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Objectives: The association between insomnia and quality of life (QOL) in epilepsy is poorly understood and may
involve interactive variables. We aimed to investigate whether and how insomnia, levels of depression and anxiety
symptoms interact to influence QOL in people with epilepsy (PWE).

Methods: A consecutive cohort of 179 PWE was enrolled. We collected data on insomnia, levels of depression and
anxiety symptoms, and QOL. The Insomnia Severity Index (ISI), Depression Inventory for Epilepsy (NDDI-E), Generalized
Anxiety Disorder-7 (GAD-7), and QOL in Epilepsy Inventory (QOLIE-31) were used. The direct, indirect, and total effects
of insomnia on QOL were estimated based on a moderated mediation model.

Results: Depression symptom levels mediated the association between insomnia and QOL (B=0.09 SE=0.03,
p=0.01). Depression symptom levels accounted for 34.7% of the total effect of insomnia on QOL. The mediat-
ing effect of depression symptom levels was positively moderated by anxiety symptom levels (B=0.09, SE=0.03,

Conclusion: The effect of insomnia on QOL can be partially explained by the mediation of depression symptom lev-
els. Additionally, improving anxiety symptoms may attenuate the indirect effect of insomnia on QOL through depres-

Keywords: Insomnia, Depression symptom levels, Anxiety symptom levels, Quality of life, People with epilepsy

Introduction

Epilepsy is one of the most common serious chronic
neurological disorders, affecting more than 70 million
patients worldwide [1, 2]. It is characterized primarily
by recurrent and unpredictable seizures [3]. PWE often
report psychiatric symptoms and sleep disorders such
as insomnia [4—6]. Insomnia is the most common sleep-
related complaint in epilepsy, and 25% to 54% of patients
report insomnia symptoms [7-9]. Insomnia has been
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known to be associated with a reduced QOL in PWE
[9, 10], and PWE with insomnia have significant QOL
impairment [11]. However, there is limited evidence on
how insomnia influences QOL. Additionally, QOL of
PWE are closely associated with the knowledge, attitude,
and perceived stigma of the patients [12]. It has also been
reported that the QOL was influenced by the disease
severity, age, gender, hippocampal sclerosis, number of
antiseizure medications (ASMs), and intellectual disabil-
ity [13-16].

The prior literature has shown that PWE with insom-
nia generally report more depression symptoms than
those without insomnia [9, 17]. Insomnia is positively
correlated with depression symptoms [18]. Furthermore,

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12888-022-04154-0&domain=pdf

Zhong et al. BMC Psychiatry ~ (2022) 22:497

depression has been identified as the most important
predictor of poor QOL in PWE [19, 20]. Thus, we spec-
ulate that insomnia would increase the levels of depres-
sion symptoms, which in turn would reduce QOL. The
impacts of insomnia on QOL can be explained by the
mediation of depression symptom levels. To our knowl-
edge, no study to date has focused on this point. Addi-
tionally, anxiety symptoms were significantly associated
with a high level of depression symptoms in PWE [21].
Anxiety was highly dependent on whether the individual
had experienced depression [22, 23]. Anxiety and depres-
sion are highly comorbid in PWE [24]. High levels of anx-
iety symptoms are also a strong predictive factor of poor
QOL [20]. Thus, we hypothesize that anxiety symptom
levels would interact with depression symptom levels to
influence the relationship between insomnia and QOL in
patients.

This study aimed to investigate the effects of insom-
nia, levels of anxiety and depression symptom on QOL
in PWE. We propose two hypotheses (H): H1: depression
symptom levels mediate the association between insom-
nia and QOL; and H2: anxiety symptom levels moder-
ate the indirect association between insomnia and QOL
through depression symptom levels.

Methods

Participants and procedures

A cross-sectional study design was employed. Individu-
als with epilepsy who were treated and followed at the
epilepsy center of Jilin University, First Hospital, were
consecutively enrolled from April to August 2021. The
diagnosis of epilepsy was established by an epileptolo-
gist at least one month prior to this study according to
the International League Against Epilepsy (ILAE) diag-
nostic criteria [25]. Other entry criteria were as follows:
aged 18 years or older, took stable doses of anti-seizure
medications (ASMs) for at least 1 month, and had the
ability to understand and complete the questionnaires.
We excluded patients who had psychogenic nonepileptic
seizures, brain diseases other than epilepsy (e.g., Alzhei-
mer’s disease), serious physical disorders (e.g., cancer) or
psychiatric disorders (e.g., schizophrenia). Demograph-
ics and clinical variables, including age, sex, age at onset,
epilepsy duration, seizure frequency, epilepsy type and
ASMs taken, were collected and recorded.

Questionnaires

Insomnia was assessed using the Insomnia Severity Index
(ISI), a self-rated questionnaire of insomnia severity
[26]. The ISI was validated in Chinese by Yu et al.,, and
the Cronbach’s a coefficient for the C-NDDI-E was 0.81
[27]. The ISI has 7 items measuring the severity of sleep
onset and sleep maintenance difficulties, satisfaction with
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current sleep, interference with daily functioning, degree
of impairment attributed to the sleep issue, and degree
of concern caused by the sleep problem. The total score
of the ISI ranges between 0 and 28, with a higher score
representing greater insomnia severity. A score of 15 or
greater on the ISI is the cut point for clinically significant
insomnia.

The Depression Inventory for Epilepsy (NDDI-E) was
employed to assess depression symptom levels. The
NDDI-E is a 6-item measure designed to assess the lev-
els of depression symptoms in PWE [28]. The C-NDDI-
E was validated in Chinese by Dong Zhou et al., and the
Cronbach’s o coefficient for the C-NDDI-E was 0.825
[29]. The total score ranges between 6 and 24, with
a higher score reflecting greater levels of depression
symptoms.

The Generalized Anxiety Disorder-7 (GAD-7) was used
to assess the levels of anxiety symptoms. The GAD-7 is
a brief 7-item screening instrument for the symptoms of
generalized anxiety disorder [30]. The Chinese version of
the GAD-7 was used to screen the comorbidity of anxiety
symptoms in PWE, and the Cronbach’s a coefficient for
the GAD-7 was 0.888 [31]. It has a maximum total score
of 21, and a higher GAD-7 score indicates higher levels of
anxiety symptoms.

Quality of life was measured using the Quality of Life
in Epilepsy-31 (QOLIE-31) inventory [32, 33], an epi-
lepsy-specific measure of self-perceived quality of life
that consists of 31 items in 7 domains: (1) seizure worry,
(2) overall quality of life, (3) emotional well-being, (4)
energy/fatigue, (5) cognitive functioning, (6) antiepileptic
medication effects, and (7) social functioning. This scale
has a score of 0 to 100, with a higher total score denot-
ing a more favorable quality of life. The Chinese version
of the QOLIE-31 was validated in Chinese by Ding et al.,
and the Cronbach’s a coefficient for the QOLIE-31 was
0.898 [34].

Statistical analysis

Descriptive statistics (i.e., means, SDs, numbers, and per-
centages) were used to describe the patient’s character-
istics. Spearman’s correlation was performed to confirm
the correlations between scores of the questionnaires for
insomnia, depression and anxiety symptom levels, and
QOL. The Mann—Whitney U test was used to compare
the levels of depression and anxiety symptoms and QOL
between the groups with and without insomnia. We used
moderated mediation analysis to test these hypotheses.
Mediation analysis was employed to identify whether
depression symptom levels mediate the association
between insomnia and QOL. The direct, indirect, and
total effects of insomnia on QOL were confirmed. Then,
moderated mediation analysis was employed to identify
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whether the mediating associations were moderated by
anxiety symptom levels [35]. For all moderated media-
tion analyses, bootstrap 95% confidence intervals (Cls)
were calculated using a bootstrapping approach (with
5000 bootstrap samples) to verify indirect effects. If the
95% confidence intervals did not contain zero, the indi-
rect effect was determined to be statistically significant.
All data analyses were performed using SPSS version 26.0
and PROCESS version 3.4, which are SPSS macros to
facilitate the estimation of both direct and indirect effects
[36].

Ethics approval and consent to participate

Approval was obtained from the ethics committee of The
First Hospital of Jilin University, and all participants pro-
vided informed consent. This study complies with the
Helsinki Declaration of 1975, as revised in Fortaleza, Bra-
zil 2013.

Results

A total of 179 patients were eligible for the study, with
a median age of 32.56 years and a female percentage of
48.0% (Table 1). The correlation analysis results sug-
gested that ISI and NDDI-E scores were positively and

Table 1 Descriptive characteristics of patients

Characteristics Mean £ SD or n (%)

Age 3256+£11.73

Gender-female 86 (48.0)

Age at epilepsy onset 2522+£1291

Epilepsy duration 7.35+£801
Seizure frequency over the last year

Seizure-free 53(29.6)

< 1/month 75(41.9)

> 1/month 51(28.5)
Epilepsy type

Focal 146 (81.6)

Generalized 28 (15.6)

Unclassified 5(2.8)

Polytherapy 58(324)

SD Standard deviation
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moderately correlated (r=0.48, p<0.001), and ISI and
QOLIE-31 scores were negatively and moderately cor-
related (r=—0.59, p<0.001) (Table 2). Meanwhile,
NDDI-E and QOLIE-31 scores were negatively cor-
related with a high statistical significance (r=—0.61,
p<0.001).

PWE with insomnia presented significantly higher
levels of depression symptoms on the NDDI-E score
(p<0.001), higher levels of anxiety symptoms on the
GAD-7 score (p<0.001) and worse quality of life on the
QOLIE-31 total score (p<0.001) than those without
insomnia (Table3).

Insomnia had a statistically significant indirect effect
on QOL through the mediating variable of depression
symptom levels (B=—0.37, SE=0.08, bootstrap 95%
CI=—0.54 to—0.23) (Table 4). The levels of depression
symptoms accounted for 34.7% of the total effect of
insomnia on QOL. Thus, Hypothesis 1 was supported.

The moderated mediation analysis results suggested
that the indirect effect of insomnia on quality of life
through the mediation of depression symptom levels
was positively moderated by anxiety symptom levels
(B=0.09, SE=0.03, p=0.01). The interaction between
depression and anxiety symptoms levels had a signifi-
cant effect on QOL. The tested model and mean-cen-
tered path estimates are displayed in Fig. 1. Therefore,
Hypothesis 2 was supported.

Table 3 Depression and anxiety symptoms levels, and QOL in
PWE with and without insomnia

Variables Insomnia Non-insomnia  P-value
group group (n=156)
(n=23)
Depressive symptoms levels  12.00+4.32 7684247 <0.001°
Anxiety symptoms levels 8871499 3214343 <0.001°
QoL 4183+£748 54.86+895 <0.001°

Depression symptom levels =NDDI-E score; Anxiety symptom levels = GAD-7
score; QOL=QOLIE-31 score

PWE People with epilepsy, QOL Quality of life
2 Mann—Whitney U test

Table 2 The relationship between insomnia, depression and anxiety symptoms levels, and QOL

Variables Insomnia Depression symptom levels Anxiety symptom levels QOL
Insomnia 1

Depression symptom levels r=0.48,p<0.001 1

Anxiety symptom levels r=0.52,p<0.001 r=0.64,p<0.001 1

Q0oL r=—0.59,p<0.001

r=—061,p<0.001

r=—=0.64, p<0.001 1

Insomnia =S| score; Depression symptom levels = NDDI-E score; Anxiety symptom levels = GAD-7 score; QOL =QOLIE-31 score

QOL Quality of life
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Table 4 Total, direct and indirect effect of insomnia on QOL
Effects on QOL Variables B SE P Bootstrap 95% ClI
LL UL

Total effect (c) Insomnia -1.08 0.11 <0.001°
Direct effect () Insomnia -0.70 0.12 <0.001°
Indirect effect axb -037 0.08 -0.54 -023

Insomnia (a) 031 0.04 <0.001°

Depression symptom levels - 1.22 0.21 <0.001°

(b)

Unstandardized regression coefficients are reported. Bold data show statistical significance (P<0.05,0r Bootstrap 95% Cl does not contain zero)

LL Lower limit, UL Upper limit, C/ Confidence interval, QOL Quality of life

2 Linear regression analysis

Depression
symptom levles

Anxiety
symptom levels

Insomnia

B=-0.70""

Quality

Fig. 1 Moderated mediation model. Note. **P<0.01; ***P <0.001

of life

Discussion

We established a moderated mediation model to identify
whether the levels of depression symptoms mediate the
association between insomnia and QOL and to confirm
whether anxiety symptom levels amplify the indirect
effect of insomnia on QOL through depression symp-
tom levels. To our knowledge, this is the first exploratory
study to investigate the causal pathway between insomnia
and QOL through a moderated mediation model. Based
on the moderated mediation analysis, we found that the
influence of insomnia on QOL can be explained by the
mediation of depression symptom levels, and anxiety
symptom levels can amplify the indirect effect of insom-
nia on QOL through depression symptom levels. These
results contribute to our understanding of the association
between insomnia and QOL.

Our moderated mediation model builds upon prior
literature showing the association between sleep dis-
turbances, psychiatric symptoms and QOL [11, 37, 38].
According to the literature, more than half of PWE suf-
fer from insomnia, and their depressive scores are signifi-
cantly correlated with insomnia, which is in agreement
with our results [9]. Additionally, depression represents

one of the most common comorbidities in PWE and has
a profound negative influence on QOL [39, 40]. Insomnia
is significantly associated with poor performance in all
seven subscales of the QOLIE-31 [9, 11].

In the established moderated mediation model, we
found that insomnia might increase depression symp-
tom levels, which in turn would lead to a reduced QOL.
Hence, insomnia had an indirect effect on poor QOL,
and depression symptom levels mediate the impacts of
insomnia on QOL in PWE. This important finding has
some useful clinical implications. From the patients’ per-
spective, addressing depression symptoms may be just
as important as addressing insomnia. For patients with
insomnia, interventions targeting this mediator (depres-
sion symptom levels), which is associated with QOL,
could improve QOL. The conclusion about the indirect
association between insomnia and QOL through depres-
sion symptom levels uncovers the limitations of conven-
tional regression analysis for understanding the actual
interrelationship among risk factors for QOL in PWE
[41, 42].

There is a complex relationship between depression
and anxiety in the literature [43, 44]. Anhedonia may
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be a key factor linking these two psychiatric disorders,
and anxiety may devolve into depression through anhe-
donia [45]. The moderating effect of anxiety symptom
levels on the association between insomnia and QOL
through depression symptom levels was also tested. For
the first time, our data showed that the positive associa-
tion between depression and QOL becomes stronger for
patients with higher anxiety symptom levels. Our find-
ings suggest that improving anxiety symptoms may help
reduce the impact of depression symptom levels on QOL
in PWE.

The current study has some limitations. First, all
patients were enrolled from a single center in northeast
China; there may exist selection bias, and the results
might not be generalizable to the whole country or
other countries. Second, our findings were based on a
cross-sectional study design, and additional studies are
required to replicate our findings and establish causal-
ity in prospective longitudinal designs. Third, all patients
were taking one or more ASMs, and there may be bias
due to the effect of different ASMs on psychiatric symp-
toms [5, 46]. Additionally, we did not consider the diag-
nosis of mental disorders and the effects of ASMs. Fourth,
the presence of depression and anxiety symptoms were
evaluated only with screening tests. Further study using
a complete psychiatric evaluation is needed to confirm
our findings. Furthermore, insomnia was evaluated using
the ISI, a self-rated questionnaire of insomnia severity.
However, the evaluation of insomnia without performing
polysomnography is always poorly evaluated and with an
important scientific bias. Finally, the effects of levels of
depression and anxiety symptoms on quality of life may
be influenced by other epilepsy-related variables, such as
the number of ASMs and seizure frequency, which were
not analyzed in our study. Several other aspects besides
depression and anxiety symptoms can contribute to the
occurrence of insomnia, particularly age and economic
and marital aspects, among others, which may influence
our established relationship [47, 48]. Future researches
are required to confirm our findings with the inclusion of
more variables.

Conclusion

In summary, depression symptom levels mediated the
association between insomnia and QOL, and the mod-
erating effect of anxiety symptom levels on this asso-
ciation was also confirmed. The magnitude of this
moderated mediation model emphasizes the need to
incorporate measures to assess and treat psychiatric
conditions, which could improve the QOL in PWE with
insomnia.
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