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Abstract

Background: Emotional disorder is an important indicator for assessing the quality of life
(QOL]) of people with epilepsy (PWE]. Depression, somatic symptom disorder (SSD) and anxiety
are among the most frequently occurring mental disorders and overlap with each other.
Objectives: This study examines the overlap of these three emotional disorders and their
effects separately and in combination on the QOL of PWE.

Design: Cross-sectional study.

Data Sources and Methods: Adults attending our epilepsy clinic between 1 July 2020 and 1
May 2022 were consecutively enrolled. They were screened for depression, SSD, and anxiety
by structured interviews, and demographic, epilepsy-related and QOL indicators were
collected. Multivariate analysis, propensity score matching (PSM] and stratified analysis were
used to explore the effects of their respective and combined effects on QOL.

Results: Among the 749 patients, 189 patients (25%) were diagnosed with depression, 183
patients (24%) were diagnosed with SSD, and 157 patients (21%) were diagnosed with anxiety.
The frequency of occurrence of each emotional disorder together with other emotional
disorders was higher than the frequency of occurrence of an emotional disorder alone.
Depression, SSD, and anxiety all had an independent effect on QOL of PWE (p < 0.001).
Depression had the greatest effect, followed by SSD, and then anxiety (B: multivariate analysis,
-11.0 versus -7.8 versus -6.5; PSM, -14.7 versus -9.4 versus -6.8). The QOL of PWE decreased
more significantly with the increasing number of comorbid emotional disorders (B: -12.1

versus -20.7 versus -23.0).

Conclusion: It is necessary to screen for three emotional disorders, that is, depression, SSD,
and anxiety, in PWE. Attention should be paid to people with multiple comorbid emotional

disorders.
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Introduction

Epilepsy is one of the most common neurological
diseases. Epidemiological studies have shown that
approximately 70 million people of different ages
worldwide suffer from epilepsy.! In terms of global
disability-adjusted life-years (DALYs), epilepsy
ranked 20th globally among diseases in 2016 and

ranked second among neurological diseases.? The
quality of life (QOL) of people with epilepsy
(PWE) is significantly reduced.?* Studies have
found that epilepsy-related factors have a limited
impact on the QOL of PWE and that emotional
disorders (anxiety and depression) have the most
significant impact on this indicator.3-7 Therefore,
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emotional disorder is an important indicator for
assessing the QOL of PWE. In the International
League Against Epilepsy (ILAE) classification of
the epilepsies issued in 2017, the ILAE calls for
the inclusion of emotional disorders in the early
diagnosis and early treatment of epilepsy.®
Subsequently, the ILAE Psychological Task Force
released psychological treatment and medical
treatment of co-morbid depression for PWE in
2018 and 2022, respectively.%10

The three most common emotional disorders are
anxiety, depression, and somatic symptom disor-
der (S§SD).11-14 Co-morbid depression and anxiety
are well documented in PWE in the literature.
There is compelling evidence for a bidirectional
relationship between epilepsy and depression: epi-
lepsy was frequently followed by depression,!> and
prior history of depression was a risk factor for sub-
sequent unprovoked seizures.!® Shared pathophys-
iology of the two disorders, such as hippocampus,!”
amygdala,!® and orbitofrontal cortex!® volume
loss; alteration in neurotransmitter system;2° and
hypothalamic—pituitary—adrenal axis dysregula-
tion,21:22 may contribute to their interlinking rela-
tionship. SSD is a new definition for persistent
distressing somatic symptoms from the 2013
DSM-5 (Diagnostic and Statistical Manual of
Mental Disorder-5) and replaces somatoform dis-
orders, which had vague diagnostic criteria that
were difficult to apply clinically. The diagnosis of
SSD must meet three criteria: (1) one or more
somatic symptoms that make the individual feel
distressed or cause significant damage to his or her
daily life; (2) excessive thoughts, feelings, or behav-
iors related to somatic symptoms, or excessive
worry related to health; and (3) although all
somatic symptoms may not persist, the sympto-
matic state is persistent (typically longer than 6
months).23 From the perspective of the definition
of SSD, its pathogenesis is largely derived from the
body’s erroneous cognition of somatic symptoms.
Although SSD may be accompanied by anxiety
and depression, the basic treatment measures
include psychotherapy, such as cognitive behavio-
ral therapy and mindfulness therapy.?* Previous
studies have consistently shown that individuals
with SSD reported lower QOL compared to those
without in general or outpatient and inpatient
samples.?5>-28 Currently, no study has explored the
effect of comorbid SSD on epilepsy people.

According to high-quality literature reviews, only
a few studies used structured clinical interviews to

diagnose depression and anxiety in PWE,2930 pre-
cluding reliable estimates of the prevalence of
these disorders. In addition, the relationship
among the three emotional disorders in reality is
not pure, and they can be independent of each
other or overlap with each other. Their overlap-
ping relationship is less well studied. Therefore,
screening depression, anxiety, and SSD by struc-
tured interviews, and studying their overlapping
relationship and effects separately and in combi-
nation on the QOL of PWE can help to develop
more scientific screening and treatment protocols
to improve patient outcomes.

In this study, PWE were screened for depression,
SSD, and anxiety by structured interviews, and
demographic, epilepsy-related and QOL indica-
tors were collected. The aims of the study were as
follows: (1) to clarify the prevalence of the three
emotional disorders, either occurring alone or
occurring at the same time; (2) to investigate how
the three emotional disorders overlap; (3) to
investigate the independent effects of each of the
three emotional disorders on the QOL of PWE by
controlling for confounding factors through mul-
tivariate analysis and propensity score matching
(PSM); and (4) to explore, using stratified analy-
sis, the impact of the combination of the three
emotional disorders on QOL.

Method

Subjects

PWE who were treated in our epilepsy clinic
between 1 July 2020 and 1 May 2022, were con-
tinuously enrolled.

Inclusion criteria. (1) People who were 18 years
of age and older; (2) people who had been diag-
nosed with epilepsy for at least 1 year; (3) people
with a score of 69 or higher on the Wide Range
Achievement Test (WRAT; to ensure his or her
reading ability); and (4) people who agreed to
participate in this study, participated in struc-
tured interviews for three emotional disorders
with doctors, and completed questionnaires.

Exclusion criteria. (1) People who lost the ability
to provide self-assessments or refused to partici-
pate in the study; (2) people who were undergo-
ing vagal nerve stimulation; and (3) people who
were confirmed to have dementia or severe men-
tal disorders, such as schizophrenia.
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Methods

Data collection process. Continuous sampling was
used. PWE who met the inclusion and exclusion
criteria were invited to participate in this study
when they were waiting at the neurology clinic.
The purpose, content and process of the study
were described, and the principle of voluntariness
and privacy protection measures were explained.
All participants who were willing to participate in
the study signed an informed consent form. The
participants who signed the informed consent
form were invited to another room when they were
waiting for treatment. First, they underwent self-
report questionnaires to screen for depression,
SSD, and anxiety, including Patient Health
Questionnaire (PHQ-9), symptom-related psycho-
logical distress questionnaire (SSD-12) and Gen-
eralized Anxiety Disorder 7-item scale (GAD-7).
Those with a total score higher than cutoff points
of any one of the questionnaires, then underwent a
structured clinical interview conducted by the
psychiatrist investigator in accordance with the
structured clinical interview for DSM-5, research
version (SCID-5-RV) to confirm whether three
emotional disorders were present. After the inter-
view, the participants were treated at the neurol-
ogy clinic. To rule out possible false-positives,
neurologists distinguished SSD from adverse
reactions to antiseizure medication (ASM) and
seizures in general based on the relationship
between the timing of the onset of somatic symp-
toms and the use and discontinuation of ASMs
and based on whether the symptoms were epi-
sodic, transient, stereotypic in nature and occurred
in post-ictal period. Then, the participants were
asked to complete an Internet-based self-compiled
questionnaire within 1 week. Demographic—socio-
logical, epilepsy-related, mental state-related and
QOL-related information were collected from the
participants. After the questionnaire was submit-
ted, the investigator confirmed the accuracy of the
submitted questionnaire by telephone inquiry
within 12 h. The data for participants whose key
information was incorrect or lost or who could not
be reached by phone were deleted from the sam-
ples. The comprehensive collection of epilepsy-
related information, such as type of epilepsy,
etiology, and drug-resistant epilepsy (DRE), was
performed by two epilepsy specialists using each
patient’s medical history and medical orders, epi-
lepsy-related information gathered from the ques-
tionnaire, and electroencephalography (EEG),
video EEG, and cranial magnetic resonance imag-
ing (MRI) results in accordance with ILAE

standards. Disagreements between the two parties
were resolved through discussions until a consen-
sus was reached.

Self-compiled questionnaire and assessment scale.

Demographic data questionnaire. Self-compiled
questionnaire. The collected indicators included
name, gender, age, height, body weight, ethnicity,
place of residence, education level, medical insur-
ance, marital status, living conditions, occupation,
personal monthly income, monthly household
income, and physical activity.

Assessment scales. PHQ-9: This question-
naire consists of nine depression screening items
and assesses the degree of distress caused by
depressive symptoms in patients in the past 2
weeks. Each item is scored from 0 to 3 points,
with a total score of 0—27 points. Previous studies
have shown that a total score of 10 points is the
optimal threshold for diagnosing depression.31-33
The higher is the total score, the more severe are
the depressive symptoms.

SSD-12: The SSD-12, composed of 12 items,
measured the three psychological sub-criteria of
SSD (cognitive, affective, and behavioral aspects
associated with bothersome somatic symptoms).
Each item is scored from 0 (never) to 3 (very
often) points, with a total score of 0—48 points.
Previous study in China have shown that a total
score of 16 is the optimal cutoff point for the
diagnosis of SSD.3* The higher is the total score,
the more severe are the SSD symptoms.

GAD-7: This scale consists of seven items related
to generalized anxiety and assesses the degree of
distress caused by anxiety symptoms in the past 2
weeks. Each item is scored from 0 to 3 points,
with a total score of 0-21 points. Previous studies
have shown that a total score of 10 is the optimal
threshold for the diagnosis of generalized anxi-
ety.3! The higher is the total score, the more
severe are the anxiety symptoms.

Quality of Life in Epilepsy Inventory 31 (QOLIE-
31): The scale has a total of 31 items in seven
subscales.3> Each item is scored using the percen-
tile system, and each item has a corresponding
score for different options. When scoring, the
subscale score is first calculated; the subscale
score is equal to the sum of the scores of all the
items in the subscale divided by the number of
items in the subscale. The total scale score is then
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calculated; the total scale score is equal to the
sum of the scores of each subscale from the previ-
ous step multiplied by the weight of that subscale.
The higher is the total score, the better is QOL.

Diagnosis of three emotional disorders using struc-
tured interviews. In this study, we conducted
structured clinical interviews for the diagnosis of
depression, SSD, and anxiety based on the
SCID-5-RV.

Evaluation of epilepsy-related information. Epi-
lepsy-related information was collected using self-
compiled questionnaires and expert assessments.
The age of onset of epilepsy, disease duration,
epilepsy-related past history, severity of epilepsy
symptoms (expressed by score of the Chalfont-
National Hospital Seizure Severity Scale, NHS3
scale), seizure frequency, and use of ASM were
collected from the questionnaire. Frequent sei-
zures were defined as seizure frequencies higher
than once a month. Epilepsy-related EEG
changes, epilepsy-related MRI lesions, status epi-
lepticus,3%37 types of epilepsy,3® etiology of epi-
lepsy,38 and drug-resistant epilepsy (DRE)3° were
evaluated by two epilepsy specialists using ILAE
criteria and the medical history of each patient in
the medical order system, epilepsy-related infor-
mation provided on the questionnaire, and con-
ventional EEG, video EEG, and cranial MRI
results. Disagreements between the two parties
were resolved through discussions until a consen-
sus was reached.

Outcome indicators. The outcome indicator was
patient QOL, expressed as the QOLIE-31 score.
The higher is the score, the better is the QOL.

Statistical analysis. SPSS 22.0 and R language
(version 3.6.2) were used for data analyses. Data-
Graph 4.6 software was used to generate images.

Measurement data that conformed to a normal dis-
tribution are expressed as the mean * standard
deviation (mean = SD), and measurement data
that did not conform to a normal distribution are
expressed as the median and interquartile range.
Categorical data are expressed as frequency (%).

To facilitate statistical analyses, multicategory
variables were reassigned to two-category varia-
bles: divorced or separated were coded as abnor-
mal marriage conditions, and other marriage
situations were coded as non-abnormal marriage

conditions. A high school education or below
were coded as low educational background, and
other educational level were coded as non-low
educational background. A monthly household
income of less than 4000 yuan were coded as low
monthly household income, and other monthly
household income were coded as non-low monthly
household income. Living alone, living in a nurs-
ing home, and living with other relatives were
coded as abnormal living conditions, and other
living situations were coded as non-abnormal
living conditions.

In this study, two different statistical methods
were used to control for confounding factors, and
the independent effects of depression, anxiety,
and SSD on the QOL of PWE were investigated.
Method 1 was multivariate regression analysis;
Method 2 was PSM.

Before multivariate analysis, univariate analysis
was performed to screen variables that might
have an impact on the QOL of PWE. The vari-
ables screened by univariate analysis that have
an impact on the QOL of patients with epilepsy
were used as the independent variable (X), and
the QOLIE-31 score for PWE was used as the
dependent variable (Y). The independent effect
of three emotional disorders on the QOL of
PWE was investigated, and the result are
expressed as f8 [(95% confidence interval (CI)].

Before PSM, intergroup comparisons between
depressed patients and nondepressed patients,
patients with anxiety and patients without anxiety,
and SSD patients and non-SSD patients were per-
formed. The factors that were significantly differ-
ent (p<0.05) between groups were used as the
matching variables, and the propensity score (PS)
was obtained through the logistic regression for-
mula. The nearest neighbor matching (NNM)
method was used, and the caliper value was 0.02.
The matching was performed at a ratio of 1:1 to
obtain matched datasets for depression, anxiety,
and SSD. Multivariate regression analysis was
performed using the matched datasets to verify the
independent effects of depression, anxiety, and
SSD on the QOL of PWE

In addition, in this study, the patients were
divided into the comorbid SSD and anxiety,
comorbid SSD and depression, comorbidity anxi-
ety and depression, and comorbid SSD and anxi-
ety and depression groups on the basis of the
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overlap among the three emotional disorders.
The effects of different combinations of depres-
sion, anxiety, and SSD on the QOL of PWE was
investigated by stratified analysis. Using the num-
ber of comorbid emotional disorders, the patients
were divided into the following groups: zero, one,
two, and three comorbid emotional disorders.
The impact of the number of comorbid emotional
disorders on the QOL of PWE was investigated
by stratified analysis.

Results

Description of the study population

Between 1 July 2020, and 1 May 2022, 890 PWE
met the inclusion and exclusion criteria and were
willing to participate in this study. A total of 787
questionnaires with complete information were
collected, and the response rate was 88%. The
questionnaire information submitted by 38 par-
ticipants was inconsistent with the information
confirmed by the investigator by telephone; there-
fore, they were excluded. Overall, 749 PWE were
enrolled in this study.

The average age of the 749 subjects was 28.2
years (age range of 18-84 years), and 384 were
males, accounting for 51.3% of the sample. A
total of 355 participants (47.4%) lived in rural
areas, 97 people (13.0%) did not have medical
insurance, 123 participants (16.4%) lived alone
or did not live with their family members, and 57
people (7.6%) were divorced or separated.
Approximately 58.5% of PWE had a high school
education or below, 24.3% were unemployed or
out of school, 53.8% had no regular income, and
40.5% had a monthly household income of less
than 4000 yuan. The average age of onset of epi-
lepsy was 19.8 years, and the average disease
duration was 8.9 years. A total of 68.1% of the
people had epilepsy-related abnormalities on
EEG, 44.3% had an abnormal cranial MRI,
24.2% had experienced status epilepticus during
the course of disease, and 27.2% had a seizure
frequency greater than once a month. The aver-
age NHS3 score for epilepsy severity was 7.1
points. According to the assessment by two epi-
lepsy specialists, 79.2% of the people had focal
epilepsy, 29.3% had causes of epilepsy that were
structure related, and 4.5% of people had epi-
lepsy due to hippocampal sclerosis (HS). A total
of 46.7% of the people took at least two ASMs,
and 33.7% had DRE (Table 1).

Overlap of the three emotional disorders

Among the 749 PWE, 189 people (25%) were
diagnosed with depression, 183 patients (24%)
were diagnosed with SSD, and 157 patients
(21%) were diagnosed with anxiety. The overlap
of these three emotional disorders is shown in
Figure 1. The frequency of occurrence of each
emotional disorder together with other emotional
disorders was higher than the frequency of occur-
rence of a single emotional disorder: 79%
(149/189) of the depression PWE had anxiety,
SSD, or both; 64% (118/183) of the SSD PWE
had depression, anxiety, or both; and 90%
(142/157) of the anxiety PWE had depression,
SSD, or both.

According to the overlap of the three emotional
disorders, there were 465 PWE with comorbidi-
ties without emotional disorders, 40 patients with
comorbid depression, 65 patients with comorbid
SSD, 15 patients with comorbid anxiety, 15
patients with comorbid SSD and anxiety, 46
patients with comorbid depression and anxiety,
22 patients with comorbid SSD and depression,
and 81 patients with comorbid SSD and anxiety
and depression.

According to the number of comorbid emotional
disorders, there were 465 PWE with zero comor-
bid emotional disorders, 120 PWE with one
comorbid emotional disorder, 83 PWE with two
comorbid emotional disorders, and 81 PWE with
three comorbid emotional disorders.

Intergroup comparisons between patients with
emotional disorder and those without

In our sample, the factors that were significantly
different between participants with depression
and those without included sex (male, 43.4% wver-
sus 53.9%, p = 0.012), lived in rural areas (58.7%
versus 43.6%, p<<0.001), unemployed or out of
school (35.4% versus 20.5%, p<<0.001), no regu-
lar income (63.0% versus 50.7%, p = 0.003), low
monthly household income (less than 4000 yuan,
52.9% wversus 36.2%, p<<0.001), low educational
background (high school education or below,
70.9% wversus 54.3%, p<<0.001), febrile convul-
sion (25.9% wersus 17.9%, p = 0.016), encepha-
litis  (12.2%  wversus  6.8%, p = 0.019),
epilepsy-related abnormalities on MRI (51.3%
versus 42.0%, p = 0.025), infectious -etiology
(13.2% wversus 5.7%, p<<0.001), epilepsy severity
(NHS3, 9.1 = 6.9 versus 6.4 = 6.2, p<<0.001),
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Table 1. Characteristics of participants.

Variables Mean = SD /n (%)
Age, years, mean *= SD 28.2 £ 121
Sex, male, n (%) 384 (51.3)
BMI, mean = SD 22.7 = 4.5
Ethnic minorities, n (%) 45 (6.0)
Without medical insurance, n (%) 97 (13.0)
Lived in rural areas, n (%) 355 (47.4)
Divorced or separated, n (%) 57 (7.6)
Abnormal living conditions, n (%) 123 (16.4)
Unemployed or out of school, n (%) 182 (24.3)
No regular income, n (%) 403 (53.8)
Low monthly household income (less than 4,000 yuan), n (%) 303 (40.5)
Low educational background (high school education or below, n (%) 438 (58.5)
Physical activity in winter, n (%) 472 (63.0)
Physical activity in summer, n (%) 498 (66.5)
Age of onset of seizure, mean = SD 19.8 = 13.0
Disease duration, mean *= SD 8.9 + 8.1

Epilepsy-related history, n (%)

Asphyxia at birth 88 (11.7)
Febrile convulsion 149 (19.9)
Severe traumatic brain injury 100 (13.4)
Encephalitis 61(8.1)
Craniotomy 49 (6.5)
Family history 62 (8.3)
Epilepsy-related EEG changes, n (%) 510 (68.1)
Epilepsy-related abnormalities on MRI, n (%) 332 (44.3)
Status epilepticus, n (%) 181 (24.2)
Epilepsy severity, NHS3, mean *= SD 7.1+ 6.5
Frequent seizures, n (%) 204 (27.2)
Types of epilepsy, focal, n (%) 593 (79.2)

Etiology of epilepsy, n (%)

[Continued)
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Table 1. (Continued)

Variables

Mean = SD /n (%)

Structure etiology
Hippocampal sclerosis
Traumatic brain injury
Cerebral tumor
Cerebrovascular disease
Perinatal causes
Infectious etiology
Genetic etiology
Immune etiology
Unknown etiology

At least two ASMs, n (%)

DRE, n (%)

Emotional disorders, n (%)
Depression
SSD

Anxiety
QOLIE-31 score

219 (29.3)
34 (4.5)
22(2.9)
11 (1.5)

710.9)
9(1.2)
57 (7.6)
66 (8.8)
8(1.1)

450 (60.1)

350 (46.7)

251 (33.7)

189 (25.2)
183 (24.4)
157 (21.0)
60.6 + 16.9

BMI, body mass index; DRE, drug-resistant epilepsy; EEG, electroencephalography; MRI, magnetic resonance imaging;
NHS, national hospital seizure severity; QOLIE, quality of life in epilepsy inventory; SD, standard deviation; SSD, somatic

symptom disorder.

frequent seizures (more than once a month,
38.1% wversus 23.6%, p<<0.001), and DRE
(45.5% wversus 29.7%, p<<0.001; Supplemental
Table 1, before PSM)

Compared with participants without SSD, those
with SSD were more likely to live in rural areas
(57.4% wversus 44.2%, p = 0.002) and be unem-
ployed or out of school (30.6% wversus 22.3%,
p = 0.022) with low monthly household income
(51.4% versus 36.9%, p<<0.001) and low educa-
tional background (67.8% wersus 55.5%,
p = 0.03). People with SSD had significantly
more focal epilepsy (86.3% wversus 76.9%,
p = 0.006), frequent seizures (39.3% wersus
23.3%, p<<0.001), and DRE (48.9% versus
28.8%, p<<0.001), showing significantly higher

NHS3 total scores (9.2 = 6.6 versus 6.4 + 6.3,
$<<0.001) than those without, with higher per-
centage of HS etiology (7.7% wersus 3.5%,
p = 0.02), status epilepticus (32.8% versus
21.4%, p = 0.02) and epilepsy-related abnormal-
ities on MRI (51.4% wversus 42.0%, p = 0.027;
Supplemental Table 2, before PSM). The top
three most common symptoms were memory
impairment, headache, and dizziness (87.4%,
79.2%, and 78.1%, respectively). General system
was the most frequently affected system in people
with SSD (Supplemental Table 4).

The factors that were significantly different
between participants with anxiety and those
without were the same as factors that were sig-
nificantly different between participants with
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Depression: 25.2%
(n=189/749)

Anxiety: 21.0%
(n=157/749)

Depression
Anxiety

SSD

Depression & Anxiety
Depression & SSD
Anxiety & SSD

Depression &
Anxiety & SSD

SSD: 24.4%
(n=183/749)

Figure 1. Venn diagram shows high overlap of depression, SSD, and anxiety in PWE.

Among the 749 PWE, 189 people (25%) were diagnosed with depression, 183 patients (24%) were diagnosed with SSD, and
157 patients (21%) were diagnosed with anxiety. According to the overlap of the three emotional disorders, 40 patients with
comorbid depression, 65 patients with comorbid SSD, 15 patients with comorbid anxiety, 15 patients with comorbid SSD and
anxiety, 46 patients with comorbid depression and anxiety, 22 patients with comorbid SSD and depression, and 81 patients
with comorbid SSD and anxiety and depression. According to the number of comorbid emotional disorders, there were

120 PWE with one comorbid emotional disorder, 83 PWE with two comorbid emotional disorders, and 81 PWE with three

comorbid emotional disorders.

depression and those without, except for type of
epilepsy. People with anxiety had significantly
more focal epilepsy (86.6% wversus 76.9%,
p = 0.006) than those without (Supplemental
Table 3, before PSM).

Propensity score matching

Through PSM, 92 pairs were successfully
matched in the epilepsy comorbid depression
group and the non-comorbid depression group;
145 pairs were successfully matched in the epi-
lepsy comorbid SSD group and non-comorbid
SSD group; and 79 pairs were successfully
matched in the epilepsy comorbid anxiety group
and non-comorbid anxiety group. After match-
ing, all baseline characteristics were balanced
between groups (p > 0.05). Comparisons of
baseline characteristics between the epilepsy
comorbid depression group and the non-
comorbid depression group, between the epilepsy
comorbid SSD group and the non-comorbid SSD
group, and between the epilepsy comorbid anxiety
group and the non-comorbid anxiety group after
PSM are shown in Supplemental Tables 1-3,
respectively.

QOL of epilepsy people before and after PSM
Before PSM, the QOLIE-31 score for people in
the epilepsy comorbid depression group was sig-
nificantly lower than that for people in the epi-
lepsy non-comorbid depression group
(mean = SD: 43.8 = 12.8 wersus 66.3 = 14.1,
p»<0.001). After PSM, the gap between the two
groups’ scores narrowed but remained statisti-
cally significant [mean *= SD: 46.7 *= 12.5 versus
62.7 = 15.0, p<0.001; Figure 2(a)].

Before PSM, the QOLIE-31 score for people in the
epilepsy comorbid SSD group was significantly lower
than that for people in the epilepsy non-comorbid
SSD group (mean * SD: 46.7 £ 12.8 wversus
65.1 = 15.5,p<<0.001); After PSM, the gap between
the two groups’ scores narrowed but remained statis-
tically significant [mean = SD: 48.45 * 12.78 versus
55.17 * 15.86, p<<0.001; Figure 2(b)].

Before PSM, the QOLIE-31 score for people in
the epilepsy comorbid anxiety group was signifi-
cantly lower than that for people in the epilepsy
non-comorbid anxiety group (mean * SD:
44.0 = 12.6 versus 65.0 = 15.0,p<0.001). After
PSM, the gap between the two groups’ scores
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Figure 2. QOL of epilepsy people before and after PSM. (a) Before PSM, the QOLIE-31 score for people in the
epilepsy comorbid depression group was significantly lower than that for people in the epilepsy non-comorbid
depression group (43.8 = 12.8 versus 66.3 + 14.1, p<0.001). After PSM, the gap between the two groups’
scores narrowed but remained statistically significant (46.7 = 12.5 versus 62.7 = 15.0, p<0.001). (b) Before
PSM, the QOLIE-31 score for people in the epilepsy comorbid SSD group was significantly lower than that for
people in the epilepsy non-comorbid SSD group (46.7 = 12.8 versus 65.1 = 15.5, p<0.001]; After PSM, the
gap between the two groups’ scores narrowed but remained statistically significant (48.45 + 12.78 versus
55.17 = 15.86, p<0.001). (c) Before PSM, the QOLIE-31 score for people in the epilepsy comorbid anxiety
group was significantly lower than that for people in the epilepsy non-comorbid anxiety group (44.0 = 12.6
versus 65.0 = 15.0, p<0.001). After PSM, the gap between the two groups’ scores narrowed but remained
statistically significant (46.7 = 12.2 versus 54.7 + 16.5, p<0.001). PSM, propensity score matching.

narrowed but remained statistically significant
[mean = SD: 46.7 + 12.2 versus 54.7 = 16.5,
p<0.001; Figure 2(c)].

Univariate and multivariate analyses of the QOL

of epilepsy people before PSM

As seen in Table 2, the univariate analysis
showed that the indicators related to a reduction
in QOL were body mass index (BMI, p = 0.033),
ethnic minorities (p = 0.026), living in rural
areas (p<<0.001), unemployed (»p<<0.001), no

income (p = 0.008), low monthly household
income (p<<0.001), low education level
(p<0.001), previous history of febrile seizures
(p = 0.003), history of encephalitis (p<<0.001),
history of craniotomy (»p<0.001), abnormal

EEG (p = 0.003), abnormal cranial MRI
(p < 0.001), history of status epilepticus
(p = 0.002), severe  epilepsy  symptoms

(p<0.001), frequent seizures (p<0.001), etiol-
ogy of infection (p<<0.001), taking at least two
ASMs (p < 0.001), DRE (»p<0.001), SSD
(p<0.001), anxiety (p<0.001), and depression
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Table 2. Univariate analyses of the QOL of epilepsy people before PSM.
Variables QOLIE-31 p-value
B (95% Cl)
Age -0.0 (-0.1,0.1) 0.633
Sex -1.4(-3.8,1.0) 0.264
BMI -0.3(-0.6, -0.0) 0.033
Ethnic minorities -5.8(-10.8, -0.7) 0.026
Without medical insurance 0.4 (-3.2, 4.1) 0.807
Lived in rural areas -6.2 (-8.6, -3.9) < 0.001
Divorced or separated -1.4(-5.9,3.2) 0.556
Abnormal living conditions 0.9 (-2.4, 4.2) 0.585
Unemployed or out of school -9.1(-11.8,-6.3] < 0.001
No regular income -3.3(-5.7, -0.9) 0.008
Low monthly household income (less than 4000 yuan) -8.7 (-11.0, -6.3) < 0.001
Low educational background (high school education or below -7.4(-9.8, -5.0) < 0.001
Physical activity in winter 4.9 (2.4,7.4) < 0.001
Physical activity in summer 4.5(2.0,7.1) < 0.001
Age of onset of seizure 0.0 (-0.1, 0.1) 0.567
Disease duration -0.1(-0.3, 0.0) 0.085
Epilepsy-related history
Asphyxia at birth -2.2(-6.0, 1.5) 0.247
Febrile convulsion -4.5(-7.6,-1.5) 0.003
Severe traumatic brain injury -0.6 (-4.1, 3.0) 0.749
Encephalitis -7.4(-11.8, -3.0) < 0.001
Craniotomy -8.8(-13.6, -3.9) < 0.001
Family history -1.8(-6.1, 2.6 0.432
Epilepsy-related EEG changes -3.9 (-6.4,-1.3) 0.003
Epilepsy-related abnormalities on MRI -4.4 (-6.8,-2.0) < 0.001
Status epilepticus -4.4(-7.2,-1.6) 0.002
Epilepsy severity, NHS3 -0.7 (-0.8, -0.5) < 0.001
Frequent seizures -10.5(-13.1, -7.9) < 0.001
Types of epilepsy, general 4.0(1.0, 6.9) 0.009
[Continued]
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Table 2. (Continued)

Variables QOLIE-31 p-value
B (95% Cl)
Etiology of epilepsy
Structure etiology -2.5(-5.1,0.2) 0.068
Hippocampal sclerosis 0.3 (-5.5, 6.1) 0.92
Traumatic brain injury 1.2 (-5.9, 8.4) 0.733
Cerebral tumor -9.1(-19.1, 1.0) 0.077
Cerebrovascular disease 7.1 (-5.5, 19.7) 0.268
Perinatal causes 3.3(-7.8, 14.4) 0.563
Infectious etiology -8.3(-12.9, -3.8) < 0.001
Genetic etiology -0.2 (-4.5, 4.1) 0.928
Immune etiology 4.0(-7.8,15.7) 0.507
Unknown etiology 3.7(1.2,6.2) 0.003
At least two ASMs -7.7 (-10.1, -5.3) < 0.001
DRE -10.2(-12.7,-7.8) < 0.001
Depression -22.5(-24.8,-20.2) < 0.001
SSD -18.4(-20.9, -15.9) <0.001
Anxiety -21.0(-23.6, -18.4) < 0.001

BMI, body mass index; Cl, confidence interval; DRE, drug-resistant epilepsy; EEG, electroencephalography; MRI, magnetic
resonance imaging; NHS, national hospital seizure severity; QOLIE, quality of life in epilepsy inventory; SSD, somatic

symptom disorder. Value in bold, p<0.05.

(p<0.001). The protective factors for QOL
included summer/winter physical exercise
(p<0.001), generalized epilepsy (p = 0.009),
and unknown etiology (p = 0.003).

Multivariate analysis revealed that unemployed
[B (95% CI): -2.8 (5.1, —0.6), p = 0.014], low
monthly household income [ (95% CI): -2.5
(—4.6, —0.5), p = 0.017], history of craniotomy
[B (95% CI): -5.0 (—8.6, —1.4), p = 0.007], fre-
quent seizures [ (95% CI): -3.0 (—5.3, —0.7),
p = 0.012], DRE [ (95% CI): -2.9 (-5.4, —0.3),
p = 0.028], depression (95% CI): -11.0 (—13.8,
-8.3), p<<0.001), SSD (95% CI): —7.8 (-10.1,
=5.5), p<0.001), and anxiety (95% CI): —6.5
(-9.4, —3.6), p<0.001) were independent indi-
cators of the QOL of PWE.

In our model, the majority of demographic fac-
tors are not independent indicators of the QOL,
except for unemployed and low monthly house-
hold income. Although BMI, ethnic minorities,
living in rural areas, no income, and low educa-
tional level were associated with QOL in univari-
ate analysis. As for epilepsy-related factors, only
history of craniotomy, frequent seizures, and
DRE were retained in multivariate analysis.
Psychological features have the most significant
impact on QOL than other demographic and
epilepsy-related factors. Depression had the
greatest effect with regard to reducing QOLIE-
31 scores, followed by SSD and anxiety (: —11.0
versus —7.8 versus —6.5). The detailed results of
the multivariate analysis of the QOL of PWE are
shown in Figure 3.
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Variables :3((9)51;'%%1 P value

Unemployed —— -2.8(-5.1,-0.6) 0.014

Low monthly household income —— -2.5(-4.6,-0.5) 0017
History of craniotomy —— -5.0(-8.6,-1.4) 0.007

Frequent seizure —— -30(-53,-0.7) 0012

DRE —— -29(-54,-0.3) 0.028
Depression —— -11.0(-13.8,-8.3) <0.001
SSD —— -7.8 (-10.1,-5.5) <0.001
Anxiety —R— -6.5(-94,-3.0) <0.001

Propensity score matching
Depression (PSM) ——Jl—— -14.7 (-18.4,-11.0) <0.001
SSD (PSM) — 94 (-13.0,-5.7) <0.001
Anxiety (PSM) — 6.8 (-10.6,-3.0) <0.001
—‘20' o I—{S‘ o ‘—110‘ o I—[5 T 0 ‘

Figure 3. Multivariate analyses of the QOL of epilepsy people before PSM and effects of depression, anxiety,

and SSD on the QOL of PWE after PSM.

Multivariate analysis revealed that unemployed [ (95% Cl): -2.8 (-5.1, -0.6), p = 0.014], low monthly household income
[B(95% Cl): -2.5 (-4.6, -0.5), p = 0.017], history of craniotomy [ (95% Cl): -5.0 (-8.6, -1.4), p = 0.007], frequent seizures
[B(95% CI): -3.0 (-5.3, -0.7), p = 0.012], DRE [B(95% Cl): -2.9 (-5.4, -0.3], p = 0.028], depression (95% Cl): -11.0 (-13.8,
-8.3), p < 0.001), SSD (95% Cl): -7.8 (-10.1, -5.5), p<0.001), and anxiety (95% Cl): -6.5 (-9.4, -3.6), p <0.001) were
independent indicators of the QOL of PWE. After PSM, the multivariate analysis results indicated that depression, SSD, and
anxiety all had an independent effect on QOL in PWE (all p<0.001). Moreover, depression had the greatest effect in reducing
QOLIE-31 scores, followed by SSD and anxiety (B: -14.7 versus -9.4 versus -6.8).

Effects of depression, anxiety, and SSD on the

QOL of PWE after PSM

After PSM, in the datasets for the epilepsy comor-
bid depression group and the non-comorbid
depression group, the epilepsy comorbidity SSD
group and the non-comorbidity SSD group, and
the epilepsy comorbid anxiety group and the non-
comorbid anxiety group, after controlling for all
factors associated with QOLIE-31 scores in the
univariate analysis, the multivariate analysis results
indicated that depression, SSD, and anxiety all
had an independent effect on QOL in PWE (all
$»<0.001). Moreover, depression had the greatest
effect in reducing QOLIE-31 scores, followed by
SSD and anxiety (f3: —14.7 versus —9.4 versus —6.8).

The effect of the combination of different

emotional disorders and the number of comorbid
emotional disorders on the QOL of PWE

As shown in Figure 4(a), compared with those for
people without comorbid emotional disorders, the
QOLIE-31 scores for comorbid SSD and anxiety
people, comorbid anxiety and depression people,
comorbid SSD and depression people, and comor-
bid SSD and anxiety and depression people

gradually decreased (mean = SD: 68.8 = 13.3
versus 51.8 = 11.0 oversus 42.3 = 13.2  versus
41.7 £ 12.9 wversus 41.4 * 11.5). The difference
between groups was statistically significant
(»<<0.001).

As shown in Figure 4(b), compared with that of
epilepsy people without comorbid emotional dis-
orders (zero), the QOL of epilepsy people with
one, two, and three comorbid emotional disorders
gradually decreased (mean * SD:68.8 = 13.3
versus 53.5 = 11.1 oversus 43.8 = 13.2  versus
41.4 = 11.5), and the difference between groups
was statistically significant (p<<0.001).

As shown in Figure 5, the stratified analysis
showed that comorbid SSD and anxiety, comor-
bid SSD and depression, comorbid anxiety and
depression, and comorbid SSD and anxiety and
depression, all had independent effects on QOL
(all p<<0.001). In addition, their effect of reduc-
ing QOLIE-31 scores increased sequentially
(B: —15.6 versus —21.3 versus —22.2 versus —23.0).
One, two, and three comorbid emotional disor-
ders all had independent effects on the QOL of
epilepsy people (all p<0.001). Moreover, the
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Figure 4. QOLIE-31 score of people with epilepsy who comorbid different emotional disorders and different
number of emotional disorders. (a) Compared with those for people without comorbid emotional disorders, the
QOLIE-31 scores for comorbid SSD and anxiety people, comorbid anxiety and depression people, comorbid SSD
and depression people, and comorbid SSD and anxiety and depression people gradually decreased (mean = SD:
68.8 = 13.3 versus 51.8 + 11.0 versus 42.3 = 13.2 versus 41.7 = 12.9 versus 41.4 = 11.5). The difference
between groups was statistically significant (p<0.001). (b) Compared with that of epilepsy people without
comorbid emotional disorders (zero), the QOL of epilepsy people with one, two, and three comorbid emotional
disorders gradually decreased (mean *+ SD: 68.8 = 13.3 versus 53.5 = 11.1 versus 43.8 + 13.2 versus

41.4 = 11.5), and the difference between groups was statistically significant ([p<0.001). S & A, SSD and anxiety;
A & D, anxiety and depression; S & D, SSD and depression; S & A & D, SSD and anxiety and depression.

effect on reducing the QOLIE-31 score was
greater with the increasing number of comorbidi-
ties (fB: —12.1 wversus —20.7 versus —23.0).

Discussion

This study included 749 PWE with a disease course
of at least 1 year. For the first time, the prevalence
and overlap of depression, SSD, and anxiety were
investigated using screening questionnaires prelim-
inarily followed by structured diagnostic interviews
in PWE. PSM and stratified analysis were used to
explore the effects of their respective and combined
effects on QOL. The results showed that the preva-
lence of these three disorders accounted for approx-
imately one-fourth of epilepsy patients; the
frequency of occurrence of each emotional disorder
together with other emotional disorders was higher
than the frequency of occurrence of an emotional
disorder alone; depression, SSD, and anxiety were
all independent indicators of the QOL of PWE.
Depression had the greatest effect, followed by
SSD, and then anxiety. The QOL of PWE
decreased more significantly with the increasing
number of comorbid emotional disorders.

Our study confirmed that emotional disorder is a
major factor affecting the QOL of PWE and that

demographic and epilepsy-related factors have a
limited impact on QOL. This is consistent with
the results of previous studies.?* This suggests
that to improve the QOL of PWE, it is necessary
to pay attention to the screening and treatment
of emotional disorders in the management of

epilepsy.

This study provides a basis for screening for
depression, SSD, and anxiety in PWE. First, the
prevalence of the three types of emotional disor-
ders is relatively high in PWE, approximately one-
quarter for each. This is comparable to the
prevalence of depression?%:30 and anxiety3? in PWE
based on high-quality literature reviews. Second,
all three have independent effects on the reduc-
tion in QOL, and screening helps to identify indi-
viduals who may benefit from anti-anxiety and
anti-depression medication and psychotherapy.
For epilepsy people with comorbid SSD, disease
health education and psychotherapy, such as cog-
nitive behavioral therapy, and mindfulness ther-
apy?* can be beneficial. The results from this study
can help to develop a personalized diagnosis and
treatment plan for each patient. Finally, the higher
was the number of comorbid emotional disorders,
the more significant was the reduction in the QOL
of PWE. In particular, the reduction in QOL in
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Stratified analysis '(32((9)5[3:“%;1 P value
Effect of the combination of different emotional disorders
None ]
SSD &Anxiety n -15.6 (-21.7,-94) <0.001
SSD &Depression — -21.3(-26.4,-16.1) <0.001
Anxiety &Depression —— -22.2(-25.9,-18.6) <0.001
SSD &Anxiety &Depression —— -23.0(-26.0,-20.1) <0.001
Effect of the number of comorbid emotional disorders
None [ ]
1 —m— 1121 (-14.6,-9.7) <0.001
2 —— -20.7 (-23.6,-17.9) <0.001
3 —— -23.0(-25.9,-20.0) <0.001
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Figure 5. The effect of the combination of different emotional disorders and the number of comorbid

emotional disorders on the QOL of people with epilepsy.

The stratified analysis showed that comorbid SSD and anxiety, comorbid SSD and depression, comorbid anxiety and
depression, and comorbid SSD and anxiety and depression all had independent effects on QOL (all p<0.001). In addition,
their effect of reducing QOLIE-31 scores increased sequentially (8: —=15.6 versus -21.3 versus -22.2 versus -23.0). One, two,
and three comorbid emotional disorders, all had independent effects on the QOL of epilepsy people (all p<0.001). Moreover,
the effect on reducing the QOLIE-31 score was greater with the increasing number of comorbidities (B: -12.1 versus -20.7

versus -23.0).

epilepsy people with two or more comorbid emo-
tional disorders was approximately twice that in
epilepsy people with one comorbid emotional dis-
order. This finding suggests that clinicians must
identify epilepsy people with two or more comor-
bid emotional disorders.

The results from this study confirmed, for the first
time, the relative magnitude of the impact of the
three emotional disorders on the QOL of patients
with epilepsy. Regardless of whether the analysis
occurred before or after PSM, depression had the
greatest effect on the reduction in QOL, followed
by SSD, and then anxiety. Similar results have also
been reported in other studies. Lowe er al.4° con-
ducted a multicenter cross-sectional study that
included 291 patients in 15 primary care clinics in
the United States to clarify the independent and
overlapping effects of SSD, anxiety, and depression
on physical function impairment. The results indi-
cated that for QOL, patients with depression, anxi-
ety, and SSD had 17.8, 11.4, and 13.5 additional
days of disability, respectively. For the SF-20

general health dimension, depression alone, anxiety
alone, and SSD alone contributed 2.3%, 0%, and
7.1% variance, respectively. Combining the results
for the different combinations of the three emo-
tional disorders and the effect of different numbers
of comorbidities on the QOL of patients with epi-
lepsy in this study can guide clinicians in the strati-
fied management of different patients.

As previously stated in the ‘Introduction’ section,
the reasons for co-morbid anxiety and depression
in epilepsy are well described in the literature.
However, the reasons for co-morbid SSD remains
to be clarified. One possible explanation for this is
that they share similar brain structure and func-
tion change. Neuroimaging studies have shown
volume loss in bilateral amygdala,*! prefrontal,
cingulate, and insular cortex,*? and greater func-
tional connectivity within the sensorimotor net-
work, default mode network, and salience
network®? in SSD patients. These structures are
associated with emotion processing, recognition,
and cognitive control that are main basis clinical
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presentation of SSD, and also constitute impor-
tant nodes in epilepsy network.

Currently, a variety of emotional disorder screen-
ing scales that have been tested for reliability and
validity have been developed for use by non-
psychiatrists, laying the foundation for the imple-
mentation of emotional disorder screening for
PWE. These include depression screening scales,
that is, the NDDI-E,** BDI-I1,% and PHQ-9;31-33:46
anxiety screening scales, that is, the GAD-731-46
and SAS;*7 SSD screening scale, that is, the SSD-
12;48:49 somatic symptom scale-8;5° PHQ-15 for
screening somatoform disorders;>! and Health
Anxiety Scale-6.52

According to ILAE, clinical practice recommenda-
tions based on quality of evidence, psychological
and medical treatments were proven to produce a
clinically meaningful improvement on QOL in
PWE who had comorbid mental health problems.
Psychological interventions, including cognitive
behavioral therapy and mindfulness-based thera-
pies, received a GRADE recommendation of
STRONG for depressive symptoms and a GRADE
recommendation of WEAK for anxiety symptoms.
These interventions should be incorporated into
comprehensive epilepsy care.® For patients with
mild depression, psychological interventions are
first-line treatments. As for patients with moderate
to severe depression, selective serotonin reuptake
inhibitors (SSRIs) are first-choice medications
(Level B), and venlafaxine appears legitimate
(Level C) when patients are partially or non-
responding to SSRIs. The drug treatment should
be continued for at least 6 months or even longer
until depressive symptoms have subsided.1?

There is evidence that social factors, such as
stigma, also contribute to poor QOL in PWE.53:54
In patients with psychological symptoms, difficul-
ties in emotion regulation may involve perceived
stigma,>> and perceived stigma increases psycho-
logical symptoms in return,>* which illustrates the
interrelatedness of psychological and social issues.
Interventions for stigma and other social issues in
epilepsy receive a GRADE recommendation of
STRONG. Social/communication skills and
social activation were suggested to address inter-
nal factors contributing to stigma.®

This study has certain limitations. This was a
cross-sectional study. Although PSM analysis was
used to minimize the differences between groups

and multivariate analysis was used to control con-
founding factors, the natural advantages of a ran-
domized controlled study with regard to
controlling bias and confounding factors were not
realized. Moreover, further studies are needed to
validate our results.

Conclusion

It is necessary to screen for three emotional disor-
ders, that is, depression, SSD, and anxiety, in
PWE. Attention should be paid to people with
multiple comorbid emotional disorders.
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