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Abstract 
This study assessed the association between early severity of epilepsy and subsequent 

depressive symptoms in youth and the extent to which family and clinical factors 

mediated this relationship. Data were obtained from the Health-Related Quality of Life in 

Children with Epilepsy Study, a multi-centre prospective study of children with new-

onset epilepsy. A multiple linear regression analysis revealed severity of epilepsy 2 years 

post-diagnosis to be positively associated with depressive symptoms 10 years post-

diagnosis (b=2.10, 95%CI:0.42,3.79). The results of generalized estimating equation 

models found family functioning, family resources, parental depressive symptoms, and 

antiepileptic drug use to not be mediators. Five-year seizure freedom mediated this 

relationship (ab=1.22, 95%CI:0.35,2.09), decreasing the magnitude of the total effect of 

severity of epilepsy on depressive symptoms by 58%. These findings provide insight on 

long-term effects of the early clinical presentation of epilepsy. Clinical efforts to achieve 

remission may be targeted to reduce risk of depressive symptoms. 

 

Keywords: Childhood epilepsy, Depressive symptoms, Adolescents, Young adults, 

Family environment, Longitudinal study 
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Chapter 1 

1 Introduction  
This thesis examines the relationship between overall early severity of epilepsy during 

childhood as a predictor of subsequent depressive symptoms during adolescence and 

early adulthood. Moreover, it explores whether aspects of the family environment and 

proximal clinical factors play a part in the pathway of this relationship. Clarifying the role 

of familial and clinical factors on the risk of depressive symptomology will inform 

researchers and clinicians of potential targets to implement interventions. This may 

ultimately provide an opportunity to lower the risk of depression by targeting family 

factors of youth who may have had severe epilepsy during their childhood.  

This chapter will provide background information regarding epilepsy and 

introduce the burden of depression in youth who are living with epilepsy.  

 

1.1 Background  
1.1.1 Epilepsy Overview 
Epilepsy is a neurological condition characterized by a predisposition to recurrent 

epileptic seizures (1). To be diagnosed with epilepsy, a person must fit at least one of the 

following criteria: 1) two or more unprovoked seizures occurring 24 hours apart; 2) one 

unprovoked (or reflex) seizure and a probability of further seizures similar to the general 

reoccurrence risk (at least 60%) after two unprovoked seizures, occurring over the next 

10 years; or 3) diagnosis of an epilepsy syndrome (1). The International League Against 

Epilepsy’s (ILAE) classification includes three major categories of seizures: focal (motor 

or non-motor), generalized (motor or absence), or unknown onset (motor or non-motor) 

(1). Seizure type is based on the origin of seizures in the brain and are useful for 

communication purposes in clinical care and research (2,3). Generalized seizures 

originate from large areas of the cortex in both hemispheres, whereby focal seizures, 

formally referred to as partial seizures, arise from small loci of the cortex in only one 

hemisphere and may originate in subcortical structures (2). There is almost always a loss 

of consciousness associated with generalized seizures; however, in the case of focal 

seizures, impaired awareness may or may not occur (2). It is possible for patients to 
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outgrow their epilepsy, especially for those with childhood-onset mesial temporal lobe 

epilepsy who had their hippocampal sclerosis resected (1). For epilepsy to be considered 

resolved, a person must be seizure-free for at least a decade and not have taken  

antiepileptic drugs (AED) for the past five years or be past the applicable age for their 

age-dependent epilepsy (1). There is no formal definition for epilepsy being in remission, 

however experts have proposed that five years of seizure freedom and two years off 

seizure medication be used due to the modest differences in relapse rates between these 

time points and that of the criteria for epilepsy being resolved (4).  

The primary medical treatment received by the majority of people who have 

epilepsy is drug therapy in the form of antiepileptic drugs. AEDs provide good seizure 

control for 65% of patients with new-onset epilepsy (5). Over a year, AEDs completely 

eliminate seizures in 50% of new-onset patients, and reduce the frequency of seizures in 

17% of people, leaving nearly 33% of AED users with uncontrolled seizures (5). 

Approximately 30% to 40% of patients do not achieve full control over their seizures 

with a single AED, and their neurologists must experiment with different AEDs or 

combinations of AEDS to gain seizure control (5–7). Some patients experience drug-

resistant epilepsy and may be candidates for surgery. Resective surgery involves removal 

of the localized epileptogenic tissue, and has been found to control seizures in 64% to 

70% of drug-resistant temporal lobe epilepsy patients alongside AED treatment (5,8). 

Prior to attempting surgery or when surgery fails, vagus nerve stimulation is a non-

invasive palliative treatment option that has been proven to be effective for people who 

have refractory focal onset-epilepsy (9).  

 

1.1.2 Childhood-Onset Epilepsy 
There are many possible causes of childhood-onset epilepsy. It may have a genetic or 

molecular basis, occur post-infection or following an acute brain injury, or be due to 

abnormalities of cortical development, neurocutaneous disorder or hippocampal sclerosis 

(10). Although the majority of children reach remission, 13% to 17% of patients have 

refractory (intractable) epilepsy which is often associated with a poor prognosis (10). A 

large portion of patients (30%) have pharmacosensitive epilepsy for which they achieve 

good seizure control and may have a spontaneous remission after a few years. 
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Pharmacodependent epilepsy requires individuals (20%) to take their medication but they 

do not achieve remission. Lastly, people with benign epilepsies may never require 

treatment and achieve remission after a few years (10).  

Over three quarters of children with idiopathathic (no apparent cause) epilepsy, 

the most common form, are expected to be in remission by two years following diagnosis 

(11). Children who continue to have frequent seizures during the first year of treatment 

are at an increased risk of developing intractable epilepsy and never achieving one-year 

terminal remission (12). Seizure frequency is negatively correlated with epilepsy 

outcomes because it is ultimately reflective of severity of epilepsy (13). 

 

1.1.3 Prevalence of Epilepsy 
Globally, 10.5 million children up to the age of 14 are living with epilepsy, which 

constitutes 25% of all cases (14). The prevalence of childhood epilepsy ranges from 3 to 

7 per 1000 people in developed countries, as compared to 9 to 22 per 1000 people in 

developing countries (15). The higher prevalence of epilepsy in developing countries may 

be attributed to parasitic infections, a common cause of epilepsy in these countries (15).  

The incidence of epilepsy in Nova Scotia, Canada was found to decrease with age, at 118 

per 100,000 children under the age of 1, 48 per 100,000 for children between the ages of 

1 to 5 years, 43 per 100,000 for children aged 6 to 10 years, and 21 per 100,000 for 

children aged 11 to 15 (16). For children and youth up to the age of 19, the prevalence of 

epilepsy has been estimated to be 4.7 per 1000 people in Manitoba, Canada, with the 

highest prevalence in those aged 15 to 19 years (7.19 per 1000 people) and the lowest 

among children under the age of 9 (17). From two Canadian population based studies, the 

prevalence of epilepsy among adolescents aged 12 to 14 years was estimated to be 2.9 to 

4.4 per 1000 people, and for youth aged 15 to 24 years, 4.8 to 3.6 per 1000 people (18). 

The estimated median number of people with lifetime epilepsy in developed 

countries is 6.8 million of which 84% are active cases (19). In developing countries it is 

much higher at 45 million for rural areas and 17 million for urban areas of which, 

respectively, 38% and 59% are active cases (19). For people of all ages, the prevalence of 

self-reported epilepsy in Ontario has been estimated to be 5.8 per 1000 people (20). Also 

in Ontario between the years of 2004/05 and 2010/11, the prevalence of epilepsy has 
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increased from 63,898 cases to 89,867 cases (21). Among adults, the prevalence 

estimates for active epilepsy in Canada range from 5 to 10 per 1000 people (22). Reports 

from two Canadian population surveys indicate a significantly higher prevalence of 

people with self-reported epilepsy among those who have a low educational attainment 

and income and those who are unemployed (18). This is consistent with a recent study in 

the United Kingdom where epilepsy was more common in the those who had less 

education, lower income, and were less satisfied with their employment (23).  

 

1.2 Depression in Adolescents and Young Adults with Epilepsy 
Adolescence may be a difficult stage in life due to the rapid physical, social, and 

psychological development that occurs during this period (24). For youth with epilepsy, it 

may be more challenging as they try to gain independence from their parents and 

transition into being responsible for the management of their medical condition. 

Additionally, these youth continue to cope with epilepsy-related stigma and limitations 

that the disease may have placed affecting their social and physical functioning (24,25). 

The occurrence of puberty during early adolescence is a time where the frequency of 

seizures may be altered, depending on seizure type, thereby potentially changing the 

severity of their epilepsy (26). Some concerns expressed by adolescents living with 

epilepsy have been related to education/career options, potential effects of discontinuing 

AEDs, being eligible to drive, and leisure activities and alcohol use (27). A third of 

children and teenagers with epilepsy expect the disease to hinder their lives in the future, 

with the most commonly perceived problems being regarding employment opportunities 

(73%), travelling and exploring (37%), and education (36%) (28). Among teenagers 

without epilepsy, a 2001 survey of high school students found that half were not sure if 

people with epilepsy (PWE) could drive cars, work, or should have children, a third 

indicated that they would not date a person who has epilepsy, and 63% thought that youth 

with epilepsy were likely to get bullied (29). Accordingly, along with coping with the 

daily struggles of growing up with epilepsy and worrying about their future, adolescents 

may have to deal with being treated differently by their peers.  

Depression is a mood disorder that may present with a loss of energy, feelings of 

guilt, difficulty concentrating, hopelessness, or thoughts of suicide (30). The incidence of 
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depression in adolescents tends to increase with age, peaking in late adolescence/early 

adulthood (31,32). As adolescents mature into young adults there may be new pressures 

with becoming of legal age for alcohol and tobacco use, achieving higher levels of 

education, beginning occupations, or even marriage. Thus, it is not surprising that 

adolescents and young adults tend to have a higher prevalence of depression as compared 

with children (33). A study examining the temporality of mental health disorders in the 

United States found that 75% of adults with a mental health disorder had an age of onset 

before 24 years (34). In the year 2011, an estimated one million Canadian youth were 

living with a mental illness, and this is expected to increase to 1.2 million by the year 

2041 (35). 

Depression may be more problematic for youth with chronic health diseases 

such as epilepsy due to the added stress of the disease with regular life stage stressors. 

Unfortunately, many cases of mild and moderate depression among PWE go 

unrecognized and under-diagnosed by physicians due to the depressive and anxiety 

symptoms being assumed to be a reflection of the normal adaptation process to epilepsy 

(36). Symptoms of depression including decreased concentration, fatigue, and sleep 

disturbances are also mutual side effects of AEDs (37). Therefore, it is essential to 

closely monitor the mental health of youth with epilepsy. Factors predictive of 

psychopathology in PWE are multifactorial [epilepsy disease and treatment-related, 

psychosocial (including familial factors), and demographic] (38). The possible causes of 

depression include: the endocrine and/or metabolic effects of seizures, common 

pathogenic mechanisms between the two conditions, adverse effects of various AEDs, 

and or the psychological response to having epilepsy due to its mental, physical and 

social challenges (39). Depressive symptoms occurring in PWE can be categorized as 

either ictal (symptoms are a clinical manifestation of a seizure), peri-ictal (symptoms 

precede and or/occur following the seizure) and interictal (symptoms occur independent 

of the seizures) (40). Interictal depression is the most common and can present as minor 

or major depression, dysthymic disorder, or bipolar disorder (40). 

 

1.2.1 Prevalence of Depression in People with Epilepsy                                 
The Canadian Community Health Survey 2000/2001 cycle found the prevalence of 
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depression to be significantly higher (13%) among people over the age of 12 living with 

epilepsy as compared to those without epilepsy (7.2%) (41). In Alberta, the prevalence of 

depression among PWE of all ages was 28.2% based on administrative health data (42). 

For Canadians over the age of 15 years with epilepsy, the lifetime prevalence of a major 

depressive disorder was 17.4% in 2002 (43). The U.S. HealthyStyles 2004 survey 

produced results consistent with Canadian studies where adults ever diagnosed with 

epilepsy were 2.5 times more likely to self-report depression in the previous year as 

compared to people without epilepsy, after controlling for demographic factors (32.6% 

vs. 15.5%) (44). Although a larger proportion of people with active epilepsy self-reported 

depression compared to people with inactive epilepsy (39.7% vs. 23.8%), the difference 

in the likelihood of having depression between the two groups was not statistically 

significant (44). This suggests that the current state of epilepsy may not be the only 

predictor of psychiatric problems in this population, but perhaps common past or current 

biological or psychosocial mechanisms are also of importance. 

 

1.2.2 Implications of Depression for People Living with Epilepsy 
Depression is one of the most prevalent psychiatric illnesses among PWE with the 

possibility of the relationship being bidirectional (40). A few studies have found people 

with past depressive disorders to be at an increased risk of developing seizures. However, 

it may not be the case that depression causes epilepsy but rather there are common 

pathologic mechanisms responsible for the co-occurrence of these two conditions (40). 

The primary focus of research in this field is how depressive disorders develop in those 

diagnosed with epilepsy leading to negative implications on their quality of life.  

For the general public in 1998, the economic burden associated with depression 

and distress in Canada was estimated to be $278 million attributed towards direct costs 

due to psychologist and social worker visits and $6.02 billion for indirect costs due to 

missing work (45). Among children and youth, ages 10 to 24 years residing in Ontario, 

there has been a relative increase of 32.5% in mental health-related emergency 

department visits, 15.8% in office-based physician visits, and 53.7% in hospitalizations 

between 2006 and 2011 (46). Moreover, early adolescent depression has been found to 

increase the risk of having poorer self-perceived general health, increased health care 
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utilization, and increased work impairment during early adulthood while controlling for 

concurrent depression (47). Also in Ontario in 2010/11, the average costs of health 

systems use among prevalent and incident cases of epilepsy were $7283 and $10,631, 

respectively (21). The majority of these costs were attributed to hospital care, physician, 

and other health care professional services, and long-term or home care. PWE were also 

found to be four times more likely to be hospitalized for depression compared to those 

without epilepsy (48). Thus, untreated depression among PWE is likely to increase the 

use of healthcare resources with a greater need of resources for individuals with severe 

symptoms (49).  

Early detection and treatment are exceptionally important among PWE due to the 

risk of untreated depression possibly interfering with condition self-management 

behaviours, leading to poor health outcomes (50,51). Non-adherence to AEDs is more 

common among depressed epilepsy patients, and the presence of co-morbid depression 

has also been found to be associated with a lack of response to AEDs (52–54). The 

occurrence of major depression may also affect the clinical course of epilepsy, with 

patients experiencing more difficulty with the cognitive, emotional, and physical aspects 

of recovering from a seizure (55). 
Untreated depression in adolescents is associated with a high risk of self-harm and 

suicide, with more than half of suicides having a history of depression (56,57). The 

average incidence of suicide is 10-fold higher among patients with epilepsy as compared 

to the general public (40,58). In Canada, the lifetime prevalence of suicidal thoughts in 

PWE is significantly higher compared to people without epilepsy (25% vs. 13.3%) (43). 

A higher rate of death by suicide is also present among those with epilepsy (5% vs. 1.4%) 

(59). The high risk of suicide among epilepsy patients may be related to common 

mechanisms associated with the development of both major depression and epilepsy, as 

both a history of attempted suicide and major depression have been found to be 

associated with the development of unprovoked seizures (60). 

Untreated depression may also have substantial implications on the health-related 

quality of life (HRQoL) of people living with epilepsy. HRQoL, a construct referring to 

the “subjective and objective impact of dysfunction associated with an illness or injury, 

medical treatment, and health care policy”, is considered the most important health 
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outcome with respect to chronic health conditions by the ILAE Commission (61,62). 

Previous research has found patients’ HRQoL to be more strongly associated with mood 

states as compared to severity and frequency of seizures (63,64). Additionally, depressive 

symptoms have been shown to be associated with poor HRQL regardless of seizure type 

among adults (55). A strong linear relationship has been found to exist between 

depressive symptoms and HRQoL, with more symptoms being associated with lower 

HRQoL scores (64).  Among adults, depression accounts for 30% to 35% of the variance 

is HRQoL, whereby demographic and clinical factors only account for 15% to 20% (64).  
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Chapter 2 
	
2 Literature Review 
This chapter provides an overview of prior literature on the severity of epilepsy as a risk 

factor for depression and the importance of family environment for patients. Studies were 

located by searching the following electronic databases: PsychINFO, Pubmed 

(MEDLINE), and CINAHL. Furthermore, the ancestry method was implemented to 

identify studies that were not found in the initial searches by locating additional articles 

through reviewing the reference lists of studies.  

The first two sections review literature on the relationship between severity of 

epilepsy and other clinical factors with depression (Sections 2.1-2.2). Sections 2.3-2.5 

review literature on the association between family factors and depression in patients 

with epilepsy. The final section (Section 2.6) presents an overview of the limitations 

characterizing the literature to date. 

 

2.1 Severity of Epilepsy  
Severity of epilepsy encompasses all aspects of the disease, incorporating both clinical 

features, such as frequency and severity of seizures, and its level of disruptiveness to the 

patient’s functioning, such as falls or injuries during seizures and side effects or 

interference of drugs with daily activities (65,66). Difficulty with seizure control is likely 

to be associated with lifestyle restrictions and negative consequences on patients’ mental 

health (67,68). Thus, physicians aim to manage disease severity over time to reduce the 

risk of side effects and improve long-term outcomes through the use of treatments and/or 

by recommending interventions.  

 

2.2 Early Childhood Severity of Epilepsy and Depression 

Living with a chronic childhood illness such as epilepsy may have implications on mental 

health during adulthood. Youth and adults with childhood epilepsy experience more 

psychiatric disorders, irrespective of seizure mediation use or having gained full seizure 

control, as compared to the general public (69–71). This is not surprising given that 
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several childhood chronic conditions have been found to be associated with psychiatric 

problems and lower quality of life in adulthood (72). With regards to epilepsy, it is 

unknown whether the disease itself is the root of unfavourable adulthood outcomes, or 

whether unfavourable outcomes are due to consequences and side effects of illness, such 

as modifications in the family environment.  

The time around the diagnosis of a disease is a difficult period for both the child 

and family. Over time, once the condition becomes chronic, the long-term impact of the 

condition is perceived to be greater due to the prolonged stress (73). Following diagnosis, 

the state of a disease may change for the better, become worse, or remain stable over 

time. The effect that the disease may have on long-term psychological and physical stress 

may depend on whether the disease is quickly managed and creates minimal disruptions, 

as compared to a chronic course of illness with a greater burden (73).  
Although epilepsy is a chronic disease, the majority (65%) of children diagnosed 

gain full control of their seizures using medications within the first two years and may 

discontinue treatment (74). As a general rule of thumb for children with a promising 

prognosis, physicians recommend discontinuing AED treatment after one to two years of 

seizure freedom (74–76). The remaining children who do not gain seizure control within 

the early years following diagnosis are the ones at risk of having retractable epilepsy (77). 

Specifically, those whose seizures do not remit within two years of AED use (35%) are 

unlikely to ever be seizure free for life without an intervention (74). As such, the severity 

of epilepsy a few years after diagnosis is likely a better predictor of long-term course, as 

the disease prognosis becomes apparent by this time. 
Severity of epilepsy has not yet been tested prospectively as a risk factor for 

depression, but more severe seizures and epilepsy have been found to be associated with 

depression, emotional problems, internalizing problems, self-concept, and self-esteem 

when measured cross-sectionally (78–81). Among individual clinical factors, seizure 

frequency appears to contribute the most to ratings of severity of epilepsy (65). During 

the early stages of the disease, having frequent seizures has been found to be associated 

with depression in adolescents with varying disease durations (82,83). Thus, the 

exploration of severity of epilepsy in the early years of the disease as a risk factor for 

subsequent depression among young people with childhood-onset epilepsy seems 
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warranted. Sections 2.2.1 to 2.2.5 are a review of the clinical features of epilepsy 

(severity of seizures, frequency of seizures, AED use, seizure type, duration of epilepsy, 

and age of onset) indicative of severity of epilepsy that have been found to be associated 

with depression.  

 

2.2.1 Severity of Seizures and Poor Seizure Control 
Severity of seizures and severity of epilepsy are highly interrelated and are occasionally 

incorrectly used interchangeably. The severity of seizures is only one of several 

determinants of overall severity of epilepsy. Severe seizures may be difficult to control so 

may lower autonomy, have psychosocial implications, and decrease quality of life 

(84,85). As such, severity of seizures has been a well-studied risk factor for depression in 

people diagnosed with epilepsy (78,84,86–88). A population-based study in the UK of 

children and adolescents with epilepsy has been the only one to find increasing seizure 

severity to be independently associated with a higher risk of depression (OR= 1.09, 95% 

CI =1.01 to 1.17) (78). The mean age of epilepsy onset within this group was 6 (SD: 

4.83) years and all participants were prescribed antiepileptic medication within the last 

six months. Due to the cross-sectional nature of the study, the direction of the relationship 

between increased seizure severity and depression cannot be determined.  

Lack of seizure control is more common in those with more severe seizures and 

has been found to be associated with the risk of depression in a small number of studies. 

Among adults (n=300), effective seizure control was associated with a reduced risk of 

depression, measured using the Hospital Anxiety and Depression Scale (HADS) (89). 

Moreover, uncontrolled seizures posed a 2-fold increase in the risk of having major 

depression in 15 to 85-year-old epilepsy patients (n=298) (90). Consistent findings were 

obtained for a similar outcome of major depressive disorder (MDD) for children and 

adolescents (91). The participants (n=174) in this study had a mean onset of epilepsy of 

5.6 years and were prescribed AEDs for a minimum of 6 months prior to study 

enrollment. MDD was assessed using the Schedule for Affective Disorder and 

Schizophrenia for School Age Children: Present and Lifetime Version.  
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2.2.2 Frequency of Seizures 
Experiencing frequent seizures while using AEDs is an indicator of poor seizure control 

and worse disease severity, making it a potential risk factor for psychosocial 

consequences. A high frequency of seizures has been found to be associated with a 

number of psychiatric problems including depression, anxiety, low self-esteem, and 

stressful life experiences (92–96). Although the findings of seizure frequency being a risk 

factor for depression are mixed (87,88,97–99), a large number of studies have reported 

that the two variables are significantly related (82,83,90,91,100–106).   

 The definition used to classify frequent seizures is highly variable among studies, 

ranging from experiencing seizures on a daily basis to experiencing any seizure in the 

past week, month, or year. One study compared the frequency of seizures that people 

over the age of 16 (n=440) had in the past 2 years (none, once, more than once but not 

monthly, monthly to weekly, at least weekly) and found this to be the only epilepsy-

related risk factor for depression, measured using the Center for Epidemiological Studies 

Depression Scale (CES-D) (100). A key limitation that may explain the lack of 

associations between other epilepsy-related variables and depressive symptoms is that 

participants reflected only those who attended a primary care clinic potentially under-

representing severe cases.  

Having seizures more than once per month more than doubled the risk of 

depression in a study of adults with epilepsy (101). However, this study did not include 

all seizure types; specifically, people experiencing tonic, atonic, clonic, or atypical 

absence seizures were excluded. Adults who experienced one to three seizures monthly 

were approximately four times more likely to have depression compared to those who did 

not have a seizure every month (102). Among adolescents with childhood-onset epilepsy, 

the frequency of seizures in the preceding month was the best predictor of depressive 

disorders and also of anxiety, measured using the Diagnostic Interview for Children 

Version IV (103).  Another more recent study obtained consistent findings, however their 

outcome of interest was exclusively MDD (91). Youth with seizures occurring more than 

once a week were also more likely to have an episode of MDD compared to youth with a 

lower frequency of seizures. Furthermore, a study found that patients who had a seizure 

at least once a week were three times more likely to have depression, assessed  



	

	

13	

using the HADS, as compared to patients who were free of seizures for the past year 

(104).  

Seizures in the past six months were defined as frequent seizures among studies 

with exclusively adult participants. Having at least one seizure in the past six months was 

associated with a high risk of depression (RR= 1.39, 95% CI=1.12 to 1.74), assessed 

using the Hamilton Depression Scale, for women between the ages of 18 to 55 years 

(105). Additionally, a two-fold increase in the Neurological Disorders Depression 

Inventory for Epilepsy score was found among adults with epilepsy who reported at least 

one seizure in the past six months as compared to those with no seizures (90). Using the 

Patient Health Questionnaire-9 to assess depression, another study found that adults with 

seizures in the past six months with a loss of consciousness had a higher risk of 

depression (OR=5.60, 95% CI= 2.54 to 12.77) compared to those with no loss of 

consciousness (OR= 2.22, 95% CI= 1.06 to 4.66) (n=80 cases and 141 controls) (106).   

Among children and adolescents, a high frequency of seizures close to epilepsy 

onset has also been examined as a risk factor of future depression. Among children 

(n=25) with idiopathic epilepsy and a disease onset before 15.6 years, Children’s 

Depression Inventory (CDI) scores were higher in those with daily seizures than those 

who had one seizure or were seizure free after using AEDs in the early stages of the 

disease (83). Among adolescents (n=140) with an epilepsy onset between the ages of 0.3 

and 17 years, frequent seizures (weekly or daily) at the time of onset were associated with 

the risk of having depression (OR=3.52, 95% CI=1.51 to 8.17, p =0.003), assessed using 

the HADS (82). 

 

2.2.2.1 Seizure Remission 
Although epilepsy is an incurable but controllable disease, researchers sometimes classify 

patients as being in remission and or having inactive epilepsy if they have been seizure 

free for years to reduce disease-related stigma (1). There have been varying definitions of 

how many years of seizure freedom are required to be in remission with some proposing 

that it should be five years (107). Being in remission is different, however, from epilepsy 

being ‘resolved’. In the 2017 ILAE guidelines, a patient’s epilepsy is considered resolved 

if he/she had age-dependent epilepsy and are now past the applicable age or if the patient 
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has been free of seizures for the past 10 years and has not used an AED in the last 5 years 

(108).  

Although it is assumed that gaining remission would reduce the likelihood of 

epilepsy-related stigma, this is not always the case (109). A prospective study that 

followed adolescents for eight to nine years after diagnosis of childhood-onset epilepsy 

found gaining remission (five years of seizure freedom) was not associated with child-

reported health related quality of life but rather having a psychiatric illness was of greater 

importance (110). However, among this same cohort of adults, five years of seizure 

freedom was associated with a greater proportion of people reporting internalizing 

disorders (111). Among Canadian adults, experiencing even a single seizure in the past 

five years has been found to lead to a six-times greater odds of having depression as 

compared to those who achieved five-year seizure freedom (112). Failure to achieve five-

year seizure freedom was also associated with a greater risk of being unable to drive; 

experiencing limitations for education, employment, and activities of daily living; and 

having greater self-perceived stigma (112). Seizure remission has also been found to 

reduce illness intrusiveness and the severity of subjective handicap that epilepsy places 

on patients’ daily activities (113,114). One study that classified adults as being in 

remission if they had not experienced a seizure in the past year found that 4% of people 

in this group had depression as compared to 17% of people with active epilepsy. This 

trend was also apparent with anxiety where 28.9% of people with active epilepsy had 

anxiety as compared to 12.4% of people in remission (115). Alternatively, one study 

found neither seizure freedom nor any other epilepsy-related clinical factor to be 

associated with psychiatric disorders (116). Gaining seizure remission was also not found 

to effect social outcomes, but rather having a mental handicap and/or learning disorders 

were more influential (117).  

 

2.2.3 Antiepileptic Medication 
Antiepileptic drugs (AEDs) may exhibit mood-altering properties and thus, have been 

examined as risk and protective factors for mental illnesses (118). Occasionally, patients 

with less severe epilepsy do not require AEDs, others experiment with different 

combinations to gain full control of their seizures, and a select few are unsuccessful at 
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controlling their seizures with AEDs (119). Drug responsiveness has been found to 

decrease the risk of major depression among adults (OR=0.23, p<0.01), measured using 

the Diagnostic and Statistical Manual of Mental Disorders and confirmation from a 

hospital psychologist (120). Non-compliance to medication may be a problem area for 

people with depression as there is a higher occurrence of MDD in patients with poor 

medication adherence as compared to those with high or medium adherence rates (91). 

The presence of side effects of AEDs is also associated with depression, assessed using 

the HADS, among adults (n=1069) with epilepsy (92). Participants who experience 

medication side effects are approximately three times more likely to experience 

depression (AOR=3.07, 95% CI= 1.80 to 5.21) as well as anxiety (AOR=2.51, 95% CI= 

1.60 to 3.94) (104).   

The majority of studies have reported that AED type is not correlated with 

depression (97). Nonetheless, a small number of studies reported an association between 

these two factors, each with different AEDs being problematic. The AED lamotrigine has 

been found to decrease the likelihood of being depressed (OR=0.4, 95% CI= 0.2 to 0.8) 

among adults from a tertiary care centre (106). Alternatively, phenobarbital has been 

found to be associated with a higher risk of depression among children who had a family 

history of depression (121). Oxcarbazepine use, which was found to be correlated with 

frequent seizures, polytherapy treatment, and complex partial seizures has been found to 

be associated with an increased risk of depression as compared to other AEDs (OR= 2.26, 

95% CI=1.04 to 4.90) (101). This study further explored the effect of drugs by grouping 

together medications thought to have depression-inducing properties, including 

hormones, β-blockers, calcium antagonists, interferons, and some antiparkinsonian drugs, 

and found depressogenic medications to be related with a risk of depression in PWE 

(OR= 3.33, 95% CI= 1.50 to 7.39, p=0.003). 

 

2.2.3.1 Monotherapy vs. Polytherapy 
In more severe cases of epilepsy, the use of a single AED (monotherapy) is not sufficient 

to control seizures and multiple AEDs (polytherapy) are required (119). The findings on 

whether the use of more than one AED places PWE at greater risk of developing 

depression are inconclusive (122–124). Among adults who had childhood epilepsy, a 
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history of failing to achieve seizure control from two or more AEDS was not associated 

with psychiatric illnesses (111). The majority of studies, however, found monotherapy to 

be the safer treatment option with regards to the risk of psychopathology. Nonetheless, 

when seizures cannot be controlled with only one AED, polytherapy treatment is 

unavoidable. In a systematic review, four studies were identified where polytherapy was 

significantly associated with higher depression scores in children and adolescents, with 

one study finding them to be associated with the following domains of the CDI: 

interpersonal problems, ineffectiveness, and negative self-esteem (122). The findings are 

consistent in adults with one study showing almost a two-times greater risk of depression 

with polytherapy treatment (COR= 1.76, 95% CI= 1.11 to 2.78) as compared to 

montherapy treatment (90,94,102).  Another study found that a higher number of people 

had depression if they were not only using more than one AED but also using a 

clonazepam drug (88).  

2.2.4 Seizure Type 
The prognosis for epilepsy may be related to the type of epilepsy syndrome (68,125) but,  

it is difficult to determine if certain types of seizures are predictive of more severe 

epilepsy. As such, there has been plenty of research comparing types of seizures as 

predictors of depression. The majority of studies are in agreement that the laterality of 

where seizures originated and thus epilepsy type is not associated with the risk of 

depression (50,82,83,87,97,105,123). Nonetheless, there have been few studies with 

opposing results in samples spanning all ages.  A systematic review that included a total 

of 1095 children and adolescents aged 4 to 19 years with epilepsy identified four cross-

sectional studies where focal epilepsy was associated with depression to a higher degree 

than generalized epilepsy (123). Symptomatic focal epilepsies, specifically, have been 

found to be independently positively associated with depression, as measured by the Beck 

Depression Inventory (93). This study included patients aged 1 to 60 years with a mean 

age of epilepsy onset of 13.9 (SD= 9.5) years who had no history of status epilepticus for 

6 months prior to study entry. Another study (n=90) had slightly differing results, 

concluding that both generalized and focal epilepsy types are risk factors for depression 

as compared to undetermined epileptic seizures (126). Their results may have limited 
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external validity given they had a much larger proportion of undetermined seizure types 

than is found in the general population. Conversely, one study found that children (n=48) 

with generalized seizures self-reported more depressive symptoms, as measured by the 

CDI, but this finding did not hold for the parent reports of their child’s depression (127).   

Among hospitalized and/or ambulatory care patients (n=117 females and 85 

males) between the ages of 18 to 50 years with epilepsy, depression was more common in 

those with complex partial seizures and less common in those with secondary generalized 

tonic-clonic seizures (124). Tonic-clonic seizures, specifically, have been found to be 

associated with the anhedonia subscale of the CDI among children (96). Complex partial 

seizures were also found be a positive clinical risk factor for depression (OR=0.112, p 

=0.002) in patients aged 15 to 71 years (128). The number of seizure types was the 

strongest predictor of depression in their study (OR= 3.77, p =0.049). A notable study 

limitation is that their patients were from a tertiary epilepsy center, which may have led 

to an overrepresentation of severe cases. There was further support for partial seizures as 

a risk factor with another study finding that patients with partial seizures more frequently 

reported having depressive systems, identified by the Hamilton Depression Rating Scale, 

compared to patients with generalized epilepsy in their sample (n=116) with an age range 

spanning 16 to 70 years (88).  

 

2.2.5 Duration of Epilepsy and Age of Onset 
Early severity of epilepsy in some cases may predict the overall duration of disease and 

whether the child will ever outgrow it (129). Likewise, age of seizure-onset is associated 

with the type of epilepsy syndrome that may, in turn, be associated with disease 

prognosis (130,131). Although disease duration and age of epilepsy onset are not direct 

predictors of the early severity of epilepsy, they are important clinical factors to explore 

as risk factors for depression. The majority of studies are in agreement that age of 

epilepsy onset is not related to depression (50,83,86,88,91,122–124,128) but the findings 

on the relationship between duration of epilepsy and depression are inconclusive 

(91,104,122–124,128). A comprehensive review (122) identified only two studies that 

found a significant relationship between both these epilepsy-related factors and 

depression in youth (82,87). One found both age of epilepsy onset and disease duration to 
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be specifically related to the interpersonal domain score of the CDI (87). In addition to 

both being predictors of depression, a younger age of onset was also significantly 

associated with feelings of stigma among a community-based sample of adults with 

epilepsy (132). The median age of onset in this sample was 22 (range=86) years with 

43% of the sample having an onset before the age of 19.  

In addition to being a risk factor of depression, a longer duration of epilepsy is 

associated with the prevalence of MDD and anxiety in children and adolescents 

(82,83,91). Duration of disease is also associated with depression in adults with one study 

finding that having epilepsy for more than a decade increased the chances of having 

clinically significant depression symptoms (52 cases and 52 controls) (OR= 6.21, 95% 

CI= 1.66 to 23.32), assessed using the HADS (98,102). When comparing adult 

outpatients (n=116) who had mild to severe depression, those in the moderate depression 

group, identified by the Hamilton Depression Rating Scale, had the longest disease 

duration (88).  

 

2.3 The Importance of Family Environment in Childhood 

Epilepsy 
Childhood chronic diseases not only negatively impact the person with the disease but 

also their families (133). In the case of epilepsy, disease onset has been shown to bring up 

parental feelings of the ‘loss of a perfect child’ and that their child may always be 

different than other children (133,134). The progression of the illness further exacerbates 

problems by increasing feelings of frustration, hopelessness, depression, anger, and guilt 

among family members (135). Over the course of the illness, changes in family relations 

may occur due to the disease prognosis, the attached social stigma and/or the increased 

focus of parents on their child with the health condition leading to a decreased focus on 

their other children (133). As such, siblings of children with chronic epilepsy have been 

found to have higher rates of psychiatric disturbances as compared to those with newly 

diagnosed siblings (136).  

Childhood chronic illnesses increase the child’s dependency, required long-term 

care, family restrictions, and places an overall burden on the family (137). Along with 
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regular parental duties, parents have the additional responsibilities of managing their 

child’s condition and any consequences that may arise as a result, including school 

absences and lower grades. Thus, the family dynamics are forced to change to 

accommodate the needs of the illness (138). Unfortunately, these modifications in family 

processes triggered by the onset of the illness are sometimes associated with worse 

medical outcomes in the child with the condition (138). This may be due to families 

adapting poorly to the disease leading to a stressful family environment (139,140). In 

fact, the continued treatment of epilepsy has been found to increase the risk of 

maladaptive responses by both the child and his/her family (141). Consequently, families 

of children with a chronic illness are at a higher risk of developing psychological 

problems as compared to their counterparts (142).  

It is imperative that families adjust well to their child’s chronic illness as it is 

presumed to influence how the child adapts (143). Poor family adaptation is likely to 

increase the risk of poor child adjustment and in turn, the child is likely to experience 

emotional or behavioural problems (140,144). However, due to the unpredictable nature 

of epilepsy and the fears associated with seizures, there is an increased risk of parents 

becoming over-protective and emotionally over-involved with their child (87,145). 

Resources such as extended family social support, financial efficacy, and family mastery 

have all been found to aid in parental adaptation to their child’s illnesses or disability 

(140,146).  
 

2.4 The Impact of Severity of Epilepsy on the Family  
The severity of childhood epilepsy, characterized by a number of illness features such as 

frequency and severity of seizures, is likely to affect how the family reacts to the disease.  

Although no study has examined the direct impact that the overall severity of epilepsy 

has on aspects of the family environment, a number of studies have found clinical 

features of epilepsy to be related to family factors. One study found that stress within 

families was higher in those with children who experienced more frequent seizures 

compared to those with infrequent seizures or no chronic illness (147). Siblings of 

children with frequent seizures expressed more concerns about their sibling’s epilepsy as 

compared to siblings of children with infrequent seizures (147). Frequency of seizures in 
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children and adolescents has also been found to be associated with an increased risk of 

parental anxiety (148). Additionally, mothers of children with frequent seizures have 

been found to exhibit more over-controlling, anxious, and demanding attitudes (149). 

Mothers whose children with epilepsy fail to gain full control of their seizures have a 

higher risk of trait anxiety (149). A opposing study found no difference in the risk of 

parental anxiety based on the level of seizure control or seizure type (150). 

Comorbid problems such as cognitive deficits are common in people with 

epilepsy, with those who have more severe epilepsy being at higher risk (151). Children 

with epilepsy and no comorbid conditions tend to have less anxious mothers as compared 

to those with mild, moderate, or severe disabilities (150). Mothers of children with 

epilepsy who suffer from motor or ‘mental retardation’ have a higher problem-solving 

deficit, i.e. lower ability to resolve problems, compared to mothers of children with no 

epilepsy or comorbidities (149). Furthermore, a longer duration of epilepsy has been 

found to be associated with problematic family functioning and authoritarian maternal 

parenting behaviours signified by over-punishing and rigid parental attitude (149). 

Longer disease durations may be indicative of resistant and/or more severe epilepsies as 

many people with childhood epilepsy outgrow it (74).  

 

2.5 Family Factors and Youth Depression 
A family’s expectations and attitudes towards epilepsy are strong predictors of long-term 

psychological adaptation in individuals with epilepsy (137). Evidence suggests that 

family factors may have an even greater influence on child psychological adjustment to 

epilepsy than clinical factors (152). A recent study found depression in adolescents with 

epilepsy to be attributed to their negative attitudes regarding their condition and their 

family situations, rather than directly being a result of seizure or syndrome type or seizure 

intensity (153). A second study found family functioning to be the second most important 

predictor of child adjustment after pharmacological factors with other epilepsy-related 

characteristics being of lesser significance (154).  

Although the importance of family environment in childhood epilepsy is well 

known, its role as a predictor of psychopathology in children with epilepsy is now 
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increasingly being recognized and incorporated into epilepsy research (155). The findings 

of a few studies indicate that caregivers’ response to epilepsy and their relationship with 

their child may be important in lowering the risk of depression in youth who have 

epilepsy. Particularly, poor quality of the child-parent relationship and parental rejection 

have been shown to be associated with a higher risk of psychopathology in the offspring 

with epilepsy (155). Parents’ lack of confidence in managing their child’s condition and 

parental over-control are also risk factors for psychopathology and depressive symptoms, 

respectively (156,157). Furthermore, large discrepancies between a mother and father’s 

ratings of negative coping behaviours by their child with epilepsy was related to 

children’s depressive symptoms, measured using the CDI, and to poorer self-concept 

(80). This finding indicates that when two parents have different perceptions of their 

child’s coping, the child is at an increased risk of psychiatric illnesses. These differences 

in perceptions may be attributed to a number of factors including child-parent interaction 

patterns and different parenting styles within a set of parents (80). 

It is plausible that depression among primary caregivers can increase the 

likelihood of depression in their offspring. This may be attributed to a number of 

phenomena including the hereditary nature of depression, depression in parents resulting 

in negative parenting behaviours, or a shared stressful family environment resulting in 

mental health problems in all family members (158). Among adults with epilepsy (mean 

age of nearly 25 years), the most important risk factor for depression was their caregiver 

having depression (94). Other familial factors such as the caregiver’s education level, 

perception of burden and stigma, and level of family functioning were only correlated 

with depression in PWE through the meditational effects of the caregiver’s depression. 

Thus, it may be vital to diagnose and treat depression in parents early on to reduce its 

effect on the caregiver’s ability to nurture their child with epilepsy. 

Rodenburg et al. (2005) reviewed the literature on family factors as risk factors 

for psychopathology in children with epilepsy and found the contextual factors of family 

stress, family functioning, and family resources to be important predictors of child 

psychopathology, mainly depression. With the increased stress that epilepsy places on the 

family it is likely that the entire family would be affected, leading to them experiencing 

difficulties with functioning and cohesion (159). To cope with the epilepsy-associated 
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demands, adequate family resources are required as they are deemed essential for better 

psychological adjustment in children with chronic conditions (160). As both family 

functioning and resources may be more amendable to change compared to clinical 

factors, targeting them with effective family-based interventions may reduce the risk of 

psychiatric problems in youth with epilepsy (154,159). 

Although studies indicate that family factors may be associated with youth 

depression among those with epilepsy, the specific role of these factors and how they 

interact with the clinical features of epilepsy is generally unknown. It is plausible that 

family factors may play an intermediary role between clinical factors and mental health 

outcomes. Findings from past studies suggest that family reactions, behaviours, and 

circumstances may potentially mediate the physical manifestation of epilepsy and 

behavioural and emotional outcomes of family members (133). One study found that the 

effect of seizure severity on children’s depressed mood was ‘completely mediated’ by 

parent’s level of perceived stigma (161). In another study, the effect of epilepsy on 

depressed mood was rendered non-significant when controlling for family processes 

including restricted activity days, perceived life-threatening illness, and poor general 

health (157). These studies are limited by the fact that they did not test the significance of 

the indirect effect (path from exposure to outcome through the mediator). Furthermore, 

the potential mediating effects of family factors have not yet been examined, especially in 

the case of depression, representing an important target for future research.  
One review concluded that most illness-related variables were not associated with 

psychological and adaptation problems in children with less severe epilepsy and those 

with adequate seizure control (152). However, illness-related variables were important 

risk factors for psychopathology in children with severe epilepsy and those with poor 

control of their seizures. As such, the effect that epilepsy has on negative psychiatric 

problems may be based on severity of epilepsy. In agreement with other researchers, the 

authors determined that family variables, the influence of epilepsy on family life, and the 

family’s ability to cope with stress are factors that are likely to mediate the relationship 

between illness factors and psychopathology in children with epilepsy (152).  

Building on previous work and suggestions for future studies by researchers in 

this field, the current study examines family factors as mediators in the relationship 
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between severity of epilepsy and depressive symptoms. Below is a review of research on 

the three family factors selected for this study [family functioning, family resources 

(family mastery and health and extended family social support), and parental depressive 

symptoms] as potential mediators. 

 

2.5.1 Family Functioning as a Mediator 
Although epilepsy can result in psychosocial problems in the person with the disease, it 

also affects their family members and consequently their overall family system. Thus, it 

is not surprising that families with a child/adolescent who has epilepsy experience poorer 

family functioning (general functioning, affective responsiveness, affective involvement, 

behaviour control, problem solving, and communication) as compared to families of 

children without epilepsy (162). Families of children with epilepsy as compared to those 

with diabetes or no chronic illness also have poorer family cohesion and quality of 

parent-child communications (163,164). Another study had consistent findings when 

comparing children who have epilepsy with those who have another chronic disease such 

as asthma and found children with epilepsy to be less satisfied with their family 

functioning (165). However, when these same children became adolescents they were no 

more dissatisfied with their family relationships compared to adolescents with other 

chronic diseases (79). Level of maternal satisfaction with family functioning also did not 

differ between families of children with epilepsy or those with asthma (140).  

Although studies have found poorer family functioning in families with a child 

with epilepsy, whether the effect of epilepsy on family functioning varies by disease 

severity, has not been examined. Individual aspects of epilepsy that characterize higher 

disease severity have been linked to poorer family functioning, however. First, longer 

disease duration was found to be associated with poorer family functioning scores 

particularly in the areas of problem solving, communication, affective involvement, 

behaviour control, and general functioning among children and adolescents who had 

epilepsy with a disease duration ranging from 2 to 144 months (149). Among children 

with intractable epilepsy, frequency of seizures has been found to be inversely associated 

with poorer family cohesion (154). Lastly, mothers of children who had epilepsy along 

with comorbid behavioural problems reported poorer family functioning compared to 
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those whose had epilepsy alone (140). Having comorbid chronic illnesses was found to 

lower family functioning which, in turn, led to experiencing poor psychosocial 

functioning among adolescents and young adults with epilepsy (166). In this study poor 

psychosocial functioning was defined as having poor quality of life along with high 

depressive symptomology and anxiety (166). Therefore, it is plausible that family 

functioning may play a mediating role in the relationship between severity of epilepsy 

and youth psychopathology.  
A number of studies have reported a relationship between family functioning and 

depression in PWE. Children who have epilepsy and clinically significant depressive 

symptoms reported experiencing greater family conflict within the past year as compared 

to those without depression (121). However, approximately two years later, family 

conflict in this small group of children (n=28) improved, suggesting that a family’s 

response to their child’s epilepsy is not static but evolves over time (167). Mothers of 

children who had depression reported poorer family functioning compared to those whose 

child with epilepsy did not have depression (140). Among youth with childhood-onset 

epilepsy, dissatisfaction with family functioning has also been found to be associated 

with depressive symptoms (80,168). Family functioning has also been found to be 

associated with depressive symptoms in mothers of adolescents with epilepsy (94). In this 

study, family functioning was indirectly associated with adolescent internalizing and 

externalizing problems through parental depressive symptoms and the level of rejection a 

child felt towards his/her parents (94). Family functioning has also been found to partially 

mediate the relationship between parental depressive symptoms and child health related 

quality of life (169). Likewise, family functioning has been found to mediate the 

relationship between behavioural problems and emotional well-being and moderate the 

relationship between cognitive decline and self-esteem in children with epilepsy 

(170,171). 

 

2.5.2 Family Resources as a Mediator 
Families vary in the level of resources they have available to them to assist them in 

coping with stressful situations such as the care of a child with a chronic disease. Family 

resources have been found to be more problematic for families of children with epilepsy 
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compared to those with other chronic illnesses (140). For the purposes of this study, 

family resources do not refer to financial assets but rather the concepts of extended 

family social support and family mastery and health. Having sufficient social support is 

critical for families when adapting to a chronic illness and has been found to be 

associated with depression, irrespective of the level of stress in adults with epilepsy (99). 

Specifically, familial social support provided by extended family has been found to 

reduce the risk of depression in mothers of adolescents with epilepsy (172). 

Several studies have found deficits in various aspects of family resources to be 

associated with poor psychiatric health. The findings of one study indicated that families 

with fewer resources are more likely to have children with poor psychosocial adaptation 

(140). They found scores in all four subscales (esteem and communication, mastery and 

health, extended family social support, financial well-being) of the family inventory of 

resources for management (FIRM) to be significantly lower for children with depression 

or behaviour problems as compared to those without depression or behaviour problems 

(140). Austin and colleagues (1992) replicated the initial study and found poor family 

mastery and extended family social support to be associated with behaviour problems in 

children with epilepsy in a subsequent study. Moreover, level of parent-reported adaptive 

family resources were inversely associated with the depression/anxiety subscale of the 

Child Behaviour Checklist-Youth Self Report in children with epilepsy but not 

depression alone as measured by the CDI (86). Contrary to these findings, among 

adolescents with epilepsy, adaptive family resources did not differ in those with or 

without depression and or those with or without anxiety (103).  

A recent study found that improvement in neuropsychological functioning from 

seizure-onset to three years post-diagnosis was associated with reductions in symptoms 

of depression in children with epilepsy with better family mastery being a protective 

factor in this relationship (171). Consistent with this finding, two studies found the 

negative effect of parental depressive symptoms on child health-related quality of life and 

child emotional well-being, to be moderated by level of family resources (169,170). 

Although it is possible that family resources may be a moderator of the relationship 

between severity of epilepsy and patient psychopathology, it is also possible that it could 

be a mediator. A recent study found family resilience, a measure of family mastery, to 
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significantly mediate the relationship between severity of epilepsy and self-esteem in 

youth aged 13 to 16 years old (n=153) (81). Youth with more severe epilepsy reported 

poorer family resilience, and in turn, had lower self-esteem as compared to those with 

moderate-low disease severity.  

To determine the casual order of the relationship between family resources and 

patient psychopathology, a study examined whether family resources are predictive of 

internalizing problems over time (156). They assessed whether family mastery at the time 

of seizure-onset is predictive of internalizing problems, i.e. depression and anxiety, two 

years post-diagnosis (156). They found that at baseline and at the two year-follow up, 

family mastery was negatively associated with total behaviour problems, internalizing, 

and externalizing problems. Baseline family mastery was significantly negatively 

associated with increases in total, internalizing, and externalizing behaviour problems 

from baseline to two years. Thus, family mastery predicted behaviour problems over time 

with those who had higher baseline levels of family mastery showing improvement in 

child behaviour problems (156).  

 

2.5.3 Parental Depression as a Mediator 
Diagnosis of a chronic illness has been found to be associated with depression among 

caregivers (173). This may be attributed to the increased burden placed on caregivers and 

the hours they spend caring for their dependent with the burden only increasing the 

longer the time since diagnosis (173,174). Parental depressive symptoms are problematic 

for growing children as they are likely to reduce the quality of the parent-child 

relationship. Maternal depressive symptoms have been found to be positively associated 

with uncertainty regarding their child’s epilepsy and boundary ambiguity (child’s role in 

the family) and so may reduce the quality of care the child receives (175). 

 A systematic review found that mothers of children with epilepsy have high rates 

of depression with prevalence of depression ranging from 12% to 49% across six studies 

(176). A large portion (31.5%) of mothers of children with epilepsy seem to have a MDD 

(177). The prevalence of depression and anxiety in mothers of children and adolescents 

with epilepsy has been found to be significantly higher than that of mothers of healthy 

children without epilepsy (86,149). Findings are mixed, however, as other studies found 
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no difference in the risk of depression between mothers of children with epilepsy and 

mothers of children without epilepsy or another chronic disease (178,179).  

Clinical factors indicative of more severe epilepsies have been examined as risk 

factors of parental depression. The presence of ‘mental retardation’ in children with 

epilepsy, which is likely reflecting more severe epilepsy, was found to be associated with 

lower maternal educational attainment and an increased risk of maternal depressive 

symptoms (180,181). However, children having a learning disability and their fathers’ 

level of education were not associated with the risk of paternal depression (182). A longer 

duration of epilepsy was also not associated with depression in either mothers or fathers 

(181,182). Severity of epilepsy in children was found to be associated with paternal 

depression one year post-diagnosis, however, the sample was too small for the findings to 

be considered conclusive (n=11) (183). In this sample, fathers of children with 

generalized seizures appeared to have more depressive symptoms 24 months post-

diagnosis as compared to those with partial seizures (183).  

There are mixed findings on whether past or current parental depression is 

associated with depression in youth with epilepsy. A review by Otero (2009) concluded 

parent’s psychopathology to be one of the most important family factors influencing child 

psychological problems. In children with epilepsy, a family history of psychopathology 

has been shown to be a risk factor for depression (184). In a hospital outpatient sample of 

adolescents with epilepsy, parental psychopathology was found to be associated with 

depressive disorders in youth (103). Parental depression was also found to be associated 

with internalizing and externalizing behaviour problems in children and adolescents 

(155). However, two other studies did not find maternal depression to be correlated with 

children’s and adolescent’s risk of depression (86,178). In samples of people with more 

severe epilepsy, the results of all studies are consistent finding parental psychiatric 

illnesses to be predictive of psychiatric illnesses in their offspring. Among children with 

chronic or difficult to control epilepsy, a past history of maternal psychiatric treatment 

was found to be correlated with an increased risk of patient emotional and behavioural 

disturbances (141). In a previous study, Hoare (1984) also found past psychiatric illnesses 

in mothers, but not in fathers, to increase the risk of psychiatric illnesses in children with 

chronic epilepsy. 
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A number of studies have found parental depression to be associated with both the 

severity of epilepsy and youth psychiatric illness. Thus, it is plausible that parental 

depressive disorders may mediate the effect of severity of epilepsy on the risk of youth 

depressive disorders. One study found parental anxiety/depression to be significantly 

more common in parents of children who had more seizures and/or behaviour problems 

(185). More depressive symptoms in mothers of children with epilepsy were found to not 

only be associated with greater severity of illness and more child behaviour problems but 

also with maternal perceptions of greater stigma, dissatisfaction with family relationships, 

less extended family social support, and lower family income (172). Lastly, among 

children and adolescents with intractable epilepsy, behaviour problems and attention 

problems were found to be correlated with maternal depression but family income was 

not (186).  

 

2.6 Limitations of Previous Studies 
With depression being a common negative outcome in PWE, many studies have assessed 

its risk factors. However, it is also essential to establish how risk factors work together to 

create pathways in which depressive disorders may arise. This in turn will help establish 

targets for interventions to reduce the effect of less amendable clinical factors on the risk 

of depression. For example, family factors are related to psychiatric disorders in epilepsy 

patients and may be potential targets for supports but have yet to be explored as 

intermediary variables between clinical factors and depression.  

The casual relationships between risk factors and depression have not been 

explored since nearly all previous studies have been cross-sectional, measuring the 

exposure and outcome at the same time. Shortage of prospective studies has also made it 

difficult to incorporate clinical factors near onset as predictors of subsequent depression. 

Furthermore, the majority of studies have focused on assessing the individual effects of 

each clinical factor, as opposed to exploring their combined effect that forms overall 

severity of epilepsy, in turn, causing psychiatric illnesses. As no single clinical factor has 

been established to be a predictor of psychopathology in PWE, it is likely that the effect 

that epilepsy has on causing negative psychosocial outcomes is based on overall disease 

severity. Lack of examination of disease severity as a risk factor for mental illnesses may 
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have been attributed to the absence of a validated measurement tool to feasibly assess 

severity of epilepsy; this has become available in the past decade (65).  

Studies to date have employed a wide variety of samples, some of which are 

highly unrepresentative of the general population of PWE. Many studies recruit their 

participants from speciality care clinics and may have excluded milder cases of PWE. 

However, individuals with well-controlled/less severe epilepsy may still experience 

negative side effects such as the stigma that accompanies the disease and should be 

included in study samples (187). The vast majority of studies that included adults did not 

single out young adults, although the risk of depression in this age group may differ due 

to different stressors in this life stage as compared to middle and older aged adults. 

Furthermore, people who have been in remission for many years and thus have not had an 

epilepsy-related medical visit are excluded in many study samples. It is important to 

include this subgroup of people as having a chronic condition during their childhood is 

likely to have an impact on their long-term psychosocial health. There may also be 

common biological mechanisms related to epilepsy that places patients at a higher risk of 

psychiatric illnesses as compared to people who have never had epilepsy. 
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Chapter 3 

3 Study Purpose, Objectives, and Conceptual Framework  
This chapter will elaborate on the purpose of the study, state the objectives of this 

research, and provide information regarding the conceptual framework used to guide this 

project.  

 

3.1 Study Purpose 
The presence of childhood epilepsy may have long-term impacts on psychological well-

being. Nonetheless, childhood clinical predictors of long-term outcomes such as 

depression have rarely been examined. The focus of past cross-sectional and longitudinal 

studies has been to assess the effect of each factor separately, with little attention to how 

these factors may come together to predict subsequent severity of epilepsy which, in turn, 

may lead to depression. The findings of these previous studies are inconclusive (reviewed 

in Chapter 2) warranting further research, particularly regarding the association between 

overall childhood severity of epilepsy and youth mental health disorders. Thus, this thesis 

aims to determine whether severity of childhood epilepsy early in the disease course is 

predictive of later depressive symptoms in youth.  

Further, due to the multi-etiological nature of risk factors for depression and the 

established importance of family factors in childhood epilepsy (reviewed in Chapter 2), 

the role of family factors will also be investigated (133,159). Aspects of the family 

environment will be examined as potential mediating factors in the casual relationship 

between severity of epilepsy and depressive symptoms. To interpret these relationships, 

the stress process model has been selected as the conceptual framework to guide this 

research (refer to Section 3.3). Furthermore, as this is a long-term follow-up study, many 

changes may have occurred with regards to the clinical state of epilepsy. The current state 

of epilepsy is important to take into consideration as a number of cross-sectional studies 

have found epilepsy-related clinical factors that occur concurrently with depression to be 

associated with the risk of depression. Past severity of epilepsy may also be related to the 

future clinical manifestation of the disease, and thus current clinical factors will also be 

examined as mediators of the relationship between early severity of epilepsy and 
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subsequent depressive symptoms.  

An important step in epilepsy research is to elucidate pathways by which negative 

mental health outcomes manifest, and to identify factors that are amendable to change 

through interventions. The examination of family environment may present an 

opportunity to counteract or minimize the risk of depression for youth by implementing 

family-based interventions. Examining severity of epilepsy in the early course of the 

disease will inform paediatric neurologists of its potential long-term implications for 

patients. Lastly, the examination of proximal clinical factors will help determine if past 

disease severity remains important or whether its effect is greatly reduced when 

accounting for the current clinical situation.  

 

3.2 Research Objectives 
The following are the research objectives to be addressed in this thesis:  

1. To assess the association between early severity of epilepsy during childhood and 

subsequent depressive symptoms during adolescence and young adulthood, 

approximately a decade after diagnosis. 

2. To assess whether aspects of the family environment (family functioning, family 

resources, parental depressive symptoms) play a mediating role in the relationship 

between early severity of epilepsy and subsequent depressive symptoms in youth. 

3. To assess whether clinical factors (five-year seizure freedom, current AED use) play a 

mediating role in the relationship between early severity of epilepsy and subsequent 

depressive symptoms in youth. 

 

3.3 Conceptual Framework 
The stress process model was adopted as a theoretical framework to guide this research as 

presented in Figure 3.1 (188). According to the stress process model, stress occurs in two 

ways: the occurrence of discrete events and relatively chronic ongoing problems with the 

combination of both producing a synergistic effect on psychological well-being 

(188,189). In the past, social scientists have examined the impact of life events, ongoing 

life strains, coping behaviours, and social support networks and their influences on health 
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independently, although these processes all work together and should be examined as 

such (188). A key contribution of the stress process model is that it acknowledges the 

interrelationship among factors that affect mental health outcomes (188,190). It is a 

temporal framework where life stressors arise consecutively as the stress process unfolds 

to depict the causal relationship between exposure and outcome (188,189). 
The stress process model consists of primary stressors that, in turn, lead to 

secondary stressors, stress mediators, and finally the stress outcome. Various studies 

testing this framework have used depression as their outcome of interest (188,191–193). 

Specifically, one study employed the stress process model to predict depressive 

symptomology and major depression in adults with socio-demographic factors as the risk 

factors, social support as the mediator and personal resources as the moderator (192). It 

has also been used previously in epilepsy research for the health outcomes of cognitive 

functioning, emotional wellbeing, and HRQoL among children and youth (169,170,194).  
The diagnosis of epilepsy (primary stressor) and, in turn, living with epilepsy, 

where its effect is based on disease severity (secondary stressor), can lead to depressive 

symptoms (stress outcome). This relationship between severity of epilepsy and 

depressive symptoms may be mediated by a number of family factors/processes. The 

portion of the stress process model that this project aims to examine is how the secondary 

stressor (severity of epilepsy) leads to the stress outcome (depressive symptoms) via 

family mediators. The proposed stress mediators include family functioning, level of 

family resources, and parental depressive symptoms. Within the stress process model, 

mediators are coping or social support factors that produce variability in the outcome 

(188–190). Lastly, in this model, it is important to control for the background factors that 

describe the context of the stress through inclusion of the underlying characteristics of the 

subjects. The confounders in this project include: (a) demographic characteristics, such as 

child’s sex, family income, and parental living arrangements; and (b) clinical risk factors 

of the exposure and outcome, such as behavioural problems, cognitive problems, seizure 

type, and age at diagnosis.  
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 Figure 3.1: Conceptual Framework based on the Stress Process Model 
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Chapter 4 

4 Methods 
This chapter presents details of the data source used for this project, including the 

sampling methodology, data collection, and the measurement tools. In Section 3.3, the 

statistical methods used to analyze the data will be described. Finally, description of 

analyses conducted to reduce the risk of bias will be discussed including the attrition 

analysis and how missing data were handled.  
 

4.1 Data Source 
The data used for this study came from the Health-Related Quality of Life in Children 

with Epilepsy Study (HERQULES) consisting of the initial two-year follow-up study and 

the subsequent long-term follow-up study. HERQULES was a 10-year prospective study 

that employed a two-stage clustered sampling strategy to recruit children with new-onset 

epilepsy in Canada. In the first stage of sampling, all paediatric neurologists who were 

members of the Canadian Association of Child Neurology or were added to the sampling 

frame by a panel of experts were invited to participate in the study. A sample size of 72 

members resulted, of whom 53 (74%) agreed to participate. Research ethics board 

approval was obtained from the 17 relevant research ethic boards across Canada.  

The second stage of sampling consisted of the paediatric neurologists recruiting 

their eligible patients for the study based on the following inclusion criteria:  

1. New case of epilepsy seen for the first time by a participating paediatric 

neurologist within the data collection period; 

2.  Age at first diagnosis between 4 and 12 years;  

3. Parent/caregiver must have been primarily responsible for the child’s care for at 

least the past six months before completing questionnaires.  

Patients were excluded if they met any of the following criteria: 

1. Previously diagnosed with epilepsy by another physician; 

2. Diagnosed with other progressive or degenerative neurological disorder; 

3.  Diagnosed with other major non-neurological disorder that may impact their 

quality of life; 
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4. Parent/caregiver had insufficient English language skills to complete 

questionnaires.  

The parents of eligible patients who agreed to provide their address were mailed a 

letter describing the study and explaining that they would be asked to complete four 

mailed questionnaires: baseline (post-diagnosis), six months, one year, and two years 

post-diagnosis. These questionnaires sought information on their child’s HRQoL and 

their family environment, and would track changes in a number of factors over time. 

Parents were requested to provide informed consent for their child’s neurologist to 

complete forms regarding their child’s severity of epilepsy, seizure type, treatment and 

side effects at each follow-up. The parents’ self-administered questionnaires took 

approximately 45 to 60 minutes to complete and were returned by mail, whereas the 

physician forms took 5 to 7 minutes to complete and were faxed back to the HERQULES 

office (Appendix A). Of the 455 eligible parents, 373 (82%) parents were successfully 

recruited and 282 (76%) were retained at the 2-year follow-up. The Tailored Design 

Method, which involves systematic follow-ups and reminders, was used throughout the 

HERQULES project in an effort to achieve good response rates (195). 

For the subsequent long-term follow-up study, a letter of information was sent to 

invite parents and children over the age of 11 to participate to assess the current state of 

health of these youth and young adults (approximately 8 and 10 years post-diagnosis). 

Letters for the parents and their child explained that they would be required to complete 

two self-administered questionnaires, similar to the parent questionnaires in the original 

study, two years apart. The children had not previously completed questionnaires in the 

original study but were now old enough to self-report their health status. There were 220 

youth eligible to fill out the questionnaires available as either web-based or paper 

questionnaires to increase participation rates (196). Research ethics approval was only 

required from the Western University Health Science Research Ethics Board for the long-

term follow-up, given the established relationship with families from the initial phase of 

this project (Appendix D). Informed consent to contact and obtain information about the 

PWE’s condition from their epilepsy care physician, if still receiving care, was obtained 

from the parents if the PWE was under the age of 16, both the parent and PWE if between 
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the ages of 16 and 18 and only the PWE if 18 years or older. Physicians, parents, and 

youth all received a token of appreciation for participating.  

 

4.2 Measurement 
Below is a description of how the exposure, outcome, mediators, and confounders were 

measured, categorized by respondent type (physician, parent, youth). 

 

4.2.1 Physician Report  

Severity of Epilepsy 
The overall severity of epilepsy was measured using the Global Assessment of Severity 

of Epilepsy (GASE) Scale (65). This single item tool is designed for neurologists to rate 

their patient’s overall severity of epilepsy. The question asked is “Taking into account all 

aspects of this patient’s epilepsy, how would you rate its severity at his/her last visit? 

Please check one answer”. The options are as follows: (7) extremely severe, (6) very 

severe, (5) quite severe, (4) moderately severe, (3) somewhat severe, (2) a little severe, 

(1) not at all severe. The GASE has been found to have adequate construct validity, 

stability and responsiveness to clinical changes as well as good intra and inter-rater 

reliability (65,66).  

Seizure Type  
Physicians reported the epilepsy syndrome and types of seizures that the patient had 

according to the ILAE’s classifications (primary generalized, absence, simple/complex 

partial, BECRS, secondarily generalized, BECRS + secondarily generalized and 

undetermined) (197,198). These two variables, seizure type and epilepsy syndrome, were 

used to compute a summary variable grouping the seizures broadly into generalized, 

partial or undetermined.  

Behavioural Problems 
Physicians reported whether patients had behavioural problems, rated the severity (mild, 

moderate, severe) and reported on diagnosed behavioural problems.  
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Cognitive Problems 
Physicians reported whether patients had cognitive problems, rated the severity (mild, 

moderate, severe) and reported on diagnosed cognitive problems.  

Age at Diagnosis 

The age at the time of epilepsy diagnosis was determined based on the child’s date of 

birth and the date of their first visit in which they were diagnosed by their paediatric 

neurologist participating in the HERQULES study.  

 

4.2.2 Youth Report 

Depressive Symptoms 
Youth depressive symptoms were measured using the Center for Epidemiological Studies 

Depression Scale (CES-D)(199). The adult version was used as opposed to the child 

version, as it was age appropriate for the majority of youth and would allow for a 

consistent measure for the entire sample and across follow-ups (Appendix B). This is a 

20-item scale that is designed to measure depressive symptoms in the general adult 

population over the past week. Respondents are asked to rate on a four-point Likert scale 

the number of days they felt a certain way ranging from 0 (rarely or none of the time/less 

than one day) to 3 (most or all of the time/5-7 days). The total scores range from 0 to 60 

with a score of 16 or higher indicating that the person may be at risk of having a 

depressive disorder. The CES-D has been found to have high internal consistency, 

concurrent validity and construct validity in the general population (199). The CES-D had 

adequate internal consistency in our sample of youth with a Cronbach’s alpha of 0.69.  

Seizure Freedom 
At the 10-year follow-up, youth were asked “When was your last seizure? (It is OK to 

provide your best guess)”. The options were: less than 6 months ago, 6 months ago to less 

than 1 year ago, 1 year ago to less than 2 years ago, 2 years ago to less than 5 years ago, 5 

years to less than 10 years ago, 10 years ago or more, I don’t remember. In the event that 

youth did not report or did not recall how long ago their last seizure was, the value 

reported by their primary caregiver was imputed. This variable was dichotomized into 
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five years of seizure freedom being achieved or not achieved to handle the unequal size 

between intervals and to be comparable with past studies.  

AED Use 

At the 10-year follow-up, youth were asked “Are you currently taking any medication(s) 

to treat epilepsy or seizures?” and they responded with either “yes” or “no”. 

 

4.2.3 Parent Report 

Sex 
The child’s sex was reported by their primary caregiver. They were asked “Is your child:” 

and were provided with two options: “Male” or “Female”.  

Family Income 
Primary caregivers were asked “In which category is your total yearly household income 

before taxes?”. At the 10-year follow-up, the income categories included: less than 

$20,000, $20,000 to $29,999, $30,000 to $39,999, $40,000 to $49,999, $50,000 to 

$59,999, $60,000 to $69,999, $70,000 to $79,999, $80,000 to $89,999, $90,000 to 

$99,999, $100,000 to $149,999, greater than $150,000. These income categories were 

collapsed into four categories of equal size: less than $50,000, $50,000 to $100,000, 

$100,000 to $149,999, greater than $150,000 due to a low cell count in half the categories 

and for ease of interpretation.  

Parental Living Arrangements 
Primary caregivers were asked “Are you currently living with a spouse or partner” with 

the two options provide being “yes” or “no”.  

Family Functioning 
Family functioning was measured using the Family Adaptability, Partnership, Growth, 

Affection and Resolve (APGAR)(200). This is a 5-item scale measuring perception of 

family functioning by examining satisfaction with family relationships in the five 

dimensions: Family Adaptability, Partnership, Growth, Affection and Resolve (Appendix 

C). For each dimension, respondents are to rate the frequency of satisfaction with family 

functioning on a three-point Likert scale ranging from 0 (hardly ever) to 2 (almost 

always). The scores range from 0 to 10 with a higher score indicating more satisfaction 
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with family functioning. In clinical and research settings, the Family APGAR has been 

found to be both valid and reliable (200–202). The APGAR had high internal consistency 

in our sample with a Cronbach’s alpha of 0.88. 

Family Resources 
The extent to which families had resources available to help them adapt to stressful life 

events was measured using the Family Inventory of Resources for Management (FIRM) 

(203) (Appendix C). The two subscales included were Family Mastery and Health (20 

items) and Extended Family Social Support (4 items) as they have been found to be 

associated with adaptation to childhood epilepsy (204). Respondents rate how each 

statement describes their family situation on a four-point Likert scale ranging from 0 (not 

at all) to 3 (very well). The FIRM has demonstrated adequate reliability and validity 

(203). The FIRM had adequate internal consistency in our sample with a Cronbach’s 

alpha of 0.91 for the family mastery and health subscale and 0.64 for the extended family 

social support subscale.  

Parental Depressive Symptoms 
Parental depressive symptoms were measured using the same measure completed by the 

participating youth, the Center for Epidemiological Studies Depression Scale (CES-D) 

(199), described in Section 3.2.2 (Appendix C). The CES-D had adequate internal 

consistency in our sample of parents with a Cronbach’s alpha of 0.74. 

 

4.3 Statistical Analysis 
All analyses were conducted using SAS software version 9.2 for Windows  

(SAS Institute Inc., Cary, NC, USA). Below is a description of the analyses conducted: 

descriptive, multiple linear regression, mediation and attrition analysis. 

 

4.3.1 Descriptive Analysis 
Clinical, familial, and demographic characteristics of the sample were described using 

frequencies and proportions for categorical variables, and means and standard deviations 

for continuous variables at each of the data collection points (baseline, 6 months, 1 year, 

2 years, 8 years, 10 years). Bivariate regression analyses were conducted to assess which 
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factors were associated with the outcome without controlling for other factors. The 

following relationships were examined: the outcome (youth depressive symptoms) and 

the exposure (severity of epilepsy), the outcome and the mediators (family functioning, 

family resources, parental depressive symptoms, five-year seizure freedom, AED use), 

and the outcome and potential confounders (sex, age at diagnosis, seizure type, 

behavioural problems, cognitive problems, parental living arrangements, family income).  

 

4.3.2 Multiple Linear Regression Analysis 
A multiple linear regression analysis was conducted with youth depressive symptoms as 

the outcome to examine its relationship with the exposure (severity of epilepsy) while 

controlling for a number of clinical and demographic confounders. Potential confounders 

were sex, age at diagnosis, seizure type, behavioural problems, cognitive problems, 

parental living arrangements, and family income. The confounders were selected based 

on those factors that have been found to be predictors of depression in PWE and are 

likely to be associated with severity of epilepsy (41,78,82,87,88,93,97,123,126,132,205–

208).  

The outcome of interest, youth depressive symptoms, was measured at the 10-

year follow-up. The exposure of interest, severity of epilepsy, was measured at the 2-year 

follow-up to allow physicians sufficient time to characterize the seizure type and try to 

arrive at whether an effective combination of drugs could be found to control seizures 

(74,77). The clinical confounders (seizure type, age at diagnosis, behavioural problems, 

cognitive problems) were measured at the 2-year follow-up, as they are highly associated 

with the exposure of interest. The demographic confounders (parental living 

arrangements, family income) were measured at the 10-year follow-up as they are likely 

to be more predictive of the outcome, depressive symptoms at 10 years, as compared to 

demographic characteristics around diagnosis. Additionally, these time points were 

selected to reduce the risk of intermediate confounding that may introduce bias when 

conducting the mediation analysis. Intermediate confounding may occur when the 

exposure is a causal risk factor of a mediator-outcome confounder (209,210).  Lastly, the 

assumptions for linear regression (linearity, normality of residuals, lack of 

multicollinearity, autocorrelation, heteroscedasticity) were all met. 
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4.3.3 Mediation Analysis 
Often in psychosocial research it is the case that a risk factor does not directly cause an 

outcome but it arises through a third or intermediary variable. This third variable is 

termed a ‘mediator’ and is a carrier of information along a casual chain (211). Figure 4.1 

depicts the possible pathways between an exposure and outcome with and without the 

presence of a mediator (212,213). The total effect (c=ab + c’) is the effect of the exposure 

on the outcome without taking the mediator into account. The direct effect is the effect of 

the exposure while controlling for the mediator (c’=c-ab) as if it were a confounder. 

Lastly, the path from the exposure to the outcome through the mediator is termed the 

indirect effect (ab) and is calculated from subtracting the total effect from the direct effect 

(c-c’).  
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Figure 4.1: Mediation pathway 
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In this thesis, both family (family functioning, family resources, parental 

depressive symptoms) and clinical (five-year seizure freedom, AED use) factors were 

assessed as mediators in the relationship of severity of epilepsy and depressive 

symptoms. An important assumption of mediation is that the exposure is a predictor of 

the mediator and that the mediator is a predictor of the outcome (214). Thus, the family 

factors as potential mediators were measured at the 8-year follow-up to allow a temporal 

order between exposure, mediators, and outcome, a practice that is optimal when 

assessing casual relationships (215). Additionally, preliminary cross-lagged panel 

analyses and regression analyses were conducted to determine the casual order between 

severity of epilepsy and the selected family mediators (Appendix E). A cross-lagged 

panel analysis is used to determine the direction of the relationship between two variables 

measured at multiple time points in a longitudinal study. This is done by examining 

whether variable X at Time 1 and variable Y at Time 2 are associated or variable Y at 

Time 1 and variable X at Time 2 are associated (216). The results of these analyses found 

that severity of epilepsy was predictive of each of the family mediators (family 

functioning, family resources, parental depressive symptoms) and that these relationships 

were likely not bidirectional. The clinical mediators were measured at the 10-year follow-

up due to the nature of these variables as they are more likely to be predictive of 

depressive symptoms and not vice versa. It is unlikely that depressive symptoms in the 

past week could cause five years of seizure freedom being achieved and/or AEDs being 

prescribed. 

A rigorous method using generalized estimating equations (GEE) proposed by 

Schlucter (2008) was used to test mediation, i.e. the significance of the indirect effect. 

This method is based on the counterfactual framework where the influence of the 

mediator on the exposure and outcome relationship is assessed by observing the same 

individual at the same point in time with the mediator present or it absent. Thus, to apply 

this method, the data set must be duplicated as depicted in Table 4.1.  
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Table 4.1: Duplicated data set in preparation for GEE mediation analysis 

ID Y X G M* 

1 y1 x1 1 0 

1 y1 x1 0 m1 

2 y2 x2 1 0 

2 y2 x2 0 m2 

n yn xn 1 0 

n yn xn 0 mn 

 

The first set where the indicator variable (G) is equal to 1, the mediator (M*) is not 

present and thus is not adjusted for when examining the association between the exposure 

(X) and outcome (Y). This set may be fit to the following model:  

E(Y) = β0 + β1X1 + θ0 + θX 

= (β0 + θ0) + (β1 + θ)X  

In the second set, G=0 and thus the mediator is present and being controlled for in the 

assessment of the relationship between X and Y. This set can be fit to the following 

model:  

E(Y)= β0 + β1X1 + γM 

The overall dataset created includes two copies per individual differing on whether the 

mediator is controlled for or not and is then fitted to:  

E(Y)= β0 + β1X1 + θG + θGX +γM*  

This model computes the difference between the coefficients from the full model 

(adjusted for the mediator) and the reduced model (unadjusted for the mediator), i.e. the 

indirect effect (θ). This is done in SAS software using the PROC GENMOD function 

which also computes the significance of the indirect effect using a robust “sandwich” 

estimator for the computation of the standard error. The validity of the GEE approach for 

different combinations of binary and continuous outcomes and mediators has been 

verified in a simulation study (217).  
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4.3.4 Attrition Analysis 
An attrition analysis was conducted to determine whether the group of participants 

retained by the 10-year follow-up and those who did not participate in the 10-year follow-

up differ in terms of any clinical, family, or demographic factors. The two groups of 

participants were compared on baseline clinical (severity of epilepsy, seizure type, 

cognitive problems, behavioural problems, age at diagnosis), demographic (sex, parental 

living arrangements, family income), and family factors (parental depressive symptoms, 

family resources, family functioning) using t-tests to compare means for continuous 

variables and chi-square tests and/or fisher’s exact test to compare proportions for binary 

variables.  

 

4.3.5 Missing Data 
For a small number of patients where severity of epilepsy, seizure type, presence of 

cognitive problems or, presence of behaviour problems was missing due to physicians not 

having an opportunity to evaluate at the two-year follow-up, previously reported values 

for these variables were imputed where possible. For severity of epilepsy and seizure 

type, members of the research team reviewed all available study data, including when the 

youth’s most recent seizure was; when AEDS were discontinued; communication 

between the study coordinator and the primary caregivers of children with epilepsy at the 

two-year follow-up; the type and etiology of seizures; and the trends in past and 

subsequent severity of epilepsy and seizure types. Imputations were not made where there 

was uncertainty regarding the risk of the previously reported type of seizures and severity 

of epilepsy changing. For cognitive and behaviour problems, all available study data 

including past history, trends and taking into consideration future reports on cognitive or 

behaviour problems was used. These future reports included both follow-ups with their 

physicians and parents reporting if their child ever had any cognitive (developmental 

delay, learning disability) or behaviour problems (conduct disorder, oppositional defiant 

disorder, attention deficit disorder and/or attention deficit hyperactivity disorder) at the 

10-year follow-up. Imputations were not made where there was uncertainty regarding the 

presence of these comorbidities at the two-year follow-up. 
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Approximately 82% of the sample had no missing values for any of the variables 

after imputations using previous follow-up data was implemented. Nevertheless, 

conducting a full case analysis would result in loss of nearly 18% of the sample 

potentially leading to the group of participants analyzed being unrepresentative of the 

sample. The vast majority of missing values were attributed to the mediators and 

demographic confounders as these variables were from the most proximal follow-ups. 

The second imputation method selected to deal with the high proportion of missing 

values was multiple imputation using the fully conditional method. Multiple imputation is 

a superior technique to deal with missing data as it accounts for the uncertainty of 

missing-data prediction (218). It consists of three phases. First, missing values are filled 

in numerous times creating multiple data sets; 20 imputations were done in this project to 

match the proportion of missing cases. These data sets are then analyzed separately and 

lastly, the estimates are pooled taking into account the uncertainty due to having missing 

data (218). The fully conditional method was used as it allows a different distribution for 

each imputed variable; logistic regression was used for binary variables and the 

predictive mean matching method was used for continuous variables (219). The 

predictive mean matching method was selected over regression as it imputes random 

values that are consistent with those observed in the dataset (219). All variables used in 

the analyses models were used in the multiple imputation model (220). A sensitivity 

analysis was run using list wise deletion for participants with any missing data to show 

that the results of the imputed dataset were consistent with those from the complete-case 

analysis (Appendix F).  
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Chapter 5 

5 Results 
The study findings are presented in this chapter beginning with a description of the 

sample and their families. Next, the results of the attrition and bivariate analyses are 

presented (Sections 5.2-5.3). The last three sections (5.4-5.6) present the results of each 

research objective. 

 

5.1 Sample Characteristics  
Characteristics of the youth that remained consistent over time (age at diagnosis, sex) and 

youth self-report measures collected only at 10 years are shown in Table 5.1. Of the 131 

youth who participated in the 10-year follow-up, 3 did not report on the outcome of 

interest (depressive symptoms) and were excluded from the study. Of these youth, 37.2% 

had depressive symptoms that were clinically significant (CES-D>16) with a group 

average CES-D score of 12.6 (SD: 10.2). The youth in our sample ranged in age from 12 

to 23 years with the average age being 17.8 (SD: 2.6) years at the 10-year follow-up. 

These children were diagnosed with epilepsy between the ages of 3 and 12 years, with the 

group average being 7.5 (SD: 2.5) years. There was a similar proportion of males (48.8%) 

as there were females (51.2%). At the 10-year follow-up, the majority of youth were 

living with family (84%) and only 8% were living with a roommate or partner. Almost all 

the adolescents, except for 2%, were still in school. Of the young adults, 16% were not in 

school at the 10-year follow-up due to taking a year off, already having completed their 

post-secondary education, or not planning to continue their educational journey past high 

school.  

Over half (59.7%) the youth had been free of seizures for at least the past five 

years and very few (11.6%) had experienced a seizure within the past year. Similarly, the 

majority of the sample were not currently using AEDs (72.1%), with most having 

discontinued use two or more years ago (65.8%). A small proportion of the youth had 

never required AEDs to control their seizures (11.8%). The majority of youth were no 

longer receiving care for their epilepsy (65%) and of those still receiving care, 4% were 
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receiving epilepsy care from a family doctor, 13% from an adult neurologist, and 8% 

from a paediatric neurologist. 

Characteristics of the families of youth with epilepsy measured at all six data 

collection points are shown in Table 5.2. The annual family income increased for 53% of 

families, remained similar for 34%, and decreased for 14% from baseline to the 10-year 

follow-up. At the 10-year follow-up, nearly half the sample had an annual household 

income of $100,000 or greater, and very few had an annual household income of less than 

$40,000 (11.7%). Nearly all of the primary caregivers who participated were the 

children’s biological mothers. At the 10-year follow-up, majority of primary caregivers 

were working either full or part-time (71%), 9% were not working, 12% were 

homemakers, and 1% were students. Most primary caregivers had completed some form 

of post-secondary education (81%), 10% had completed high school and 1% did not. 

Also at the 10-year follow-up, the majority of primary caregivers were living with a 

partner (79.1%) with 76% currently married (with 3% of those re-married), 13% 

divorced, separated or widowed, and 3% never married. Overall, families were 

functioning well and had an adequate amount of resources and this remained stable over 

the 10-year period following the child’s diagnosis of epilepsy. The average score on the 

CES-D among primary caregivers was highest at the time of diagnosis, but on average 

remained stable over time. The prevalence of primary caregivers who had clinically 

significant depressive symptoms did not fluctuate much over time, ranging from 23% to 

28% across time points.  

Characteristics of the youth at each of the six data collection points are shown in 

Table 5.3. In our sample (n=129) the average severity of epilepsy improved from 

somewhat severe at the time of diagnosis to a little severe by the six-month follow-up. 

Following the six-month follow-up, on average, the severity of epilepsy remained stable. 

From diagnosis to the 2-year follow-up, the severity of epilepsy for about a quarter of the 

patients remained the same (28%), for approximately half it became less severe (57%), 

and for 15% it became more severe. The types of seizures children were experiencing 

were the same as those with which they were initially diagnosed at the 2-year follow-up 

for almost all the patients (95%). At the 2-year follow-up, 35.7% of children had 

generalized seizures and 51.2% had partial seizures. The number of children with 
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cognitive problems nearly tripled from the time of diagnosis to the two-year follow-up, 

while the increase in the number of children with behavioural problems was minimal. At 

the 2-year follow-up, 19.4% of children had cognitive problems and 13.2% had 

behavioural problems.  

 

5.2 Attrition Analysis 
A flow chart presenting the number of parents and youth retained at each data collection 

point can be found in Figures 5.1 and 5.2. A sample of 373 parents of children with 

newly diagnosed epilepsy were recruited to participate in the study. For the long-term 

follow-up study at 8 and 10 years post-diagnosis, youth self-report was added. At the 10-

year follow-up, 131 (60%) youth self-reported on their health. The results of the attrition 

analysis comparing youth who participated in the 10-year follow-up of the study with 

those who did not are presented in Table 5.4. These two groups of youth did not differ in 

terms of their sex, the age that they were diagnosed with epilepsy, the severity of their 

epilepsy, or their seizure type. However, those who did not participate in the 10-year 

follow-up were less likely to have been diagnosed with comorbid cognitive (27% vs. 7%) 

or behavioural problems (18% vs. 9%) at the time of epilepsy diagnosis. Non-

participators were also from families of lower income and fewer family resources, and 

their primary caregivers were more likely to have depressive symptoms compared to 

those who participated at the 10-year follow-up. There was no difference between 

participants and non-participants for the level of family functioning and whether the 

primary caregiver was living with their partner.  
 

 

 

 

 

 

 

 



	

	

49	

 
 
 

 
 
 
 
 

 
 
 
 

                    
 

                   
 
 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1: HERQULES flow chart of parent sample  

 

QUESTIONNAIRES 
RETURNED 

QUESTIONNAIRES 
SENT 

Patients Identified (n= 496) Excluded (n=41) 

Eligible (n=455)  

10 Years (n=173) 10 Years (n=215) 
Lost to follow-up = 30 
Unable to contact = 8 
Became Ineligible = 2	
Parent withdraw = 2 

	

         Baseline (n= 442) Baseline (n=373) 

6 months (n=373) 6 months (n=334) 

1 Year (n=334) 1 Year (n=301) 

2 Years (n=301) 2 Years (n=282) 

Lost to follow-up = 29 
Became ineligible = 2 
Parent withdraw = 2 

 

Lost to follow-up = 34 
Became ineligible = 4 
Parent withdraw = 1 

 

Lost to follow-up = 62 
Parent withdraw = 7 

	

Lost to follow-up = 17 
Parent withdraw = 2 

	

8 Years (n=216) 8 Years (n=192) Lost to follow-up = 23 
PI withdraw = 1 

Excluded 66: 39 unable to 
locate, 17 declined, 8 
province withheld, 2 became 
ineligible 

Declined (n=8) 
Unable to contact (n=5) 
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Figure 5.2: HERQULES flow chart of youth sample  

 

5.3 Bivariate Analysis 
The results of the bivariate analysis (Table 5.5) suggest that early severity of epilepsy was 

significantly associated with later depressive symptoms (β= 2.25, 95% CI: 0.63, 3.88). Of 

the potential confounders, only age at diagnosis was significantly associated with 

subsequent youth depressive symptoms (β= 0.95, 95% CI: 0.22, 1.68). Of the potential 

mediators, family functioning (β= -0.60, 95% CI: -1.08, -0.11), family resources (β= -

0.20, 95% CI: -0.36, -0.04), five-year seizure freedom (β= 7.65, 95% CI: 4.16, 11.14), 

and AED use (β= -5.56, 95% CI: -9.55, -1.56) were all significant predictors of youth 

depressive symptoms. The only potential mediator of the relationship between early 

severity of epilepsy and subsequent youth depressive symptoms that was not significantly 

associated with the outcome was parental depressive symptoms (β= 0.06, 95% CI: -0.13, 

0.25).  

 

 

Declined (n=36) 
Unable to contact (n=8) Eligible (n=220)  

8 Years (n=154) 8 Years (n=176) 
Lost to follow-up = 21 
Youth withdrew = 1 

	

10 Years (n=131) 10 Years (n=176) 

Lost to follow-up = 40 
Unable to contact = 7 
Became eligible = 3 
Youth withdrew = 1 

 

QUESTIONNAIRES 
SENT 

QUESTIONNAIRES 
RETURNED 
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5.4 Objective 1 
To determine whether early severity of epilepsy was an independent risk factor for 

depressive symptoms among youth with epilepsy, a multiple linear regression analysis 

was conducted adjusting for potential confounders. Severity of epilepsy was measured at 

the 2-year follow-up and depressive symptoms were measured at the 10-year follow-up. 

The following clinical and demographic factors were controlled for as potential 

confounders: seizure type, cognitive problems, behavioural problems, age at diagnosis, 

sex, family income, and parental living arrangements. The results (Table 5.6) suggest that 

early severity of epilepsy was significantly associated with depressive symptoms, 

adjusting for potential confounders, with a parameter estimate of 2.10 (95% CI: 0.42, 

3.79 for a 1-unit increase on the GASE scale assessing severity of epilepsy. Thus, the 

more severe the childhood epilepsy youth had, the more likely they were to have later 

depressive symptoms.  

 

5.5 Objective 2 
5.5.1 Family Functioning 
A generalized estimating equations (GEE) model was used to assess the potential 

mediating effect of family functioning around eight years post-diagnosis on the 

relationship between early severity of epilepsy and subsequent youth depressive 

symptoms, adjusting for potential confounders. The potential confounders were the same 

clinical (seizure type, cognitive problems, behavioural problems, age at diagnosis) and 

demographic (sex, family income, parental living arrangements) factors that were 

controlled for in the analysis to address the first objective. The GEE model computed 

both the direct effect of severity of epilepsy on depressive symptoms, while adjusting for 

family functioning (M*) and the indirect effect of this relationship (G*severity of 

epilepsy) (Table 5.7). The total effect of severity of epilepsy assessed in the first 

objective was 2.10 (95% CI: 0.42, 3.79). Once the potential mediating effects of family 

functioning were adjusted for, the estimate of the direct effect decreased to 1.86 (95% CI: 

0.10, 3.61). The magnitude of the indirect effect (i.e. the difference between the presence 

of the potential mediator in the model or not) was 0.25, which indicates that family 
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functioning reduced the effect that severity of epilepsy had on the risk of depressive 

symptoms by nearly 12%. However, when testing the significance of the indirect effect, 

the GEE model indicated that family functioning did not mediate the relationship 

between early severity of epilepsy and subsequent youth depressive symptoms (ab= 0.25, 

SE: 0.17, 95% CI: -0.08, 0.57). 

 

5.5.2 Family Resources 
The potential mediating effect of family resources around eight years post-diagnosis on 

the relationship between early severity of epilepsy and subsequent youth depressive 

symptoms, adjusting for potential confounders, was assessed (Table 5.8). The total effect 

of severity of epilepsy assessed in the first objective was 2.10 (95% CI: 0.42, 3.79 and the 

estimate of the direct effect when adding family resources (M*) into the model decreased 

to 1.88 (95% CI: 0.13, 3.63). The magnitude of the indirect effect was 0.22, which 

indicates that family resources reduced the effect that severity of epilepsy had on the risk 

of depressive symptoms by 10%. However, when testing the significance of the indirect 

effect, the GEE model indicated that family resources did not mediate the relationship 

between early severity of epilepsy and subsequent youth depressive symptoms (ab= 0.22, 

SE: 0.19, 95% CI: -0.15, 0.59).  

 

5.5.3 Parental Depressive Symptoms 
Parental depressive symptoms were not assessed as a potential mediator using a GEE 

model as the results of the bivariate analysis revealed its lack of association with the 

outcome of interest. Evidence suggests that a potential mediator must be associated with 

the outcome to be eligible to mediate the relationship between an exposure and outcome 

(221–223). 

 

5.6 Objective 3 
5.6.1 Five-Year Seizure Freedom 
Similar to the second objective, a GEE model was used to assess the potential mediating 

effect of 5-year seizure freedom by 10 years post-diagnosis on the relationship between 
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early severity of epilepsy and subsequent youth depressive symptoms, adjusting for 

potential confounders (Table 5.9). The potential confounders were the same as those in 

the analyses to address the previous two objectives. The total effect of severity of 

epilepsy assessed in the first objective was 2.10 (95% CI: 0.42, 3.79 and the estimate of 

the direct effect when adding 5-year seizure freedom (M*) into the model decreased to -

0.89 (95% CI: -1.15, 2.92). The magnitude of the indirect effect was 1.22, which 

indicates that 5-year seizure freedom decreased the effect that severity of epilepsy had on 

the risk of depressive symptoms by approximately 58%. When testing the significance of 

the indirect effect, the GEE model indicated that 5-year seizure freedom mediated the 

relationship between early severity of epilepsy and subsequent youth depressive 

symptoms (ab= 1.22, SE: 0.44, 95% CI: 0.35, 2.09). Thus, the effect of early childhood 

severity of epilepsy was found to be of lesser importance when taking into account the 

more recent clinical presentation of the disease. Those who had not achieved 5-year 

seizure freedom were at greater risk of having depressive symptoms as compared to those 

who had achieved 5 years of seizure freedom by the 10-year follow-up. 

 

5.6.2 Antiepileptic Drug Use 
The potential mediating effect of AED use 10 years post-diagnosis on the relationship 

between early severity of epilepsy and subsequent youth depressive symptoms was 

assessed (Table 5.10). The total effect of severity of epilepsy assessed in the first 

objective was 2.10 (95% CI: 0.42, 3.79 and the estimate of the direct effect when adding 

AED use (M*) into the model decreased to 1.51 (95% CI: -0.51, 3.54). The magnitude of 

the indirect effect was 0.59, which indicates that AED use decreased the effect that 

severity of epilepsy had on the risk of depressive symptoms by 28%. However, when 

testing the significance of the indirect effect, the GEE model indicated AED use to not 

mediate the relationship between early severity of epilepsy and subsequent youth 

depressive symptoms (ab= 0.59, SE: 0.44, 95% CI: -0.27, 1.45). 

 

A final note is that without employing multiple imputation (Appendix F), the magnitude 

and direction of effects from the complete case analysis were similar to the findings 

presented here.  



	

	

54	

Table 5.1: Youth characteristics collected at the ten-year follow-up 

 
Youth Characteristics at 10 Years 

Age  mean (SD) 
range 

17.8 (2.6) 
12-23 

Age at Diagnosis mean (SD) 
range 

7.5 (2.4) 
3-12 

Sex  
Male 
Female 

n (%) 
 

 
63 (48.8) 
66 (51.2) 

Last Seizure 
<6 months ago 
>6 months ago to <1 year ago 
>1 year ago to <2 years ago 
>2 years ago to <5 years ago 
>5 years ago to <10 years ago 
10 years ago or more 
Does not recall 

n (%) 
 
 

 
12 (9.3) 
3 (2.3) 
7 (5.4) 

18 (14.0) 
57 (44.2) 
20 (15.5) 
11 (8.5) 

Current AED Use  
Yes 
No 

n (%) 
 

 
33 (25.6) 
93 (72.1) 

Last AED Used 
<6 months ago 

      >6 months ago to <1 year ago 
      >1 year ago to <2 years ago 

>2 years ago 
Has never taken medication for seizures 
Does not recall 

n (%) 
 

 
2 (2.2) 
0 (0) 

2 (2.2) 
61 (65.6) 
11 (11.8) 
14 (15.1) 

 
*For the ‘last seizure’ variable this table does not include imputed values from the parent-report for 
children who reported ‘do not recall’. 
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Table 5.2: Family characteristics at each of the six data collection points 

 
*Mean and standard deviation provided, unless otherwise stated.  
*Family Functioning (APGAR) scores range from 1 to 20. 
*Family Resources (FIRM) scores range from 16 to 72. 
*Parental Depressive Symptoms (CES-D) scores range from 0 to 40. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Family 
Characteristics 

Baseline 6 Months 1 Year 2 Years 8 Years 10 
Years 

Income  n(%) 
<$20,000 
$20,000-$39,999 
$40,000-$59,999 
$60,000-$79,999 
$80,000-$99,999 
>$100,000  
Does not know 

 
6 (4.7) 

12 (9.3) 
24 (18.6) 
22 (17.1) 
22 (17.1) 
38 (29.5) 

1 (0.8) 

 
9 (7.0) 

14 (10.9) 
17 (13.2) 
18 (14.0) 
22 (17.1) 
42 (32.6) 

3 (2.3) 

 
6 (6.7) 

17 (13.2) 
16 (12.4) 
17 (13.2) 
24 (18.6) 
43 (33.3) 

4 (3.1) 

 
6 (4.7) 

14 (10.9) 
21 (16.3) 
23 (17.8) 
14 (10.9) 
45 (34.9) 

1 (0.8) 

 
4 (3.1) 

11 (8.6) 
11 (8.6) 

15 (11.6) 
17 (13.2) 
59 (45.7) 

6 (4.7) 

 
2 (1.6) 

13 (10.1) 
9 (7.0) 

15 (11.6) 
16 (12.4) 
61 (47.3) 

2 (1.6) 
Parental Living 
Arrangements  n(%) 

Yes 
No 

 
 

116 (89.9) 
13 (10.1) 

 
 

112 (86.8) 
16 (12.4) 

 
 

113 (87.6) 
16 (12.4) 

 
 

114 (88.4) 
15 (11.6) 

 
 

106 (82.2) 
18 (14.0) 

 
 

102 (79.1) 
17 (13.2) 

Family Functioning 
n= 

14.3 (3.9) 
129 

14.4 (3.7) 
128 

14.2 (4.0) 
129 

14.2 (3.8) 
128 

14.2 (3.7) 
124 

14.6 (4.0) 
119 

Family Resources 
n= 

52.8 (10.7) 
129 

52.4 (11.5) 
127 

52.2 (10.8) 
128 

50.9 (11.5) 
128 

51.2 (11.3) 
124 

51.7 (11.9) 
119 

Parental Depressive 
Symptoms  n(%) 

CES-D score >16  
CES-D score <16  

 
12.3 (9.5) 
36 (28.1) 
92 (71.9) 

 
10.0 (8.6) 
29 (22.8) 
98 (77.2) 

 
11.3 (8.4) 
35 (27.3) 
93 (72.7) 

 
11.5 (9.6) 
33 (25.6) 
96 (74.4) 

 
11.2 (9.4) 
34 (27.4) 
90 (72.6) 

 
10.0 (9.0) 
27 (22.7) 
92 (77.3) 
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Table 5.3: Youth characteristics at each of the six data collection points 
 

Characteristics  Baseline 6 Months 1 Year 2 Years 8 Years 10 Years 

Severity of Epilepsy        
mean (SD) 
n= 

 
2.5 (1.1) 

125 

 
1.9 (1.1) 

120 

 
1.9 (1.1) 

118 

 
1.7 (1.1) 

117 

 
1.8 (1.1) 

30 

 
1.8 (1.2) 

32 
Seizure Type  

Generalized 
Partial 
Undetermined 

 
53 (41.1) 
75 (58.1) 

1 (0.8) 

 
54 (41.9) 
69 (53.5) 

0 (0.0) 

 
51(39.5) 
68 (52.7) 

0 (0.0) 

 
46 (35.7) 
66 (51.2) 

0 (0.0) 

 
18 (14.0) 

9 (7.0) 
3 (2.3) 

 
20 (15.5) 
11 (8.5) 
1 (0.8) 

Cognitive Problems  
Yes 
No 

 
9 (7.0) 

120 (93.0) 

 
10 (7.8) 

113 (87.6) 

 
21 (16.3) 
96 (74.4) 

 
25 (19.4) 
92 (71.3) 

 
9 (7.0) 

20 (15.5) 

 
10 (7.8) 

22 (17.1) 
Behavioural Problems  

Yes 
No 

 
12 (9.3) 

116 (89.9) 

 
18 (14.0) 

104 (80.6) 

 
15 (11.6) 

103 (79.8) 

 
17 (13.2) 

101 (78.3) 

 
8 (6.2) 

22 (17.1) 

 
8 (6.2) 

24 (18.6) 
 
*Frequency (%) reported, unless otherwise stated. 
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Table 5.4: Sensitivity analysis comparing baseline characteristics of youth retained for the 
ten-year follow-up and those who did not participate 

 
Variable 

 
Did Not 

Participate 
(n=242) 

Completed       
Follow-Up  

(n=131) 

p-value 
 

Sex 
Male 
Female 

 
132 (55%) 
110 (45%) 

 
63 (48%) 
68 (52%) 

0.23 

Age at Diagnosis (mean) 7.27 7.53 0.30 

Seizure Type 
Generalized 
Partial 
Undetermined 

 
89 (37%) 

145 (60%) 
5 (2%) 

 
54 (41%) 
75 (57%) 

2 (2%) 

0.74 

Severity of Epilepsy (mean) 2.68 2.45 0.07 

Behavioural Problems 
Yes 
No 

 
44 (18%) 

195 (81%) 

 
12 (9%) 

118 (90%) 

0.02 

Cognitive Problems 
Yes 
No 

 
65 (27%) 

173 (71%) 

 
9 (7%) 

122 (93%) 

<0.0001 

Household Income 
<$50,000 
$50,000-$99,999 
>$100,000 

 
89 (37%) 
93 (38%) 
42 (17%) 

 
32 (24%) 
56 (43%) 
38 (29%) 

0.008 

Parental Living Arrangements  
Living with spouse/partner 
Not living with spouse/partner 

 
205 (85%) 
37 (15%) 

 
118 (90%) 
13 (10%) 

0.15 

Family Functioning (mean) 13.68 14.32 0.12 

Family Resources (mean) 48.68 52.62 0.001 

Parental Depressive    
Symptoms (mean) 

15.35 12.33 0.007 

 
*Reported as frequencies, unless otherwise stated. 
*The p-value is from a chi-square or fisher’s exact test for categorical variables and t-test for continuous   
variables. 
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Table 5.5: Bivariate analysis with exposure, potential clinical and demographic 
confounders, and potential family and clinical mediators 

 
Variable Co-efficient (SE) 95% Confidence Interval 

Severity of Epilepsy 2.25 (0.82)** 0.63, 3.88 

Sex  
(ref=male) 

0.84 (1.80) -2.72, 4.40 

Age at Diagnosis 0.95 (0.37)* 0.22, 1.68 

Seizure Type      
(ref=generalized) 

1.67 (1.83) -1.94, 5.29 

Cognitive Problems 
(ref=yes) 

-1.86 (2.31) -6.44, 2.71 

Behavioural Problems     
(ref=yes) 

-2.64 (2.67) -7.93, 2.65 

Family Income 
(ref =<50,000) 

-0.90 (0.86) 
 

-2.60, 0.80 
 

Parental Living Arrangements 
(ref=yes) 

2.48 (2.56) -2.60, 7.56 

Family Functioning -0.60 (0.24)* -1.08, -0.11 

Family Resources -0.20 (0.08)* -0.36, -0.04 

Parental Depressive Symptoms 0.06 (0.10) -0.13, 0.25 

Five-Year Seizure Freedom 
(ref=yes)  

7.65 (1.76)*** 4.16, 11.14 

AED use 
(ref=yes)  

-5.56 (2.02)** -9.55, -1.56 

 
*p<0.02, **p<0.01, ***p<0.0001 
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Table 5.6: Multivariate regression analysis assessing the relationship between severity of 
epilepsy and depressive symptoms controlling for potential demographic and clinical 
confounders with multiple imputation (n=129) 
 

Variable Co-efficient (SE) 95% Confidence Interval 

Intercept 2.61 (8.76) -14.56, 19.78 

Severity of Epilepsy 2.10 (0.86)* 0.42, 3.79 

Sex 0.18 (1.82) -3.38, 3.74 

Age at Diagnosis 0.97 (0.38)* 0.23, 1.71 

Seizure Type 2.25 (1.81) -1.29, 5.79 

Cognitive Problems 0.69 (2.43) -4.07, 5.45 

Behavioural Problems -3.59 (2.80) -9.07, 1.89 

Family Income 0.08 (1.00) -1.88, 2.04 

Parental Living Arrangements 0.54 (2.82) -4.99, 6.07 

 
Note: The mean R2 across imputations was 12.5% (range: 12.1% to 13.0%). 
*p<0.02 
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Table 5.7: GEE model assessing family functioning as a mediator between the 
relationship of severity of epilepsy and depressive symptoms controlling for potential 
demographic and clinical confounders with multiple imputation (n=129) 
 

Variable Co-efficient (SE) 95% Confidence Interval 

Intercept 10.74 (9.23) -7.35, 28.82 

Severity of Epilepsy 1.86 (0.90)* 0.10, 3.61 

Sex -0.79 (1.78) -4.29, 2.70 

Age at Diagnosis 0.98 (0.35)** 0.30, 1.67 

Seizure Type 1.92 (1.67) -1.34, 5.19 

Cognitive Problems 0.74 (2.34) -3.85, 5.32 

Behavioural Problems -3.22 (3.11) -9.30, 2.87 

Family Income 0.36 (0.98) -1.56, 2.28 

Parental Living Arrangements -0.15 (2.76) -5.56, 5.27 

G -8.13 (4.65) -17.24, 0.98 

M* -0.46 (0.26) -0.97, 0.04 

G*Severity of Epilepsy 0.25 (0.17) -0.08, 0.57 

G*Sex 0.97 (0.56) -0.13, 2.07 

G*Age at Diagnosis -0.01 (0.05) -0.12, 0.09 

G*Seizure Type 0.33 (0.33) -0.32, 0.97 

G*Cognitive Problems -0.05 (0.40) -0.82, 0.73 

G*Behavioural Problems -0.38 (0.50) -1.35, 0.60 

G*Family Income -0.28 (0.21) -0.68, 0.13 

G*Parental Living Arrangements 0.69 (0.63) -0.54, 1.91 

 
*p<0.05, **p<0.01 
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Table 5.8: GEE model assessing family resources as a mediator between the relationship 
of severity of epilepsy and depressive symptoms controlling for potential demographic 
and clinical confounders with multiple imputation (n=129) 
 

Variable Co-efficient (SE) 95% Confidence Interval 

Intercept 10.00 (10.04) -9.68, 29.67 

Severity of Epilepsy 1.88 (0.89)* 0.13, 3.63 

Sex 0.08 (1.73) -3.31, 3.46 

Age at Diagnosis 0.88 (0.36)** 0.18, 1.59 

Seizure Type 2.03 (1.70) -1.29, 5.36 

Cognitive Problems 1.09 (2.38) -3.57, 5.75 

Behavioural Problems -3.59 (3.02) -9.52, 2.33 

Family Income 0.46 (1.02) -1.55, 2.46 

Parental Living Arrangements -0.44 (2.80) -5.94, 5.06 

G -7.39 (5.53) -18.23, 3.46 

M* -0.13 (0.09) -0.31, 0.06 

G*Severity of Epilepsy 0.22 (0.19) -0.15, 0.59 

G*Sex 0.10 (0.22) -0.33, 0.54 

G*Age at Diagnosis 0.09 (0.07) -0.06, 0.23 

G*Seizure Type 0.22 (0.28) -0.34, 0.77 

G*Cognitive Problems -0.40 (0.48) -1.33, 0.53 

G*Behavioural Problems 0.00 (0.30) -0.58, 0.58 

G*Family Income -0.37 (0.30) -0.97, 0.22 

G*Parental Living Arrangements 0.98 (0.82) -0.62, 2.58 

 
*p<0.05, **p<0.02 
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Table 5.9: GEE model assessing five-year seizure freedom as a mediator between the 
relationship of severity of epilepsy and depressive symptoms controlling for potential 
demographic and clinical confounders with multiple imputation (n=129) 
 

Variable Co-efficient (SE) 95% Confidence Interval 

Intercept -5.21 (7.99) -20.87, 10.45 

Severity of Epilepsy 0.89 (1.04) -1.15, 2.92 

Sex 0.45 (1.73) -2.94, 3.83 

Age at Diagnosis 0.90 (0.34)** 0.24, 1.56 

Seizure Type 2.21 (1.68) -1.07, 5.50 

Cognitive Problems -0.32 (2.47) -5.16, 4.53 

Behavioural Problems -1.66 (3.04) -7.62, 4.30 

Family Income 0.17 (0.94) -1.67, 2.01 

Parental Living Arrangements 0.55 (2.50) -4.35, 5.46 

G 7.82 (3.46)* 1.03, 14.61 

M* 5.91 (2.09)*** 1.82, 10.01 

G*Severity of Epilepsy 1.22 (0.44)** 0.35, 2.09 

G*Sex -0.27 (0.48) -1.20, 0.67 

G*Age at Diagnosis 0.07 (0.11) -0.13, 0.28 

G*Seizure Type 0.04 (0.46) -0.86, 0.94 

G*Cognitive Problems 1.01 (0.69) -0.35, 2.36 

G*Behavioural Problems -1.93 (1.04) -3.97, 0.10 

G*Family Income -0.09 (0.25) -0.58, 0.41 

G*Parental Living Arrangements -0.01 (0.74) -1.47, 1.45 

 
*P>0.05, **p<0.01, ***p<0.005 
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Table 5.10: GEE model assessing AED use as a mediator between the relationship of 
severity of epilepsy and depressive symptoms controlling for potential demographic and 
clinical confounders with multiple imputation (n=129) 
 

Variable Co-efficient (SE) 95% Confidence Interval 

Intercept 10.14 (10.93) -11.30, 31.57 

Severity of Epilepsy 1.51 (1.03) -0.51, 3.54 

Sex -0.01 (1.76) -3.45, 3.44 

Age at Diagnosis 0.87 (0.36)* 0.17, 1.57 

Seizure Type 2.67 (1.63) -0.53, 5.87 

Cognitive Problems 0.02 (2.44) -4.77, 4.81 

Behavioural Problems -2.76 (2.97) -8.57, 3.06 

Family Income -0.08 (0.96) -1.97, 1.82 

Parental Living Arrangements 0.26 (2.74) -5.11, 5.62 

G -7.53 (5.59) -18.48, 3.43 

M* -3.33 (2.43) -8.10, 1.44 

G*Severity of Epilepsy 0.59 (0.44) -0.27, 1.45 

G*Sex 0.19 (0.29) -0.38, 0.75 

G*Age at Diagnosis 0.10 (0.09) -0.08, 0.28 

G*Seizure Type -0.42 (0.38) -1.18, 0.33 

G*Cognitive Problems 0.67 (0.59) -0.49, 1.83 

G*Behavioural Problems -0.84 (0.76) -2.33, 0.66 

G*Family Income 0.16 (0.18) -0.20, 0.52 

G*Parental Living Arrangements 0.28 (0.40) -0.50, 1.07 

 
*p<0.02 
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Chapter 6 

6 Discussion 
This chapter begins with a summary and interpretation of the study results (Section 6.1). 

Next, the strengths and limitations of our study will be presented (Sections 6.2-6.3) 

followed by recommendations for future research and the implications of our study 

(Sections 6.4-6.5).  

 

6.1 Summary of Results 
This thesis aimed to assess the association between early severity of epilepsy and 

subsequent depressive symptoms in youth diagnosed with epilepsy during their 

childhood. With the stress process model as the guiding conceptual framework, family 

factors were examined as potential mediators of this relationship. Given the lengthy time 

period between the exposure and outcome, current clinical characteristics were also 

examined as potential mediators of the relationship between severity of epilepsy and 

youth depressive symptoms. To our knowledge, our study is the first to assess the nature 

of the relationship between early severity of epilepsy in childhood and depressive 

symptoms during adolescence and young adulthood.  

 

6.1.1 Relationship Between Severity of Epilepsy and Depressive Symptoms 
The first objective of this thesis was to assess the association between severity of epilepsy 

early in the course of the disease and subsequent depressive symptoms. Childhood 

epilepsy was presumed to have a lasting impression on children’s psychiatric health 

during their adolescent and young adulthood years due to its impact on their psychosocial 

development. Indeed, this study found early severity of epilepsy to be significantly 

associated with subsequent youth depressive symptoms. The more severe childhood 

epilepsy youth had, the greater their risk was for depressive symptoms as adolescents and 

young adults. This finding is of clinical importance for neurologists as they routinely 

assess patients’ severity of epilepsy. In the early course of the disease, neurologists may 

be able to predict which children are at higher risk of acquiring depression later in their 
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life and as such may educate parents whose child has a history of severe epilepsy on how 

to effectively monitor them for symptoms of depression. They may also recommend 

parents to promote positive mental health, provide a nurturing social environment, and 

may refer patients to mental health professionals on a case-by-case basis.  

Although no other study has examined early disease severity in childhood 

epilepsy as a risk factor for future psychiatric illnesses, cross-sectional studies have found 

an association between severity of seizures or epilepsy and psychiatric disorders (78–81). 

Austin et al. (1996) examined illness severity, a measure based on seizure type, frequency 

of seizures, and the number of AEDS/presence of side effects, as a predictor of mother 

and teacher reported internalizing problems, which include behaviours such as 

withdrawal, depression, and somatic complaints. They found that youth in the highest 

severity of epilepsy group had significantly more internalizing problems, as reported by 

both mothers and teachers using the Child Behaviour Checklist, compared to youth in the 

lowest severity group. Using the same sample of youth with epilepsy, Haber et al. (2003) 

examined disease severity as a risk factor of both self concept, measured using the 

Children’s Self-Concept Scale and depression, measured using the CDI. They had similar 

findings, where severity of epilepsy was highly correlated with self-concept, and 

marginally (yet not significantly) correlated with youth depression symptoms. Their 

sample differed from ours in two ways: the mean age of diagnosis for their sample was 

slightly younger (4.9 years vs. 7.5 years) and patients who were not receiving treatment 

for a year prior to study entry were excluded which was not a requirement for our study 

sample. As such, they excluded patients with less severe epilepsy not requiring treatment, 

potentially decreasing the range of disease severity in their sample. Our studies also 

differed in the follow-up times used for assessing severity of epilepsy and depressive 

symptoms, as they assessed both concurrently four years after study entry; consequently, 

it is unknown when the onset of depression occurred relative to epilepsy diagnosis. We 

assessed severity of epilepsy 2 years after diagnosis and depressive symptoms 10 years 

after diagnosis, allowing a temporal order between exposure and outcome. As severity of 

epilepsy changes over time, it is likely to influence the risk of depressive symptoms 

differently depending on when it is measured and when depressive symptoms are 

measured. Similarly, Chew et al. (2017) found higher severity of epilepsy to be 
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associated with poorer self-esteem using the same measure for severity. The final study 

by Turky at el. (2008) examined severity of seizures as a risk factor for psychiatric 

disorders; despite their small sample size (n=56), they had findings consistent with our 

study. Their results showed that increased severity of seizures and epilepsy, measured 

using the Liverpool Seizure Severity Scale, was associated with the risk of parent-

reported depression and emotional problems in youth ages 5 to 17 with epilepsy.  

Near the time of seizure-onset, a highly predictive characteristic of severity of 

epilepsy, frequency of seizures, has been found to be associated with depression in 

adolescents (82,83). In the first study, children and adolescents ages 9 to 18 who had 

daily seizures in the early stages of their epilepsy were found to be at a higher risk of 

depression and anxiety as compared to those who only had one seizure or were seizure 

free (83). This study had a very small sample of 35 patients with an onset of epilepsy 

ranging from 1 to 15.5 years. Depression was assessed using the CDI and anxiety was 

assessed using the State Trait Anxiety Inventory. The second study with a larger sample 

(n=140) of adolescents ages 10 to 18 years found more frequent weekly or daily seizures 

at onset were associated with the risk of depression but not anxiety, measured using the 

HADS (82). A notable distinction between these two studies is that the average disease 

duration of the first study was larger at 5.6 (SD:3.9) years as compared to the latter study 

with an average disease duration of 3.6 (SD:2.2) years for children and 4.8 (SD:3.4) years 

for adolescents. Accordingly, patients in the last study may not have had anxiety due to 

their longer duration of disease providing them with a longer window of time to adapt. 

No other studies were found that examined characteristics of early childhood severity of 

epilepsy as risk factors for later depressive disorders, as such there are no studies with 

opposing findings.  

 

6.1.2 Family Factors as Mediators 
The second objective examined the potential mediating effects of family functioning, 

family resources, and parental depressive symptoms in the relationship between early 

severity of epilepsy and subsequent youth depressive symptoms. The rationale behind 

this objective was that in previous studies these family factors had been found to be 

associated with both the exposure and outcome. Clinical aspects of epilepsy, including a 
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longer disease duration and higher frequency of seizures, have been found to be 

associated with poorer family functioning and consequently, poor family functioning has 

been found to be associated with depression in children with epilepsy 

(80,121,140,149,154,168). Level of family resources were previously found to be 

associated with severity of epilepsy and the risk of depression and internalizing behavior 

problems in children with epilepsy (81,86,140,156). Parental depressive symptoms have 

been shown to be associated with both severity of epilepsy and youth behavioural 

problems including depressive disorders (172,185). Furthermore, these family factors 

were found to be mediators of other similar relationships. A study of children with 

chronic illnesses, including epilepsy, found the relationship between having a chronic 

childhood illness and symptoms of anxiety and depression to be mediated by changes in 

both family dysfunction and maternal symptoms of depression over time (224). Among 

children with epilepsy, family mastery, an aspect of family resources, was found to 

mediate the relationship between severity of epilepsy and self-esteem (81). To the best of 

our knowledge, this is the first study to examine family functioning, family resources, 

and parental depressive symptoms as mediators of the relationship between severity of 

epilepsy and depressive symptoms.  

 Contrary to expectation, the results of our study suggest that the relationship 

between early childhood severity of epilepsy and subsequent youth depressive symptoms 

was not mediated by family functioning, family resources, or parental depressive 

symptoms. There are a number of factors one might consider as potentially explaining 

these findings. First, the majority of the sample had very mild epilepsy and thus their 

epilepsy may not have created as much disruption in the family environment as more 

severe epilepsy might have. This is supported by a previous study where families with 

children who had uncontrolled epilepsy were at a higher risk of having a poor quality of 

life (150). The results of our study also showed that most families were functioning well 

overall and had an adequate amount of resources. Hence, there was minimal variability in 

the sample, with most of the children living in a thriving family environment. As such, 

we may have been underpowered to detect a mediating effect for the family factors due to 

this lack of variability. The attrition analysis also revealed that families with lower 

household incomes, fewer resources, and parental depressive symptoms were less likely 
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to participate in the 10-year follow-up of this study. It is possible that if we had more 

disadvantaged families participate, the family factors would have presented as mediators. 

Second, there is potential for age-effects as the role of family factors, the severity 

of epilepsy, and depressive symptoms may differ between adolescents and young adults. 

Young adults may have greater autonomy and be less likely to be influenced by their 

family environment, relative to adolescents. Emerging adulthood (usually ages 18 to 25) 

is a time where many individuals move out of their homes to either attend post-secondary 

institutions, begin employment, or to live with their romantic partner whereas others 

continue to reside with their parents but begin to make independent life decisions (225). 

Differences in the prognosis of epilepsy based on age of diagnosis may exist as a long-

term prospective study found children diagnosed between the ages of 5 and 9 to be at the 

highest risk of having intractable epilepsy (226). Lastly, there may also be age-related 

differences in the prevalence of depression (227). To explore the potential for age effects 

in our study, a post-hoc analysis was conducted performing a stratified analysis 

separating adolescents (ages 12 to 17 years) from young adults (ages 18 to 24 years). The 

results of the relationship between early severity of epilepsy and youth depressive 

symptoms was no longer significant for either of the age groups. Subsequently, given no 

total effect between severity of epilepsy and depressive symptoms, the family factors 

were not mediators of this relationship. This may have been attributed to the small sample 

sizes as there were only 62 adolescents and 67 young adults. Alternatively, age effects 

may truly not exist as the prevalence of young adults in Canada co-residing with their 

parents is increasing over time (228). Youth with chronic illnesses are especially likely to 

be dependent on their parents longer (229) and as such, are likely affected by their family 

environment similar to their adolescent counterparts. This was the case in our study 

where only 8% of our sample was not residing with a family member at the 10-year 

follow-up.  

Third, the effect of family factors may have differed depending on the sex of the 

primary caregiver who reported them. Psychiatric illness among mothers, but not fathers, 

has been found to increase the risk of psychiatric illnesses in children with epilepsy (136). 

Moreover, sex differences exist in the prevalence of depression in adults, with women 

more commonly presenting with depression (230,231). There may be dissimilarities in 
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how women and men react to their child’s disease severity as mothers and fathers have 

been found to have differing attitudes towards their child’s epilepsy (80). These 

differences in parenting attitudes may be attributed to one parent being the primary 

caregiver and having different experiences with the child by communicating with and 

watching over the child more often than the other parent. It is difficult to assess whether 

these sex-based differences exist when examining only primary caregivers due to the 

small number of male primary caregivers in Canada. To achieve a homogenous sample of 

primary caregivers and reduce the risk of sex-based differences, a post-hoc analysis was 

done removing the five participants whose primary caregiver was their father. The results 

of the analyses remained consistent for all objectives as those presented in this thesis. 

This may be attributed to the negligible influence having fathers in the sample may have 

had due to their small sample size. The small proportion of primary caregivers being 

fathers is consistent with the gender of primary caregivers of children with health 

problems in Canada where the majority are mothers (232). Additionally, although 

discrepancies between mother’s and father’s ratings of family functioning and family 

resources have been found (80) these discrepancies may be minimal when the fathers 

included are the primary caregivers and have similar experiences to the primary 

caregiving mothers.  

Finally, it is possible that the potential family mediators act in a causal chain to 

mediate the relationship between severity of epilepsy and depressive symptoms. 

Following the social interactional and ecological theoretical framework, family factors 

have been grouped into four clusters based on their degree of proximity to the child’s 

everyday experience: proximal, distal, contextual, and global (family socio-economic 

status) (233). Rodenburg et al. (2006) suggested that proximal family factors (the quality 

of the parent-child relationship and parenting) are the strongest predictors of child 

psychopathology and thus, mediate the effects of contextual (the quality of other family 

relationships) and distal factors (parental characteristics). They found the effects of both 

parental depression and family functioning on the risk of child internalizing problems to 

be mediated by parental rejection. In our study, parental depressive symptoms would 

qualify as a distal family factor and family functioning and family resources would be 

contextual factors. Hence, it is plausible that parental depressive symptoms may affect 
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family functioning or family resources, which in turn, may lead to youth depressive 

symptoms. This has been shown in a study where the effect of family functioning on the 

outcome of youth internalizing problems was mediated by parental depressive symptoms 

(234). Still, these relationships are complex with another study finding that family 

functioning mediated the relationship between parental depressive symptoms and child 

emotional well-being and family resources mediated the effect of family functioning in a 

multiple mediation pathway (170). Differences in how family factors interact may be 

attributed to the youth’s age; cultural differences in parenting styles, as some cultures 

exercise stricter parenting than others; or the severity of epilepsy with more severe 

epilepsies having a greater impact on the family.  

Given the increased recognition of the value that family-centered care (FCC) has 

in improving both family and child outcomes, there is a need to further examine the role 

of family environment in childhood epilepsy to identify suitable targets for interventions 

(235). According to the Maternal and Child Health Bureau, the following activities 

characterize FCC: acknowledging the family as the constant in a child’s life, building on 

family strengths, supporting the child in participating, honoring diversity, recognizing the 

importance of community-based services, promoting an individual and developmental 

approach, encouraging family-to family/peer support, developing family-centered 

policies and practices, and celebrating success. Family factors not explored in our study 

that may also be targeted within the FCC framework include increasing parents’ 

confidence in managing their child’s epilepsy and teaching parents how to provide 

emotional support for their child (236). Both these factors may be affected by the severity 

of epilepsy and have been previously found to decrease child behaviour problems over 

time qualifying them as potential mediators for future studies to examine (156).  

 

6.1.3 Current Clinical Factors as Mediators 
The third and final objective examined the potential mediating effects of five years of 

seizure freedom and AED use, a decade post-diagnosis, for the relationship between early 

severity of epilepsy and depressive symptoms. The rationale behind this objective was to 

determine whether early severity of epilepsy is a risk factor for future depressive 

symptoms or whether its effect is based on it being a predictor of future severity of 
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epilepsy. Past studies have shown that early disease severity may be a predictor for 

whether a child will ever reach remission (77,237). Children with controlled epilepsy in 

the early stages are also the ones who successfully discontinue AED use (74–76). 

 The results of our study found that five-year seizure freedom mediates the 

relationship between early severity of epilepsy and subsequent depressive symptoms, 

reducing the effect of severity of epilepsy by 58%. This finding indicates that most of the 

effect of early disease severity is through gaining five-year seizure freedom which in 

turn, is associated with the risk of depressive symptoms. Those who have been free of 

seizures for the past five years a decade post-diagnosis are at lower risk of having 

depressive symptoms compared to those who have experienced a seizure in the past five 

years. This may be due to the fact that youth who have been free of seizures for this long 

are no longer emotionally or socially affected by their epilepsy and thus are not at as high 

of a risk of depressive symptoms, as compared to youth with active epilepsy. This is 

supported by other studies, as one found PWE who have been in remission for greater 

than five years to have less subjective handicap on all aspects of their daily life including 

physical, social, emotional, and occupational (114). The authors suggest that this finding 

may be attributed to a situation whereby the increasing time of remission increases 

patients’ confidence that their epilepsy is resolved for good. Similarly, in another study, 

adults who experienced none or very few seizures in the past year reported lower illness 

intrusiveness in domains including relationship and personal development, intimacy, and 

instrumental life compared to those who had frequent seizures (113). 

Although five-year seizure freedom has not been examined as a mediator, the 

results of one study are consistent with our findings where not being free of seizures for 

the past five years was associated with the risk of reporting internalizing problems 

(mainly depression and anxiety) (111). This study had a larger sample size (n=277) with 

children diagnosed up to 11 years of age, and as such they had a younger age range at 

their 9-year follow-up (8 to 17 years). In their sample, 64% of youth were free of seizures 

by the 9-year follow-up and 31% were using AEDs, these proportions are similar to our 

sample where 65% of youth had 5-year seizure freedom and 26% were using AEDs at the 

10-year follow-up. Discordantly, in the same cohort of children, five-years of seizure 

freedom was not associated with children’s HRQoL, but psychiatric disorders were 
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associated with HRQoL (110). One reason presented by the authors for this lack of 

association was that they used a generic instrument to measure HRQoL that may not have 

been sensitive to changes in epilepsy. A multi-step mediation pathway may also exist 

where five-year seizure freedom predicts psychiatric disorders which in turn, predict 

HRQoL. A population-based Canadian study of non-institutionalized PWE (N=713) over 

the age of 15 (Mean: 45.4 years) with ‘active epilepsy’, defined as either using an AED 

or experiencing a seizure within the past five years, found five-year seizure freedom to be 

associated with decreased odds of depression (112). Another study had consistent 

findings where significantly fewer adults with one-year seizure freedom (4%) had 

depression compared to those with active epilepsy (17%) (115). Although this study was 

cross-sectional, it had a large sample size (n=1069) and measured depression using a 

diagnostic screening tool (HADS).  

AED use was the second potential clinical mediator examined and the results 

found that it was not a mediator of the relationship between early severity of epilepsy and 

depressive symptoms. Although AED use was not a mediator, it did reduce the effect of 

early severity of epilepsy rendering it a non-significant risk factor for subsequent 

depressive symptoms. This may be due to the fact that there was a large but not full 

overlap between the variables of AED use and five-year seizure freedom. The majority 

but not all of the youth who were no longer using AEDs were the ones who have been 

free of seizures for the past five years. A explanation for the non-significant mediating 

effect is that AEDs have been shown to have psychotropic effects with some reducing 

and others increasing symptoms of depression (238). Unfortunately, we were unable to 

account for AED types due to lack of information on which AEDs youth were prescribed. 

This information likely would not have been that valuable due to the small sample of 

youth who were using AEDs and the availability of several AEDs in Canada, with some 

youth using various combinations. There may have also been a difference in the risk of 

depression for youth on polytherapy treatment compared to those only using one AED 

but, due to the lack of information and the small sample size, this could not be explored.  

The findings of this study indicate that reaching five-years of seizure freedom 

after a few years of having active epilepsy should be of paramount importance for 

clinicians. Whether there is a difference between those who are in remission with 
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treatment and those who are in remission without treatment must be explored further due 

to the small number of youth in remission with treatment in our sample. Findings from a 

study of adults with childhood-onset epilepsy followed for over 30 years indicated that 

those in 5-year seizure remission without treatment were influenced less by their epilepsy 

as compared to both those not in remission and those in remission with treatment (239). 

This is consistent with the Antiepileptic Drug Withdrawal Study that included patients 

over the age of 15 who were free of seizures for the past two years randomized to either 

slow or no discontinuation of AEDs (240). They found individuals in remission with 

treatment had greater feelings of stigma, felt that epilepsy restricted their social activities, 

and believed it affected their work and employment opportunities. These findings may be 

attributed to the successful discontinuation of AEDs lowering stigma associated with 

having active epilepsy.  

 

6.2 Strengths 
The longitudinal prospective nature of this study allowed temporality between the 

exposure, mediators, and outcome; a practice ideal for mediation analysis. It was one of 

the first long-term follow-up studies that allowed for the examination of the occurrence 

of a psychiatric disorder nearly a decade after the diagnosis of epilepsy in children. This 

study included only new-onset cases of epilepsy so was an incident sample with a sample 

size comparable to that of other studies. Data were collected at multiple time points 

making recall bias highly unlikely. It is also one of only a few long-term studies to 

include family factors as reported by the most knowledgeable person in the household, 

the primary caregiver. The potential family mediators and the outcome of interest, youth 

depressive symptoms, were all measured using validated tools. The exposure of interest, 

severity of epilepsy, was physician reported using a validated measurement tool making it 

a standardized measure of disease severity for all participants. The cohort in this study 

was representative of the general population of youth with epilepsy as the majority of 

cases were not severe. Lastly, this study provided an opportunity to examine the clinical 

presentation of the disease in the early stages and its relationship to the presence of 

seizures in the future.  
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6.3 Limitations 
This study was limited by the fact that depression in the early stages of epilepsy was not 

measured so causality between severity of epilepsy and depressive symptoms cannot be 

inferred. Measures for depressive symptoms would not have been feasible to implement 

given the young age of the sample at the time of diagnosis and the self-administered 

format for questionnaire completion. According to the parents’ reports on their child’s 

psychiatric disorder history, diagnosis of depression, if applicable, occurred after the 

diagnosis of epilepsy for our entire sample. A screening tool was used to identify who 

may be at risk for depression rather than a diagnostic tool hence we cannot make 

inferences regarding who has a depressive disorder and who does not.  

Within the stress process model, we have specified the direction of the 

relationships between variables, it is however possible that the outcome may have 

affected the mediators. If youth depressive symptoms were chronic and were present for 

over two years, they may have affected family functioning, family resources, and parental 

depressive symptoms. Youth depressive symptoms may have also influenced whether 

youth achieved five-year seizure-freedom if they required AEDs to control their seizures 

and their psychiatric health affected their compliance to their medication.  

Although we had a range in severity of epilepsy, we did not have many youth who 

had very severe epilepsy and no one in our sample required surgery to control their 

seizures. This means we cannot claim our findings are generalizable to youth with 

intractable epilepsy. The loss of families who had lower household incomes, fewer family 

resources, and were more likely to have parental depressive symptoms, produced a loss in 

the variability of family environment. With the loss of families who would be most at risk 

for negative outcomes, we were less likely to find significant effects for family factors. 

Accordingly, our findings may not be generalizable to low socio-economic status areas or 

disadvantaged populations. Our sample size, although one of the largest for a long-term 

follow-up study in childhood epilepsy, may have been underpowered to detect significant 

results in some of our analyses.  
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6.4 Recommendations for Future Research  
Future studies are warranted to explore the complexity of the relationship between 

epilepsy-related clinical factors, family environment, and youth depressive disorders 

given the importance of family in childhood epilepsy. These studies may examine 

different family factors, the roles of family factors in multiple mediator models and the 

potential moderating effects of family factors. Following family environment as children 

age, peer social support becomes important and may be a factor to examine as a potential 

mediator between severity of epilepsy and mental health outcomes. In a previous study, it 

was found to mediate the relationship between disease severity and family mastery (241). 

Studies with larger samples may examine the effects of age by stratifying by adolescent 

and adult ages given relatively different stressors between these age groups. Future 

studies should repeat a similar study with different psychiatric disorders as they are very 

common in youth with epilepsy such as anxiety or suicide. Future studies should also 

repeat a similar study in a more severe population of youth with epilepsy or those in 

disadvantaged areas.  

 

6.5 Implications and Conclusions 
The findings from this study suggest that early severity of epilepsy in childhood may be 

associated with depressive symptoms years later during adolescence and young 

adulthood. Health care professionals may consider educating parents on the high 

prevalence of depression in youth with epilepsy and offer resources on how depressive 

symptoms may present to aid parents in recognizing depression if it occurs. Physicians 

may also consider routinely screening for depression during examinations. A screening 

tool called the Neurological Disorders Depression Inventory for Epilepsy is a validated 

epilepsy population specific tool that can rapidly detect depression in clinics and is not 

resource intensive (37). Although our study did not find family factors to play mediating 

roles in the relationship between severity of epilepsy and depressive symptoms, this does 

not imply that they are not important. More research is required to uncover the roles of 

various family factors, their interrelations, and the usefulness of FCC in families of 

children with epilepsy. The finding that the influence of early severity of epilepsy is 
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mediated by seizure freedom for the past five years a decade after diagnosis of epilepsy 

indicates that children with severe childhood epilepsy are mostly at a high risk of 

depressive symptoms if they do not eventually gain control of their seizures. Having 

severe childhood epilepsy does not necessarily condemn children to have unfavourable 

psychiatric health in their adult years given there are opportunities to improve disease 

severity with surgery and other interventions if it does not resolve with AEDs.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	

	

77	

References 
 
1.  Fisher RS, Acevedo C, Arzimanoglou A, Bogacz A, Helen Cross J, Elger CE, et al. A practical 

clinical definition of epilepsy. Epilepsia. 2014;55(4):475–82.  

2.  Shorvon SD. Handbook of epilepsy treatment. 3rd ed. Chichester, UK: John Wiley & Sons; 2010.  

3.  Fisher RS, Cross JH, French JA, Higurashi N, Hirsch E, Jansen FE, et al. Operational classification 
of seizure types by the International League Against Epilepsy: Position Paper of the ILAE 
Commission for Classification and Terminology. Epilepsia. 2017;58(4):522–30.  

4.  Sillanpää M, Schmidt D, Saarinen MM, Shinnar S. Remission in epilepsy: How long is enough? 
Epilepsia. 2017;58(5):901–6.  

5.  Elger CE, Schmidt D. Modern management of epilepsy: a practical approach. Epilepsy Behav. 
2008;12(4):501–539.  

6.  Lee JW, Dworetzky B. Rational Polytherapy with Antiepileptic Drugs. Pharmaceuticals. 
2010;3(8):2362–79.  

7.  Kwan P, Brodie MJ. Early Identification of Refractory Epilepsy. N Engl J Med. 2000;342(5):314–
9.  

8.  Schmidt D, Löscher W. How effective is surgery to cure seizures in drug-resistant temporal lobe 
epilepsy? In: Epilepsy Research. 2003. p. 85–91.  

9.  Ben-Menachem E. Vagus-nerve stimulation for the treatment of epilepsy. Lancet Neurol. 
2002;1(8):477–482.  

10.  Guerrini R. Epilepsy in children. Lancet. 2006;367(9509):499–524.  

11.  Dragoumi P, Tzetzi O, Vargiami E, Pavlou E, Krikonis K, Kontopoulos E, et al. Clinical course and 
seizure outcome of idiopathic childhood epilepsy: determinants of early and long-term prognosis. 
BMC Neurol. 2013;13:206.  

12.  Sillanpää M, Schmidt D. Early seizure frequency and aetiology predict long-term medical outcome 
in childhood-onset epilepsy. Brain J Neurol. 2009;132(Pt 4):989–98.  

13.  Beghi E, Tognoni G. Prognosis of Epilepsy in Newly Referred Patients: A Multicenter Prospective 
Study. Epilepsia. 1988;29(3):236–43.  

14.  Forsgren L. Incidence and prevalence. Epilepsy in children. 2nd ed. London: Arnold; 2004. 21-25 
p.  

15.  Hauser W a. Epidemiology of epilepsy in children. Neurosurg Clin N Am. 1995;6(3):419–29.  

16.  Camfield CS, Camfield PR, Gordon K, Wirrell E, Dooley JM. Incidence of Epilepsy in Childhood 
and Adolescence: A Population-Based Study in Nova Scotia from 1977 to 1985. Epilepsia. 
1996;37(1):19–23.  

17.  Kozyrskyj AL, Prasad AN. The burden of seizures in Manitoba children: a population-based study. 
Can J Neurol Sci J Can Sci Neurol. 2004;31(1):48–52.  



	

	

78	

18.  Tellez-Zenteno JF, Pondal-Sordo M, Matijevic S, Wiebe S. National and regional prevalence of 
self-reported epilepsy in Canada. Epilepsia. 2004;45(12):1623–9.  

19.  Ngugi AK, Bottomley C, Kleinschmidt I, Sander JW, Newton CR. Estimation of the burden of 
active and life-time epilepsy: A meta-analytic approach. Epilepsia. 2010;51(5):883–890.  

20.  Wiebe S, Bellhouse DR, Fallahay C, Eliasziw M. Burden of epilepsy: the Ontario Health Survey. 
Can J Neurol Sci J Can Sci Neurol. 1999;26(4):263–270.  

21.  Ng R, Colleen MJ, Erilka YA, Nylen K, Antflick J, Jetté N, et al. Brain Disorders in Ontario: 
Prevalence, Incidence and Costs from Health Administrative Data. Toronto, ON: Institute for 
Clinical Evaluative Sciences; 2015.  

22.  Theodore WH, Spencer SS, Wiebe S, Langfitt JT, Ali A, Shafer PO, et al. Epilepsy in North 
America: A Report Prepared under the Auspices of the Global Campaign against Epilepsy, the 
International Bureau for Epilepsy, the International League Against Epilepsy, and the World Health 
Organization. Epilepsia. 2006;47(10):1700–22.  

23.  Ferro MA. A population-based study of the prevalence and sociodemographic risk factors of self-
reported epilepsy among adults in the United Kingdom. Seizure. 2011;20(10):784–8.  

24.  Collins S. The psychosocial effect of epilepsy on adolescents and young adults. Nurs Stand. 
2011;25(43):48–58.  

25.  Bandstra NF, Camfield CS, Camfield PR. Stigma of Epilepsy. Can J Neurol Sci. 2008;35:436–40.  

26.  Sheth RD. Adolescent issues in epilepsy. J Child Neurol. 2002;17(Suppl2):2S23-2S27.  

27.  Appleton RE, Chadwick D, Sweeney A. Managing the teenager with epilepsy: Paediatric to adult 
care. Seizure. 1997;6(1):27–30.  

28.  Baker GA, Hargis E, Hsih MM-S, Mounfield H, Arzimanoglou A, Glauser T, et al. Perceived 
impact of epilepsy in teenagers and young adults: An international survey. Epilepsy Behav. 
2008;12(3):395–401.  

29.  Austin JK, Shafer PO, Deering JB. Epilepsy familiarity, knowledge, and perceptions of stigma: 
report from a survey of adolescents in the general population. Epilepsy Behav. 2002;3(4):368–75.  

30.  Baker GA. Depression and suicide in adolescents with epilepsy. Neurology. 2006 Mar 28;66(6 
Suppl 3):S5-12.  

31.  Hankin BL, Abramson LY, Moffitt TE, Silva PA, McGee R, Angell KE. Development of 
depression from preadolescence to young adulthood: emerging gender differences in a 10-year 
longitudinal study. J Abnorm Psychol. 1998;107(1):128–40.  

32.  Ferro MA, Gorter JW, Boyle MH. Trajectories of Depressive Symptoms in Canadian Emerging 
Adults. Am J Public Health. 2015;105(11):2322–7.  

33.  Abela JRZ, Hankin BL. Handbook of depression in children and adolescents. [Internet]. 2008. 
Available from: 
http://ovidsp.ovid.com/ovidweb.cgi?T=JS%7B&%7DPAGE=reference%7B&%7DD=psyc5%7B&
%7DNEWS=N%7B&%7DAN=2008-01178-000 



	

	

79	

34.  Kessler RC, Berglund P, Demler O, Jin R, Walters EE. Lifetime prevalence and age-of-onset 
distributions’ of DSM-IV disorders in the national comorbidity survey replication. Arch Gen 
Psychiatry. 2005;62(6):593–602.  

35.  Smetanin P, Stiff D, Briante C, Adair C., Ahmad S, Khan M. The Life and Economic Impact of 
Major Mental Illnesses in Canada: 2011 to 2041. RiskAnalytica, on behalf of the Mental Health 
Commission of Canada 2011; 2011.  

36.  Kanner AM, Palac S. Depression in Epilepsy: A Common but Often Unrecognized Comorbid 
Malady. Epilepsy Behav. 2000;1(1):37–51.  

37.  Gilliam FG, Barry JJ, Hermann BP, Meador KJ, Vahle V, Kanner AM. Rapid detection of major 
depression in epilepsy: a multicentre study. Lancet Neurol. 2006;5(5):399–405.  

38.  Hermann BP, Whitman S, Wyler AR, Richey ET, Dell J. The neurological, psychosocial and 
demographic correlates of hypergraphia in patients with epilepsy. J Neurol Neurosurg Psychiatry. 
1988;51(2):203–8.  

39.  Miller JM, Kustra RP, Vuong A, Hammer AE, Messenheimer JA. Depressive symptoms in 
epilepsy: prevalence, impact, aetiology, biological correlates and effect of treatment with 
antiepileptic drugs. Drugs. 2008;68(11):1493–509.  

40.  Kanner AM. Depression in epilepsy: Prevalence, clinical semiology, pathogenic mechanisms, and 
treatment. Vol. 54. 2003. 388–398 p.  

41.  Fuller-Thomson E, Brennenstuhl S. The association between depression and epilepsy in a nationally 
representative sample. Epilepsia. 2009;50(5):1051–8.  

42.  St. Germaine-Smith C, Liu M, Quan H, Wiebe S, Jette N. Development of an epilepsy-specific risk 
adjustment comorbidity index. Epilepsia. 2011;52(12):2161–2167.  

43.  Tellez-Zenteno JF, Patten SB, Jetté N, Williams J, Wiebe S. Psychiatric comorbidity in epilepsy: a 
population-based analysis. Epilepsia. 2007;48(12):2336–44.  

44.  Kobau R, Gilliam F, Thurman DJ. Prevalence of self-reported epilepsy or seizure disorder and its 
associations with self-reported depression and anxiety: results from the 2004 HealthStyles Survey. 
Epilepsia. 2006 Nov;47(11):1915–21.  

45.  Stephens T, Joubert N. The economic burden of mental health problems in Canada. Chronic Dis 
Can. 2001;22:18–23.  

46.  Gandhi S, Chiu M, Lam K, Cairney JC, Guttmann A, Kurdyak P. Mental Health Service Use 
Among Children and Youth in Ontario: Population-Based Trends Over Time. Can J Psychiatry. 
2016;61(2):119–24.  

47.  Keenan-Miller D, Hammen CL, Brennan PA. Health Outcomes Related to Early Adolescent 
Depression. J Adolesc Health. 2007;41(3):256–262.  

48.  Mendez MF, Cummings JL, Benson F. Depression in epilepsy: Significance and phenomenology. 
Arch Neurol. 1986;43(8):766–70.  

49.  Cramer JA, Hammer AE, Kustra RP. Improved mood states with lamotrigine in patients with 
epilepsy. Epilepsy Behav. 2004;5(5):702–7.  



	

	

80	

50.  Reisinger EL, DiIorio C. Individual, seizure-related, and psychosocial predictors of depressive 
symptoms among people with epilepsy over six months. Epilepsy Behav. 2009;15(2):196–201.  

51.  Devinsky O. Psychiatric comorbidity in patients with epilepsy: implications for diagnosis and 
treatment. Epilepsy Behav. 2003;4(4):S2–10.  

52.  Ettinger AB, Good MB, Manjunath R, Faught RE, Bancroft T. The relationship of depression to 
antiepileptic drug adherence and quality of life in epilepsy. Epilepsy Behav. 2014;36:138–43.  

53.  Shallcross AJ, Becker DA, Singh A, Friedman D, Jurd R, French JA, et al. Psychosocial factors 
associated with medication adherence in ethnically and socioeconomically diverse patients with 
epilepsy. Epilepsy Behav. 2015;46:242–5.  

54.  Hitiris N, Mohanraj R, Norrie J, Sills GJ, Brodie MJ. Predictors of pharmacoresistant epilepsy. 
Epilepsy Res. 2007;75(2–3):192–6.  

55.  Cramer JA, Blum D, Reed M, Fanning K. The Influence of Comorbid Depression on Seizure 
Severity. Epilepsia. 2003;44(12):1578–84.  

56.  Thapar A, Collishaw S, Pine DS, Thapar AK. Depression in adolescence. The Lancet. 
2012;379(9820):1056–1067.  

57.  Hawton K, Van Heeringen K. The International Handbook of Suicide and Attempted Suicide. 2008. 
1–755 p.  

58.  Robertson MM. Suicide, parasuicide, and epilepsy. Philadelphia, PA: Lippincott-Raven; 1997. 
2141-2151 p.  

59.  Jackson MJ, Turkington D. Depression and anxiety in epilepsy. J Neurol Neurosurg Psychiatry. 
2005;76(1):I45–I47.  

60.  Hesdorffer DC, Hauser WA, Olafsson E, Ludvigsson P, Kjartansson O. Depression and suicide 
attempt as risk factors for incident unprovoked seizures. Ann Neurol. 2006;59(1):35–41 7p.  

61.  Spieth LE, Harris CV. Assessment of health-related quality of life in children and adolescents: An 
integrative review. J Pediatr Psychol. 1996;21(2):175–193.  

62.  Thurman DJ, Beghi E, Begley CE, Berg AT, Buchhalter JR, Ding D, et al. Standards for 
epidemiologic studies and surveillance of epilepsy. Epilepsia. 2011;52(SUPPL. 7):2–26.  

63.  Boylan LS, Flint L a, Labovitz DL, Jackson SC, Starner K, Devinsky O. Depression but not seizure 
frequency predicts quality of life in treatment-resistant epilepsy. Neurology. 2004;62(2):258–261.  

64.  Johnson EK, Jones JE, Seidenberg M, Hermann BP. The Relative Impact of Anxiety, Depression, 
and Clinical Seizure Features on Health-related Quality of Life in Epilepsy. Epilepsia. 
2004;45(5):544–50.  

65.  Speechley KN, Sang X, Levin S, Zou GY, Eliasziw M, Smith ML, et al. Assessing severity of 
epilepsy in children: Preliminary evidence of validity and reliability of a single-item scale. Epilepsy 
Behav. 2008;13(2):337–42.  

66.  Chan CJ, Zou G, Wiebe S, Speechley KN. Global assessment of the severity of epilepsy (GASE) 
Scale in children: Validity, reliability, responsiveness. Epilepsia. 2015;56(12):1950–6.  



	

	

81	

67.  Laxer KD, Trinka E, Hirsch LJ, Cendes F, Langfitt J, Delanty N, et al. The consequences of 
refractory epilepsy and its treatment. Epilepsy Behav. 2014;37:59–70.  

68.  Brodie MJ. Diagnosing and predicting refractory epilepsy. Acta Neurol Scand. 2005;112(s181):36–
9.  

69.  Jalava M, Sillanpaa M. Concurrent illnesses in adults with childhood-onset epilepsy: A population-
based 35-year follow-up study. Epilepsia. 1996;37(12):1155–63.  

70.  Berg AT. Epilepsy, cognition, and behavior: The clinical picture. Epilepsia. 2011;52:7–12.  

71.  Russ SA, Larson K, Halfon N. A National Profile of Childhood Epilepsy and Seizure Disorder. 
Pediatrics. 2012;129(2):256–64.  

72.  Perrin JM, Bloom SR, Gortmaker SL. The Increase of Childhood Chronic Conditions in the United 
States. JAMA. 2007;297(24):2755–2755.  

73.  Compas BE, Jaser SS, Dunn MJ, Rodriguez EM. Coping with chronic illness in childhood and 
adolescence. Annu Rev Clin Psychol. 2012;8:455–80.  

74.  Devinsky O. Epilepsy: A Patient and Family Guide: Third Edition. 3rd ed. New York: Demos 
Medical Publishing; 2007.  

75.  Camfield P, Camfield C. When is it safe to discontinue AED treatment? Epilepsia. 2008;49:25–8.  

76.  Hixson JD. Stopping Antiepileptic Drugs: When and Why? Curr Treat Options Neurol. 
2010;12(5):434–42.  

77.  French JA. Refractory Epilepsy: Clinical Overview. Epilepsia. 2007;48(s1):3–7.  

78.  Turky A, Beavis JM, Thapar AK, Kerr MP. Psychopathology in children and adolescents with 
epilepsy: An investigation of predictive variables. Epilepsy Behav. 2008;12(1):136–44.  

79.  Austin JK, Huster G a, Dunn DW, Risinger MW. Adolescents with active or inactive epilepsy or 
asthma: a comparison of quality of life. Epilepsia. 1996;37(12):1228–38.  

80.  Haber LC, Austin JK, Huster GR, Lane KA, Perkins SM. Relationships between differences in 
mother-father perceptions and self-concept and depression in children with epilepsy. J Fam Nurs. 
2003;9(1):59–78.  

81.  Chew J, Haase AM, Carpenter J. Individual and family factors associated with self-esteem in young 
people with epilepsy: A multiple mediation analysis. Epilepsy Behav. 2017;66:19–26.  

82.  Kwong KL, Lam D, Tsui S, Ngan M, Tsang B, Lai TS, et al. Anxiety and Depression in 
Adolescents With Epilepsy. J Child Neurol. 2016;31(2):203–10.  

83.  Oguz A, Kurul S, Dirik E. Relationship of epilepsy-related factors to anxiety and depression scores 
in epileptic children. J Child Neurol. 2002;17(1):37–40.  

84.  Smith DF, Baker GA, Dewey M, Jacoby A, Chadwick DW. Seizure frequency, patient-perceived 
seizure severity and the psychosocial consequences of intractable epilepsy. Epilepsy Res. 
1991;9(3):231–41.  

85.  Harden CL, Maroof DA, Nikolov B, Fowler K, Sperling M, Liporace J, et al. The effect of seizure 
severity on quality of life in epilepsy. Epilepsy Behav. 2007;11(2):208–11.  



	

	

82	

86.  Dunn DW, Austin JK, Huster GA. Symptoms of depression in adolescents with epilepsy. J Am 
Acad Child Adolesc Psychiatry. 1999;38(9):1132–8.  

87.  Cushner-Weinstein S, Dassoulas K, Salpekar JA, Henderson SE, Pearl PL, Gaillard WD, et al. 
Parenting stress and childhood epilepsy: the impact of depression, learning, and seizure-related 
factors. Epilepsy Behav. 2008;13(1):109–14.  

88.  Peng W-F, Ding J, Li X, Mao L-Y, Wang X. Clinical risk factors for depressive symptoms in 
patients with epilepsy. Acta Neurol Scand. 2014;129(5):343–9.  

89.  Peterson CL, Walker C, Shears G. The social context of anxiety and depression: exploring the role 
of anxiety and depression in the lives of Australian adults with epilepsy. Epilepsy Behav. 
2014;34:29–33.  

90.  Dias R, Bateman LM, Farias ST, Li C-S, Lin T-C, Jorgensen J, et al. Depression in epilepsy is 
associated with lack of seizure control. Epilepsy Behav. 2010;19(3):445–7.  

91.  Fela-Thomas A, Akinhanmi A, Esan O. Prevalence and correlates of major depressive disorder 
(MDD) among adolescent patients with epilepsy attending a Nigerian neuropsychiatric hospital. 
Epilepsy Behav. 2016;54:58–64.  

92.  Mensah SA, Beavis JM, Thapar AK, Kerr M. The presence and clinical implications of depression 
in a community population of adults with epilepsy. Epilepsy Behav. 2006;8(1):213–9.  

93.  Kimiskidis VK, Triantafyllou NI, Kararizou E, Gatzonis S-S, Fountoulakis KN, Siatouni A, et al. 
Depression and anxiety in epilepsy: the association with demographic and seizure-related variables. 
Ann Gen Psychiatry. 2007;6:28–28.  

94.  Han S-H, Kim B, Lee S-A, Grp KQES. Contribution of the family environment to depression in 
Korean adults with epilepsy. Seizure. 2015;25:26–31.  

95.  Roth DL, Goode KT, Williams VL, Faught E. Physical exercise, stressful life experience, and 
depression in adults with epilepsy. Epilepsia. 1994;35(6):1248–55.  

96.  Baker GA, Spector S, McGrath Y, Soteriou H. Impact of epilepsy in adolescence: a UK controlled 
study. Epilepsy Behav. 2005;6(4):556–62.  

97.  Ekinci O, Titus JB, Rodopman AA, Berkem M, Trevathan E. Depression and anxiety in children 
and adolescents with epilepsy: prevalence, risk factors, and treatment. Epilepsy Behav. 
2009;14(1):8–18.  

98.  Fatoye F, Mosaku KS, Komolafe M, Adewuya AO. Interictal anxiety and depression symptoms in 
Nigerians with epilepsy: A controlled study. Epilepsy Behav. 2006;9(2):312–6.  

99.  Lee S-A, Lee S-M, No Y-J. Factors contributing to depression in patients with epilepsy. Epilepsia. 
2010;51(7):1305–8.  

100.  Lacey CJ, Salzberg MR, D’Souza WJ. What factors contribute to the risk of depression in epilepsy? 
- Tasmanian Epilepsy Register Mood Study (TERMS). Epilepsia. 2016;57(3):516–22.  

101.  Bosak M, Turaj W, Dudek D, Siwek M, Szczudlik A. Depressogenic medications and other risk 
factors for depression among polish patients with epilepsy. Neuropsychiatr Dis Treat. 
2015;11:2509–17.  



	

	

83	

102.  Tsegabrhan H, Negash A, Tesfay K, Abera M. Co-morbidity of depression and epilepsy in Jimma 
University specialized hospital, Southwest Ethiopia. Neurol India. 2014;62(6):649–55.  

103.  Adewuya AO, Ola BA. Prevalence of and risk factors for anxiety and depressive disorders in 
Nigerian adolescents with epilepsy. Epilepsy Behav. 2005;6(3):342–7.  

104.  Tegegne MT, Mossie TB, Awoke AA, Assaye AM, Gebrie BT, Eshetu DA. Depression and anxiety 
disorder among epileptic people at Amanuel Specialized Mental Hospital, Addis Ababa, Ethiopia. 
BMC Psychiatry. 2015;15:210.  

105.  Beghi E, Roncolato M, Visonà G. Depression and altered quality of life in women with epilepsy of 
childbearing age. Epilepsia. 2004;45(1):64–70.  

106.  Thompson AW, Miller JW, Katon W, Chaytor N, Ciechanowski P. Sociodemographic and clinical 
factors associated with depression in epilepsy. Epilepsy Behav. 2009;14(4):655–60.  

107.  Neligan A, Hauser WA, Sander JW. The epidemiology of the epilepsies. In: Handbook of clinical 
neurology [Internet]. 2012. p. 113–33. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/22938966 

108.  Fisher RS, Cross JH, D’Souza C, French JA, Haut SR, Higurashi N, et al. Instruction manual for the 
ILAE 2017 operational classification of seizure types. Epilepsia. 2017;58(4):531–42.  

109.  Jacoby A. Stigma, epilepsy, and quality of life. Epilepsy Behav. 2002;3:10–20.  

110.  Baca CB, Vickrey BG, Caplan R, Vassar SD, Berg AT. Psychiatric and Medical Comorbidity and 
Quality of Life Outcomes in Childhood-Onset Epilepsy. Pediatrics. 2011;128(6):E1532–43.  

111.  Berg AT, Caplan R, Hesdorffer DC. Psychiatric and neurodevelopmental disorders in childhood-
onset epilepsy. EPILEPSY Behav. 2011;20(3):550–5.  

112.  Josephson CB, Patten SB, Bulloch A, Williams JVA, Lavorato D, Fiest KM, et al. The impact of 
seizures on epilepsy outcomes: A national, community-based survey. Epilepsia. 2017;58(5):764–
71.  

113.  Poochikian-Sarkissian S, Sidani S, Wennberg R, Devins GM. Seizure freedom reduces illness 
intrusiveness and improves quality of life in epilepsy. Can J Neurol Sci J Can Sci Neurol. 
2008;35(3):280–6.  

114.  O’Donoghue MF, Goodridge DM, Redhead K, Sander JW, Duncan JS. Assessing the psychosocial 
consequences of epilepsy: a community-based study. Br J Gen Pract J R Coll Gen Pract. 
1999;49(440):211–4.  

115.  Mensah SA, Beavis JM, Thapar AK, Kerr MP. A community study of the presence of anxiety 
disorder in people with epilepsy. Epilepsy Behav. 2007;11(1):118–24.  

116.  Hanssen-Bauer K, Heyerdahl S, Eriksson A-SS. Mental health problems in children and adolescents 
referred to a national epilepsy center. Epilepsy Behav. 2007;10(2):255–62.  

117.  Camfield CS, Camfield PR. Long-term social outcomes for children with epilepsy. In: Epilepsia. 
2007. p. 3–5.  

118.  Schmitz B. Effects of antiepileptic drugs on mood and behavior. Epilepsia. 2006;47(SUPPL. 2):28–
33.  



	

	

84	

119.  Shorvon SD. The Epidemiology and Treatment of Chronic and Refractory Epilepsy. Epilepsia. 
1996;37(s2):S1–3.  

120.  Kui C, Yingfu P, Chenling X, Wenqing W, Xiuhua L, Di S. What are the predictors of major 
depression in adult patients with epilepsy? Epileptic Disord Int Epilepsy J Videotape. 
2014;16(1):74–9.  

121.  Brent DA, Crumrine PK, Varma RR, Allan M, Allman C. Phenobarbital treatment and major 
depressive disorder in children with epilepsy. Pediatrics. 1987;80(6):909–17.  

122.  Reilly C, Agnew R, Neville BGR. Depression and anxiety in childhood epilepsy: A review. 
Seizure-Eur J Epilepsy J. 2011;20(8):589–97.  

123.  Seyfhashemi M, Bahadoran P. Depression in Children and Adolescents with Epilepsy: a 15 Year 
Research Review of Prevalence, and Demographic and Seizure Related Correlates. Iran J Pediatr. 
2013;23(1):1–7.  

124.  Grabowska-Grzyb A, Jedrzejczak J, Nagańska E, Fiszer U. Risk factors for depression in patients 
with epilepsy. Epilepsy Behav. 2006;8(2):411–7.  

125.  Semah F, Picot MC, Adam C, Broglin D, Arzimanoglou A, Bazin B, et al. Is the underlying cause 
of epilepsy a major prognostic factor for recurrence? Neurology. 1998;51(5):1256–62.  

126.  Triantafyllou NI, Gatzonis S, Kararizou E, Papageorgiou CC. Patterns of depressive symptoms in 
epilepsy. Arq Neuropsiquiatr. 2013;71(4):213–5.  

127.  Reilly C, Atkinson P, Chin RF, Das KB, Gillberg C, Aylett SE, et al. Symptoms of anxiety and 
depression in school-aged children with active epilepsy: A population-based study. Epilepsy Behav. 
2015;52(A):174–9.  

128.  Zhao T, Sun M-Y, Yu P-M, Zhu G-X, Tang X-H, Shi Y-B, et al. Evaluation of clinical aspects and 
quality of life as risk factors for depression in patients with epilepsy. Seizure. 2012;21(5):367–70.  

129.  Thurston JH, Thurston DL, Hixon BB, Keller AJ. Prognosis in Childhood Epilepsy. N Engl J Med. 
1982;306(14):831–6.  

130.  Berg AT, Berkovic SF, Brodie MJ, Buchhalter J, Cross JH, van Emde Boas W, et al. Revised 
terminology and concepts for organization of seizures and epilepsies: Report of the ILAE 
Commission on Classification and Terminology, 2005-2009. Epilepsia. 2010;51(4):676–85.  

131.  Camfield P, Camfield C. Epileptic Syndromes in Childhood: Clinical Features, Outcomes, and 
Treatment. Epilepsia. 2002;43(s3):27–32.  

132.  Jacoby A, Baker GA, Steen N, Potts P, Chadwick DW. The clinical course of epilepsy and its 
psychosocial correlates: Findings from a U.K. community study. Epilepsia. 1996;37(2):148–61.  

133.  Ellis N, Upton D, Thompson P. Epilepsy and the family: a review of current literature. Seizure. 
2000;9(1):22–30.  

134.  Sheeran T, Marvin RS, Pianta RC. Mothers’ Resolution of Their Child’s Diagnosis and Self-
Reported Measures of Parenting Stress, Marital Relations, and Social Support 1. J Pediatr Psychol. 
1997;22(2):197–212.  

135.  Thomas SV, Bindu VB. Psychosocial and economic problems of parents of children with epilepsy. 
Seizure. 1999;8:66–9.  



	

	

85	

136.  Hoare P. Psychiatric disturbance in the families of epileptic children. Dev Med Child Neurol. 
1984;26(1):14–9.  

137.  Otero-Cuesta S, Priede A. Psychosocial adjustment in children with epilepsy and their families. In: 
Society, Behaviour and Epilepsy. Nova Science Publishers, Inc.; 2011. p. 227–46.  

138.  Wamboldt MZ, Wamboldt FS. Role of the family in the onset and outcome of childhood disorders: 
selected research findings. J Am Acad Child Adolesc Psychiatry. 2000;39(10):1212–9.  

139.  Mulder HC, Suurmeijer TPB. Families with a Child with Epilepsy: A Sociological Contribution. J 
Biosoc Sci. 1977;9(1):13–24.  

140.  Austin JK. Childhood Epilepsy: Child Adaptation and Family Resources. J Child Adolesc Psychiatr 
Nurs. 1988;1(1):18–24.  

141.  Hoare P, Kerley S. Psychosocial adjustment of children with chronic epilepsy and their families. 
Dev Med Child Neurol. 1991;33(3):201–15.  

142.  Barlow JH, Ellard DR. The psychosocial well-being of children with chronic disease, their parents 
and siblings: An overview of the research evidence base. Child Care Health Dev. 2006;32(1):19–
31.  

143.  Brown RT. Society of pediatric psychology presidential address: Toward a social ecology of 
pediatric psychology. Journal of Pediatric Psychology. 2002;27(2):191–201.  

144.  McCagh J, Fisk JE, Baker GA. Epilepsy, psychosocial and cognitive functioning. Epilepsy Res. 
2009;86(1):1–14.  

145.  Hodes M, Garralda ME, Rose G, Schwartz R. Maternal expressed emotion and adjustment in 
children with epilepsy. J Child Psychol Psychiatry. 1999;40(7):1083–93.  

146.  Trute B, Hauch C. Building on Family Strength: A Study of Families with Positive Adjustment to 
the Birth of a Developmentally Disabled Child. J Marital Fam Ther. 1988;14(2):185–93.  

147.  Mims J. Self-esteem, behavior, and concerns surrounding epilepsy in siblings of children with 
epilepsy. J Child Neurol. 1997;12(3):187–92.  

148.  Li Y, Ji C-Y, Qin J, Zhang Z-X. Parental anxiety and quality of life of epileptic children. Biomed 
Environ Sci BES. 2008;21(3):228–32.  

149.  Pekcanlar Akay A, Hiz Kurul S, Ozek H, Cengizhan S, Emiroglu N, Ellidokuz H. Maternal 
reactions to a child with epilepsy: Depression, anxiety, parental attitudes and family functions. 
Epilepsy Res. 2011;95(3):213–20.  

150.  Williams J, Steel C, Sharp GB, DelosReyes E, Phillips T, Bates S, et al. Parental anxiety and 
quality of life in children with epilepsy. Epilepsy Behav. 2003;4(5):483–6.  

151.  Hermann B, Seidenberg M. Epilepsy and Cognition. Epilepsy Curr. 2007;7(1):1–6.  

152.  Otero S. Psychopathology and psychological adjustment in children and adolescents with epilepsy. 
World J Pediatr. 2009;5(1):12–7.  

153.  Jones JE, Blocher JB, Jackson DC, Sung C, Fujikawa M. Social anxiety and self-concept in 
children with epilepsy: A pilot intervention study. Seizure. 2014;23(9):780–5.  



	

	

86	

154.  Mccusker CG, Phd M, Kennedy PJ, Anderson J. Adjustment in children with intractable epilepsy: 
importance of seizure duration and family factors. 2002; Available from: 
http://onlinelibrary.wiley.com/store/10.1111/j.1469-8749.2002.tb00270.x/asset/j.1469-
8749.2002.tb00270.x.pdf?v=1&t=j25h7gt9&s=56f21f518dcd8cfe036b9f4398d25a2c775c6d61 

155.  Rodenburg R, Meijer A, Dekovic M, Aldenkamp A. Family predictors of psychopathology in 
children with epilepsy. Epilepsia. 2006;47(3):601–14.  

156.  Austin JK, Dunn DW, Johnson CS, Perkins SM. Behavioral issues involving children and 
adolescents with epilepsy and the impact of their families: Recent research data. Epilepsy Behav. 
2004;5(SUPPL. 3).  

157.  Carlton-Ford S, Miller R, Brown M, Nealeigh N, Jennings P. Epilepsy Acid Childrens Social and 
Psychological Adjustment. J Health Soc Behav. 1995;36(3):285–301.  

158.  Goodman SH, Gotlib IH. Risk for psychopathology in the children of depressed mothers: a 
developmental model for understanding mechanisms of transmission. Psychol Rev. 
1999;106(3):458–90.  

159.  Rodenburg R, Meijer A, Dekovic M, Aldenkamp A. Family factors and psychopathology in 
children with epilepsy: A literature review. Epilepsy Behav. 2005;6(4):488–503.  

160.  Wallander JL, Varni JW, Babani L, Banis HT, Wilcox KT. Family resources as resistance factors 
for psychological maladjustment in chronically ill and handicapped children. J Pediatr Psychol. 
1989;14(2):157–73.  

161.  Carlton-Ford S, Miller R, Nealeigh N, Sanchez N. The effects of perceived stigma and 
psychological over-control on the behavioural problems of children with epilepsy. Seizure. 
1997;6(5):383–91.  

162.  Ekinci O, Isik U, Gunes S, Yildirim C, Killi Y, Guler G. Self-concept in children and adolescents 
with epilepsy: The role of family functioning, mothers’ emotional symptoms and ADHD. Brain 
Dev. 2016;38(8):714–22.  

163.  Matthews WS, Barabas G, Ferrari M. Emotional Concomitants of Childhood Epilepsy. Epilepsia. 
1982;23(6):671–81.  

164.  Ferrari M, Barabas G, Matthews WS. Psychologic and behavioral disturbance among epileptic 
children treated with barbiturate anticonvulsants. Am J Psychiatry. 1983;140(1):112–3.  

165.  Austin JK, Smith MS, Risinger MW, McNelis AM. Childhood Epilepsy and Asthma: Comparison 
of Quality of Life. Epilepsia. 1994;35(3):608–15.  

166.  Clarke AL, Critchley C. Impact of choice of coping strategies and family functioning on 
psychosocial function of young people with epilepsy. Epilepsy Behav. 2016;59:50–6.  

167.  Brent DA, Crumrine PK, Varma R, Brown RV, Allan MJ. Phenobarbital treatment and major 
depressive disorder in children with epilepsy: a naturalistic follow-up. Pediatrics. 1990;85(6):1086–
91.  

168.  Dunn DW, Austin JK. Behavioral issues in pediatric epilepsy. Neurology. 1999;53(5 Suppl 2):S96-
100.  



	

	

87	

169.  Ferro MA, Avison WR, Campbell MK, Speechley KN. The impact of maternal depressive 
symptoms on health-related quality of life in children with epilepsy: A prospective study of family 
environment as mediators and moderators. Epilepsia. 2011;52(2):316–25.  

170.  Goodwin SW. Emotional Well-Being in Children with New-Onset Epilepsy. Electronic Thesis and 
Dissertation Repository. 2016;Paper 4138.  

171.  Austin JK, Perkins SM, Johnson CS, Fastenau PS, Byars AW, deGrauw TJ, et al. Self-esteem and 
symptoms of depression in children with seizures: relationships with neuropsychological 
functioning and family variables over time. Epilepsia. 2010;51(10):2074–83.  

172.  Shore CP, Austin JK, Huster GA, Dunn DW. Identifying risk factors for maternal depression in 
families of adolescents with  epilepsy. J Spec Pediatr Nurs JSPN. 2002;7(2):71–80.  

173.  Loi SM, Dow B, Moore K, Hill K, Russell M, Cyarto E, et al. The adverse mental health of carers: 
Does the patient diagnosis play a role? Maturitas. 2015;82(1):134–8.  

174.  Papastavrou E, Charalambous A, Tsangari H, Karayiannis G. The Burdensome and Depressive 
Experience of Caring. Cancer Nurs. 2012;35(3):187–94.  

175.  Mu PF, Wong TT, Chang KP, Kwan SY. Predictors of maternal depression for families having a 
child with epilepsy. J Nurs Res JNR. 2001;9(4):116–26.  

176.  Ferro MA, Speechley KN. Depressive symptoms among mothers of children with epilepsy: A 
review of prevalence, associated factors, and impact on children. Epilepsia. 2009;50(11):2344–54.  

177.  Iseri PK, Ozten E, Aker AT. Posttraumatic stress disorder and major depressive disorder is common 
in parents  of children with epilepsy. Epilepsy Behav. 2006;8(1):250–5.  

178.  Baki O, Erdogan A, Kantarci O, Akisik G, Kayaalp L, Yalcinkaya C. Anxiety and depression in 
children with epilepsy and their mothers. Epilepsy Behav. 2004;5(6):958–64.  

179.  Chiou H-H, Hsieh L-P. Parenting stress in parents of children with epilepsy and asthma. J Child 
Neurol. 2008;23(3):301–6.  

180.  Forsgren L, Beghi E, Õun A, Sillanpää M. The epidemiology of epilepsy in Europe - A systematic 
review. Eur J Neurol. 2005;12(4):245–53.  

181.  Mu P, Kuo H, Chang K. Boundary ambiguity, coping patterns and depression in mothers caring for 
children with epilepsy in Taiwan. Int J Nurs Stud. 2005;42(3):273–82.  

182.  Mu P-F. Paternal reactions to a child with epilepsy: uncertainty, coping strategies, and depression. J 
Adv Nurs. 2005;49(4):367–76.  

183.  Ferro MA, Speechley KN. What about dads? An exploratory analysis of depressive symptoms in 
paternal primary caregivers of children with epilepsy. Epilepsy Behav. 2012;23(1):90–1.  

184.  Thome-Souza S, Kuczynski E, Assumpcao F, Rzezak P, Fuentes D, Fiore L, et al. Which factors 
may play a pivotal role on determining the type of psychiatric disorder in children and adolescents 
with epilepsy? Epilepsy Behav. 2004;5(6):988–94.  

185.  Yong L, Chengye J, Jiong Q. Factors affecting the quality of life in childhood epilepsy in China. 
ACTA Neurol Scand. 2006;113(3):167–73.  



	

	

88	

186.  Wood LJ, Sherman E, Hamiwka LD, Blackman M, Wirrell E. Depression, anxiety, and quality of 
life in siblings of children with intractable epilepsy. Epilepsy Behav. 2008;13(1):144–8.  

187.  de Boer HM, Mula M, Sander JW. The global burden and stigma of epilepsy. EPILEPSY Behav. 
2008;12(4):540–6.  

188.  Pearlin LI, Menaghan EG, Lieberman M a, Mullan JT. The stress process. J Health Soc Behav. 
1981;22(4):337–356.  

189.  Pearlin LI. The sociological study of stress. J Health Soc Behav. 1989;30(3):241–256.  

190.  Pearlin LI, Mullan JT, Semple SJ, Skaff MM. Caregiving and the stress process: an overview of 
concepts and their measures. The Gerontologist. 1990;30(5):583–594.  

191.  Haley WE, LaMonde LA, Han B, Burton AM, Schonwetter R. Predictors of Depression and Life 
Satisfaction Among Spousal Caregivers in Hospice: Application of a Stress Process Model. J Palliat 
Med. 2003;6(2):215–24.  

192.  Turner RJ, Lloyd DA. The stress process and the social distribution of depression2688. J Health 
Soc Behav. 1999;40(4):374–404.  

193.  Avison WR, Turner RJ. Stressful life events and depressive symptoms: disaggregating the effects of 
acute stressors and chronic strains. J Health Soc Behav. 1988;29(3):253–264.  

194.  Lambrinos A. Severity of Epilepsy and Parent-Perceived Cognitive Functioning in Children with 
New-Onset Epilepsy: A Prospective Study of Family Factors as Mediators and Moderators. 
Electronic Thesis and Dissertation Repository. 2012;Paper 1039.  

195.  Dillman D. Mail and internet surveys. The Tailored Design Method. 2nd ed. Hoboken: John Wiley 
& Sons; 2007.  

196.  Dillman D, Smyth J, Christian L. Internet, mail, and mixed-mode surveys: the Tailored Design 
Method. New Jersey: John Wiley & Sons; 2009.  

197.  Proposal for revised clinical and electroencephalographic classification of epileptic seizures. From 
the Commission on Classification and Terminology of the International League Against Epilepsy. 
Epilepsia. 1981;22(4):489–501.  

198.  Proposal for revised classification of epilepsies and epileptic syndromes. Commission on 
Classification and Terminology of the International League Against Epilepsy. Epilepsia. 
1989;30(4):389–99.  

199.  Radloff LS. The CES-D Scale: A Self-Report Depression Scale for Research in the General 
Population. Appl Psychol Meas. 1977;1(3):385–401.  

200.  Smilkstein G. The Family APGAR: A proposal for family function test and its use by physicians. J 
Fam Pract. 1978;6(6):1231–9.  

201.  Smilkstein G, Ashworth C, Montano D. Validity and reliability of the Family APGAR as a test of 
family function. J Fam Pract. 1982;15(2):303–11.  

202.  Austin JK, Huberty TJ. Revision of the Family APGAR for use by 8-year-olds. Fam Syst Med. 
1989;7(3):323–7.  



	

	

89	

203.  McCubbin H, Thompson A, McCubbin M. FIRM: Family Inventory of Resources for Management. 
In: Family assessment: resiliency, coping and adaptation Inventories for research and practice. 
Madison: University of Wisconsin Publishers; 1996.  

204.  Austin JK, Risinger MW, Beckett L a. Correlates of behavior problems in children with epilepsy. 
Epilepsia. 1992;33(6):1115–22.  

205.  Hermann BP, Whitman S. Psychosocial predictors of interictal depression. J Epilepsy. 
1989;2(4):231–7.  

206.  Endermann M, Zimmermann F. Factors associated with health-related quality of life, anxiety and 
depression among young adults with epilepsy and mild cognitive impairments in short-term 
residential care. Seizure. 2009;18(3):167–75.  

207.  Gaus V, Kiep H, Holtkamp M, Burkert S, Kendel F. Gender differences in depression, but not in 
anxiety in people with epilepsy. Seizure. 2015;32:37–42.  

208.  Caplan R, Siddarth P, Gurbani S, Hanson R, Sankar R, Shields WD. Depression and anxiety 
disorders in pediatric epilepsy. Epilepsia. 2005;46(5):720–30.  

209.  Vansteelandt S. Estimating Direct Effects in Cohort and Case–Control Studies. Epidemiology. 
2009;20(6):851–60.  

210.  Richiardi L, Bellocco R, Zugna D. Mediation analysis in epidemiology: methods, interpretation and 
bias. Int J Epidemiol. 2013;42(5):1511–9.  

211.  Little TD, Card NA, Bovaird JA, Preacher KJ, Crandall CS. Structural equation modeling of 
mediation and moderation with contextual factors. In Lawrence Erlbaum Associates; 2007 [cited 
2017 Jun 13]. Available from: https://kuscholarworks.ku.edu/handle/1808/1505 

212.  Baron RM, Kenny DA. The moderator–mediator variable distinction in social psychological 
research: Conceptual, strategic, and statistical considerations. J Pers Soc Psychol. 1986;51(6):1173–
82.  

213.  Mackinnon DP, Dwyer JH. Estimating Mediated Effects in Prevention Studies. Eval Rev. 
1993;17(2):144–58.  

214.  Judd CM, Kenny DA. Process Analysis: Estimating Mediation in Treatment Evaluations. Eval Rev. 
1981;5(5):602–19.  

215.  Gelfand LA, Mensinger JL, Tenhave T. Mediation Analysis: A Retrospective Snapshot of Practice 
and More Recent Directions. J Gen Psychol. 2009;136(2):153–78.  

216.  Kearney MW. Cross Lagged Panel Analysis. In: The SAGE Encyclopedia of Communication 
Research Methods. CA: Sage: Thousand Oaks;  

217.  Schluchter MD. Flexible Approaches to Computing Mediated Effects in Generalized Linear 
Models: Generalized Estimating Equations and Bootstrapping. Multivar Behav Res. 
2008;43(2):268–88.  

218.  Schafer JL, Olsen MK. Multiple Imputation for Multivariate Missing-Data Problems: A Data 
Analyst’s Perspective. Multivariate Behavioral Research. 1988;33(4):545–71.  

219.  Lee KJ, Carlin JB. Multiple Imputation for Missing Data: Fully Conditional Specification Versus 
Multivariate Normal Imputation. Am J Epidemiol. 2010 Mar 1;171(5):624–32.  



	

	

90	

220.  Moons KGM, Donders RART, Stijnen T, Harrell FE. Using the outcome for imputation of missing 
predictor values was preferred. J Clin Epidemiol. 2006 Oct 1;59(10):1092–101.  

221.  Valeri L, VanderWeele TJ. Mediation analysis allowing for exposure-mediator interactions and 
causal interpretation: theoretical assumptions and implementation with SAS and SPSS macros. 
Psychol Methods. 2013;18(2):137–50.  

222.  MacKinnon DP, Fairchild AJ, Fritz MS. Mediation Analysis. Annu Rev Psychol. 2007;58:593.  

223.  Hayes A. Introduction to Mediation, Moderation, and Conditional Process Analysis: A Regression-
Based Approach. New York, NY: The Guilford Press; 2013. 166-170 p.  

224.  Ferro MA, Boyle MH. The Impact of Chronic Physical Illness, Maternal Depressive Symptoms, 
Family Functioning, and Self-esteem on Symptoms of Anxiety and Depression in Children. J 
Abnorm Child Psychol. 2015;43(1):177–87.  

225.  Jensen AJ. Emerging adulthood: A theory of development from the late teens through the twenties. 
American Psychologist. 2000;55(55):469–80.  

226.  Berg AT, Shinnar S, Levy SR, Testa FM, Smith–Rapaport S, Beckerman B. Early development of 
intractable epilepsy in children A prospective study. Neurology. 2001;56(11):1445–52.  

227.  Hankin BL. Adolescent depression: Description, causes, and interventions. Epilepsy Behav. 
2006;8(1):102–14.  

228.  Milan A. Diversity of young adults living with their parents [Internet]. Statistics Canada; 2016. 
Available from: http://www.statcan.gc.ca/pub/75-006-x/2016001/article/14639-eng.htm 

229.  Yeo M, Sawyer S. Chronic illness and disability. BMJ. 2005;330(7493):721–3.  

230.  Altemus M, Sarvaiya N, Neill Epperson C. Sex differences in anxiety and depression clinical 
perspectives. Front Neuroendocrinol. 2014;35(3):320–30.  

231.  Albert PR. Why is depression more prevalent in women? J Psychiatry Neurosci JPN. 
2015;40(4):219–21.  

232.  Brehaut JC, Kohen DE, Garner RE, Miller AR, Lach LM, Klassen AF, et al. Health Among 
Caregivers of Children With Health Problems: Findings From a Canadian Population-Based Study. 
Am J Public Health. 2009;99(7):1254–62.  

233.  Deković M, Janssens JMAM, Van As NMC. Family Predictors of Antisocial Behavior in 
Adolescence. Fam Process. 2003;42(2):223–35.  

234.  Han S-H, Lee S-A, Eom S, Kim H-D, Grp KQES. Family factors contributing to emotional and 
behavioral problems in Korean adolescents with epilepsy. Epilepsy Behav. 2016;56:66–72.  

235.  Kuhlthau KA, Bloom S, Van Cleave J, Knapp AA, Romm D, Klatka K, et al. Evidence for Family-
Centered Care for Children With Special Health Care Needs: A Systematic Review. Acad Pediatr. 
2011;11(2):136–143.e8.  

236.  Committee on Hospital Care. Family-Centered Care and the Pediatrician’s Role. Pediatrics. 
2003;112(3):691–6.  



	

	

91	

237.  Wakamoto H, Nagao H, Hayashi M, Morimoto T. Long-term medical, educational, and social 
prognoses of childhood-onset epilepsy: a population-based study in a rural district of Japan. Brain 
Dev. 2000;22(4):246–55.  

238.  Nadkarni S, Devinsky O. Psychotropic Effects of Antiepileptic Drugs. Epilepsy Curr. 
2005;5(5):176–81.  

239.  Sillanpää M, Haataja L, Shinnar S. Perceived Impact of Childhood-onset Epilepsy on Quality of 
Life as an Adult. Epilepsia. 2004;45(8):971–7.  

240.  Jacoby A, Johnson A, Chadwick D, on Behalf of the Medical Research Council Antiepileptic Drug 
Withdrawal Study Group. Psychosocial Outcomes of Antiepileptic Drug Discontinuation. 
Epilepsia. 1992;33(6):1123–31.  

241.  Amir M, Roziner I, Knoll A, Neufeld MY. Self-Efficacy and Social Support as Mediators in the 
Relation Between Disease Severity and Quality of Life in Patients with Epilepsy. Epilepsia. 
1999;40(2):216–24.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
                  



	

	

92	

APPENDIX A: PHYSICIAN FORM 
 

 
Patient’s Date of Birth (dd/mm/yy): __________    Site #:_____________ 
          

Please answer the following questions based on information from this patient’s most 
recent visit and return upon completion  

 
 
1. Date of patient’s last visit (dd/mm/yy): _______________  or Date of Telephone F/U 

(dd/mm/yy)____________ 
 
2. Date form completed (dd/mm/yy): _________________ 
 
 
 If information for 3 thru 7 is unchanged from baseline (diagnosis) visit, please check here 
and proceed to 8.   
 
                                                                                                                                                                                
3.   Seizure type(s):     1) ______________________             2)________________________ 
 
         3)______________________            4)________________________   
 
4.   Epilepsy syndrome:  _________________________ 
 
5.   Convulsive status epilepticus:    

  No   
  Yes 

 
6.   Exclusive nocturnal seizures:    

  No    
  Yes 

 
7. Age of first seizure (excluding febrile seizure): _______ yrs  
 
 
8.   Does this patient have any family with epilepsy?     

  No      
  Yes  

 
9.   Number of AEDs currently: ________ 
 
10. Number of AEDs total:  ________         
 
11. Is this patient of school age? 

  No 
  Yes → Grade: ___     regular class     regular class with resource     special class   
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12. Does the patient have behavioural problems?  
  No (normal) 

                  Yes →  Please check one:  mild       moderate      severe 
   

Diagnosis: _____________________ 
 
13. Does the patient have cognitive problems?   

  No (normal) 
    Yes → Please check one:  borderline      mild     moderate     severe 
 
       Diagnosis: ______________________ 
14.  Does this patient have motor problems? 
    No 
    Yes → Please check one:  mild     moderate   severe 
 
       Diagnosis: ______________________ 
 
15. Other neurological deficits? Please specify: ______________________________________ 
 

      ______________________________________ 
 
16.  Taking into account all aspects of this patient’s epilepsy, how would you rate its severity at  

 his/her last visit? Please check one answer. 
 

    Extremely severe 
    Very severe 
    Quite severe 
    Moderately severe 
    Somewhat severe 
    A little severe 
    Not at all severe      

 
17.   Rate the following aspects of this patient’s epilepsy at his/her last visit.  
 

Check one box using the following 7-point scale:  
1 = none or never 
7 = extremely frequent, severe or high 

 

 1 2 3 4 5 6 7 

Frequency of seizures        

Intensity of seizures        

Falls or injuries during seizures        

Severity of post-ictal period        

Amount of antiepileptic drugs        

Side effects of antiepileptic drugs        

Interference of epilepsy or drugs with daily activities        
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APPENDIX B: YOUTH SELF-REPORT MEASUREMENT TOOLS  
 
Center for Epidemiological Studies Depression Scale (CES-D) 
 
Please read these sentences that say something about how people sometimes feel and circle the number of 
the category on this page that best indicates how often you have felt this way in the past 7 days. 
 
 During the Past Week: 

Rarely or 
none of the 

time (less than 
1 day) 

Some or a 
little of the 

time  
(1-2 days) 

Occasionally 
or a moderate 

amount of 
time  

(3-4 days) 

Most or all of 
the time  

(5-7 days) 

a) I was bothered by things that 
usually don’t bother me.     

b) I did not feel like eating; my 
appetite was poor.     

c) I felt that I could not shake 
off the blues even with help 
from my family or friends. 

    

d) I felt that I was just as good 
as other people.     

e) I had trouble keeping my 
mind on what I was doing.     

f) I felt depressed.     

g) I felt that everything I did 
was an effort.     

h) I felt hopeful about the 
future.     

i) I thought my life had been a 
failure.     

j) I felt fearful.     

k) My sleep was restless.     

l) I was happy.     

m) I talked less than usual.     

n) I felt lonely.     

o) People were unfriendly.     

p) I enjoyed life.     

q) I had crying spells.     

r) I felt sad.     

s) I felt that people dislike me.     

t) I could not get “going”.     
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APPENDIX C: PARENT REPORT MEASUREMENT TOOLS  
 
Family Adaptability, Partnership, Growth, Affection Resolve (APGAR) 
 
Now we would ask that you think about the following and check the answer that best describes how you 
feel most of the time.  Please be honest. 
 
 
a) When something is bothering me, I can ask my family for help. 
 
        

              Never Hardly                Some of               Almost              Always 
                 the time                always 
 
 
b) I like the way my family talks things over and shares problems with me. 
 
      

  Never              Hardly               Some of                Almost              Always 
                            the time                 always 
 
c) I like how my family lets me try new things I want to do. 
 

      
 Never              Hardly               Some of                Almost              Always 
                            the time                 always 

 
d) I like what my family does when I feel mad, happy, or loving. 

 
      

 Never              Hardly               Some of               Almost              Always 
                            the time                always 

 
e)  I like how my family and I share time together. 

 
      

  Never              Hardly               Some of               Almost              Always 
                            the time                always 
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Family Inventory of Resources for Management (FIRM): Family Mastery and Health and Extended Family 
Social Support Subscales 

 
The next set of questions asks about what social, psychological, community and financial resources 
families believe they have available to them in the management of family life.  To complete this inventory 
you are asked to read the list of “Family Statements” one at a time.  In each statement, “family” means your 
immediate family (mother and/or father and children.)  Then ask yourself: “How well does the statement 
describe our family situation?” 
 
Then make your decision by circling one of the following: 
 

0 = Not At All This statement does not describe our family situation. This does not 
happen in our family. 

1 = Minimally This statement describes our family situation only slightly. Our family 
may be like this once in a while. 

2 = Moderately This statement describes our family situation fairly well. Our family is 
like this some of the time. 

3 = Very Well This statement describes our family very accurately. Our family is like 
this most of the time. 

 
Please read and record your decision for each of the statements below. 

 
 
 
 
 
Family Statements: N

ot
 a

t a
ll 

M
in

im
al

ly
 

M
od

er
at

el
y 

V
er

y 
W

el
l 

a.  Being physically tired much of the time is a problem in our family 0 1 2 3 
b.  We have to nag each other to get things done 0 1 2 3 
c.  We do not plan too far ahead because many things turn out to be a matter 

of good or bad luck anyway 
0 1 2 3 

d.  Having only one person in the family earning money is (or would be) a 
problem in our family 

0 1 2 3 

e.  It seems that members of our family take each other for granted 0 1 2 3 
f.   Sometimes we feel we don’t have enough control over the direction our 

lives are taking 
0 1 2 3 

g.  Certain members of our family do all the giving, while others do all the 
taking 

0 1 2 3 

h.  We seem to put off making decisions 0 1 2 3 
i.   Our family is under a lot of emotional stress 0 1 2 3 
j.   Many things seem to interfere with family members being able to share 

concerns 
0 1 2 3 

k.  Most of the money decisions are made by only one person in our family 0 1 2 3 
l.   It seems that we have more illness (colds, flu, etc.) in our family than 

other people do 
0 1 2 3 

m. In our family some members have many responsibilities while others 
don’t have enough 

0 1 2 3 

n.  It is upsetting to our family when things don’t work out as planned 0 1 2 3 
o.  Being sad or “down” is a problem in our family 0 1 2 3 
p.  It is hard to get family members to cooperate with each other 0 1 2 3 
q.  Many times we feel we have little influence over the things that happen 

to us 
0 1 2 3 

r.   We have the same problems over and over – we don’t seem to learn from 
past mistakes 

0 1 2 3 

s.  There are things at home we need to do that we don’t seem to get done 0 1 2 3 
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Family Statements: N

ot
 a

t a
ll 

M
in

im
al

ly
 

M
od

er
at

el
y 

V
er

y 
W

el
l 

t.   We seem to be so involved with work and/or school activities that we 
don’t spend enough time together as a family 

0 1 2 3 

u.  Our relatives seem to take from us, but give little in return 0 1 2 3 
v.   We try to keep in touch with our relatives as much as possible 0 1 2 3 
w.  Our relative(s) are willing to listen to your problems 0 1 2 3 
x.  Our relatives do and say things that make us feel appreciated 0 1 2 3 
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Center for Epidemiological Studies Depression Scale (CES-D) 

 
Now we’d like to ask some questions about you.  Please read these sentences that say something about how 
people sometimes feel and circle the number of the category on this page that best indicates how often you 
have felt this way in the past 7 days. 
 

 0.  Rarely or none of the time (less than one day) 
  1.  Some or a little of the time (1-2 days) 

 2.  Occasionally or a moderate amount of time (3-4 days) 
  3.  Most or all of the time (5-7 days) 

 
 

During the past seven days: 
 
a) I was bothered by things that usually don’t bother me.  0 1 2 3  
 
b) I did not feel like eating; my appetite was poor. 0 1 2 3 
 
c) I felt that I could not shake off the blues even with help from my  0 1 2 3 
 family or friends.  
 
d) I felt that I was just as good as other people. 0 1 2 3 
 
e) I had trouble keeping my mind on what I was doing. 0 1 2 3 
 
f) I felt depressed. 0 1 2 3 
 
g) I felt that everything I did was an effort. 0 1 2 3 
 
h) I felt hopeful about the future. 0 1 2 3 
 
i) I thought my life had been a failure. 0 1 2 3 
 
j) I felt fearful. 0 1 2 3 
 
k) My sleep was restless. 0 1 2 3 
 
l) I was happy. 0 1 2 3 
 
m) I talked less than usual. 0 1 2 3 
 
n) I felt lonely. 0 1 2 3 
 
o) People were unfriendly. 0 1 2 3 
 
p) I enjoyed life. 0 1 2 3 
 
q) I had crying spells. 0 1 2 3 
 
r) I felt sad. 0 1 2 3 
 
s) I felt that people dislike me. 0 1 2 3 
 
t) I could not get “going”. 0 1 2 3 



	

	

99	

APPENDIX D: RESEARCH ETHICS APPROVAL 
 

 
 

 
 

Saman
Typewritten Text

Saman
Typewritten Text
 

Saman
Typewritten Text
=======

Saman
Typewritten Text

Saman
Typewritten Text

Saman
Typewritten Text

Saman
Typewritten Text

Saman
Typewritten Text

Saman
Typewritten Text

Saman
Typewritten Text

Saman
Typewritten Text

Saman
Typewritten Text

Saman
Typewritten Text
========

Saman
Typewritten Text
========

Saman
Typewritten Text

Saman
Typewritten Text

Saman
Typewritten Text

Saman
Typewritten Text

Saman
Typewritten Text

Saman
Typewritten Text

Saman
Typewritten Text

Saman
Typewritten Text

Saman
Typewritten Text

Saman
Typewritten Text

Saman
Typewritten Text
=========

Saman
Typewritten Text

Saman
Typewritten Text

Saman
Typewritten Text

Saman
Typewritten Text

Saman
Typewritten Text

Saman
Typewritten Text



	

	

100	

APPENDIX E: PRELIMINARY CROSS-LAGGED PANEL AND REGRESSION 
ANALYSES 

 
In this study, the two-year follow-up was used for the exposure of interest (severity of epilepsy) and the 
eight-year follow-up was used for the potential family mediators. Thus, these time points were the main 
focus when determining the casual order between severity of epilepsy and the potential family mediators 
including family functioning, family resources and parental depressive symptoms. A cross-lagged panel 
analysis was conducted for each potential mediator in both the study sample (N=129) and the entire 
HERQULES project sample to compare results and whether associations changed when the sample size 
was much larger. Additionally, multiple linear regression analyses were conducted to further clarify the 
casual order between exposure and potential mediators.  
 
Table E-1: Cross-lagged panel analysis examining the relationship between family functioning (APGAR 
score) and severity of epilepsy (GASE score) for the study sample 
 

Variable Family 
Functioning 

Baseline 

Family 
Functioning 

6 Months 

Family 
Functioning 

1 Year 

Family 
Functioning 

2 Years 

Family 
Functioning 

8 Years 

Family 
Functioning 

10 Years 

Severity of 
Epilepsy    
10 Years 

r=-0.31 
p=0.08 
N=32 

r=-0.23 
p=0.22 
N=31 

r=-0.30 
p=0.10 
N=32 

r=-0.32 
p=0.07 
N=32 

r=-0.30 
p=0.11 
N=29 

r=-0.20 
p=0.29 
N=30 

Severity of 
Epilepsy  
8 Years 

r=0.13 
p=0.49 
N=30 

r=0.26 
p=0.18 
N=29 

r=-0.11 
p=0.55 
N=30 

r=0.04 
p=0.82 
N=30 

r=0.27 
p=0.14 
N=29 

r=0.24 
p=0.21 
N=28 

Severity of 
Epilepsy   
2 Years 

r=-0.16 
p=0.08 
N=117 

r=-0.09 
p=0.32 
N=116 

r=-0.14 
p=0.13 
N=117 

r=-0.17 
p=0.08 
N=116 

r=-0.28 
p=0.003 
N=112 

r=-0.21 
p=0.03 
N=108 

Severity of 
Epilepsy  
1 Year 

r=-0.20 
p=0.03 
N=118 

r=-0.24 
p=0.01 
N=117 

r=-0.21 
p=0.02 
N=118 

r=-0.19 
p=0.04 
N=117 

r=-0.21 
p=0.03 
N=113 

r=-0.18 
p=0.07 
N=110 

Severity of 
Epilepsy   
6 Months 

r=0.03 
p=0.72 
N=120 

r=-0.04 
p=0.65 
N=119 

r=-0.03 
p=0.77 
N=120 

r=0.01 
p=0.96 
N=119 

r=0.05 
p=0.57 
N=115 

r=0.06 
p=0.55 
N=110 

Severity of 
Epilepsy  
Baseline 

r=-0.12 
p=0.17 
N=125 

r=-0.03 
p=0.74 
N=124 

r=-0.07 
p=0.41 
N=125 

r=-0.05 
p=0.59 
N=124 

r=-0.07 
p=0.42 
N=120 

r=0.01 
p=0.91 
N=115 

                                          
The results (Table E-1) show that severity of epilepsy at two years is correlated with family functioning at 
eight years (p<0.005) but family functioning at two years and severity of epilepsy at eight years are not 
correlated with each other (p=0.82). Thus, early severity of epilepsy may be predictive of subsequent 
family functioning and not vice versa. However, this finding may have been attributed to the small sample 
size for severity of epilepsy at eight years. Thus, severity of epilepsy at two years and family functioning at 
earlier time points (baseline, six months, one year) were also examined and none of these relationships 
were significant further strengthening the hypothesis of the casual order of the relationship between 
severity of epilepsy and family functioning.  
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Table E-2: Cross-lagged panel analysis examining the relationship between family functioning (APGAR 
score) and severity of epilepsy (GASE score) for all participants in the HERQULES study 
 

Variable Family 
Functioning 

Baseline 

Family 
Functioning 

6 Months 

Family 
Functioning 

1 Year 

Family 
Functioning 

2 Years 

Family 
Functioning 

8 Years 

Family 
Functioning 

10 Years 

Severity of 
Epilepsy 
10 Years 

r=-0.17 
p=0.26 
N=45 

 

r=-0.16 
p=0.29 
N=44 

 

r=-0.22 
p=0.14 
N=45 

 

r=-0.35 
p=0.02 
N=45 

 

r=-0.32 
p=0.04 
N=40 

 

r=-0.27 
p=0.09 
N=39 

 

Severity of 
Epilepsy 
8 Years 

r=-0.06 
p=0.69 
N=48 

 

r=0.02 
p=0.89 
N=47 

 

r=-0.16 
p=0.29 
N=48 

 

r=-0.03 
p=0.83 
N=48 

 

r=0.11 
p=0.49 
N=46 

 

r=0.01 
p=0.94 
N=39 

 

Severity of 
Epilepsy 
2 Years 

r=-0.09 
p=0.11 
N=314 

 

r=-0.07 
p=0.25 
N=292 

 

r=-0.06 
p=0.30 
N=272 

 

r=-0.11 
p=0.07 
N=254 

 

r=-0.19 
p=0.01 
N=174 

 

r=-0.21 
p=0.007 
N=156 

 

Severity of 
Epilepsy 
1 Year 

r=-0.19 
p=0.0007 

N=329 

 

r=-0.14 
p=0.02 
N=306 

 

r=-0.13 
p=0.02 
N=280 

 

r=-0.17 
p=0.007 
N=261 

 

r=-0.13 
p=0.10 
N=178 

 

r=-0.19 
p=0.02 
N=160 

 

Severity of 
Epilepsy 
6 Months 

r=-0.03 
p=0.60 
N=335 

 

r=-0.05 
p=0.38 
N=306 

 

r=-0.08 
p=0.20 
N=281 

 

r=-0.09 
p=0.14 
N=261 

 

r=0.07 
p=0.35 
N=180 

 

r=0.03 
p=0.72 
N=161 

 

Severity of 
Epilepsy 
Baseline 

r=-0.10 
p=0.07 
N=362 

 

r=-0.05 
p=0.34 
N=327 

 

r=-0.07 
p=0.22 
N=294 

 

r=-0.10 
p=0.11 
N=273 

 

r=-0.04 
p=0.63 
N=186 

 

r=0.00 
p=0.97 
N=167 

 

 
The results were consistent when examining the entire HERQULES sample (Table E-3) as those found in 
the study sample (Table E-2).  
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Table E-3: Regression analysis to examine the association between severity of epilepsy at two years and 
family functioning at eight years controlling for baseline family functioning 
 

Variable Co-efficient (SD) p-value 

Intercept 7.90 (1.12) <0.0001 

2-Year Severity of Epilepsy   -0.52 (0.24) 0.03 

Baseline Family Functioning 0.52 (0.07) <0.0001 

 
A multiple linear regression analysis was conducted to further examine whether severity of epilepsy was 
associated with future family functioning when taking into account the baseline levels of family 
functioning. The results (Table E-3) found that severity of epilepsy at the two-year follow-up was 
associated with family functioning at the eight-year follow-up while controlling for family functioning at 
the time of epilepsy diagnosis (p<0.05). Thus, providing further support along with the cross-lagged panel 
analysis of the casual order of this relationship.  
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Table E-4: Cross-lagged panel analysis examining the relationship between family resources (FIRM score) 
and severity of epilepsy (GASE score) for the study sample 

 
Variable Family 

Resources 
Baseline 

Family 
Resources 
6 Months 

Family 
Resources 

1 Year 

Family 
Resources 

2 Years 

Family 
Resources 

8 Years 

Family 
Resources 
10 Years 

Severity of 
Epilepsy  
10 Years 

r=-0.37 
p=0.04 
N=32 

 

r=-0.32 
p=0.08 
N=31 

 

r=-0.39 
p=0.03 
N=32 

 

r=-0.25 
p=0.17 
N=32 

 

r=-0.47 
p=0.01 
N=29 

 

r=-0.43 
p=0.02 
N=30 

 

Severity of 
Epilepsy   
8 Years 

r=0.11 
p=0.5512 

N=30 
 

r=0.18 
p=0.36 
N=29 

 

r=0.01 
p=0.97 
N=30 

 

r=0.29 
p=0.12 
N=30 

 

r=0.01 
p=0.97 
N=29 

 

r=0.29 
p=0.13 
N=28 

 

Severity of 
Epilepsy   
2 Years 

r=-0.13 
p=0.16 
N=117 

 

r=-0.10 
p=0.30 
N=115 

 

r=-0.25 
p=0.006 
N=116 

 

r=-0.25 
p=0.007 
N=116 

 

r=-0.30 
p=0.001 
N=112 

 

r=-0.29 
p=0.003 
N=108 

 

Severity of 
Epilepsy   
1 Year 

r=-0.19 
p=0.04 
N=118 

 

r=-0.27 
p=0.004 
N=116 

 

r=-0.33 
p=0.0003 

N=117 
 

r=-0.21 
p=0.02 
N=117 

 

r=-0.20 
p=0.03 
N=113 

 

r=-0.27 
p=0.004 
N=110 

 

Severity of 
Epilepsy  
6 Months 

r=-0.06 
p=0.51 
N=120 

 

r=-0.12 
p=0.18 
N=118 

 

r=-0.17 
p=0.06 
N=119 

 

r=-0.04 
p=0.70 
N=119 

 

r=-0.01 
p=0.94 
N=115 

 

r=-0.08 
p=0.40 
N=110 

 

Severity of 
Epilepsy  
Baseline 

r=-0.09 
p=0.33 
N=125 

 

r=-0.09 
p=0.31 
N=123 

 

r=-0.13 
p=0.15 
N=124 

 

r=-0.10 
p=0.29 
N=124 

 

r=-0.09 
p=0.30 
N=120 

 

r=-0.10 
p=0.31 
N=115 

 

 
The results (Table E-4) show that severity of epilepsy at two years and family resources at eight years were 
significantly correlated (p=0.001) but severity of epilepsy at eight years was not correlated with family 
resources at two years (p=0.12). However, this finding may have been attributed to the small sample size 
for severity of epilepsy at eight years. Thus, severity of epilepsy at two years and family resources at earlier 
time points (baseline, six months, one year) were also examined. While baseline and six-month family 
resources were not significantly correlated with two-year severity of epilepsy, one-year family resources 
were significantly correlated with two-year severity of epilepsy (p<0.01). Since the correlation between 
severity of epilepsy at two years and family resources at eight years was stronger, the conclusion was that 
severity of epilepsy is more likely to precede family resources and thus family resources may be examined 
as a mediator in this study.  
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Table E-5: Cross-lagged panel analysis examining the relationship between family resources (FIRM score) 
and severity of epilepsy (GASE score) for all participants in the HERQULES study 

 
Variable Family 

Resources 
Baseline 

Family 
Resources 
6 Month 

Family 
Resources 

1 Year 

Family 
Resources 

2 Year 

Family 
Resources 

8 Year 

Family 
Resources 
10 Years 

Severity of 
Epilepsy  
10 Years 

r=-0.17 
p=0.25 
N=45 

 

r=-0.13 
p=0.42 
N=44 

 

 r=-0.18 
 p=0.24 
 N=44 

 

r=-0.18 
p=0.23 
N=45 

 

r=-0.40 
p=0.01 
N=40 

 

 r=-0.40 
p=0.01 

   N=39 
 

Severity of 
Epilepsy  
8 Years 

r=-0.05 
p=0.71 
N=48 

 

r=-0.01 
   p=0.94 
   N=47 

 

r=-0.06 
   p=0.67 
   N=48 

 

r=0.20 
p=0.18 
N=48 

 

r=0.06 
p=0.70 
N=46 

 

r=0.16 
   p=0.34 
   N=39 

 

Severity of 
Epilepsy   
2 Years 

r=-0.08 
p=0.18 
N=310 

 

r=-0.04 
p=0.48 
N=292 

 

r=-0.11 
p=0.08 
N=266 

 

r=-0.11 
p=0.08 
N=254 

 

r=-0.22 
p=0.004 
N=174 

 

 r=-0.24 
 p=0.002 
N=156 

 

Severity of 
Epilepsy   
1 Year 

r=-0.18 
p=0.001 
N=325 

 

r=-0.18 
p=0.001 
N=305 

 

r=-0.22 
p=0.0002 

N=275 

 

r=-0.19 
p=0.002 
N=260 

 

r=-0.14 
p=0.06 
N=177 

 

r=-0.19 
   p=0.01 
   N=160 

 

Severity of 
Epilepsy   
6 Months 

 r=-0.12 
 p=0.03 
 N=332 

 

r=-0.08 
p=0.16 
N=306 

 

  r=-0.11 
 p=0.08 
 N=276 

 

r=-0.10 
p=0.12 
N=261 

 

r=0.04 
p=0.61 
N=179 

 

 r=0.03 
 p=0.67 
 N=161 

 

Severity of 
Epilepsy  
Baseline 

r=-0.08 
p=0.15 
N=358 

 

r=-0.04 
p=0.51 
N=327 

 

r=-0.03 
p=0.63 
N=289 

 

r=-0.05 
p=0.46 
N=273 

 

r=-0.04 
p=0.63 
N=185 

 

r=0.01 
p=0.86 
N=167 

  
The results examining the entire HERQULES sample (Table E-5) provided further support for severity of 
epilepsy preceding family resources as severity of epilepsy at the two-year follow-up and family resources 
at the one-year follow-up were no longer significantly correlated as they were in the study sample (p=0.08). 
Similar to the findings in the study sample, two-year severity of epilepsy and eight-year family resources 
were significantly correlated (p<0.005) but two-year family resources and eight-year severity of epilepsy 
were not (p=0.18). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	

	

105	

Table E-6: Regression analysis to examine the association between severity of epilepsy at two years and 
family resources at eight years controlling for baseline family resources 

 
Variable Co-efficient (SD) p-value 

Intercept 19.12 (4.00) <0.0001 

2-Year Severity of Epilepsy   -2.00 (0.66) 0.003 

Baseline Family Resources 0.68 (0.07) <0.0001 

 
A multiple linear regression analysis was conducted to further examine whether severity of epilepsy was 
associated with the future amount of family resources taking into account the baseline amount of family 
resources. The results (Table E-6) found that severity of epilepsy at the two-year follow-up was associated 
with family resources at the eight-year follow-up even while controlling for the amount of resources 
families had at the time of epilepsy diagnosis (p<0.005). Thus, providing further support along with the 
cross-lagged panel analysis of the casual order of this relationship.  
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Table E-7: Cross-lagged panel analysis examining the relationship between parental depressive symptoms 
(CES-D score) and severity of epilepsy (GASE score) for the study sample 
 

Variable Parental 
Depressive 
Symptoms 
Baseline 

Parental 
Depressive 
Symptoms  
6 Months 

Parental 
Depressive 
Symptoms  

1 Year 

Parental 
Depressive 
Symptoms  

2 Years 

Parental 
Depressive 
Symptoms  

8 Years 

Parental 
Depressive 
Symptoms 
10 Years 

Severity of 
Epilepsy  
10 Years 

r=0.24 
p=0.19 
N=32 

 

r=0.12 
p=0.53 
N=31 

 

r=0.20 
p=0.27 
N=32 

 

r=-0.03 
p=0.89 
N=32 

 

r=0.11 
p=0.57 
N=29 

 

r=0.25 
p=0.18 
N=30 

 

Severity of 
Epilepsy  
8 Years 

r=-0.11 
p=0.57 
N=30 

 

r=0.01 
p=0.97 
N=29 

 

r=0.03 
p=0.86 
N=30 

 

r=-0.16 
p=0.39 
N=30 

 

r=0.20 
p=0.29 
N=29 

 

r=-0.26 
p=0.17 
N=28 

 

Severity of 
Epilepsy   
2 Years 

r=0.14 
p=0.13 
N=116 

 

 r=0.23 
 p=0.01 
 N=115 

 

  r=0.24 
   p=0.009 
  N=116 

 

r=0.26 
 p=0.004 
N=117 

 

     r=0.25 
        p=0.009 

     N=112 
 

r=0.22 
p=0.02 
N=108 

 

Severity of 
Epilepsy   
1 Year 

r=0.17 
p=0.07 
N=117 

 

r=0.29 
p=0.002 
N=116 

 

r=0.29 
p=0.001 
N=117 

 

r=0.33 
 p=0.0002 

N=118 

 

r=0.13 
p=0.18 
N=113 

 

r=0.11 
p=0.24 
N=110 

 

Severity of 
Epilepsy   
6 Months 

   r=0.14 
   p=0.13 
   N=119 

 

r=0.19 
p=0.04 
N=118 

 

r=0.16 
p=0.09 
N=119 

 

r=0.06 
p=0.53 
N=120 

 

      r=0.00 
       p=1.00 
       N=115 

 

r=-0.04 
p=0.67 
N=110 

 

Severity of 
Epilepsy  
Baseline 

r=0.15 
p=0.09 
N=125 

 

r=0.08 
p=0.40 
N=123 

 

r=0.20 
p=0.03 
N=124 

 

r=0.15 
p=0.09 
N=125 

 

r=0.01 
p=0.92 
N=120 

 

r=-0.01 
p=0.91 
N=115 

 

 
Severity of epilepsy at two years and parental depressive symptoms at eight years were significantly 
correlated (p<0.01) but severity of epilepsy at eight years and parental depressive symptoms at two years 
were not correlated (p=0.4) (Table E-7). However, this finding may have been attributed to the small 
sample size for severity of epilepsy at eight years. Thus, severity of epilepsy at two years and parental 
depressive symptoms at earlier time points (baseline, six months, one year) were also examined. Although 
baseline parental depressive symptoms were not significantly associated with two-year severity of epilepsy, 
six-month (p<0.02) and one-year parental depressive symptoms (p<0.01) were significantly associated with 
two-year severity of epilepsy. Thus, it is possible that this relationship may be bidirectional.  
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Table E-8: Cross-lagged panel analysis examining the relationship between parental depressive symptoms 
(CES-D score) and severity of epilepsy (GASE score) for all participants in the HERQULES study 
 

Variable Parental 
Depressive 
Symptoms 
Baseline 

Parental 
Depressive 
Symptoms   
6 Months 

Parental 
Depressive 
Symptoms   

1 Year 

Parental 
Depressive 
Symptoms   

2 Years 

Parental 
Depressive 
Symptoms   

8 Years 

Parental 
Depressive 
Symptoms 
10 Years 

Severity of 
Epilepsy  
10 Years 

r=0.05 
p=0.72 
N=45 

 

r=0.10 
p=0.53 
N=44 

 

r=0.13 
p=0.41 
N=45 

 

r=0.06 
p=0.71 
N=44 

 

r=0.23 
p=0.15 
N=40 

 

r=0.28 
p=0.09 
N=39 

 

Severity of 
Epilepsy  
8 Years 

r=0.05 
p=0.74 
N=48 

 

r=0.28 
p=0.06 
N=47 

 

r=0.30 
p=0.04 
N=48 

 

r=-0.07 
p=0.64 
N=46 

 

r=0.17 
p=0.25 
N=46 

 

r=-0.03 
p=0.86 
N=39 

 

Severity of 
Epilepsy   
2 Years 

r=0.05 
p=0.40 
N=312 

 

r=0.16 
p=0.005 
N=292 

 

r=0.14 
p=0.03 
N=268 

 

r=0.17 
p=0.008 
N=253 

 

r=0.22 
p=0.003 
N=174 

 

r=0.20 
p=0.01 
N=155 

 

Severity of 
Epilepsy   
1 Year 

r=0.12 
p=0.03 
N=327 

 

r=0.16 
p=0.004 
N=305 

 

r=0.22 
p=0.0002 

N=277 

 

r=0.21 
p=0.0005 

N=260 

 

r=0.05 
p=0.48 
N=178 

 

r=0.07 
p=0.41 
N=159 

 

Severity of 
Epilepsy   
6 Months 

 r=0.08 
 p=0.14 
 N=333 

 

r=0.06 
p=0.32 
N=306 

 

r=0.12 
p=0.05 
N=278 

 

r=0.03 
p=0.61 
N=261 

 

r=-0.05 
p=0.53 
N=180 

 

r=-0.08 
p=0.34 
N=160 

 

Severity of 
Epilepsy  
Baseline 

r=0.08 
p=0.12 
N=361 

 

r=-0.01 
p=0.90 
N=327 

 

r=0.05 
p=0.42 
N=291 

 

r=0.11 
p=0.08 
N=272 

 

r=0.02 
p=0.74 
N=186 

 

r=-0.05 
p=0.55 
N=166 

 

 
The results examining the entire HERQULES sample were similar to those found in the study sample 
(Table E-8). However, the relationship between eight-year parental depressive symptoms and two-year 
severity of epilepsy was stronger than the relationship between six-month parental depressive symptoms 
and two-year severity of epilepsy, whereas in the study sample they were similar. Additionally, even with 
the larger sample the relationship between parental depressive symptoms at two years and severity of 
epilepsy at eight years was still not significant (p=0.64). Thus, it is more likely that parental depressive 
symptoms precede severity of epilepsy.   
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Table E-9: Regression analysis to examine the association between severity of epilepsy at two years and 
parental depressive symptoms at eight years controlling for baseline parental depressive symptoms 
 

Variable Co-efficient (SD) p-value 

Intercept 3.38 (1.55) 0.03 

2-Year Severity of Epilepsy    1.59 (0.66) 0.02 

Baseline Parental Depressive Symptoms 0.35 (0.07) <0.0001 

 
A multiple linear regression analysis was conducted to further examine whether severity of epilepsy was 
associated with future parental depressive symptoms taking into account the baseline parental depressive 
symptoms. The results (Table E-9) found that severity of epilepsy at the two-year follow-up was associated 
with parental depressive symptoms at the eight-year follow-up even while controlling for parental 
depressive symptoms at the time of epilepsy diagnosis (p<0.05). Thus, providing further support along with 
the cross-lagged panel analysis of the casual order between this relationship.  
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APPENDIX F: SENSITIVITY ANALYSIS  
 
Table F-1: Multivariate regression assessing the relationship between severity of epilepsy and depressive 
symptoms controlling for potential demographic and clinical confounders without multiple imputation 
(n=111) 
 

Variable Co-efficient (SE) 95% Confidence Interval 

Intercept 1.55 (8.98) -16.25, 19.36 

Severity of Epilepsy 2.19 (0.86)** 0.48, 3.91 

Sex 0.06 (1.88) -3.67, 3.80 

Age at Diagnosis 0.79 (0.40)* 0.00, 1.58 

Seizure Type 3.08 (1.93) -0.75, 6.92 

Cognitive Problems -0.07 (2.51) -5.05, 4.91 

Behavioural Problems -2.49 (2.97) -8.37, 3.40 

Family Income -0.29 (0.98) -2.24, 1.65 

Parental Living Arrangements 1.30 (2.81) -4.28, 6.87 

 
  Note: R2=13.8% 
  *p<0.05, **p<0.02 
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Table F-2: GEE model assessing family functioning as a mediator between the relationship of severity of 
epilepsy and depressive symptoms controlling for potential demographic and clinical confounders without 
multiple imputation (n=109) 
 

Variable Co-efficient (SE) 95% Confidence Interval 

Intercept 10.21 (9.45) -8.31, 28.73 

Severity of Epilepsy 1.85 (1.03) 0.17, 3.86 

Sex -1.11 (1.90) -4.83, 2.61 

Age at Diagnosis 0.80 (0.37)* 0.07, 1.53 

Seizure Type 2.73 (1.77) -0.73, 6.19 

Cognitive Problems 0.02 (2.53) -4.93, 4.97 

Behavioural Problems -1.95 (2.76) -7.37, 3.47 

Family Income 0.13 (0.97) -1.76, 2.03 

Parental Living Arrangements 0.57 (2.85) -5.01, 6.15 

G -8.62 (4.98) -18.38, 1.13 

M* -0.50 (0.28) -1.04, 0.04 

G*Severity of Epilepsy 0.30 (0.20) -0.09, 0.69 

G*Sex 1.09 (0.63) -0.14, 2.33 

G*Age at Diagnosis -0.04 (0.06) -0.16, 0.08 

G*Seizure Type 0.42 (0.39) -0.34, 1.19 

G*Cognitive Problems -0.06 (0.43) -0.91, 0.78 

G*Behavioural Problems -0.49 (0.52) -1.50, 0.52 

G*Family Income -0.36 (0.25) -0.85, 0.12 

G*Parental Living Arrangements 0.77 (0.66) -0.53, 2.07 

 
*p<0.05 
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Table F-3: GEE model assessing family resources as a mediator between the relationship of severity of 
epilepsy and depressive symptoms controlling for potential demographic and clinical confounders without 
multiple imputation (n=109) 
 

Variable Co-efficient (SE) 95% Confidence Interval 

Intercept 13.37 (9.83) -5.09, 32.64 

Severity of Epilepsy 1.78 (0.98) -0.15, 3.70 

Sex -0.25 (1.81) -3.80, 3.29 

Age at Diagnosis 0.61 (0.37) -0.12, 1.35 

Seizure Type 2.90 (1.79) -0.60, 6.40 

Cognitive Problems 0.70 (2.64) -4.47, 5.87 

Behavioural Problems -2.51 (2.73) -7.86, 2.83 

Family Income 0.38 (0.95) -1.50, 2.25 

Parental Living Arrangements -0.21 (2.88) -5.85, 5.43 

G -11.78 (5.45)* -22.46, -1.11 

M* -0.20 (0.09)* -0.38, -0.02 

G*Severity of Epilepsy 0.37 (0.23) -0.08, 0.82 

G*Sex 0.24 (0.37) -0.49, 0.96 

G*Age at Diagnosis 0.15 (0.09) -0.03, 0.32 

G*Seizure Type 0.25 (0.39) -0.50, 1.01 

G*Cognitive Problems -0.74 (0.70) -2.12, 0.64 

G*Behavioural Problems 0.08 (0.49) -0.88, 1.03 

G*Family Income -0.60 (0.33) -1.24, 0.04 

G*Parental Living Arrangements 1.55 (0.90) -0.22, 3.33 

 
*p<0.05 
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Table F-4: GEE model assessing five-year seizure freedom as a mediator between the relationship of 
severity of epilepsy and depressive symptoms controlling for potential demographic and clinical 
confounders without multiple imputation (n=110) 
 

Variable Co-efficient (SE) 95% Confidence Interval 

Intercept -2.83 (7.82) -18.15, 12.49 

Severity of Epilepsy 0.84 (1.07) -1.26, 2.94 

Sex 0.67 (1.82) -2.90, 4.25 

Age at Diagnosis 0.73 (0.33)* 0.09, 1.38 

Seizure Type 2.87 (1.74) -0.54, 6.29 

Cognitive Problems -1.33 (2.62) -6.46, 3.80 

Behavioural Problems -1.90 (2.87) -7.53, 3.73 

Family Income -0.27 (0.92) -2.07, 1.53 

Parental Living Arrangements 0.67 (2.47) -4.17, 5.51 

G 7.11 (3.43)* 0.38, 13.84 

M* 6.33 (2.18)** 2.06, 10.60 

G*Severity of Epilepsy 1.34 (0.47)** 0.42, 2.25 

G*Sex -0.37 (0.56) -1.46, 0.72 

G*Age at Diagnosis 0.04 (0.12) -0.19, 0.27 

G*Seizure Type -0.03 (0.55) -1.11, 1.05 

G*Cognitive Problems 0.94 (0.69) -0.42, 2.29 

G*Behavioural Problems -1.32 (0.95) -3.19, 0.55 

G*Family Income -0.07 (0.28) -0.62, 0.48 

G*Parental Living Arrangements 0.32 (0.82) -1.30, 1.94 

 
*p<0.05, **p<0.005 
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Table F-5: GEE model assessing AED use as a mediator between the relationship of severity of epilepsy 
and depressive symptoms controlling for potential demographic and clinical confounders without multiple 
imputation (n=109) 
 

Variable Co-efficient (SE) 95% Confidence Interval 

Intercept 8.81 (10.00) -10.79, 28.42 

Severity of Epilepsy 1.73 (1.10) 0.42, 3.88 

Sex -0.49 (1.82) -4.07, 3.08 

Age at Diagnosis 0.72 (0.37)* 0.00, 1.44 

Seizure Type 4.06 (1.74)** 0.66, 7.46 

Cognitive Problems -0.80 (2.66) -6.01, 4.42 

Behavioural Problems -1.90 (2.89) -7.55, 3.76 

Family Income -0.82 (0.95) -2.69,1.05 

Parental Living Arrangements 0.88 (2.82) -4.65, 6.42 

G -6.51 (5.89) -18.05, 5.04 

M* -2.79 (2.49) -7.67, 2.09 

G*Severity of Epilepsy 0.49 (0.44) -0.37, 1.35 

G*Sex 0.06 (0.23) -0.39, 0.51 

G*Age at Diagnosis 0.09 (0.10) -0.10, 0.28 

G*Seizure Type -0.33 (0.33) -0.97, 0.32 

G*Cognitive Problems 0.55 (0.56) -0.54, 1.64 

G*Behavioural Problems -0.68 (0.72) -2.09, 0.73 

G*Family Income 0.16 (0.18) -0.18, 0.51 

G*Parental Living Arrangements 0.36 (0.41) -0.45, 1.16 

 
*p<0.05, **p<0.02 
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