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ABSTRACT 

 

Objectives: In Chapter 2, we assessed mental health treatment and psychiatric symptoms 

for association with interest in research participation among people with epilepsy (PWE) 

who screened positive for anxiety or depression in our learning health system trial 

screening process, which included the opportunity to indicate interest in a treatment 

research study. In Chapter 3, the objective was to assess which factors were associated 

with anxiety and depression scores among a variety of factors related to social history, 

epilepsy history, age of epilepsy onset, and other psychiatric symptoms.  

 

Methods: Chapter 2 included N=199 PWE who screened positive for anxiety or 

depression in our learning health system trial screening process and indicated whether they 

would consider participation in an anxiety and depression treatment research study. 

Prospectively collected, self-report combined clinical and research screening for 

psychiatric symptoms and treatment history was analyzed, clinical and demographic 

factors collected by as well as medical chart abstraction. Chi-squared tests and two-sample 

t-test were used to assess cross-sectional associations of psychiatric treatment history and 

symptoms with interest in research. 

Data analyzed in Chapter 3 were obtained as part of a learning health system trial 

screening protocol, as well as by retrospective chart review. The GAD-2, GAD-7 and 

NDDI-E scores, and other psychiatric symptoms were collected prospectively at a clinic 

visit as part of a dual trial screening process and clinical care.  Demographics and 

additional clinical information was collected by review of the clinical chart. 
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Cross-sectional association of demographics and clinical factors with GAD-2, GAD-7 

and NDDI-E scores were analyzed by Chi-squared tests and t-tests or ANOVA.  

Conclusions: In Chapter 2, the PWE with anxiety and/or depression symptoms in this 

sample have unmet needs in mental health care. In addition, PWE who had the symptoms 

of irritability, both anxiety and depression, and higher depression scores were more likely 

to opt-in to research participation. Meanwhile, we also found that PWE who were taking 

antidepressant medications were more likely to be interested in participating in a treatment 

study. 

In Chapter 3, there was an association between lower socioeconomic status and more 

significant psychiatric comorbidities in this epilepsy sample. When PWE had remained 

seizure free for at least 6 months, their anxiety and depression scores were much lower than 

those with uncontrolled seizures.  
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                           INTRODUCTION 

 

Depression and anxiety are very common in people with epilepsy (PWE), and these 

comorbidities have significant impact on outcomes in epilepsy. A study indicated that 20% 

of PWE in the community have depression [1]. Worse still, the prevalence of depression 

is as high as 20%-55% in epilepsy centers [2]. A population-based study indicated that 

22.8% of PWE reported any anxiety in their lifetime compared with 11.2% of people 

without epilepsy [3]. This contributes to increased suicide risk among PWE [4]. As 

demonstrated by Hecimovic et.al [4], 11.5% of deaths among PWE were suicide, which 

is 10 times higher than the rate of suicide among general population [5,6]. Another study 

has reported that 12.2% of PWE had recent suicidal ideation [7] which was confirmed by 

Hecimovic’s research as well. Additional studies indicated that the severity of anxiety 

and depression in epilepsy was significantly and positively correlated with seizure control 

[8,9,10,11]. For example, a study indicated that depression can increase the likelihood of 

pharmaco-resistant epilepsy [8]. Another study demonstrated that PWE with anxiety, 

depression or other mental disorders were less likely to remain seizure free after temporal 

lobe epilepsy surgery [9].  The adverse effects of anti-seizure medications are worse in 

the setting of anxiety and depression in epilepsy [10]. Depression can exert a negative 

impact on the adherence to anti-seizure medications, which can exert direct impact 

resulting in the poor seizure control [11]. When confronting these problems, researchers 

[12] advocated that we should increase the assessment and treatment of depression and 

anxiety among PWE, to save hopefully more lives of PWE and reduce the adverse impact 

of depression and anxiety on the treatment of epilepsy.  
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However, it is an indisputable fact that a large number of PWE with depression and 

anxiety never receive treatment. A study in California found that 27% of PWE with 

depression had not seen a mental health care provider [12]. Another study reported that 

38% of PWE with mental disorders had never received treatment in their lifetime [13]. At 

least, 52% of PWE with depression are untreated and not diagnosed in specialist clinics 

[14]. Our objective was first to assess psychiatric treatment history, and the association of 

treatment history and symptoms with interest in research participation in a randomized 

treatment study (Opt-in vs. Opt-out) among adult epilepsy clinic patients who screened 

positive for anxiety or depression.  It is the first analysis to our knowledge to explore 

factors associated with willingness to participate in mental health research in epilepsy. 

Not only is this investigation important to examine the factors associated with research 

participation, but also this investigation is important for protocol design of future clinical 

trials for research in this important area.  

What’s more, despite the severity of the problem, the detailed and comprehensive 

screening surveys are strikingly few. Previous research concentrated on single, scattered 

and limited aspect of epilepsy associated anxiety and depression. For instance, one study 

focused on assessing the psychiatric symptoms in patients with mild temporal lobe 

epilepsy [15]. They found that it is possible that different personality traits are associated 

with the clinical outcome of patients with temporal lobe epilepsy. Another study assessed 

depression and anxiety in only children and adolescents with epilepsy [16]. Many studies 

have demonstrated the relationship between anxiety, depression and epilepsy. However, 

some of them only researched the relationship between depression and seizure frequency 

[17,18,19]. Other studies only investigated the relationship between limited factors in 
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epilepsy, such as epilepsy type and the duration of epilepsy and depression [20]. Some 

studies focused on the correlation between social history and depression scores in PWE 

[21,22]. Therefore, efforts to improve treatment of epilepsy associated anxiety and 

depression [23] are limited in part by incomplete understanding of which factors are 

associated with anxiety and depression scores in epilepsy. Even the correlation between 

mood disorders and epilepsy has not always been consistently evidenced [24,25].  

In this thesis, we evaluated diverse and various factors for association with anxiety and 

depression scores in a real-world epilepsy clinic sample. What’s more, not only did our 

study focus on demographics, such as age, gender, ethnicity, and race, but also we 

assessed what factors were associated with anxiety and depression scores among a variety 

of factors related to social history, epilepsy history, age of epilepsy onset, and other 

psychiatric symptoms. Thus, we examined multi-faceted factors for association with 

anxiety and depression in epilepsy. In addition, we used multiple grouping methods for 

data processing in hope of examining the factors associated with depression and anxiety 

scores thoroughly. We divided all patients into two groups according their ages of 

epilepsy onset: Group “early onset” (onset prior to age 18) and Group “adult onset”, and 

compared the GAD-2, GAD-7and NDDI-E scores between the two ages of epilepsy onset 

groups, to assess a hypothesis that epilepsy onset age may impact risk of developing 

anxiety or depression (Chapter 3 part 5). 
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Chapter 2: Anxiety and depression in epilepsy: Factors associated with research 

participation 

 

Abstract 

 

Objectives: It is well-known that the epilepsy can be accompanied by mental illness, such 

as anxiety and depression. Limited data exist on detailed mental health treatment history 

among people with epilepsy (PWE). In this study, we assessed mental health treatment 

history among PWE who screened positive for anxiety or depression in our learning health 

system trial screening process, which included the opportunity to indicate interest in a 

treatment research study. The primary objective was to compare mental health treatment 

history of those who indicated interest in research (Group “opt-in”) versus those who 

opted-out (Group “opt-out”) of further research participation. The secondary objective was 

to compare mental health treatment history among the three symptom groups: those only 

with anxiety, those only with depression, and those with both anxiety and depression. 

 

Methods: This analysis included N=199 PWE who screened positive for anxiety and/or 

depression in our learning health system trial screening process. Data collected included 

prospectively collected, self-report combined clinical and research screening as well as 

medical chart abstraction. Chi-squared tests and two-sample t-test were used to assess 

cross-sectional associations of psychiatric treatment history and symptoms with interest in 

research. We also divided the study sample into three symptom groups: those only with 

anxiety, those only with depression, and those with both anxiety and depression according 
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to their scores on the Generalized Anxiety Disorder 7-item (GAD-7) and Neurological 

Disorders Depression Inventory for Epilepsy (NDDI-E). Chi-squared tests were used to 

assess for associations of symptom group with mental health treatment history. 

 

Results: Only 33.1% of PWE in the opt-in group currently were receiving treatment by a 

psychiatrist or therapist, and only 22.2% of PWE in the opt-out group currently were 

receiving treatment by a psychiatrist or therapist (p=0.23, chi-squared test). In addition, 

35.6% of PWE in the opt-out group reported irritability based on past manic episodes 

screening questions from the Structured Clinical Interview for DSM-IV (SCID) or The 

Mini International Neuropsychiatric Interview (MINI), but more than 50% of PWE in the 

opt-in group reported irritability based on screening questions from the SCID or MINI 

(p=0.026, chi-squared test). Meanwhile, 46.1% of PWE in the opt-in group screened 

positive for both anxiety and depression, whereas only 26.7% of PWE in the opt-out group 

screened positive for both anxiety and depression (p=0.048, chi-squared test). Compared to 

the opt-out group, the mean NDDI-E score (16.38, SD±3.46) in the opt-in group was much 

higher than the mean NDDI-E score in the opt-out (14.73, SD±3.78) group (p=0.0059, 

two-sample t-test). In the opt-in group, 48% of PWE were taking an antidepressant 

medication, but only 26.7% of PWE in the opt-out group were taking an antidepressant 

medication (p=0.017, chi-squared test). 

 

Significance: The PWE with anxiety and/or depression symptoms in this sample have 

unmet needs in mental health care, as most were not receiving care from a psychiatrist or 

therapist. Therefore, efforts in the clinical context should improve the quality of mental 
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health care, such as, the assessment and treatment of mental health diseases among patients 

with comorbid epilepsy and mental illness. In addition, PWE who had the symptoms of 

irritability, both anxiety and depression, and higher depression scores were more likely to 

opt-in to research participation. Meanwhile, we also found that PWE who were taking 

antidepressant medications were more likely to be interested in participating in a treatment 

study. 

 

Key words: Epilepsy, Anxiety, Depression, GAD-7, NDDI-E 

 

1. Introduction 

Epilepsy is a central nervous system disorder, causing seizures which may be periods of 

unusual behavior, sensations, and loss of awareness due to abnormal excessive neuronal 

firing [26]. Epilepsy affects about 2 million Americans, which is more prevalent than 

autism, cerebral palsy, multiple sclerosis, and Parkinson’s disease [26]. In addition, mental 

health conditions, such as anxiety and depression, are 2-3 times more common in people 

with epilepsy than those in the general population [12]. In other words, anxiety and 

depression are common in patients with epilepsy, exerting negative effects on their lives. 

Approximately one-fourth of people with epilepsy have comorbid mental health disorders 

at same time [13]. However, the studies of anxiety and depression in epilepsy are strikingly 

few. Not only are the studies of the causal mechanisms and the clinical significance of such 

comorbidity strikingly few, but also comorbid mental illness in the clinical context 

continues to go unrecognized and untreated in PWE [12]. Moreover, data on detailed 

mental health treatment history among individuals with epilepsy are limited. A large 
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number of publications suggest that neurologist-management of anxiety and depression 

should be encouraged due to potential health benefits [27,28,29].  

 

 In conducting screening for a randomized pilot feasibility trial of an epileptologist-driven 

medication treatment for anxiety and depression, compared to psychiatry referral, we have 

observed high screen failure rate due to more severe than anticipated psychiatric disease 

[30]. Also, potential participants have voiced strong and varied preferences for method of 

psychiatric treatment, which has impacted on enrollment of our treatment study [30]. The 

treatment study was a 12 week, randomized controlled trial of an epileptologist-driven 

medication treatment, including escitalopram or venlafaxine, for anxiety and depression in 

epilepsy, compared to psychiatry referral in a real-world context [30]. More detailed 

information of our treatment study can be found at https://www.clinicaltrials.gov/ 

(NCT03464383). Therefore, we aimed to assess what factors were associated with interest 

in research participation. Our objective was to assess psychiatric treatment history among 

adult epilepsy clinic patients who screened positive for anxiety or depression, and assess 

the association of treatment history and symptoms with interest in research participation in 

the randomized treatment study (Opt-in vs. Opt-out). This is the first analysis to our 

knowledge to explore factors associated with willingness to participate in mental health 

research in epilepsy. This investigation is important for protocol design of future clinical 

trials for research in this important area.  

 

2.Methods 

 

https://www.clinicaltrials.gov/
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This study was conducted from April 30th,2018 until April 1st, 2019. The data were 

cross-sectional analysis. Participants were screened for anxiety and depression via a 

learning health system model of recruitment in the treatment study mentioned above [30]. 

When visiting the adult epilepsy clinic at Wake Forest Comprehensive Epilepsy Center, 

all patients seen by 3 epileptologists completed two validated questionnaires (GAD-7 and 

NDDI-E) on an iPad for both clinical care and potential research screening. The criterion 

for inclusion in the present analysis was either GAD-7 ≥ 10 [29,31] or NDDI-E >15 

[29,32], and the criterion for exclusion was age<18 years old. When the GAD-7 or 

NDDI-E scores indicated a positive screen for anxiety or depression, respectively, a brief 

screening Informed Consent appeared on the iPad screen. If the patients were unwilling 

to be considered for the treatment study, they would check opt-out in the form (opt-out 

meant they would not be considered for the randomized treatment study). Otherwise they 

were interested in the treatment study (Group “opt-in”) and would undergo further 

research screening if they were potentially eligible for the treatment study mentioned 

above [7]. The inclusion and exclusion criteria of our treatment study can be found at 

https://www.clinicaltrials.gov/ (NCT03464383). Additionally, we divided the all eligible 

PWE into three symptom groups (those only with anxiety, those only with depression, 

and those with both anxiety and depression) according to their GAD-7 and NDDI-E 

scores. If the GAD-7 scores were equal or greater than 10 and the NDDI-E scores were 

less than or equal to 15, they were included in Group “anxiety alone”, and if the GAD-7 

scores were less than 10 and the NDDI-E scores were more than 15, they were included 

in Group “depression alone”. If the GAD-7 scores were equal or greater than 10, and at 

the same time, the NDDI-E scores were greater than 15, they were included in Group 

https://www.clinicaltrials.gov/
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“anxiety and depression”. Safety oversight for the intervention study is in collaboration 

with the Institutional Data and Safety Monitoring Board (I-DSMB) and was approved by 

the institutional review board. The data collection and analysis for this sub-study was also 

approved by the institutional review board. 

 

2.1. Measures 

First, the Generalized Anxiety Disorders-7 (GAD-7) and was used to identify people with 

epilepsy who suffer from anxiety symptoms [33]. The GAD-7 questionnaire includes 

following questions: 1) Feeling nervous, anxious or on edge? 2) Not being able to stop or 

control worrying? 3) Worrying too much about different things? 4) Trouble relaxing? 5) 

Being so restless that it is hard to sit still? 6) Becoming easily annoyed or irritable? 7) 

Feeling afraid as if something awful might happen? Respondents answered, “Not at all,” 

“Several days,” “More than half the days,” and “Nearly every day”. The total score of 

GAD-7 ranges from 0 to 21. The total score of GAD-7 considered a positive screen is 10 or 

higher [29,31]. 

 

Second, the NDDI-E questionnaire is a valid and reliable screening instrument for rapid 

detection of depression, a common comorbid condition in patients with epilepsy [33]. The 

NDDI-E questionnaire includes following questions:1) Everything is a struggle? 2) 

Nothing I do is right? 3) Feel guilty? 4) I'd be better off dead? 5) Frustrated? 6) Difficulty 

finding pleasure? Respondents answered, “Always or Often,” “Sometimes,” “Rarely,” and 

“Never”. The total score of NDDI-E ranges from 6 to 24. The total score of NDDI-E 

considered a positive screen is 16 or higher [29,32]. 
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Finally, if scores on GAD-7 or NDDI-E were positive, the patients saw a screening 

Informed Consent Form on the iPad next, and they had opportunity to select opt-out. 

Meanwhile, all patients who had positive symptoms, whether they opted out or not, 

completed questions about psychiatric symptoms and treatments. These responses were 

used for clinical care in those who opted-out of research and were used for both clinical 

care and potential eligibility assessment for the treatment study for those who opted in. The 

following questions were included: 1) Have you ever been a patient in a psychiatric 

hospital or in a psychiatric ward of a general hospital? 2) Within the last month, have you 

heard things that no one else has heard, such as voices or people talking to you when no one 

was around? 3) Within the last month, have you seen things that weren't really there?  4) 

Are you currently receiving treatment by a psychiatrist or therapist? 5) Are you taking 

antidepressant medication, including: buspirone, citalopram, duloxetine, venlafaxine, 

levomilnacipran, escitalopram, fluvoxamine, paroxetine, desvenlafaxine, fluoxetine, 

mirtazapine, milnacipran, bupropion, sertraline and vortioxetine? Screening for past manic 

episodes via the screening questions of the Structured Clinical Interview for DSM-IV 

(SCID) (during the first few months of the study timeframe) or later the MINI for DSM-IV 

was also completed [34,35]. Those who answered yes to either past manic episode 

screening question of the MINI were then prompted to answer all screening questions in 

the MINI past manic episode module [34,35]. Finally, the research team also collected 

information from the medical record, such as, age, gender, race, ethnicity, insurance type, 

psychogenic nonepileptic seizures (PNES) epilepsy diagnosis and epilepsy type. The 

epilepsy types of patients were classified 3 types in this study: focal, generalized and 
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unknown. PNES diagnosis of patients was also classified in 3 categories: yes, no and 

uncertain. 

 

2.2. Statistical analysis 

R Studio Version 1.1.453 was used for all analyses. The two-sample t-test, ANOVA or 

non-parametric test procedures were used as appropriate for association of age, GAD-7, 

and NDDI-E scores between the opt-in and opt-out groups, and in a separate analysis, 

among the anxiety alone, depression alone and anxiety and depression groups. 

Comparison of proportions for categorical variables by Group “opt-in” and Group 

“opt-out” and anxiety and depression symptom groups was done, using the chi-squared 

test. Specific categorical variables of interest included past psychiatric treatment factors, 

such as, history of past psychiatric hospitalization, current treatment by a mental health 

provider, and taking antidepressant medications. The alpha value for statistical analyses 

was 0.05. 

 

3.Results 

 

3.1. Demographics and seizure diagnoses by research opt-in status 

The demographics and epilepsy characteristics are presented in Table I. The patients’ ages 

ranged from 18 to 84 years in the opt-in group, similar to the opt-out group, who had an age 

range from 20 to 68 years. There were no significant differences in gender, race, ethnicity, 

insurance type, epilepsy type, or PNES between the two groups (Table I). Most people in 

the two groups (84.4% and 86.7%) were White or Caucasian, who belong to non-Hispanic 
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or non-Latino ethnicity as well. Private/commercial insurance and medicare insurance 

were the most commonly used insurance types. In terms of the different epilepsy types, 

59.1% of patients had focal epilepsies in the opt-in group and 80% of patients in the opt-out 

group had focal epilepsies. This difference was not statistically significant. Most patients 

in the two groups (87.7% and 97.8%) did not have psychogenic nonepileptic seizures 

(PNES). 

Table I  Demographics and seizure diagnoses by research opt-in status 

Variables Group “opt-in” 

N=154 

Group “opt-out” 

N=45 

 p-value* 

Age (Mean ± SD) 42.1± 15.9 45.8± 13.5 0.099 

Gender     

Female 89 (57.8%) 25(55.6%)  

Male 65(42.2%) 20(44.4%) 0.92 

Race    

White or Caucasian 130(84.4%) 39(86.7%)  

Black or African American 19(12.3%) 5(11.1%)  

Asian 0(0%) 0(0%)  

other 5(3.3%) 1(2.2%) 1 

Ethnicity    

Hispanic or Latino 

 

4(2.6%) 2(4.4%)  

Not Hispanic or Latino 150(97.4%) 43(95.6%) 0.62 

Insurance Type    

Private/commericial 63(40.9%) 17(37.8%)  

Medicaid 34(22.1%) 4(8.9%)  

Medicare 41(26.6%) 19(42.2%)  

Other  13(8.4%) 4(8.9%)  

None 3(2%) 1(2.2%) 0.15 

Epilepsy Diagnosis    

Yes 129(83.8%) 41(91.1%)  

No 25(16.2%) 4(8.9%) 0.32 

Epilepsy Type    

Focal 91(59.1%) 36(80%)  

Generalized 26(16.9%) 4(8.9%)  

Unknown 12(7.8%) 1(2.2%)  

Non- epilepsy Diagnosis 25(16.2%) 4(8.9%) 0.099 

Psychogenic nonepileptic seizures   

Yes 7(4.6%) 0(0%)  
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No 135(87.7%) 44(97.8%)  

Uncertainty 12(7.8%) 1(2.2%) 0.17 

SD: standard deviation; *Chi-squared test for categorical variables and two-sample t-test 

for continuous variables 

3.2. Comparison of mean anxiety and depression scores by opt-in status 

The mean scores of GAD-7 and NDDI-E questionnaires are presented in Table II. 

Compared to the opt-out group, the mean NDDI-E score in the opt-in group was much 

higher than the mean NDDI-E score in the opt-out group (p=0.0059, two-sample t-test), 

meaning that patients with higher depression scores were more likely to opt-in (Δ=0.45, 

glass’s Δ method of effect size). There was no difference in the mean score of GAD-7 

between the opt-out and opt-in groups (Table II). 

Table II  Comparison of mean anxiety and depression scores by opt-in status 

Variables                GAD-7                    NDDI-E 

 Mean ± SD P-value Mean ± SD p-value 

Group “opt-in” 

N=154 

12.7±4.5  16.4±3.5  

Group “opt-out” 

N=45 

12.2±4.5 0.48 14.7±3.8 0.0059 *** 

SD: standard deviation; ***Statistically significant p-value (two-sample t-test). 

 

3.3. Psychiatric treatment and symptoms by research opt-in status 

The results of the psychiatric treatment and symptoms analysis are presented in Table III. 

In the opt-in group, 25.3% of patients had been patients in a psychiatric hospital or in a 

psychiatric ward of a general hospital. In the opt-out group, this proportion was 20% (no 

significant difference between groups). Only 33.1% of patients in the opt-in group were 

currently receiving treatment by a psychiatrist or therapist, and even fewer (22.2%) of 

patients in the opt-out group were currently receiving treatment by a psychiatrist or 
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therapist. There was no significant difference between the two groups by current specialty 

mental health care (P=0.23, chi-square test). 

 

What’s more, the proportions of irritability based on SCID or MINI were 55.8% in the 

opt-in group and 35.6% in the opt-out group. Compared to patients in the opt-out group, the 

patients in the opt-in group were more likely to be irritable (p=0.03, chi-square test). The 

proportions of elevated mood and manic episodes were much lower than the proportions of 

irritability in both groups (Table III). Only a small percentage of people reported visual or 

auditory hallucinations in either group. There were 46.1% of patients in the opt-in group 

with positive screens for both anxiety and depression, whereas in the opt-out group, this 

proportion was only 26.7%. The proportion of those with both anxiety and depression in 

the opt-in group was significantly higher than that in the opt-out group (p=0.048, 

chi-square test).  

 

Finally, compared to Group “opt-in”, the patients in the opt-out group were less likely to 

take antidepressant medications, and the proportion taking antidepressant medications in 

the opt-out group was only 26.7%, which was significantly lower than that in the opt-in 

group (p=0.02, chi-square test). The proportion taking antidepressant medications in the 

opt-in group was nearly double the proportion in the opt-out group.  

Table III  Psychiatric treatment and symptoms by research opt-in status 

 Group 

“opt-in” 

N=154 

Group 

“opt-out” 

N=45 

 

p-value 

Have you ever been a patient in a psychiatric hospital or in a psychiatric ward of a 

general hospital?  

Yes 39(25.3%) 9(20%)  
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No 115(74.7%) 36(80%) 0.59 

Irritable based on SCID or MINI? 

Yes 86(55.8%) 16(35.6%)  

No 68(44.2%) 29(64.4%) 0.03* 

Elevated mood based on SCID or MINI? 

Yes 50(32.5%) 8(17.8%)  

No 104(67.5%) 37(82.2%) 0.09 

Meets criteria for past manic episode based on MINI instrument? 

Yes 15(9.7%) 2(4.4%)  

No 121(78.6%) 38(84.4%)  

Unknown- incomplete MINI module 4(2.6%) 0(0%)  

Unknown- patient did SCID screening 14(9.1%) 5(11.2%) 0.59 

Mood diagnosis category  

Anxiety only 49(31.8%) 22(48.9%)  

Depression only 34(22.1%) 11(24.4%)  

Anxiety and depression 71(46.1%) 12(26.7%) 0.048* 

Visual  hallucination 

Yes 19(12.3%) 3(6.7%)  

No 135(87.7%) 42(93.3%) 0.42 

auditory hallucination 

Yes- I have heard tones that no one else heard. 17(11%) 5(11.1%)  

Yes- I have heard clear words that no one else 

has heard. 

10(6.5%) 2(4.4%)  

No- I have not heard sounds or words that no 

one else has heard. 

127(82.5%) 38(84.5%) 1 

Currently receiving treatment by a psychiatrist or therapist? 

Yes 51(33.1%) 10(22.2%)  

No 103(66.9%) 35(77.8%) 0.23 

Currently taking antidepressant medications? a 

Yes 74(48%) 12(26.7%)  

No 80(52%) 33(73.3%) 0.02* 

*Statistically significant p-value (chi-squared test) 

a Selective Serotonin Reuptake Inhibitor (SSRI), serotonin-norepinephrine reuptake 

Inhibitor (SNRI), buspirone, citalopram, duloxetine, venlafaxine, levomilnacipran, 

escitalopram, fluvoxamine, paroxetine, desvenlafaxine, fluoxetine, mirtazapine, 

milnacipran, bupropion, sertraline and vortioxetine. 

3.4. Characteristics by symptom groups 

The characteristics of three symptom groups: Group “depression alone”, Group “anxiety 

alone”, and Group “anxiety and depression” are presented in Table IV. There were no 

significant differences in age, gender, race and ethnicity among the three symptom 
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groups. As I mentioned above, most people among the three groups confirmed that they 

never had a psychiatric hospitalization, and the proportions of this item were 80.4%, 73.3% 

and 73.5% among the anxiety alone, depression alone, and anxiety and depression groups, 

respectively. When asked whether currently receiving treatment by a psychiatrist or 

therapist, most individuals with anxiety alone or depression alone were not under the care 

of a mental health professional. However, the patients in the anxiety and depression 

group were more likely to be receiving treatment by a psychiatrist or therapist 

(P=0.00047, chi-squared test). There was no significant difference in current psychiatry 

or therapy services between the anxiety alone and depression alone groups (p>0.05, 

chi-squared test).  

Table IV  Characteristics by symptom groups 

Variables Anxiety alone 

N=71 

Depression 

alone 

N=45 

Anxiety 

and 

depression  

N=83 

p-value 

Age (Mean ± SD) 41.4±15.4 44.8± 13.7 43.2± 16.4 0.5 

Gender      

Female 45 (63.4%) 24(53.3%) 45(54.2%)  

Male 26(36.6%) 21(46.7%) 38(45.8%) 0.43 

Race      

White or Caucasian 57(80.3%) 41(91.1%) 71(85.5%)  

Black or African 

American 

10(14.1%) 4(8.9%) 10(12.1%)  

Asian 0(0%) 0(0%) 0(0%)  

other 4(5.6%) 0(0%) 2(2.4%) 0.48 

Ethnicity     

Hispanic or Latino 

 

5(7%) 0(0%) 1(1.2%)  

Not Hispanic or Latino 66(93%) 45(100%) 82(98.8%) 0.074 

Opt-in or Opt-out?     

Opt-in 49(69%) 34(75.6%) 71(85.5%)  

Opt-out 22(31%) 11(24.4%) 12(14.5%) 0.048* 

Have you ever been a patient in a psychiatric hospital or in a psychiatric ward of a general 

hospital? 

Yes 14 (19.7%) 12(26.7%) 22(26.5%)  
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No 57(80.8%) 33(73.3%) 61(73.5%) 0.56 

Currently receiving treatment by a psychiatrist or therapist? 
Yes 11(15.5%) 13(28.9%) 37(44.6%)  

No 60(84.5%) 32(71.1%) 46(55.4%) 0.00047*** 

Currently taking antidepressant medications? 
Yes 25(35.2%) 18(40%) 43(51.8%)  

No 46(64.8%) 27(60%) 40(48.2%) 0.1 

SD: standard deviation; *Statistically significant p-value (chi-squared test);  

 

4. Discussion 

 

We found that more than half of those patients in epilepsy clinic with anxiety and 

depression were not receiving systematic psychiatric care, suggesting that there exists a 

treatment gap in mental health care. Some research suggested that 38.5% of patients with 

epilepsy and mental disorders never receive assessment or treatment for depression [36]. 

The results of this study were found to be in line with the results of preceding research. No 

matter whether the patients opted in or out, the proportion of receiving specialty mental 

health treatment was less than 35%.  

 

We identified factors associated with unwillingness to participate in a treatment study. We 

found that the psychiatric symptoms of patients in the opt-out group were less prominent 

than those in the opt-in group. More than half of patients in the opt-out group were not 

irritable based on SCID and MINI, and only 26.7% of patients in the opt-out group had 

positive screening for both anxiety and depression. We also found that more patients in the 

opt-in group were currently taking any antidepressant medications than those in the opt-out 

group. It is possible that these patients in the opt-in group receive the treatments positively, 

with accompanying positive interest in participating in treatment research as well. 
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Additionally, depression scores were higher in the opt-in group than those in the opt-out 

group. All in all, it could be that the patients in the opt-out group were not willing to 

participate in treatment research since they didn’t have as many symptoms, most of them 

didn’t suffer from both anxiety and depression, their depression scores were lower, and 

most of them were not under treatment.  

 

What’s more, the major limitation of this study is that we didn’t assess the quality of 

psychiatric care received by patients with comorbid epilepsy and mental disorders. In 

other words, whether these patients who were receiving care received high quality mental 

health care is unknown. According to the results of the study, we found that despite 

currently taking antidepressant medications, 43.2% of patients in the study sample still 

had positive symptoms based on GAD-7 and NDDI-E, demonstrating that the current 

treatment may be not effective and high-quality. When it comes to the “quality”, we 

suggested follow-up requirements: 1) People with epilepsy and mental disorders should 

contact the psychiatric care yearly for acquiring the screening and treatment of mental 

disorders [12]. 2) According to my own clinical experience in China, many strategies 

should be implemented to improve the patients’ quality of life, such as effective 

community-based interventions. 3) The psychiatrists should collaborate with neurologists 

in the clinical context in a direct and indirect manner for combining the treatment of 

psychiatric care, seizure control, medications and improving quality life, rather than just 

taking medications [12].  What’s more, according to my own clinical experience in 

China, some patients thought that they should focus on reducing the seizures of epilepsy, 

rather than anxiety and depression. Therefore, it is possible that they are not taking 
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antidepressant medications. Other patients thought that if they have received the 

treatment for depression and anxiety from neurologists, it would be unnecessary for them 

to receive the treatment from psychiatrist or therapist. That’s why we suggested that the 

psychiatrists should collaborate with neurologists in the clinical context in a direct and 

indirect manner [12]. Not only can the patients receive treatment from the psychiatrists 

and neurologists, but also doctors and patients can combine the treatments: psychiatric 

care, seizure control, medications and thus improve quality life, placing the patients with 

epilepsy and mental health disorders as the beneficiary in the whole process. After 

receiving the systematic treatment method, the patients with epilepsy and mental health 

disorders may be more likely to engage in this process positively. What’s more, assessing 

the quality of mental health care is one of the future missions of our research work, such 

as the assessment and treatment of mental health diseases among patients with epilepsy 

associated mental illness. 

 

In conclusion, this research identified an existing mental health treatment gap among 

patients in an epilepsy clinic with anxiety and depression, which means that a large 

number of patients with symptoms may need mental health care. However, only few 

patients were receiving treatment from psychiatrists and other mental health specialists. 

What’s more, we found possible reasons why the patients in the opt-out group were not 

willing to participate in a treatment study. Therefore, future research steps should focus 

on the approaches to promote that the patients with epilepsy associated anxiety and 

depression receive treatment, improving the quality of life for those patients. 
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Chapter 3: Epilepsy associated anxiety and depression symptoms: Factors 

associated with anxiety and depression scores 

Objectives: The study’s primary aim was to assess which factors were associated with 

anxiety and depression scores among a variety of factors related to social history, 

epilepsy history, age of epilepsy onset, and other psychiatric symptoms. Meanwhile, the 

study aimed to assess whether the symptom capture rate of Generalized Anxiety Disorder 

2-item (GAD-2) was as same as the symptom capture rate of the slightly longer screener 

(GAD-7).  

Methods: Data analyzed in this study were obtained as part of a learning health system 

trial screening protocol, as well as by retrospective chart review. The GAD-2, GAD-7 

and Neurological Disorders Depression Inventory-Epilepsy (NDDI-E) scores, and other 

psychiatric symptoms were collected prospectively at a clinic visit as part of a dual trial 

screening process and clinical care.  Demographics and additional clinical information 

was collected by review of the clinical chart. Cross-sectional association of demographics 

with GAD-2, GAD-7 and NDDI-E scores were analyzed by chi-squared tests and t-tests 

or ANOVA. In addition, we divided all patients into two groups according their ages of 

epilepsy onset: Group “early onset” (onset prior to age 18) and Group “adult onset”, and 

we compared the GAD-2, GAD-7 and NDDI-E scores between the two ages of epilepsy 

onset groups.  

Results: This analysis included N=564 consecutive people with epilepsy (PWE) who 

completed the anxiety and depression instruments at clinic visits. Only 35.4% of patients 

in the severe anxiety group had private/commercial insurance, while 49% of patients in 

the no anxiety group (p=0.027, chi-squared test) and 46.6% of patients in the mild 
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anxiety group (p=0.037, chi-squared test) had private/commercial insurance. Only 33.5% 

of patients in the no anxiety group were unemployed or disabled, whereas 54.3% of 

patients in the moderate anxiety group (p=0.02, chi-squared test) and 58.5% of patients in 

severe anxiety group (p=0.001, chi-squared test) were unemployed or disabled. Only 36% 

of patients in the no depression group were unemployed or disabled, whereas this 

proportion reached up to 52.5% in the positive depression screen group (p=0.01, 

chi-squared test). What’s more, 60.1% of patients with no anxiety were seizure free in the 

past 6 months, whereas 47.1% and 27.7% of patients with moderate (p=0.02, chi-squared 

test) or severe anxiety respectively (p<0.0001, chi-squared test) were seizure free in the 

past 6 months. Compared to only 42.6% of patients in the borderline depression group 

(p=0.04, chi-squared test) and 36.4% of patients in the positive depression screen group 

(p=0.0002, chi-squared test), 59% of patients in the no depression group had remained 

seizure free for at least 6 months. The symptom capture rate of GAD-2 was higher than 

the symptom capture rate of GAD-7 (p=0.03, chi-squared test, 29.8% with positive 

anxiety screen by GAD-2 compared to 23.9% with positive anxiety screen by GAD-7). 

Additionally, there were no significant differences in the proportions of anxiety and 

depression score categories or mean scores between the early onset and adult onset 

groups. 

Significance: There was an association between lower socioeconomic status and more 

significant psychiatric comorbidities in this epilepsy sample. For instance, the patients 

who had no medical insurance were more likely to have higher anxiety scores. The 

patients who were employed were more likely to have lower anxiety and depression 

scores. The patients who were unemployed and disabled were more likely to have higher 
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anxiety and depression scores. What’s more, anxiety and depression score severity was 

associated with factors related to epilepsy history as well. When PWE had remained 

seizure free for at least 6 months, their anxiety and depression scores were much lower 

than those with uncontrolled seizures. The GAD-2 could be considered for use to screen 

for anxiety in clinical care.  

Key words: Epilepsy, Anxiety, Depression, GAD-7, NDDI-E, GAD-2 

1. Introduction 

Depression and anxiety are the two of the most widespread comorbidities of epilepsy. 

According to a public health survey, 20 to 55% of patients who suffer from epilepsy 

suffer from depression at the same time [37,38], exerting a negative effect on the patients’ 

quality of life and increasing likelihood of suicide. Some studies demonstrated that the 

frequency of suicide among epilepsy patients is ten times more than those among the 

general population [37,38,7]. A study estimated that the rate of suicidal ideation among 

PWE was as high as 10% [39]. Depression and anxiety play a pivotal role in this process. 

According to other epidemiological studies, 15-50% of PWE suffer from depression and 

anxiety, and 30% of them have a lifetime history of depressive disorders [40,41,42]. 

However, despite the severity of the problem, detailed and comprehensive screening 

surveys are strikingly few. Therefore, our research team has investigated demographic 

and clinical factors associated with high anxiety scores since 2018 [43]. A previous 

investigation found that focal or unknown epilepsy type, depression scores and mesial 

temporal sclerosis were independently related to high anxiety, and lower education, 

non-Caucasian race/ethnicity, Spanish native language, prior head trauma and 

anti-seizure drug poly therapy were associated with high anxiety in bivariable analyses. 



 

32 

 

This work used symptom checklist 90-R(SCL-90R) anxiety T-score more than or equal to 

60 to define high anxiety [43]. However, we didn’t assess whether factors were 

associated with anxiety and depression scores defined by GAD-7 and NDDI-E 

questionnaires, which are commonly recommended for use in epilepsy clinic practice. A 

study demonstrated that concomitant factors, such as duration of epilepsy, seizure 

frequency, and frontal lobe dysfunction, in temporal lobe epilepsy may be associated with 

severe symptoms of psychopathology in PWE. Therefore, researchers advocated for 

further research exploring factors associated with psychiatric symptoms in epilepsy 

populations [44]. Although some factors may contribute to epilepsy associated mental 

health disorders, these factors have not been thoroughly examined in research of epilepsy 

associated mental health disorders, especially, psychosocial factors, such as 

unemployment and stigmatization. 

Our study aimed to assess factors associated with anxiety and depression scores. In 

addition, the recently published American Academy of Neurology quality measure to 

screen for anxiety and depression using validated instruments at every visit recommends 

use of the GAD-2 instrument for screening anxiety in epilepsy. However, it is still 

unclear whether this instrument would have equivalent symptom capture to the slightly 

longer screener (GAD-7), which is more commonly recommended in anxiety and 

depression-focused publications in epilepsy [29,45,46]. Therefore, our study aimed to 

compare symptom capture rate between the two anxiety instruments. 

What’s more, a study suggested that inflammation during gestation and early neonatal 

life may contribute to depression comorbidity in epilepsy [47]. Another study 

demonstrated that depressive signs are often present by the time of first seizure among 
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children presenting with a first seizure [48]. This raises a potential hypothesis that 

individuals with childhood onset epilepsy may be more likely to have comorbid anxiety 

or depression than those with adult onset epilepsy. However, no studies have explored 

this with epidemiological data to assess this hypothesis. Therefore, we divided all 

participants into Group “early onset” (onset in childhood) and Group “adult onset” and 

compared the GAD-2, GAD-7and NDDI-E scores between the two ages of epilepsy onset 

groups. We assessed whether the factors associated with anxiety and depression scores 

were significantly different between the two ages of epilepsy onset groups. 

Our research is based on a large database of prospectively screened consecutive patients 

at a tertiary care epilepsy center. We examine comprehensive factors for potential 

association with anxiety and depression scores. These results may help to improve the 

assessment of epilepsy associated anxiety and depression and a foundation for improving 

therapeutic strategies. 

 

2.Methods 

 

Data were obtained from clinic visits scheduled with one of three adult epileptologists at 

a Comprehensive Epilepsy Center during a learning health system screening program 

from April 30th, 2018 until September 28th, 2019. Data were collected by two methods:  

prospective symptom screening of all patients for both clinical care and research 

screening (learning health system screening protocol) and retrospective chart review. All 

consecutive patients who completed a first learning health system screening (completion 

of first successful screening of both the GAD-7 and NDDIE during the timeframe) were 
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included in this analysis (564 individuals). There were no exclusions based on sex, race, 

age or ethnicity. Anxiety and depression screening results and other psychiatric symptom 

screening (for potential past manic episodes) was obtained prospectively for research 

screening and clinical care purposes as part of the learning health system screening 

protocol [49] and demographics, social variables, and epilepsy related variables were 

collected via retrospective chart review. The study schema is presented in Figure 1. The 

specific questions of GAD-7 and NDDI-E are outlined in Chapter 2. The Generalized 

Anxiety Disorder-7 (GAD-7) total score ranges from 0 to 21 and anxiety severity can be 

categorized as none, mild, moderate and severe based on the following respective score 

ranges 1-4, 5-9, 10-14 and 15-21 [50]. Therefore, we divided all 564 consecutive PWE 

into four anxiety groups by severity of anxiety: Group “no anxiety”, Group “mild 

anxiety”, Group “moderate anxiety” and Group “severe anxiety”. Meanwhile, the total 

score of NDDI-E ranges from 6 to 24 and the total scores of Neurological Disorders 

Depression Inventory-Epilepsy (NDDI-E) can be interpreted in the following manner: 13 

or lower (no signs of major depression), 14 or 15 (possible major depression based on 

some validation literature), and 16 or higher (positive screen based on original validation 

literature for the NDDI-E) [51]. Therefore, we divided all 564 consecutive PWE into 

three depression groups by NDDI-E score: Group “no depression” (13 or lower), Group 

“borderline depression” (14 or 15) and Group “positive depression screen” (16 or higher). 

In addition, GAD-2 is a very brief and easy to perform initial screening tool for anxiety in 

the clinical context, which contains the first two questions of GAD-7 and a score of 3 or 

higher on the GAD-2 has been validated for detecting generalized anxiety disorder [52].  

Figure 1 Study schema 
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Additionally, we divided the all 564 consecutive PWE into four symptom groups by 

anxiety and depression status, based on whether the depression screen was positive and 

anxiety screen indicated moderate or worse anxiety severity. These groups included: 

Group “anxiety alone”, Group “depression alone”, Group “anxiety and depression” and 

Group “no anxiety and depression”, according to the GAD-7 or NDDI-E scores. If the 

GAD-7 scores were equal or greater than 10 and the NDDI-E scores were less than or 

equal to 15, they were included in Group “anxiety alone”, and if the GAD-7 scores were 

less than 10 and the NDDI-E scores were more than 15, they were included in Group 

“depression alone”. If the GAD-7 scores were equal or greater than 10, and at the same 

time, the NDDI-E scores were greater than 15, they were included in Group “anxiety and 

depression”. Among those who screened positive for anxiety or depression according to 

the criterion mentioned above (N=151) three anxiety/depression symptom groups (Group 

“anxiety alone”, Group “depression alone” and Group “anxiety and depression”) were 

created to examine the association of anxiety and/or depression symptoms with potential 

past manic episodes based on screening question responses from the SCID or MINI as 

Other 

psychiatric 

symptoms 

GAD-7 (GAD- 2) 

NDDI-E 
Retrospective chart 

review: demographic, 

social, epilepsy related 

Epilepsy clinic visit 

Collected as part of the 

learning health system dual 

clinical care and screening 

method 
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mentioned in Chapter2. What’s more, we used multiple grouping methods, and we 

divided these 151 patients into four anxiety groups by anxiety score status, using the 

same score cut points described above: Group “no anxiety”, Group “mild anxiety”, Group 

“moderate anxiety” and Group “severe anxiety”. Similarly, we divided 151 these patients 

into three depression groups by research depression status: Group “no depression”, Group 

“borderline depression” and Group “positive depression screen”. 

To explore associations between age of epilepsy onset and factors associated with anxiety 

and depression, we divided the 564 consecutive PWE into 2 groups: Group “early onset” 

and Group “adult onset”. When epilepsy onset occurred at less than 18 years of age, 

participants were included in group early onset, otherwise they were included in Group 

“adult onset”. Other epilepsy related characteristics were collected. It is well known that 

the EEG is the gold standard method for diagnosis of epilepsy. Based on EEG results and 

clinical information available in the electronic medical record, we categorized the 

certainty of epilepsy diagnosis in the following categories: “EEG with documented 

seizure”, “EEG with epileptiform discharges”, “no epileptiform abnormalities on EEG 

but seizure remission on antiseizure medication”, or “epilepsy diagnosis based on 

epilepsy provider impression only”. When EEG results were nonepileptiform 

“non-epileptiform EEG but seizure remission with antiseizure drug” was coded if the 

remission was at least one year in duration. Finally, the research team also collected other 

demographic, social, and epilepsy related information from the medical records, 

including, age, gender, employment status, education, ethnicity, race, marital status, 

health insurance, duration of epilepsy, epilepsy diagnosis category (focal, generalized, 

unknown), the age of epilepsy onset, seizure freedom in the past 6 months, seizure 
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frequency, epilepsy type, the history of seizure-related surgery and other psychiatric 

symptoms. Prospective anxiety and depression and other psychiatric symptom screening, 

as well as the retrospective chart review were approved by institutional review board. 

2.1. Statistical analysis 

R Studio Version 1.1.453 and SAS 9.4 were used for all analyses. The two-sample t-test, 

ANOVA or Kruskal-Wallis rank sum test were used to assess for association of 

continuous variables (age, the age of epilepsy onset, duration of epilepsy) with 

anxiety/depression group, anxiety severity group, depression screening group, and age of 

epilepsy onset group, as appropriate. Comparison of proportions for categorical variables 

by groups mentioned above were done, using the chi-squared tests. Comparison of raw 

GAD-2, GAD-7 and NDDI-E scores between the early onset and adult onset groups was 

done using the two-sample t-test. Other inferential statistical analyses were conducted as 

appropriate. The alpha value for statistical analyses was 0.05. 

 

3. Results 

 

3.1. Part 1: Assessing the cross-sectional association of demographic and social 

factors with anxiety and depression scores 

The demographics among the four symptom groups by anxiety and depression status are 

presented in Table V. There were no significant differences in age, gender, race, 

ethnicity, marital status, and education level among the four anxiety/depression symptom 



 

38 

 

groups. In terms of the different insurance types, more individuals without anxiety and 

depression had private/commercial insurance or medicare, compared to those with 

anxiety and depression (p=0.01; chi-squared test comparing anxiety and depression to no 

anxiety and depression). No differences in the proportions of insurance types were seen 

between the Group “anxiety and depression”, Group “depression alone” and Group 

“anxiety alone”. In addition, while almost half (38.8% and 10.9%) of patients in the no 

anxiety and depression group were employed or students, less than half of patients in the 

anxiety and depression group were employed or students (29.7% and 3.1%, p=0.004; 

chi-squared test comparing anxiety and depression to no anxiety and depression) and 26.8% 

and 7% of patients in the anxiety alone group were employed or students (p=0.02; 

chi-squared test comparing no anxiety and depression to anxiety alone).  

The demographics among the four anxiety severity groups are presented in Table VI. 

There were no significant differences in age, gender, race, ethnicity, marital status, and 

education level among the four groups. However, only 35.4% of patients in the severe 

anxiety group had private/commercial insurance, while 49% of patients in the no anxiety 

group (p=0.027; chi-squared test comparing severe anxiety to no anxiety) and 46.6% of 

patients in group mild anxiety (p=0.037; chi-squared test comparing severe anxiety to 

mild anxiety) had private/commercial insurance. What’s more, only 33.5% of patients in 

the no anxiety group were unemployed or disabled, whereas 54.3% of patients in the 

moderate anxiety group (p=0.02; chi-squared test comparing no anxiety to moderate 

anxiety) and 58.5% of patients in the severe anxiety group (p=0.001; chi-squared test 

comparing no anxiety to severe anxiety) were unemployed or disabled. While 58.5% of 

patients in the severe anxiety group were unemployed or disabled, the proportion in the 
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mild anxiety group was only 40.6% (p=0.04; chi-squared test comparing severe anxiety 

to mild anxiety).  

The demographics among the three groups by depression certainty groups are presented 

in Table VII. There were no significant differences in age, gender, race, ethnicity, 

marital status, insurance type and education level among the three groups. However, in 

terms of employment status, only 36% of patients in the no depression group were 

unemployed or disabled, whereas this proportion reached up to 52.5% in the positive 

depression screen group (p=0.01; chi-squared test comparing no depression to positive 

depression screen). 

Table V  Cross-sectional association of demographics with anxiety and depression 

groups 

Variables Group “no 

anxiety and 

depression” 

(N=394) 

Group 

“anxiety 

alone” 

(N=71) 

Group 

“depression 

alone” 

(N=35) 

Group 

“anxiety and 

depression” 

(N=64) 

p-value 

Age(M±SD) 44.3±18.5 41.5±16.3 42.1±15.1 44.2±13.7 0.54** 

Race      

American Indian or 

Alaska Native 

1(0.3%) 0(0%) 0(0%) 0(0%)  

Asian 3(0.8%) 1(1.4%) 0(0%) 0(0%)  

Black or African 

American 

48(12.2%) 9(12.7%) 4(11.4%) 8(12.5%)  

Other 16(4.1%) 3(4.2%) 1(2.9%) 2(3.1%)  

Patient Refused 1(0.3%) 0(0%) 0(0%) 0(0%)  

White or 

Caucasian 

325(82.5%) 58(81.7%) 30(85.7%) 54(84.4%) 0.99* 

Ethnicity      

Hispanic or Latino 16(4.1%) 5(7%) 1(2.9%) 1(1.6%)  

Not Hispanic or 

Latino 

377(95.7%) 66(93%) 34(97.1%) 63(98.4%)  

Patient Refused 1(0.3%) 0(0%) 0(0%) 0(0%) 0.78* 

Gender      

Female 193(49%) 37(52.1%) 17(48.6%) 32(50%)  

Male 201(51%) 34(47.9%) 18(51.4%) 32(50%) 0.97* 

Insurance type      
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Private/commercial 192(48.7%) 22(31%) 15(42.9%) 26(40.6%)  

 Medicaid 56(14.2%) 16(22.5%) 5(14.3%) 16(25%)  

 Medicare 120(30.5%) 26(36.6%) 11(31.4%) 14(21.9%)  

 None 23(5.8%) 6(8.5%) 4(11.4%) 5(7.8%)  

Other 3(0.8%) 1(1.4%) 0(0%) 3(4.7%) 0.036* 

Marital status      

Divorced 25(6.3%) 5(7%) 4(11.4%) 5(7.9%)  

 Legally separated 4(1.0%) 0(0%) 0(0%) 1(1.6%)  

Married 161(40.9%) 24(33.8%) 15(42.9%) 21(33.3%)  

 Separated not 

legal 

2(0.5%) 1(1.4%) 0(0%) 2(1.6%)  

 Significant other 1(0.3%) 0(0%) 0(0%) 0(0%)  

 Single 186(47.2%) 41(57.7%) 16(45.7%) 31(49.2%)  

 Unknown 1(0.3%) 0(0%) 0(0%) 0(0%)  

Widowed 14(3.6%) 0(0%) 0(0%) 4(6.3%) 0.89* 

Education level      

Less than high 

school 16(4.1%) 5(7%) 1(2.9%) 4(6.2%) 

 

High school/GED 85(21.6%) 15(21.1%) 11(31.4%) 19(29.7%)  

Some college, no 

degree 35(8.9%) 13(18.3%) 7(20%) 8(12.5%) 

 

Associates degree 33(8.4%) 9(12.7%) 2(5.7%) 7(10.9%)  

Bachelor's degree  67(17%) 3(4.2%) 4(11.4%) 3(4.7%)  

Master's degree  12(3%) 1(1.4%) 0(0%) 2(3.1%)  

Professional school 

degree 4(1%) 1(1.4%) 0(0%) 0(0%) 

 

Doctoral degree  3(0.8%) 0(0%) 0(0%) 0(0%)  

Unable to 

determine 139(35.3%) 24(33.8%) 10(28.6%) 21(32.8%) 

0.17* 

Employment 

Status 

     

Employed  153(38.8%) 19(26.8%) 14(40%) 19(29.7%)  

Unemployed 47(11.9%) 18(25.4%) 7(20%) 14(21.9%)  

Disabled 90(22.8%) 22(31%) 9(25.7%) 22(34.4%)  

Student 43(10.9%) 5(7%) 2(5.7%) 2(3.1%)  

Other 1(0.3%) 0(0%) 0(0%) 0(0%)  

Retired 60(15.2%) 7(9.9%) 3(8.6%) 6(9.4%)  

Unable to 

determine 

0(0%) 0(0%) 0(0%) 1(1.6%) 0.016* 

SD: standard deviation; M: mean; * Groups were compared using chi-squared test for 

categorical variables; ** Groups were compared using ANOVA for continuous variables 

Table VI  Cross-sectional association of demographics by severity of anxiety 

Variables Group “no 

anxiety”  

Group 

“mild 

Group 

“moderate 

Group 

“severe 

p-value 
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(N=296) anxiety” 

(N=133) 

anxiety” 

(N=70) 

anxiety” 

(N=65) 

Age(M±SD) 44.5±18.5 43.8±17.2 40.9±14.7 42.7±16.7 0.45** 

Race      

American Indian or 

Alaska Native 

1(0.3%) 0(0%) 0(0%) 0(0%)  

Asian 2(0.7%) 1(0.8%) 1(1.4%) 0(0%)  

Black or African 

American 

35(11.8%) 17(12.8%) 6(8.6%) 11(16.9%)  

Other 13(4.4%) 4(3%) 3(4.3%) 2(3.1%)  

Patient Refused 1(0.3%) 0(0%) 0(0%) 0(0%)  

White or 

Caucasian 

244(82.4%) 111(83.5%) 60(85.7%) 52(80%) 0.99* 

Ethnicity      

Hispanic or Latino 14(4.7%) 3(2.3%) 5(7.1%) 1(1.5%)  

Not Hispanic or 

Latino 

282(95.3%) 129(97%) 65(92.9%) 64(98.5%)  

Patient Refused 0(0%) 1(0.7%) 0(0%) 0(0%) 0.28* 

Gender      

Female 142(48%) 68(51.1%) 32(45.7%) 37(56.9%)  

Male 154(52%) 65(48.9%) 38(54.3%) 28(43.1%) 0.52* 

Insurance type      

Private/commercial 145(49%) 62(46.6%) 25(35.7%) 23(35.4%)  

 Medicaid 42(14.2%) 19(14.3%) 12(17.1%) 20(30.8%)  

 Medicare 86(29.1%) 45(33.8%) 23(32.0%) 17(26.2%)  

 None 20(6.8%) 7(5.3%) 7(10%) 4(6.2%)  

Other 3(1%) 0(0%) 3(4.3%) 1(1.5%) 0.028* 

Marital status      

Divorced 19(6.4%) 10(7.5%) 6(8.6%) 4(6.2%)  

Legally separated 3(1%) 2(1.5%) 1(1.4%) 0(0%)  

Married 123(41.6%) 53(39.8%) 20(28.6%) 25(38.5%)  

Separated not legal 2(0.7%) 0(0%) 1(1.4%) 2(3.1%)  

Significant other 0(0%) 1(0.8%) 0(0%) 0(0%)  

Single 138(46.6%) 64(48.1%) 41(58.6%) 31(47.7%)  

Unknown 1(0.3%) 0(0%) 0(0%) 0(0%)  

Widowed 10(3.3%) 4(3%) 1(1.4%) 3(4.6%) 0.77* 

Education level      

Less than high 

school 15(5.1%) 2(1.5%) 5(7.1%) 4(6.2%) 

 

High school/GED 58(19.6%) 38(28.6%) 15(21.5%) 19(29.2%)  

Some college, no 

degree 27(9.1%) 15(11.3%) 11(15.7%) 10(15.4%) 

 

Associates degree 27(9.1%) 8(6%) 8(11.5%) 8(12.3%)  

Bachelor's degree  49(16.6%) 22(16.5%) 4(5.7%) 2(3%)  

Master's degree  8(2.7%) 4(3%) 0(0%) 3(4.6%)  

Professional school 3(1%) 1(0.8%) 1(1.4%) 0(0%)  
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degree 

Doctoral degree  2(0.7%) 1(0.8%) 0(0%) 0(0%)  

Unable to 

determine 107(36.1%) 42(31.6%) 26(37.1%) 19(29.2%) 

0.31* 

Employment 

Status 

     

Employed  115(38.9%) 52(39.1%) 24(34.3%) 14(21.5%)  

Unemployed 36(12.2%) 18(13.5%) 14(20%) 18(27.7%)  

Disabled 63(21.3%) 36(27.1%) 24(34.3%) 20(30.8%)  

Student 31(10.5%) 14(10.5%) 2(2.9%) 5(7.7%)  

Other 1(0.3%) 0(0%) 0(0%) 0(0%)  

Retired 50(16.9%) 13(9.8%) 6(8.6%) 7(10.8%)  

Unable to 

determine 

0(0%) 0(0%) 0(0%) 1(1.5%) 0.0043* 

SD: standard deviation; M: mean; * Groups were compared using chi-squared test for 

categorical variables; ** Groups were compared using ANOVA for continuous variables 

Table VII  Cross-sectional association of demographics by NDDI-E score group 

Variables Group “no 

depression” 

(N=398) 

Group 

“borderline 

depression”(N=67) 

Group 

“positive 

depression 

screen” (N=99) 

p-value 

Age(M±SD) 44.3±18.5 41.5±15.6 42.8±14.6 0.77** 

Race     

American Indian or 

Alaska Native 

0(0%) 1(1.5%) 0(0%)  

Asian 2(0.5%) 2(3%) 0(0%)  

Black or African 

American 

50(12.6%) 7(10.4%) 12(12.1%)  

Other 16(4%) 3(4.5%) 3(3%)  

Patient Refused 1(0.25%) 0(0%) 0(0%)  

White or Caucasian 329(82.7%) 54(80.6%) 84(84.8%) 0.16* 

Ethnicity     

Hispanic or Latino 17(4.3%) 4(6%) 2(2%)  

Not Hispanic or 

Latino 

380(95.5%) 63(94%) 97(98%)  

Patient Refused 1(0.2%) 0(0%) 0(0%) 0.71* 

Gender     

Female 196(49.2%) 34(50.7%) 49(49.5%)  

Male 202(50.8%) 33(49.3%) 50(50.5%) 0.97* 

Insurance type     

Private/commercial 186(46.7%) 28(41.8%) 41(41.4%)  

 Medicaid 58(14.6%) 14(20.9%) 21(21.2%)  

 Medicare 126(31.7%) 20(29.9%) 25(25.3%)  

 None 24(6%) 5(7.5%) 9(9.1%)  
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Other 4(1%) 0(0%) 3(3%) 0.3* 

Marital status     

Divorced 27(6.8%) 3(4.5%) 9(9.1%)  

Legally separated 4(1%) 0(0%) 1(1%)  

Married 163(41%) 22(32.8%) 36(36.4%)  

Separated not legal 3(0.8%) 0(0%) 2(2%)  

Significant other 1(0.3%) 0(0%) 0(0%)  

Single 185(46.5%) 42(62.7%) 47(47.5%)  

Unknown 1(0.3%) 0(0%) 0(0%)  

Widowed 14(3.5%) 0(0%) 4(4%) 0.63* 

Education level     

Less than high 

school 17(4.3%) 4(6%) 5(5.1%) 

 

High school/GED 87(21.9%) 13(19.4%) 30(30.3%)  

Some college, no 

degree 38(9.5%) 10(14.9%) 15(15.2%) 

 

Associates degree 38(9.5%) 4(6%) 9(9.1%)  

Bachelor's degree  61(15.3%) 9(13.4%) 7(7.1%)  

Master's degree  11(2.8%) 2(3%) 2(2%)  

Professional school 

degree 4(1%) 1(1.5%) 0(0%) 

 

Doctoral degree 3(0.8%) 0(0%) 0(0%)  

Unable to 

determine 139(34.9%) 24(35.8%) 31(31.3%) 

0.58* 

Employment 

Status 

    

Employed  150(37.7%) 22(32.8%) 33(33.3%)  

Unemployed 50(12.6%) 15(22.4%) 21(21.2%)  

Disabled 93(23.4%) 19(28.4%) 31(31.3%)  

Student 42(10.6%) 6(9%) 4(4%)  

Other 1(0.3%) 0(0%) 0(0%)  

Retired 62(15.6%) 5(7.5%) 9(9.1%)  

Unable to 

determine 

0(0%) 0(0%) 1(1%) 0.03* 

SD: standard deviation; M: mean; * Groups were compared using chi-squared test for 

categorical variables; ** Groups were compared using ANOVA for continuous variables 

 

3.2. Part 2: Assessing factors in epilepsy history associated with anxiety and 

depression scores 

Epilepsy related factors among the four symptom groups by anxiety /depression groups 

are presented in Table VIII. There were no significant differences in the age of epilepsy 
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onset, duration of epilepsy, seizure frequency, psychogenic nonepileptic seizures, history 

of epilepsy surgery, epilepsy diagnostic certainty and epilepsy type among the four 

anxiety/depression symptom groups.  We found that compared to other three groups, the 

proportion of seizure freedom in the past 6 months reached up to 59.4% in the no anxiety 

and depression group, which was much higher than the proportions of seizure free in the 

other three groups separately (p=0.0004; chi-squared test comparing anxiety and 

depression to no anxiety and depression. p=0.02; chi-squared test comparing anxiety and 

depression to depression alone. P=0.02; chi-squared test comparing anxiety and 

depression to anxiety alone). 

Epilepsy related factors among the four anxiety severity groups are presented in Table 

IX. There were no significant differences in the age of epilepsy onset, seizure frequency, 

history of epilepsy surgery, epilepsy diagnostic certainty and epilepsy type among the 

four groups.  The durations of epilepsy ranged from 0 year to 80 years among the four 

groups. The average of duration of epilepsy in the no anxiety group was 20.96 years, 

which was 3 years longer than those in Group “mild anxiety group” (p=0.02; 

Kruskal-Wallis rank sum test comparing no anxiety to mild anxiety), Group “moderate 

anxiety” (p=0.05; Kruskal-Wallis rank sum test comparing no anxiety to moderate 

anxiety) and Group “severe anxiety” (p=0.03; Kruskal-Wallis rank sum test comparing 

no anxiety to severe anxiety) presented in (Table IX and see boxplot -Figure 2). 

Compared to the other three groups, a diagnosis of psychogenic nonepileptic seizures was 

most likely (4.6%) in the severe anxiety group (Table IX). Compared to the proportion of 

seizure freedom in the past 6 months in the severe anxiety group, the proportions of 

seizure freedom in the past 6 months in Group “moderate anxiety” (p=0.002; chi-squared 
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test comparing moderate anxiety to severe anxiety) and Group “mild anxiety” (p=0.001; 

chi-squared test comparing mild anxiety to severe anxiety) were significantly higher 

(53.4% and 47.1% compared to 27.7% in the severe anxiety group).  

Epilepsy related factors among the three NDDI-E score groups are presented in Table X. 

There were no significant differences in the age of epilepsy onset, duration, seizure 

frequency, PNES, epilepsy diagnostic certainty and epilepsy type among the three groups. 

However, 59% of patients in the no depression group had remained seizure free for at 

least 6 months, compared to only 42.6% of those in the borderline depression group 

(p=0.04; chi-squared test comparing no depression to borderline depression) and 36.4% 

of those in the positive depression screen group (p=0.0002; chi-squared test comparing 

no depression to positive depression screen). 

Table VIII  Epilepsy/clinical characteristics by anxiety and depression status 

Variables Group “no 

anxiety and 

depression” 

(N=394) 

Group 

“anxiety 

alone” 

(N=71) 

Group 

“depression 

alone” 

(N=35) 

Group 

“anxiety 

and 

depression” 

(N=64) 

p-value 

Age of epilepsy 

onset(M±SD) 

24.2±20.7 23.6±19.5 26.3±18.7 26.3±18.7 0.81** 

Duration of 

epilepsy(M±SD) 

20.1±15.5 17.9±13.7 17.9±16.9 15.9±15.5 0.16** 

Estimated Seizure 

frequency 

     

Seizure free > 1 year 202(51.27%) 26(36.62%) 14(40%) 20(31.25%)  

At least one per year, 

but not monthly 

105(26.65%) 25(35.21%) 11(31.43%) 20(31.25%)  

Monthly but not weekly 56(14.21%) 11(15.49%) 7(20%) 12(18.75%)  

Weekly but not daily 19(4.82%) 5(7.04%) 2(5.71%) 7(10.94%)  

Daily 3(0.76%) 2(2.82%) 1(2.86%) 1(1.56%)  

Multiple per day 6(1.52%) 2(2.82%) 0(0%) 4(6.25%)  

Unable to assess 3(0.76%) 0(0%) 0(0%) 0(0%) 0.13* 

PNES       

Yes 2(0.5%) 2(2.8%) 1(2.9%) 1(1.6%)  
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No 355(90.1%) 58(81.7%) 30(85.7%) 57(89.1%)  

Uncertain 37(9.4%) 11(15.5%) 4(11.4%) 6(9.4%) 0.3* 

History of epilepsy 

surgery? 

     

Yes 64(16.2%) 9(12.7%) 2(5.7%) 6(9.4%)  

No 330(83.8%) 62(87.3%) 33(94.3%) 58(90.6%) 0.19* 

Seizure free at least 6 

months? 

     

Yes 234(59.4%) 30(42.3%) 15(42.9%) 21(32.8%)  

No 148(37.6%) 36(50.7%) 16(45.7%) 40(62.5%)  

Uncertain 12(3%) 5(7%) 4(11.4%) 3(4.7%) 0.00018* 

Epilepsy diagnostic 

certainty 

     

Yes: non-epileptiform 

EEG but seizure 

remission with 

antiseizure drug  

54(13.7%) 11(15.5%) 5(14.3%) 9(14.1%)  

Yes: EEG with 

documented seizure  

120(30.5%) 25(35.2%) 6(17.1%) 24(37.5%)  

Yes: EEG with 

epileptiform discharges  

102(25.9%) 19(26.8%) 11(31.4%) 16(25%)  

Yes: epileptologist's 

leading clinical 

impression is epilepsy  

118(29.9%) 16(22.5%) 13(37.1%) 15(23.4%) 0.67* 

Epilepsy Type      

Focal 279(70.8%) 49(69%) 24(68.6%) 48(75%)  

Generalized 79(20.1%) 15(21.1%) 8(22.6%) 9(14.1%)  

Both focal and 

generalize  

2(0.5%) 0(0%) 0(0%) 0(0%)  

Unknown 34(8.6%) 7(9.9%) 3(8.6%) 7(10.9%) 0.97* 

SD: standard deviation; M: mean; *Groups were compared using chi-squared test for 

categorical variables; ** Groups were compared using ANOVA for continuous variables. 

 

Table IX  Epilepsy/clinical characteristics by severity of anxiety 

Variables Group “no 

anxiety”  

(N=296) 

Group 

“mild 

anxiety” 

(N=133) 

Group 

“moderate 

anxiety” 

(N=70) 

Group 

“severe 

anxiety”  

(N=65) 

p-value 

Age of epilepsy 

onset(M±SD) 

23.6±20.6 26.2±20.4 24.3±18.4 25.5±20 0.64* 

Duration of 

epilepsy(M±SD) 

21±15.7 17.6±15.3 16.6±13 17.2±16.2 0.02** 

Estimated Seizure 

frequency 
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Seizure free > 1 year 149(50.3%) 67(50.4%) 27(38.6%) 19(29.2%)  

At least one per year, 

but not monthly 

83(28%) 33(24.8%) 24(34.3%) 21(32.3%)  

Monthly but not weekly 39(13.2%) 24(18%) 10(14.3%) 13(20%)  

Weekly but not daily 14(4.7%) 7(5.3%) 6(8.6%) 6(9.2%)  

Daily 3(1%) 1(0.8%) 1(1.4%) 2(3%)  

Multiple per day 5(1.7%) 1(0.8%) 2(2.9%) 4(6.2%)  

Unable to assess 3(1%) 0(0%) 0(0%) 0(0%) 0.12*** 

PNES       

Yes 2(0.7%) 1(0.8%) 0(0%) 3(4.6%)  

No 265(89.5%) 120(90.2%) 64(91.4%) 51(78.5%)  

Uncertain 29(9.8%) 12(9%) 6(8.6%) 11(16.9%) 0.04*** 

History of epilepsy 

surgery? 

     

Yes 50(16.9%) 16(12%) 11(15.7%) 4(6.2%)  

No 246(83.1%) 117(88%) 59(84.3%) 61(93.8%) 0.12*** 

Seizure free 6 

months? 

     

Yes 178(60.1%) 71(53.4%) 33(47.1%) 18(27.7%)  

No 108(36.5%) 56(42.1%) 37(52.9%) 39(60%)  

Uncertain 10(3.4%) 6(4.5%) 0(0%) 8(12.3%) <0.0001*** 

Epilepsy diagnostic 

certainty 

     

Yes: non-epileptiform 

EEG but seizure 

remission with 

antiseizure drug  

42(14.2%) 17(12.8%) 10(14.3%) 10(15.4%)  

Yes: EEG with 

documented seizure  

81(27.4%) 45(33.8%) 25(35.7%) 24(36.9%)  

Yes: EEG with 

epileptiform discharges  

79(26.7%) 34(25.6%) 20(28.6%) 15(23.1%)  

Yes: epileptologist's 

leading clinical 

impression is epilepsy  

94(31.8%) 37(27.8%) 15(21.4%) 16(24.6%) 0.72*** 

Epilepsy Type      

Focal 211(71.3%) 92(69.2%) 53(75.7%) 44(67.7%)  

Generalized 59(19.9%) 28(21.1%) 11(15.7%) 13(20%)  

Both focal and 

generalize  

1(0.3%) 1(0.8%) 0(0%) 0(0%)  

Unknown 25(8.4%) 12(9%) 6(8.6%) 8(12.3%) 0.96*** 

SD: standard deviation; M: mean; * Groups were compared using ANOVA for 

continuous variables; ** Groups were compared using Kruskal-Wallis rank sum test for 

continuous variables; *** Groups were compared using chi-squared test for categorical 

variables. 
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Table X  Epilepsy/clinical characteristics by NDDI-E score group 

Variables Group “no 

depression” 

(N=398) 

Group 

“borderline 

depression” 

(N=67) 

Group 

“positive 

depression 

screen”(N=99) 

p-value 

Age of epilepsy 

onset(M±SD) 

24.7±21.1 20.4±16.3 26.3±18.6 0.13** 

Duration of 

epilepsy(M±SD) 

19.5±15.3 21.1±15.2 16.6±16 0.13* 

Estimated Seizure 

frequency 

    

Seizure free > 1 year 205(51.5%) 23(34.3%) 34(34.3%)  

At least one per year, but not 

monthly 

108(27.1%) 22(32.8%) 31(31.3%)  

Monthly but not weekly 50(12.6%) 17(25.37%) 19(19.2%)  

Weekly but not daily 21(5.3%) 3(4.5%) 9(9.1%)  

Daily 3(0.8%) 2(3%) 2(2%)  

Multiple per day 8(2%) 0(0%) 4(4%)  

Unable to assess 3(0.8%) 0(0%) 0(0%) 0.25*** 

PNES      

Yes 3(0.8%) 1(1.5%) 2(2%)  

No 357(89.7%) 56(83.6%) 87(87.9%)  

Uncertain 38(9.5%) 10(14.9%) 10(10.1%) 0.53*** 

History of epilepsy 

surgery? 

    

Yes 66(16.6%) 7(10.4%) 8(8.1%)  

No 332(83.4%) 60(89.6%) 91(91.9%) 0.06*** 

Seizure free 6 months?     

Yes 235(59%) 29(42.6%) 36(36.4%)  

No 148(37.2%) 36(52.9%) 56(56.6%)  

Uncertain 15(3.8%) 3(4.4%) 7(7.1%) 0.0005*** 

Epilepsy diagnostic 

certainty 

    

Yes: non-epileptiform EEG 

but seizure remission with 

antiseizure drug  

59(14.8%) 6(9%) 14(14.1%)  

Yes: EEG with documented 

seizure  

127(31.9%) 18(26.9%) 30(30.3%)  

Yes: EEG with epileptiform 

discharges  

101(25.4%) 20(29.9%) 27(27.3%)  

Yes: epileptologist's leading 

clinical impression is 

epilepsy  

111(27.9%) 23(34.3%) 28(28.3%) 0.78*** 

Epilepsy Type     

Focal 283(71.1%) 45(67.2%) 72(72.7%)  
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Generalized 79(19.8%) 15(22.4%) 17(17.2%)  

Both focal and generalize  1(0.3%) 1(1.5%) 0(0%)  

Unknown 35(8.8%) 6(9%) 10(10.1%) 0.7*** 

SD: standard deviation; M: mean; * Groups were compared using ANOVA for 

continuous variables; ** Groups were compared using Kruskal-Wallis rank sum test for 

continuous variables; *** Groups were compared using chi-squared test for categorical 

variables. 

 

Figure 2  Boxplot: duration of epilepsy among the four groups by anxiety severity 

 

3.3. Part 3: Association of manic symptoms with depression and anxiety groups 

Among 151 patients who completed the screening questions for past manic episode, there 

were no significant differences in elevated mood and irritability among the Group 

“anxiety alone”, Group “depression alone” and Group “anxiety and depression”, nor 

among the Group “no anxiety”, Group “mild anxiety”, Group “moderate anxiety” and 

Group “severe anxiety”, nor among the Group “no depression”, Group “borderline 
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depression” and Group “positive depression screen” (Table XI, Table XII and Table 

XIII). 

Table XI  Past manic symptoms by anxiety and depression status 

 Group 

“anxiety 

alone” 

(N=57) 

Group 

“depression 

alone” 

(N=34) 

Group 

“anxiety and 

depression” 

(N=60) 

p-value* 

Elevated mood based on SCID or MINI? 

Yes 17(29.8%) 6(17.6%) 20(33.3%)  

No 40(70.2%) 28(82.4%) 40(66.7%) 0.26 

Irritability based on SCID or MINI? 

Yes 26(45.6%) 14(41.2%) 37(61.7%)  

No 31(54.4%) 20(58.8%) 23(38.3%) 0.095 

*Chi-squared test 

 

Table XII  Past manic symptoms by severity of anxiety 

 Group “no 

anxiety”  

(N=6) 

Group 

“mild 

anxiety” 

(N=28) 

Group 

“moderate 

anxiety” 

(N=62) 

Group 

“severe 

anxiety”  

(N=55) 

p-value* 

Elevated mood based on SCID or MINI? 

Yes 4(66.7%) 4(14.3%) 18(40.9%) 19(34.5%)  

No 2(33.3%) 24(85.7%) 44(59.1%) 36(65.6%) 0.052 

Irritability based on SCID or MINI? 

Yes 3(50%) 11(39.3%) 31(50%) 32(58.2%)  

No 3(50%) 17(60.7%) 31(50%) 23(41.8%) 0.44 

*Chi-squared test 

 

Table XIII  Past manic symptoms by NDDI-E score group 

 Group “no 

depression” 

(N=33) 

Group 

“borderline 

depression” 

(N=24) 

Group 

“positive 

depression 

screen”  

(N=94) 

p-value* 

Elevated mood based on SCID or MINI? 

Yes 9(27.3%) 8(33.3%) 26(27.7%)  
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No 24(72.7%) 16(66.7%) 68(72.3%) 0.85 

Irritability based on SCID or MINI? 

Yes 17(51.5%) 9(37.5%) 51(54.3%)  

No 16(48.5%) 15(62.5%) 43(45.7%) 0.34 

*Chi-squared test 

 

3.4. Part 4: Symptom capture rate of GAD-2 compared to GAD-7 

In the study, we assessed whether the symptom capture of GAD-2 was as same as the 

symptom capture of the slightly longer screener (GAD-7). The prevalence of positive 

anxiety screen based on the GAD-2 was nearly 6% higher than the prevalence based on 

the GAD-7(p<0.03, chi-squared test) in this sample (Table XIV).   

Table XIV  Comparison of anxiety symptom capture by GAD-2 and GAD-7 

N=564 GAD-2 

 

GAD-7 

 

p-value 

Positive screen 

(GAD-2>2, 

GAD-7>9) 

168(29.8%) 135(23.9%)  

Negative screen 396(70.2%) 429(76.1%) 0.03* 

*Statistically significant p-value (chi-squared test). 

 

3.5. Part 5: Comparing factors associated with anxiety or depression symptoms by 

age of epilepsy onset 

The GAD-2, GAD-7 and NDDI-E scores, seizure diagnoses and other psychiatric 

symptoms by age of epilepsy onset are presented in Table XV. We hypothesized that the 

patients who developed epilepsy in childhood were more likely to have epilepsy 

associated depression and anxiety than those patients who had epilepsy onset in 

adulthood. However, there were no significant differences in the proportions or mean 

scores of GAD-2, GAD-7 and NDDI-E between the early onset and adult onset groups 
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(p>0.05; two-sample t-test). What’s more, no significant differences were seen in other 

psychiatric symptoms between the two ages of epilepsy onset groups as well.  Although 

significant differences were seen in the proportions of duration of epilepsy, age, epilepsy 

diagnosis certainty and epilepsy type, these differences are expected based on the 

analysis design and epidemiologic distribution of epilepsy types at different onset ages. 

Table XV  GAD-2, GAD-7 and NDDIE scores, epilepsy/clinical characteristics and 

past manic symptoms by age of epilepsy onset 

Variables Group “early 

onset” 

(N=289) 

Group “adult 

onset”  

(N=275) 

p-value 

GAD-7(M±SD) 5.5±5.9     6±5.8      0.28** 

No anxiety 159(55%) 137(49.8%)  

Mild anxiety 66(22.8%) 67(24.4%)  

Moderate anxiety 32(11.1%) 38(13.8%)  

Severe anxiety 32(11.1%) 26(9.5%) 0.57*** 

NDDI-E(M±SD) 11.2±4.1     11.5±4.2 0.28** 

No depression 207(71.6%) 191(69.5%)  

Borderline depression 40(13.8%) 27(9.8%)  

Positive depression screen 42(14.5%) 57(20.7%) 0.078*** 

GAD-2(M±SD) 1.7±1.9      1.8±1.9 0.33** 

Yes 79(27.3%) 89(32.4%)  

No 210(72.7%) 186(67.6%) 0.23 

Duration of epilepsy(M±SD) 26.16±15.61   11.89±11.33       <0.0001** 

Age(M±SD) 35.53±14.63      52.26±16.32 <0.0001** 

Estimated Seizure frequency    

Seizure free > 1 year 137(47.4%) 125(45.5%)  

 At least one per year, but not 

monthly 

78(27%) 83(30.2%)  

Monthly but not weekly 44(15.2%) 42(15.3%)  

Weekly but not daily 16(5.5%) 17(6.2%)  

 Daily 6(2.1%) 1(0.4%)  

 Multiple per day 8(2.8%) 4(1.5%)  

 Unable to assess 0(0%) 3(1.1%) 0.21*** 

PNES     

Yes 4(1.4%) 2(0.7%)  

No 252(87.2%) 248(90.2%)  

Uncertain 33(11.4%) 25(9.1%) 0.48*** 

History of epilepsy surgery?    

Yes 50(17.3%) 31(11.3%)  

No 239(82.7%) 244(88.7%) 0.055*** 



 

53 

 

Seizure free at least 6 months?    

Yes 156(54%) 144(52.4%)  

No 122(42.2%) 118(42.9%)  

Uncertain 11(3.8%) 13(4.7%) 0.83*** 

Epilepsy diagnosis certainty    

Yes: non-epileptiform EEG but 

seizure remission with 

antiseizure drug  

32(11.1%) 47(17.1%)  

Yes: EEG with documented 

seizure  

99(34.3%) 76(27.6%)  

Yes: EEG with epileptiform 

discharges  

97(33.6%) 51(18.5%)  

Yes: epileptologist's leading 

clinical impression is epilepsy  

61(21.1%) 101(36.7%) <0.0001*** 

Epilepsy Type    

Focal 175(60.6%) 225(81.8%)  

Generalized 93(32.2%) 18(6.5%)  

Both focal and generalize  1(0.3%) 1(0.4%)  

Unknown 20(6.9%) 31(11.3%) <0.0001*** 

 Group “early 

onset” 

(N=71) 

Group “adult 

onset”  

(N=80) 

p-value 

Elevated mood based on SCID or MINI? 

Yes 23(32.4%) 20(25%)  

No 48(67.6%) 60(75%) 0.41*** 

Irritable based on SCID or MINI? 
Yes 38(53.5%) 39(48.8%)  

No 33(46.5%) 41(51.2%) 0.87*** 

SD: standard deviation; M: mean; ** Groups were compared using the two-sample t-test 

for continuous variables; *** Groups were compared using chi-squared test for 

categorical variables.  

 

4. Discussion 

4.1. Social factors were associated with anxiety and depression 

In our study, we demonstrated that there was an association between lower 

socioeconomic status, including difficulties with employment and lower likelihood of 

private insurance, and more significant psychiatric comorbidities in epilepsy. For 

example, 48.7% of patients in the no anxiety and depression group had 
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private/commercial insurance, whereas only 40.6% of patients in the anxiety and 

depression group had private/commercial insurance. Only 6.6% of patients in no anxiety 

and depression group had no medical insurance or other, but in the anxiety and 

depression group, the proportion reached up to 12.5%. What’s more, 49% and 46.6% of 

patients in the no anxiety and mild anxiety groups had private/commercial insurance, 

whereas only 35.4% of patients in the severe anxiety group had private/commercial 

insurance. Additionally, more patients with low depression and anxiety scores were 

employed or students than those patients with high depression and anxiety scores, which 

was found to be in line with the results of preceding research. A study indicated that 63.2% 

of patients without anxiety are currently in paid employment, whereas only 36.8% of 

patients with anxiety are currently in paid employment (p<0.05) [53]. What’s more, in 

that study, 82.8% of patients without depression were employed, but only 17.2% of 

patients with depression were employed currently (p<0.01) [53]. Socioeconomic stress is 

considered as main cause of mental discord and personal dissatisfaction in PWE [54]. A 

study indicated that the psychological distress is higher among PWE with low 

socioeconomic status [55]. Another study demonstrated that the PWE with lower 

socioeconomic status were more likely to have comorbid psychiatric disorders [56]. 

Some studies indicated that the lack of socioeconomic independence would significantly 

were associated with depressed mood in PWE, such as, limitations to, driving, 

employment and insurance [57,58], which was consistent with our study. A study 

demonstrated that both the number of comorbid physical conditions and increasing 

socioeconomic deprivation were associated with comorbid depression in PWE [59].  In 

our study, we demonstrated that patients with lower socioeconomic status were more 
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likely to be associated with higher anxiety and depression scores, However, our study 

was based on comprehensive cross-sectional analysis, which cannot give the causal 

inference of factors associate with anxiety and depression scores. The future work should 

examine the association between the socioeconomic status and anxiety and depression 

scores in a prospective manner, if possible, and asses for independent associations.  

4.2. Epilepsy history factors associated with anxiety scores or depression scores 

Well controlled epilepsy was significantly related to epilepsy associated anxiety and 

depression scores. For instance, not only is seizure freedom in the past 6 months the most 

important objective of epilepsy treatment, but also being seizure free at least 6 months is 

associated with lower anxiety and depression. Many studies had demonstrated a 

significantly positive correlation between seizure frequency with depression 

[60,61,62,63,64]. What’s more, we also found that lower anxiety and depression scores 

were associated with seizure freedom in the past 6 months, which was in agreement with 

other studies [65]. In other words, when PWE have been seizure-free for at least 6 

months, their anxiety and depression scores were lower. As I mentioned above, more than 

50% of patients in Group “no anxiety and depression”, Group “no anxiety” and Group 

“no depression” had been seizure free for at least 6 months in our study, whereas only 

32.8% of patients in the anxiety and depression group, only 27.7% of patients in the 

severe anxiety group and only 36.4% of patients in the positive depression screen group 

had been seizure-free for at least 6 months. A prospective study in Australia has 

demonstrated that the PWE with higher scores on the A-B Neuropsychological 

Assessment Scale (ABNAS) were less likely to achieve seizure freedom after 

anti-epileptic drugs (AEDs) treatments at 12 months [66]. The ABNAS scores were 
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related to anxiety and depression in epilepsy [67]. This work also demonstrated that PWE 

with higher anxiety and depression scores were less likely to be seizure-free. What’s 

more, some studies had indicated that major depression in epilepsy had a positive 

correlation with uncontrolled seizure [68,69]. 

Additionally, consistent with our findings, the age of epilepsy onset and seizure type 

were not associated with anxiety in epilepsy among some other studies [70,71,72]. 

However, some studies did find that there was a positive correlation between duration of 

epilepsy and anxiety [71,73], meaning that patients with longer duration of epilepsy 

developed more severe anxiety in epilepsy. Some studies indicated that there was no 

correlation between duration of epilepsy and anxiety scores [70,74,75,76]. In our study, 

we demonstrated that patients with longer duration of epilepsy had lower anxiety scores 

(GAD-7), Table IX. It is possible that the sample sizes in other studies were too small to 

detect differences and different anxiety instruments were used. We should continue to 

focus on these factors related to epilepsy history and social history associated with 

anxiety and depression scores. Future directions include to conduct multivariable 

analyses to assess whether the potential associations are independent of other factors, 

such as seizure freedom and duration of epilepsy.  What’s more, in the future, we should 

design a study to analyze whether treating anxiety/depression in PWE would improve 

seizures and/or to further explore whether the lack of anxiety/depression in PWE is a 

marker of less severe epilepsy.  

4.3. Symptom capture rate of GAD-2 compared to GAD-7 

A meta-analysis of GAD-7 and GAD-2 demonstrated that the cutoff scores 7-10 of 

GAD-7 had good pooled estimates of sensitivity/specificity for identifying anxiety and 
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the cutoff scores 3 on the GAD-2 had good pooled estimates of sensitivity/specificity for 

identifying anxiety as well [52], which was consistent with the criteria in our study. 

However, according to our results, the symptom capture rate of GAD-2 was higher than 

the symptom capture rate of GAD-7. It is possible that GAD-2 over detects anxiety 

symptoms in PWE. Future work to compare the GAD-2 to a gold standard may be 

beneficial further assess this point.  

4.4. Factors associated with anxiety or depression symptoms by age of epilepsy onset 

In the study, no significant differences in the proportions and scores of GAD-2, GAD-7 

and NDDI-E between the early onset and adult onset groups was found. Thus, the 

prevalence of epilepsy associated depression and anxiety and severity of symptoms were 

not different between the adult onset and early onset groups. However, a different study 

indicated that the age of epilepsy onset emerged as a predictor for depression and stigma 

by multivariable regression analysis [77]. Some studies demonstrated that earlier age of 

onset was associated with anxiety defined by Hospital Anxiety and Depression Scale 

(HADS) scores [78,79]. It is possible that different anxiety instruments and different 

study populations with different characteristics may account for this difference. Further 

work to detect factors associated with anxiety or depression symptoms by age of epilepsy 

onset may be beneficial in the future.  

In conclusion, this study based on a large real-world clinic sample identified some factors 

associated with anxiety and depression. Some relationships between factors and the 

anxiety and depression scores in our study conflicted with other existing studies. Further 

research in this area is needed to clarify the relationship between anxiety and depression 

and the various factors, including duration of epilepsy. What’s more, next steps to further 
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assess which factors are independently associated with anxiety and depression scores 

should be pursued with multivariable statistical analysis, such as logistic regression and 

multivariable linear regression. 

                                    SUMMARY 

We have demonstrated which factors were associated with associated with research 

participation and anxiety and depression scores. We identified why patients were 

unwilling to participate in a treatment study. We should develop strategies for promoting 

PWE with depression and anxiety to receive treatment and to address the treatment gap in 

the clinical context in the future. When it comes to dealing with the treatment gap, not 

only psychiatrists and neurologists should increase the treatment of anxiety and 

depression in epilepsy, but also hospitals, clinics and other medical institutions should 

provide quality medical services and behavioral services to PWE as well.  

What’s more, our study found that lower socioeconomic status, including no commercial/ 

private medical insurance and unemployment, were associated with more significant 

psychiatric comorbidities in epilepsy.  Our study had demonstrated that the being 

seizure free at least 6 months associated with lower anxiety and depression scores in 

epilepsy as well. What’s more, it is feasible to use GAD-2 to assess the anxiety in 

epilepsy in clinical context. We also found that no significant differences in the 

proportions and scores of GAD-2, GAD-7 and NDDI-E between the early onset and adult 

onset groups, thus our results did not support the hypothesis that those with earlier 

epilepsy onset would be more likely to have symptoms of anxiety and/or depression. 

                          LIMITATIONS 
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First, since this study concentrated on a comprehensive cross-sectional analysis and 

diverse of various factors associated with anxiety and depression scores, the future 

research steps should continue to research specific factors in this study which were 

associated with anxiety and depression scores in-depth. In particular, for some factors 

whether they are associated with anxiety and depression scores is unclear across different 

studies because of conflicting results; this includes duration of epilepsy. Moreover, future 

work should assess whether the potential associations we identified are independent of 

other factors, including seizure freedom and the other factors we identified, by using 

multivariable analyses.  

What’s more, the study was a cross sectional analysis, thus causal inference is impossible. 

Therefore, we should design prospective longitudinal studies to assess factors associated 

with anxiety and depression scores with more methodological rigor in future studies. For 

instance, we should exam the association between socioeconomic status and anxiety and 

depression scores, including: whether employment difficulty/economic disadvantage is 

the cause of anxiety/depression symptoms? Whether anxiety/depression lead to 

employment difficulty/economic disadvantage? Whether the severe epilepsy results in 

anxiety/depression which can trigger the economic disadvantage/ employment difficulty? 

In addition, whether the lack of anxiety/depression is a marker of less severe epilepsy and 

thus the low symptoms and seizure freedom go together as we observed? Or would 

treating anxiety/depression improve seizures? 

Additionally, we didn’t include the factors related to psychiatric history and psychiatric 

management, such as current psychiatric medications and history of suicide attempts in 

our analysis of associations with severity of anxiety or depression symptoms in chapter3, 
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because these data were not available for the entire study sample. Therefore, we didn’t 

demonstrate whether factors related to psychiatric history and psychiatric management 

were associated with anxiety and depression scores. We should continue to assess 

whether factors related to psychiatric history and psychiatric management are associated 

with anxiety and depression scores in the future.  
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