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A B S T R A C T   

Objective: To determine if insomnia-related factors differ depending on the presence of depression in patients 
with epilepsy. 
Methods: This cross-sectional multicenter study collected data on depressive symptoms, insomnia symptoms, and 
excessive daytime sleepiness, which were defined as a Patient Health Questionnaire-9 (PHQ-9) score of ≥ 10, an 
Insomnia Severity Index (ISI) score of ≥ 15, and an Epworth Sleepiness Scale (ESS) of ≥ 11, respectively. Further, 
uncontrolled seizures were defined as one or more seizures per month during antiseizure medications treatment. 
A stepwise logistic regression analysis was conducted, with a logistic regression with interaction terms performed 
to identify differences in insomnia-related factors depending on depressive symptoms. 
Results: Of 282 adults with epilepsy (men, 58 %; mean age, 40.4 ± 13.9 years), a PHQ-9 score ≥ 10, an ISI score 
≥ 15, an ESS score ≥ 11 were noted in 23.4 % (n = 66), 20.2 % (n = 57), and 12.8 % (n = 36), respectively. More 
patients with depressive symptoms had an ISI score ≥ 15 (56.1 % vs. 9.3 %; p < 0.001) than those without. In 
multiple logistic regression, uncontrolled seizures (odds ratio [OR], 4.896; p < 0.01), daytime sleepiness (OR, 
5.369; p < 0.05), and a history of psychiatric disorders (OR, 3.971; p < 0.05) were identified as significant 
factors that were more likely to be associated with an ISI score ≥ 15; however, this was only true in patients 
without depressive symptoms. In contrast, use of perampanel (OR, 0.282; p < 0.05) was less likely associated, 
while female sex (OR, 3.178; p < 0.05) was more likely associated with an ISI score ≥ 15 only in patients with 
depressive symptoms. 
Conclusions: Insomnia-related factors in patients with epilepsy may differ between patients with and without 
depression. Our findings of different insomnia-related factors based on the presence of depression may facilitate 
the management of patients with epilepsy.   

1. Introduction 

Epilepsy is a common brain disorder in which patients are prone to 
epileptic seizures which can inflict physical, psychological, cognitive, 
and social consequences [1]. Prior research has shown that patients with 
epilepsy are two to three times more likely to experience sleep problems 
than the general population [2–4]. One of the most frequent sleep- 
related complaints is insomnia, which affects 36 % to 74 % of adults 
with epilepsy [2]. Poor sleep comorbid with epilepsy may make seizures 

difficult to control [5], aggravate daytime sleepiness [6], and reduce 
quality of life in patients with epilepsy [4,6]; as such, early identification 
of sleep disturbances is important to facilitate the management of this 
patient population. 

Several epilepsy-related factors have been reported to be associated 
with insomnia in patients with epilepsy, including: focal epilepsy [7,8], 
nocturnal seizures [9,10], epileptiform activity on electroencephalog-
raphy [9], seizure freedom [6,9,11], uncontrolled epilepsy [7,8,12], 
duration of epilepsy [6,8,11], and polytherapy with antiseizure 
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medications (ASMs) [13,14]. However, reports regarding the relation-
ships between individual epilepsy-related factors and insomnia have 
been inconsistent. For example, some studies have identified a signifi-
cant association between uncontrolled seizures and insomnia [8,12], 
while others failed to show this relationship [10,13,14]. Similarly, in 
some studies, the duration of epilepsy was found to be significantly 
associated with insomnia; however, an opposite direction of this asso-
ciation was found in others [8,11]. In contrast, other studies did not find 
any correlation between the duration of epilepsy and insomnia 
[6,10,12]. Furthermore, a recent study failed to show that any epilepsy- 
related factors were related to insomnia after controlling for depression 
and anxiety [15]. The inconsistency of the results among these studies 
suggests that the effects of epilepsy-related factors on insomnia remain 
poorly understood in patients with epilepsy. Insomnia is one of the 
primary symptoms of depression, which is the most common psychiatric 
comorbidity among patients with epilepsy. Given that psychological 
distress is the most influential factor associated with insomnia in pa-
tients with epilepsy [8,10,15], its potential impact on insomnia should 
be considered when investigating the relationship between epilepsy- 
related factors and insomnia. However, this subject has not been 
investigated in prior research on insomnia in patients with epilepsy. 

Thus, our study aimed to achieve the following: 1) to determine 
which factors, including epilepsy-related factors, are associated with 
insomnia symptoms in adults with epilepsy with and without depressive 
symptoms, and 2) to determine if insomnia-related factors differ 
depending on the presence of depressive symptoms in patients with 
epilepsy. 

2. Participants and methods 

2.1. Participants 

This cross-sectional multicenter study used convenience sampling to 
enroll patients treated at the outpatient epilepsy clinics of six tertiary 
hospitals from November 2020 to July 2022. Study eligibility was 
contingent on patients meeting the following specific inclusion criteria: 
1) age 19 years or older; 2) diagnosed with epilepsy in accordance with 
the diagnostic criteria established by the International League Against 
Epilepsy [1]; 3) currently using one or more ASMs, with no changes to 
their medication regimen for at least one month; and 4) possessing the 
necessary cognitive capacity to complete self-reporting questionnaires. 
Participation in the study was restricted to exclude individuals with 
psychogenic nonepileptic seizures, confusion associated with psychosis, 
delirium, amnestic disorders, intoxication, unstable somatic disorder, 
and/or previously diagnosed sleep disorders (such as obstructive sleep 
apnea, narcolepsy, restless leg syndrome, periodic limb movement dis-
order, and REM sleep behavior disorder). Taking into consideration the 
results of Kenner et al.’s study [16], which systematically evaluated 
postictal behavior symptoms, finding that the median duration of two 
thirds of postictal symptoms was 24 h, individuals who experienced 
generalized tonic–clonic seizures (GTCSs) or focal to bilateral ton-
ic–clonic seizures (FBTCSs) during the 72 h before study enrollment 
were further excluded. Fundamental demographic details and clinical 
data were collected through interviews and reviews of the patients’ 
medical records. Written informed consent was obtained from all par-
ticipants prior to inclusion in the study. The Institutional Review Board 
of Asan Medical Center reviewed and approved this study (2020–1439), 
which was conducted in accordance with the principles of the World 
Medical Association Declaration of Helsinki (2008). 

2.2. Assessment tools 

The Insomnia Severity Index (ISI) is a seven-item questionnaire that 
was designed to evaluate the nature and symptoms of insomnia [17]. A 
five-point Likert-type scale (ranging from 0 to 4) was used, resulting in a 
total score between 0 and 28. ISI scores are classified as follows: no 

clinically significant insomnia (scores 0–7), subthreshold insomnia 
(scores 8–14), moderate severity of clinical insomnia (scores 15–21), 
and severe clinical insomnia (scores 22–28). In the present study, the 
presence of insomnia was defined as an ISI score of 15 or above [17]. 
Psychometric properties for the Korean version of the ISI were validated 
in a previous study [18]. 

The Epworth Sleepiness Scale (ESS) is an eight-item questionnaire in 
which respondents rate the frequency of dozing during regular daily 
activities [19]. Each response is assessed using a four-point scale ranging 
from 0 (never dozed) to 3 (high likelihood of dozing). The total score 
ranges from 0 to 24, with a higher score reflecting a greater inclination 
toward daytime drowsiness. Excessive daytime sleepiness was defined as 
an ESS score of 11 or above in this study [19]. 

The Patient Health Questionnaire-9 (PHQ-9) is a screening assess-
ment tool designed to evaluate depression, which was originally 
developed by considering the nine diagnostic criteria for major 
depressive disorders outlined in the fourth edition of the Diagnostic and 
Statistical Manual of Mental Disorders [20]. Responses are scored using 
a four-point Likert-type scale ranging from 0 (no symptoms) to 3 
(symptoms present almost every day for the past two weeks). The total 
score ranges from 0 to 27, with higher scores representing more severe 
depression. In our study, clinically significant depression was defined as 
a PHQ-9 score of 10 or above [20]. 

The Generalized Anxiety Disorder-7 (GAD-7) is a seven-item 
screening assessment tool designed to facilitate the swift identification 
of GAD [21], which uses a four-point Likert-type scale ranging from 
0 (no symptoms) to 3 (symptoms present nearly every day during the 
preceding two weeks). The total score ranges from 0 to 21, with higher 
scores representing more severe anxiety. Clinically significant anxiety 
was defined as a GAD-7 score of 7 or above in this study [21]. 

2.3. Statistical analysis 

Data are displayed as the mean and standard deviation, median and 
interquartile range (IQR), or number and percentage. Univariate ana-
lyses were conducted using the Student’s t-test to compare the means 
between two groups, and the Pearson’s chi-square test to assess the 
existence of differences in the trend of the proportions in the two groups. 
In the exploration of factors independently linked to insomnia symp-
toms, a logistic regression analysis with the backward elimination 
method was performed. The dependent variable was clinically signifi-
cant insomnia (defined as an ISI score ≥ 15). The independent variables 
were age, sex, and factors with an association (p < 0.05) with the 
dependent variables in the univariate analysis. Factors considered in-
dependent variables included demographic (body mass index), psy-
chological (history of psychiatric disorders and symptoms of depression 
and anxiety), sleep-related (daytime sleepiness), epilepsy-related (age at 
seizure onset, duration of epilepsy, type of predominant seizures and 
epilepsy, seizure freedom for at least one year, recurrence of GTCSs or 
FBTCSs in the last year, nocturnal seizures, uncontrolled seizures, ASM 
polytherapy, and use of individual ASMs shown in Table 1), and other 
(presence of medical comorbidities) variables. Uncontrolled seizures 
were defined as the occurrence of one or more seizures per month during 
ASM treatment. Nocturnal seizures were defined as more than 90 % of 
seizures occurring during nighttime sleep. With regard to psychological 
variables, categorical variables (an ESS score ≥ 11, a PHQ-9 score ≥ 10, 
and a GAD-7 score ≥ 7) were used for the logistic regression analyses. 
Regression analyses were conducted among all participants as well as 
groups divided according to the presence of depressive symptoms 
(defined as a PHQ-9 score ≥ 10). 

To determine if insomnia-related variables differ depending on a 
PHQ-9 score ≥ 10, a logistic regression with interaction terms was 
conducted. The models were adjusted for the variables identified to be 
independently associated with insomnia symptoms in the multivariate 
regression analyses. 

Multicollinearity among several independent variables was 

S.-A. Lee et al.                                                                                                                                                                                                                                   



Epilepsy & Behavior 156 (2024) 109781

3

determined by calculating the variance inflation factor (<3) and the 
condition index (<10). In a logistic regression analysis, the goodness of 
fit of the statistical model was measured by the Hosmer–Lemeshow test, 
with p > 0.05 indicating a well-calibrated model. We further calculated 
the c-statistics, which assess the discriminatory ability of the model. 
Significance was determined at p-values < 0.05 (two-tailed). Statistical 
analyses were performed using Statistical Package for the Social Sci-
ences version 21.0 (IBM Corp., located in Armonk, NY, USA). 

3. Results 

3.1. Subject characteristics 

The characteristics of the 282 patients with epilepsy who partici-
pated in this study are summarized in Table 1. Men accounted for 57.8 % 
of the study population, and the mean age was 40.4 ± 13.9 years. Focal 
epilepsy was the most common type, found in 77.7 % of the participants. 
Uncontrolled seizures were noted in 24.5 % of the participants. Symp-
toms of insomnia (defined as an ISI score ≥ 15), daytime sleepiness (an 
ESS score ≥ 11), depression (a PHQ-9 score ≥ 10), and anxiety (a GAD-7 
score ≥ 7) were noted in 20.2 % (n = 57), 12.8 % (n = 36), 23.4 % (n =
66), and 25.9 % (n = 73) of participants, respectively. More participants 
with depressive symptoms had an ISI score of ≥ 15 (56.1 % vs. 9.3 %; p 

< 0.001) than those without. 

3.2. Factors associated with an ISI score ≥ 15 in participants with 
epilepsy 

Univariate analyses showed several variables with p < 0.05 that 
were associated with an ISI score ≥ 15 (Table 2). Stepwise logistic 
regression demonstrated that sex (p = 0.029), PHQ-9 score ≥ 10 (p <
0.001), history of psychiatric disorders (p = 0.017), uncontrolled sei-
zures (p = 0.009), and the use of perampanel (p = 0.025) were all 
associated with an ISI score ≥ 15 in the total cohort (Table 3). This 
model had a c-statistic of 0.844, suggesting good discrimination ability. 

3.3. Different associations with an ISI score ≥ 15 based on depressive 
symptoms 

In the stepwise logistic regression analysis (Table 3), an ESS score ≥
11 (p = 0.019), uncontrolled seizures (p = 0.003), and a history of 
psychiatric disorders (p = 0.029) were found to be associated with an ISI 
score ≥ 15 in participants with a PHQ-9 score < 10, but this was not true 
in those with a PHQ-9 score ≥ 10. In contrast, female sex (p = 0.035) and 
no use of perampanel (p = 0.047) were associated with an ISI score ≥ 15 
in all with a PHQ-9 score ≥ 10, but not in participants with an ISI score 
≥ 15 in those with a PHQ-9 score < 10. Based on a logistic regression 
using interaction terms (Table 4), interactions of a PHQ-9 score ≥ 10 

Table 1 
Subject characteristics (n = 282).  

Age, years, mean (SD) 40.4 (13.9) 

Women, n (%) 119 (42.2) 
Body mass index, kg/m2, mean (SD) 23.8 (3.7) 
The unemployed, n (%) 72 (25.5) 
Medical comorbidities, n (%) 46 (16.3) 
History of psychiatric disorders, n (%) 39 (13.8) 
ESS scores, median (IQR) 4.0 (2.0, 8.0) 
ESS score of ≥ 11, n (%) 36 (12.8) 
ISI scores, median (IQR) 6.0 (2.0, 12.0) 
ISI score of ≥ 15, n (%) 57 (20.2) 
PHQ-9 scores, median (IQR) 4.0 (1.0, 9.0) 
PHQ-9 score of ≥ 10, n (%) 66 (23.4) 
GAD-7 scores, median (IQR) 3.0 (1.0, 7.0) 
GAD-7 score of ≥ 7, n (%) 73 (25.9) 
Age at seizure onset, years, mean (SD) 26.2 (15.4) 
Duration of epilepsy, years, mean (SD) 14.3 (12.5) 
Epilepsy type, n (%)  
Generalized, idiopathic 46 (16.3) 
Focal 219 (77.7) 
Unknown 17 (6.0) 
Predominant seizure type, n (%)  
Focal aware 27 (9.6) 
Focal impaired awareness 152 (53.9) 
GTCS or FBTCS 103 (36.5) 
Seizure freedom for at least one year, n (%) 93 (33.0) 
Seizure frequency ≥ 1 per month, n (%) 69 (24.5) 
GTCS or FBTCS in the last year, n (%) 170 (60.3) 
>90 % of seizures occurring during sleep, n (%) 35 (12.4) 
ASM polytherapy, n (%) 141 (50.0) 
Individual ASM prescribed, n (%)  
Levetiracetam 147 (52.1) 
Valproic acid 90 (31.9) 
Oxcarbazepine 69 (24.5) 
Lamotrigine 50 (17.7) 
Topiramate 42 (14.9) 
Carbamazepine 41 (14.5) 
Perampanel 41 (14.5) 
Others* 42 (14.9) 
History of epilepsy surgery, n (%) 13 (4.6) 

ASM, antiseizure medication; ESS, Epworth Sleepiness Scale; FBTCS, focal to 
bilateral tonic clonic seizure; GAD-7, Generalized Anxiety Disorder-7; GTCS, 
generalized tonic clonic seizure; ISI, Insomnia Severity Index; IQR, interquartile 
range; N, number; PHQ-9, Patient Health Questionnaire-9. 

* Zonisamide, pregabalin, gabapentin, lacosamide phenytoin, vigabatrin, 
clobazam, clonazepam, lorazepam, and phenobarbital were prescribed indi-
vidually less than 10 % of subjects. 

Table 2 
Univariate analyses showing age, sex, and variables with p < 0.05 in associations 
with a presence of insomnia symptoms in subjects with epilepsy.   

Total subjects (n =
282) 

PHQ-9 < 10 (n =
216) 

PHQ-9 ≥ 10 (n =
66)  

ISI 
score 
< 15 

ISI score 
≥ 15 

ISI 
score 
< 15 

ISI 
score ≥
15 

ISI 
score 
< 15 

ISI 
score 
≥ 15 

N (%) 225 
(79.8) 

57 
(20.2) 

196 
(90.7) 

20 (9.3) 29 
(43.9) 

37 
(56.1) 

PHQ-9 score of 
≥ 10, n (%) 

29 
(12.9) 

37 
(64.9)*** 

− − − −

Age, years, 
mean (SD) 

40.0 
(13.9) 

42.0 
(14.0) 

39.8 
(14.3) 

39.2 
(14.3) 

41.5 
(10.9) 

43.5 
(13.8) 

Women, n (%) 88 
(39.1) 

31 
(54.4)* 

80 
(40.8) 

10 
(50.0) 

8 
(27.6) 

21 
(56.8) 
* 

GAD-7 score of 
≥ 7, n (%) 

40 
(17.8) 

33 
(57.9)*** 

20 
(10.2) 

4 (20.0) 20 
(69.0) 

29 
(78.4) 

ESS score of ≥
11, n (%) 

22 
(9.8) 

14 
(24.6)** 

11 
(5.6) 

4 (20.0) 
* 

11 
(37.9) 

10 
(27.0) 

Uncontrolled 
seizures, n (%) 

43 
(19.1) 

26 
(45.6)*** 

30 
(15.3) 

10 
(50.0)** 

13 
(44.8) 

16 
(43.2) 

ASM 
polytherapy, n 
(%) 

104 
(46.2) 

37 
(64.9)* 

81 
(41.3) 

10 
(50.0) 

23 
(79.3) 

27 
(73.0) 

Use of 
lamotrigine, n 
(%) 

34 
(15.1) 

16 
(28.1)* 

27 
(13.8) 

3 (15.0) 7 
(24.1) 

13 
(35.1) 

Use of 
perampanel, n 
(%) 

34 
(15.1) 

7 (12.3) 23 
(11.7) 

2 (10.0) 11 
(37.9) 

5 
(13.5) 
* 

Medical 
comorbidities, 
n (%) 

31 
(13.8) 

15 
(26.3)* 

25 
(12.8) 

5 (25.0) 6 
(20.7) 

10 
(27.0) 

History of 
psychiatric 
disorders, n 
(%) 

20 
(8.93) 

19 
(33.3)*** 

12 
(6.1) 

6 
(30.0)** 

8 
(27.6) 

13 
(35.1) 

ASM, antiseizure medication; ESS, Epworth Sleepiness Scale; GAD-7, General-
ized Anxiety Disorder-7; ISI, Insomnia Severity Index; n, number; PHQ-9, Patient 
Health Questionnaire-9; SD, standard deviation. 

* p < 0.05 
** p < 0.01 
*** p < 0.001 
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with an ESS score ≥ 11 and uncontrolled seizures were found to be 
significant for an ISI score ≥ 15 in both the crude and adjusted models 
(all interactions p < 0.05); however, interactions between sex and the 
use of perampanel were not significant. In particular, an ESS score ≥ 11 
and uncontrolled seizures were more likely to be associated with an ISI 
score ≥ 15 in those with a PHQ-9 score < 10, but this was not true in 
those with a PHQ-9 score ≥ 10. 

4. Discussion 

Herein, we investigated the prevalence of insomnia symptoms, as 
measured using an ISI score ≥ 15, in patients with epilepsy. The overall 
prevalence of insomnia symptoms was 20.2 %, and we found significant 
differences in sex, daytime sleepiness, uncontrolled seizures, a history of 
psychiatric disorders, and the use of perampanel in association with 
insomnia symptoms between patients with and without depressive 
symptoms. In particular, daytime sleepiness, uncontrolled seizures, and 
a history of psychiatric disorders were identified as significant factors 
that were more likely associated with insomnia symptoms; however, this 
was only true in patients without depressive symptoms. In contrast, the 
use of perampanel and male sex was less likely to be associated with 
insomnia symptoms only in patients with depressive symptoms. 

In the present study, among the cohort of patients without depressive 
symptoms, those with uncontrolled seizures showed a significantly a 
higher prevalence of insomnia symptoms than those without. It was 
unclear why this difference was dependent on the presence of depressive 
symptoms. However, these differences could be partially explained by 
the considerable impact of psychological distress on insomnia. Further, 
it is well known that psychological distress, such as depression and 
anxiety, is a major determinant of insomnia in patients with epilepsy 
[8,10,15]. In the present study, the odds of insomnia symptoms were the 
highest with the presence of depressive symptoms. The considerable 
impact of depression could mask the potential association between 

uncontrolled seizures and insomnia symptoms in patients with depres-
sive symptoms. However, we did not find any published studies pre-
senting data comparable to our current findings. Indeed, prior reports on 
the associations between seizure control and insomnia have reported 
inconsistent results [8,10,12–14]. For example, one study of adults with 
epilepsy found a significant association between uncontrolled seizures 
(defined as seizures recurring more than once per month) and the 
severity of insomnia, even after controlling for depression and anxiety 
[8]. However, in recent studies, such statistical significance of uncon-
trolled seizures was lost after controlling for depression and anxiety 
[10,15]. 

Prior research has shown that ASMs may affect sleep, although the 
effects on sleep architecture vary depending on the individual ASM [22]. 
In our study, we found that, among patients with depressive symptoms, 
those who were taking perampanel had a significantly lower prevalence 
of insomnia symptoms. This decrease in the insomnia symptoms in pa-
tients treated with perampanel was consistent with the findings of pre-
vious studies, which demonstrated a significant improvement in sleep 
quality in patients receiving perampanel [23–26]. Further, one multi-
center prospective study investigated the effect of adjunctive per-
ampanel on quality of sleep and daytime sleepiness in patients with 
uncontrolled focal epilepsy [23], finding that sleep quality, but not 
daytime sleepiness, was significantly improved at 3-month. In another 
study, adjunctive treatment with perampanel for three or more months 
in adults with epilepsy was associated with significant improvements in 
sleep latency, sleep efficiency, wake after sleep onset, duration of deep 
sleep, and total sleep time [24]. However, there was no effect on rapid 
eye movement sleep. The improvements in these sleep parameters were 
reported without any worsening in daytime sleepiness [24]. A recent 
study using the ISI evaluated the effect of adjunctive perampanel 
treatment for at least one month in adults with epilepsy, revealing that 
insomnia was less prevalent and less severe in patients with epilepsy 
receiving perampanel, independent of the presence of affective 

Table 3 
Stepwise logistic regression showing variables significantly associated with the presence of insomnia symptoms in subjects with epilepsy.   

ISI score ≥ 15 

Total (n = 282) PHQ-9 < 10 (n = 216) PHQ-9 ≥ 10 (n = 66) 

OR 95 % CI OR 95 % CI OR 95 % CI 

PHQ-9 score of ≥ 10 11.248*** 5.348–23.659 − − − −

History of psychiatric disorders 2.845* 1.206–6.711 3.971* 1.150–13.719 − −

Uncontrolled seizures 2.765** 1.288–5.935 4.896** 1.701–14.095 − −

Use of perampanel 0.291* 0.099–0.856   0.282* 0.081–0.981 
Female sex 2.226* 1.087–4.560 − − 3.178* 1.083–9.321 
ESS score of ≥ 11 − − 5.369* 1.321–21.818 − −

ASM, antiseizure medication; CI, confidence interval; ESS, Epworth Sleepiness Scale; ISI, Insomnia Severity Index; n, number; OR, odds ratio; PHQ-9, Patient Health 
Questionnaire-9. 
Notes. The initial models included age, sex, PHQ-9 ≥ 10, GAD-7 ≥ 7, ESS ≥ 11, duration of epilepsy, refractory seizures, ASM polytherapy, use of lamotrigine, use of 
perampanel, medical comorbidity, and history of psychiatric disorders. 

Table 4 
Multivariate logistic regression showing interactions of depressive symptoms with daytime sleepiness and refractory seizures and their effects on the presence of 
insomnia symptoms in subjects with epilepsy (n = 282).  

Independent variable Model Subgroups Interaction p value ISI score ≥ 15 

OR 95 % CI p value 

ESS score ≥ 11 Crude PHQ-9 < 10  0.020  4.205 1.201–14.722  0.025 
PHQ-9 ≥ 10   0.606 0.213–1.721  0.347 

Adjusteda PHQ-9 < 10  0.049  4.374 1.141–16.765  0.031 
PHQ-9 ≥ 10   0.748 0.239–2.344  0.618 

Uncontrolled seizures Crude PHQ-9 < 10  0.011  5.533 2.121–14.435  <0.001 
PHQ-9 ≥ 10   0.938 0.352–2.496  0.898 

Adjusteda PHQ-9 < 10  0.049  5.593 2.051–15.252  0.001 
PHQ-9 ≥ 10   1.285 0.436–3.785  0.649 

CI, confidence interval; ESS, Epworth Sleepiness Scale; ISI, Insomnia Severity Index; n, number; OR, odds ratio; PHQ-9, Patient Health Questionnaire-9. 
a The adjusted models were adjusted by sex, PHQ-9 score ≥ 10, ESS score ≥ 11, history of psychiatric disorder, refractory seizures, and use of perampanel. 
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symptoms [25]. Overall, the existing evidence indicates that the bene-
ficial effects of perampanel on sleep do not seem to occur indirectly via 
effects on affective symptoms or seizures. In recent longitudinal studies, 
treatment with adjunctive perampanel had no influence on the levels of 
depression and anxiety after six months in patients with epilepsy 
[27,28]. Another prospective study found improvements in sleep quality 
in patients taking perampanel, but the reduced seizure frequency was 
not correlated with improved sleep quality [23]. In the present study, 
these beneficial effects of perampanel were not identified in patients 
without depressive symptoms. This finding could be explained in part by 
the lack of sleeping problems experienced by patients without depres-
sion. As expected, we found that the prevalence of insomnia symptoms 
was significantly decreased in patients without depressive symptoms 
compared to those with depressive symptoms. In contrast to per-
ampanel, lamotrigine has been reported to be an independent risk factor 
for insomnia in patients with epilepsy [8,29,30]. In support of this, we 
found that patients taking lamotrigine had a significantly higher prev-
alence of insomnia symptoms, but the statistical significance of this as-
sociation was lost in the multivariate analyses. 

In the present study, daytime sleepiness was identified as one of the 
significant factors that was more likely associated with insomnia 
symptoms in patients without depressive symptoms. However, in pa-
tients with depression, the prevalence of insomnia symptoms did not 
differ depending on excessive daytime sleepiness. These differences in 
the relationships between daytime sleepiness and insomnia symptoms 
suggest different underlying mechanisms of insomnia symptoms in pa-
tients with epilepsy with and without depression. In general, patients 
with insomnia disorders generally do not complain of daytime sleepi-
ness, even though they experience an insufficient sleep duration during 
nighttime sleep. This is usually explained by hyperarousal in cognitive/ 
emotional, cortical, and/or physiological domains [31]. Indeed, signs of 
increased daytime arousal in patients with insomnia have been found in 
many studies [31–33]. For example, in one study using simultaneous 
functional magnetic resonance imaging and electroencephalography, 
patients with insomnia showed increases in absolute alpha power and 
alpha attenuation, potentially indicating increased levels of wakefulness 
during the day [32]. Therefore, the theory of hyperarousal in insomnia 
could explain our findings of a negative association between daytime 
sleepiness and insomnia symptoms in patients with depressive symp-
toms. Conversely, the positive association between daytime sleepiness 
and insomnia symptoms in patients without depressive symptoms could 
be explained by a homeostatic sleep drive, a biological process that 
makes up part of the two-process model controlling sleep [34]. Increased 
daytime sleepiness and associated daytime naps could be linked to a 
decreased sleep propensity, resulting in difficulty in initiating and/or 
maintaining sleep at night. Similar to our findings in patients without 
depressive symptoms, some studies have found a positive correlation 
between the severities of daytime sleepiness and insomnia symptoms 
[6,14]; however, they did not consider its interaction with depressive 
symptoms. 

The current study has several limitations. First, causal or temporal 
relationships could not be determined because of the cross-sectional 
study design. Second, we did not enroll a control group; therefore, the 
characteristics of insomnia between epileptic and non-epileptic pop-
ulations could not be compared. Third, our data were subject to referral 
bias because of enrollment of the study participants from tertiary hos-
pitals. As such, the severities of symptoms of insomnia, depression, and 
anxiety reported here might not be applicable to other epileptic pop-
ulations, particularly to patients visiting primary care clinics. In 
contrast, excluding patients with recent changes in ASMs regimen may 
result in a selection bias, as it is likely that some patients with difficult- 
to-control epilepsy would have been excluded from the analysis. How-
ever, our main findings, including the identification of factors associated 
with insomnia symptoms in patients with epilepsy with and without 
depressive symptoms, should be generally applicable. Fourth, this study 
utilized convenience sampling to recruit participants with epilepsy; 

however, we did not apply a random sampling method. Fifth, data on 
nocturnal seizure frequency was collected through reporting by the 
patient, a bed partner, or both, but it was not assessed using the specific 
device. Finally, polysomnography or multiple sleep latency testing was 
not utilized in the present study; therefore, objective sleep parameters 
for insomnia and daytime sleepiness could not be analyzed. Further, 
subjective reports of sleep may not be in agreement with assessments of 
objective sleep measures, particularly in patients with insomnia [35]. 

5. Conclusions 

In conclusion, the results of the present study indicate that insomnia- 
related factors may significantly differ between epilepsy patients with 
and without depression. Further, we found that daytime sleepiness and 
uncontrolled seizures were more likely to be associated with insomnia in 
patients without depression. In contrast, use of perampanel was less 
likely to be associated with insomnia in patients with depression. 
Although the significant relationship between depression and insomnia 
has been well-established, few studies have taken into consideration the 
potential impact of depression on insomnia when investigating the po-
tential factors associated with insomnia in patients with epilepsy. 
Therefore, our findings of different insomnia-related factors based on 
the presence of depression may fill this gap in the literature, and could 
facilitate the management of patients with epilepsy. 
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