 12:13; age: 21.32 ± 4.23 years) underwent 
assessment with sleep questionnaires, EEG and overnight PSG. Statistical Package for the Social Sciences vs.21 was used 
for statistical analysis. A ‘p’ b 0.05 was considered as statistically significant.
Results  There was poor sleep quality in patients compared to controls (p = 0.02), while there was no significant difference 
in Epworth sleepiness scale scores between the groups. There was poor sleep quality in patients with idiopathic epilepsy 
compared to controls.
Conclusion  Patients with epilepsy activity had poor sleep quality in comparison to those with controlled disease status. 
Patients with juvenile myoclonic epilepsy showed initial insomnia as they had significant increase in sleep onset latency in 
comparison with other patients with idiopathic generalized epilepsy.

Keywords  Epileptic activity · Parasomnia · Periodic limb movement · Refractory epilepsy · Antiepileptic drugs · Deep 
sleep

Abbreviations
AHI	� Apnea–hypopnea index
AI	� Arousal index
CBZ	� Carbamazepine
ESS	� Epworth sleepiness scale
JME	� Juvenile myoclonic epilepsy
LEV	� Levetiracetam
PLMI	� Periodic limb movement index
PSG	� Polysomnogram
PSQI	� Pittsburgh sleep quality index
REM	� Rapid eye movement
SWS	� Slow wave sleep
TPM	� Topiramate
TST	� Total sleep time
REM	� Rapid eye movement
VPA	� Valproic acid
WASO	� Wake after sleep onset

1  Introduction

Patients with epilepsy commonly report poor sleep quality, 
increased nocturnal awakenings, early morning awakenings, 
difficulty initiating sleep, and excessive daytime sleepiness. 
Nineteen percent of generalized seizures occur during sleep, 
as compared to 51% of localization-related seizures. One in 
five patients with epilepsy has seizures exclusively during 
sleep [1].

Most sleep-related seizures occur out of non-rapid eye 
movement (NREM) sleep, with NREM sleep stage N2 being 
the most common. This sleep stage likely facilitates focal 
spikes and epileptic activity through thalamocortical hyper 
synchrony, as represented by characteristic sleep spindles 
and K complexes [2].

Sleep deprivation has been used to provoke epileptic-
related EEG activity. Sleep itself may activate interictal 
activity in approximately one-third of patients with epilepsy 
and up to 90% of people with sleep–wake-related or state-
dependent epilepsies [3].
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2 � Patients and Methods

This is a cross-sectional study approved by the Ethical 
Committee of faculty of medicine, Mansoura Univer-
sity. The study was carried out through the period March 
2016–October 2017.

The sample of this study consists of 25 patients diag-
nosed with idiopathic epilepsy, admitted to Neurology 
department in Mansoura University Hospital (MUH) 
through the out patients’ clinic (OPC) of Neurology with 
age range from 15 to 40 years. Diagnosis and classifica-
tion of epilepsy were based on the International League 
Against Epilepsy guidelines [4]. Patients with at least 1 
seizure within the past 6 months of polysomnography were 
classified as having poor seizure control. Patients with his-
tory of underlying diseases (e.g., asthma, inborn errors of 
metabolism) or co-morbid illness (medical or psychiatric) 
or on medication affecting sleep other than antiepileptic 
drugs AEDs were excluded from our study.

Control group of 25 non-epileptic individuals, matching 
for age and sex with patients, with no psychiatric mor-
bidity and with no complaints regarding sleep difficulties 
were included. The control group members were friends 
of the patients and hospital medical personnel on routine 
day duties. They were not related to any of the patients 
and did not have a family history of epilepsy or any other 
significant past medical history.

All patients and controls underwent detailed clinical, 
family, and treatment history, neurological examination 
and 16-channel electroencephalogram (EEG). Imaging of 
the brain was normal in all patients and controls. They 
were administered two validated sleep questionnaires, 
the Epworth Sleepiness Scale (ESS) and Pittsburgh Sleep 
Quality Index (PSQI). Following this evaluation, overnight 
polysomnogram (PSG) was recorded for only one night. 
During the PSG study, precautions were taken to keep the 
patient comfortable as far as possible.

Consents were taken from the patients (or their parents 
for children) indicating their acceptance to participate in 
the research. The consent form included the procedures to 
be done (EEG, MRI brain, polysomnographic study) and 
the statement that the confidentiality would be preserved.

3 � Results

In our studied patients the age range was 15–32 years (mea
n ± SD = 21.32 ± 4.23 years), 55% were male and the mean 
BMI was 27.54 ± 5.99 (range 19–37.4). There were no sta-
tistically significant differences found between the studied 
groups (p value > 0.05).

Epilepsy with generalized tonic–clonic seizures alone 
represents 64% of our patients, coming next is juvenile 
myoclonic epilepsy (JME) 32% and lastly 4% of cases suf-
fered from childhood absence epilepsy. Sixty-four percent 
of patients had infrequent seizures while 36% had controlled 
disease status. Fourteen patients were on single AED and 
11 patients were on polytherapy. Twenty-one of them were 
taking valproic acid (VPA), eight on levetiracetam (LEV), 
three on carbamazepine (CBZ) while one was taking topira-
mate (TPM).

Patients with idiopathic epilepsy had higher scores on 
PSQI than healthy controls (p < 0.001). ESS showed no 
significant differences between them (p ≥ 0.05). Total sleep 
time (TST) in patients’ group was decreased in comparison 
with healthy controls yet it showed no statistically significant 
difference (p ≥ 0.05). Moreover, patients group had signifi-
cant decrease in sleep efficiency, slow wave sleep (SWS), 
rapid eye movement (REM)% (p ≤ 0.001). Periodic limb 
movement index (PLMI) and wake after sleep onset (WASO) 
showed significant increase in patients’ group than controls 
(p < 0.05) (Table 1).

Patients with uncontrolled epilepsy had statistically sig-
nificant high scores in PSQI scores than controlled patients 
(p ≤ 0.001). They also showed significant decrease in (TST), 
N3%, total NREM %, REM % and WASO (p ≤ 0.001). There 
was no statistically significant correlation between REM 
latency, sleep onset latency, N1%, N2%, Arousal Index 
(AI), Apnea–Hypopnea Index (AHI) and PLMI during sleep 
between the two groups (p > 0.05) (Table 2).

Patients with JME showed high statistically significant 
delayed sleep onset latency in relation to patients with epi-
lepsy with GTCS alone (p ≤ 0.001). There was no statisti-
cally significant correlation between TST, sleep efficiency, 
REM latency, N1%, N2%, N3%, AI, AHI and PLMI during 
sleep and idiopathic epilepsy subtypes (p > 0.05) (Table 3).

Patients who were on polytherapy had statistically signifi-
cant high PSQI index than those on single AED (p < 0.05). 
While there was no statistically significant difference in 
ESS (p ≥ 0.05), they showed significant reduction in TST 
and sleep efficiency than those on single AED (p < 0.001), 
statistically significant reduction in REM sleep (p < 0.05) 
and statistically significant increase in WASO was detected 
in those on multiple AEDs (p < 0.05), while there was no 
statistically significant variation in other polysomnographic 
parameters (Table 4).

After logistic regression analysis of independent predic-
tors for uncontrolled epilepsy, reduction of total sleep time, 
REM% and increase in WASO were significant independent 
predictors (Table 5).
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4 � Discussion

Patients with idiopathic epilepsies are ideal for studying 
the effect of epilepsy on sleep, in view of the multiple sei-
zure types, their strong association with sleep and vulnera-
bility to sleep deprivation [5]. Available literature on PSG 
in idiopathic epilepsies has focused primarily on sleep.

It is reported that the disturbances in the sleep architec-
ture in patients with idiopathic epilepsies may reflect the 
effect of epileptiform activity on normal sleep architec-
ture [6, 7]. This may explain the higher wake percentage, 
longer sleep onset latency and the reduced sleep efficiency 
in patients with idiopathic epilepsies noted in this study.

Epworth sleepiness scale (ESS) did not show any sta-
tistical significant difference between healthy controls and 

patients group (p ≥ 0.05), this goes with Ramachandraiah 
study [8]. In contrast to Chen and his colleagues’ study 
where patients with uncontrolled epilepsy had significant 
higher ESS this may be explained as they have sympto-
matic epilepsy and on polytherapy and they had frequent 
nocturnal seizures that disturb normal nocturnal sleep 
leading to daytime hypersomnolence and in our study there 
was no patient with intractable epilepsy [9].

Patients with idiopathic epilepsy had poor sleep quality. 
They had higher scores on PSQI questionnaires. Also, ini-
tial insomnia increased sleep onset latency reduced sleep 
efficiency as they had decreased total sleep time, increased 
in awake after sleep onset, decreased N3 sleep% and REM 
sleep%. Similar abnormalities were noted in a cohort of 
medically refractory generalized epilepsy patients by 
Marzec and his colleagues [10]. In another study of 39 TLE 

Table 1   Polysomnographic 
findings in studied cases in 
comparison with control group

Variables Cases (n = 25) Control (n = 25) P value

Total sleep time 5.97 ± 1.50 6.59 ± 0.80 0.077
Sleep efficiency 76.05 ± 19.12 86.00 ± 8.96 0.023*
N1% median 6.50 (2.8–13.3) 7.30 (2.20–19.5) 0.260
N2% 38.13 ± 11.96 42.43 ± 4.97 0.102
N3% median 18.4 (0.0–53.4) 23.2 (18–27.1) 0.039*
Rapid eye movement sleep median 12.70 (0.00–32.30) 21.30 (9.00–27.50) 0.001*
Arousal index in NREM median 10.70 (2.80–38.90) 10.10 (3.90–31.80) 0.915
Arousal index in REM median 5.70 (0.00–21.00) 6.00 (1.40–20.00) 0.734
Periodic limb movement index median 3.60 (0.00–87.60) 0.70 (0.00–11.30) 0.010*
Apnea–hypopnea index median 0.20 (0.00–7.10) 0.20 (0.00–1.80) 0.825
Sleep onset latency median 15.36 (4.03–25.46) 11.60 (1.81–25.46) 0.065
ROL mean ± SD 120.28 ± 28.5 111.62 ± 34.38 0.337
Wake after sleep onset (in minutes) median 32.51 (5.50–78.90) 16.06 (2.50–60.00) 0.009*

Table 2   Effect of epilepsy 
activity on sleep profile

Variables Uncontrolled (n = 9) Controlled (n = 16) P value

No% No%

Epworth sleepiness scale 4.00 ± 1.58 4.25 ± 1.73 0.724
Pittsburgh sleep quality index 9.00 (5.00–14.00) 5.00 (2.00–6.00) < 0.001**
Total sleep time 4.44 ± 1.41 6.83 ± 0.57 < 0.001**
Sleep efficiency 55.90 ± 16.79 87.38 ± 7.34 < 0.001**
N1% 7.30 (5.80–19.50) 7.05 (2.20–15.9) 0.497
N2% 34.17 ± 13.91 40.35 ± 10.54 0.222
N3% 10.30 (0.00–43.50) 20.75 (6.60–53.40) 0.101
Rapid eye movement sleep 6.40 (0.00–12.70) 15.80 (8.70–32.30) 0.001*
Arousal index in NREM 11.20 (6.70–38.90) 10.25 (2.80–20.50) 0.428
Arousal index in REM 5.00 (0.00–11.80) 6.20 (1.20-21.00) 0.183
Periodic limb movement index 3.60 (0.00–12.50) 3.60 (0.00–87.60) 0.775
Apnea–hypopnea index 0.20 (0.00–1.10) 0.25 (0.00–7.10) 0.500
Sleep onset latency 14.73 (4.48–20.48) 15.91 (4.03–25.46) 0.497
ROL 118.19 ± 27.36 121.46 ± 29.97 0.790
Wake after sleep onset (in minutes) 56.70 (19.40–78.90) 19.45 (5.50–43.70) 0.001*
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patients, all of whom showed sleep architecture fragmen-
tation, decreased amount of REM sleep (92%), increased 
number of awakenings, increased stage shifts (100%) and 
increase in time awake after sleep onset (77%). Excessive 
day time sleepiness (EDS) was the most frequent complaint 
in these patients [11].

PLMI showed statistically significant increase in 
patients’ group than in controls (p < 0.05). This is in con-
trast to the findings in Ramachandraiah and Krishnan’s 
studies which studied polysomnographic findings in JME 
patients this could be explained as our patients were not 
exclusively with JME but also other forms of idiopathic 

Table 3   Relation between 
seizure type and other 
parameters in cases group

Variables Generalized epilepsy 
(n = 16)

Generalized myoclonic 
epilepsy (n = 8)

P value

No% No%

Epworth sleepiness scale 4.06 ± 1.61 3.87 ± 1.24 0.776
Pittsburgh sleep quality index 5.50 (2.00–14.00) 5.50 (3.00–12.00) 0.781
Total sleep time 6.23 ± 1.18 5.37 ± 2.02 0.202
Sleep efficiency 80.70 ± 15.24 66.27 ± 24.39 0.088
N1% 6.65 (2.20–19.50) 9.20 (5.80–15.90) 0.209
N2% 38.47 ± 9.76 36.43 ± 16.54 0.706
N3% 21.00 (0.00–53.40) 9.25 (6.60–43.50) 0.058
Rapid eye movement sleep 13.40 (0.00–32.30) 12.60 (0.00–23.80) 0.668
Arousal index in NREM 9.50 (2.80–38.90) 12.45 (7.70–20.50) 0.081
Arousal index in REM 5.70 (0.00–20.50) 5.40 (0.00–21.00) 0.581
Periodic limb movement index 3.90 (0.00–87.60) 3.50 (0.00–11.70) 0.853
Apnea–hypopnea index 0.30 (0.00–3.40) 0.00 (0.00–7.10) 0.147
Sleep onset latency 13.85 (4.03–24.31) 18.40 (11.60–24.02) 0.032*
ROL 123.31 ± 27.92 119.29 ± 29.37 0.747
Wake after sleep onset (in minutes) 19.70 (5.50–70.70) 34.70 (11.50–78.90) 0.120

Table 4   Effect of the numbers 
of AEDs on polysomnographic 
findings

Variables Single (n = 14) Multiple (n = 11) P value

Total sleep time 6.76 ± 0.84 4.97 ± 1.57 0.001*
Sleep efficiency 86.24 ± 10.8 63.08 ± 19.86 0.001*
N1% median (range) 7.05 (2.2–15.9) 7.3 (2.9–19.5) 0.661
N2% 42.58 ± 8.88 32.46 ± 13.33 0.033*
N3% median (range) 20 (6.6–53.4) 10.7 (0–47.4) 0.352
Rapid eye movement sleep median (range) 15.25 (5.7–32.3) 9 (0–17.3) 0.009*
Arousal index in NREM median (range) 10.35 (2.8–20.5) 10.7 (4.4–38.9) 0.827
Arousal index in REM median (range) 8.25 (1.2–21) 4.9 (0–11.8) 0.052
Periodic limb movement index median (range) 3.6 (0–87.6) 3.6 (0–12.5) 0.825
Apnea–hypopnea index median (range) 0.3 (0–7.1) 0.2 (0–1.1) 0.269
Sleep onset latency median (range) 14.34 (4.03–25.46) 16.08 (4.48–24.02) 0.622
ROL mean ± SD 124.49 ± 32.46 114.92 ± 22.93 0.416
Wake after sleep onset (in minutes) median (range) 19.45 (5.5–70.7) 41 (13.02–78.9) 0.009*

Table 5   Logistic regression 
analysis of independent 
predictors of uncontrolled 
epilepsy

Independent predictors Logistic regression analysis

B OR (95% CI) P value

Total sleep time − 3.844 0.021 (0.001–0.72) 0.033*
Sleep efficiency − 0.349 0.71 (0.49–1.01) 0.056
Rapid eye movement sleep − 0.411 0.66 (0.47–0.93 0.018*
Wake after sleep onset (in minutes) 0.128 1.13 (1.03–1.25 0.011*
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epilepsies were included also not all the patients were on 
the same AED or on monotherapy [8, 12]. In Maganti and 
his colleagues study there was also no statistically signifi-
cant increase in PLMI between patients and control that 
could be explained by small number of studied patients 
[11] and their relative younger mean age 13.36 years [13].

Patients with epilepsy activity have poor sleep quality 
that was evident by having higher PSQI scores, decreased 
SWS, REM% and increase in nocturnal awaking from 
sleep. This goes with the findings of Chen and his col-
leagues where patients with poor seizure had high PSQI 
scores more than 5 in comparison with those with con-
trolled epilepsy (p value 0.019) [9].

Sleep respiratory parameters do not show signifi-
cant differences between patients and healthy subjects 
and between patients with controlled epilepsy and oth-
ers who have infrequent seizures. This can be explained 
by the followings: our patients had BMI within normal 
and no hypertrophied tonsils. This goes with the find-
ing in Ramachandraiah and also Maganti’s studies who 
studied Sleep Architecture in 11 Children with Idiopathic 
Generalized Epilepsy and six healthy controls [8]. In 
contrast with the findings in Gogou and his colleagues 
study which studied 40 children with idiopathic epilepsy 
[Mean age (10.61 ± 2.41)] and 27 healthy children [mean 
age (11 ± 2)] where there were statistically significant 
increases in OAI and OAHI in patients group [14]. This 
can be explained by the fact that they had higher BMI 
than our study and they had hypertrophic adenoid or 
tonsils.

Patients with JME have initial insomnia. They showed 
statistically significant delayed sleep onset latency com-
pared with other patients with idiopathic epilepsy. This 
goes with Krishnan and his colleague’s study: a study 
in which 25 patients with JME and 25 healthy controls 
were evaluated and it demonstrated delayed sleep onset (p 
value 0.039) [12]. The reason for longer sleep latency in 
JME could be due to evening circadian chronotype [15].

In our study not all the patients took the same drug 
and some of them took single drugs, others were on poly-
therapy. This study is probably the only one to analyze 
the effect of polytherapy on sleep in idiopathic epilepsy 
patients. Patients who were on polytherapy had poor sleep 
quality, they had higher PSQI index scores. Also, signifi-
cant reduction in total sleep time and sleep efficiency, 
REM sleep and statistically significant increase in WASO 
resulting in maintenance insomnia. However, in another 
study, treatment of newly diagnosed epilepsy patients 
with carbamazepine for a month resulted in improvement 
of the abnormal sleep parameters [16]. This may reflect 
the importance of early treatment and proper control of 
epilepsy activity.

5 � Summary

Patients with idiopathic epilepsy are frequently complain-
ing about poor sleep quality. Epilepsy syndrome, number 
of AEDs, and epilepsy activity were the commonest pre-
disposing factors to poor sleep quality. Measures should 
be taken to improve quality of sleep in these patients 
including proper diagnoses of epilepsy syndrome, choice 
of AED, use monotherapy as much as possible and control 
epilepsy activity.
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