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Objective: This study aimed to explore the quality of life (QoL) of adult patients with epilepsy (PwE) in Australia
and its relationship with comorbidities and adverse events (AEs) from antiepileptic drugs (AEDs).
Methods: Cross-sectional surveyswere completed by PwE, or carer proxies, recruited via the online pharmacy ap-
plicationMedAdvisor and Australian PwE Facebook groups fromMay to August 2018. Data were collected on de-
mographics, epilepsy severity and management, AEs, comorbidities, and QoL (using the Patient-Weighted
Quality of Life in Epilepsy Inventory [QOLIE-10-P] total score). Two linear regression models were constructed
to explore associations between AEs or comorbidities and QOLIE-10-P score, with possible confounders deter-
mined using stepwise selection.
Results: Nine hundred and seventy-eight of 1267 responses were eligible (mean age of respondents: 44.5 years,
64% female, 52% employed). Recent AED use was reported by 97%; 47% were on AED monotherapy, 35% had ≤2
lifetime AEDs, and 55%were seizure-free for N1 year. After stepwise selection, control variables included in both
models were time since diagnosis, employment status, seizure frequency, number of currently prescribed AEDs,
and number of general practitioner (GP) visits per year. In the model for comorbidities, “psychiatric disorders”
was associated with the largest QOLIE-10-P score decrease (−23.14, p b 0.001). In the model for AEs, which ad-
ditionally controlled for depression and anxiety disorder, self-reported “memory problems”was associated with
the largest decrease in QOLIE-10-P score (−14.27, p b 0.001).
Conclusions: In this survey of Australian PwE, many of whom had relatively well-controlled epilepsy, psychiatric
and self-reportedmemory problemswere common and associated with the greatest detrimental impact on QoL.
Further research is needed to better understand the underlying causes of impaired QoL and thereby improve its
management.
© 2019 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Quality of life (QoL) in patients with epilepsy (PwE)may be affected
by numerous complex factors, including the severity of epilepsy, antiep-
ileptic drug (AED) treatment, as well as felt and enacted stigma [1]. Ep-
ilepsy is often associated with comorbid health conditions [2]; in
on),
ldkidsneuro.com (K. Riney),
g.au (L. Todd).

. This is an open access article under
particular, studies have pointed to a high prevalence of neuropsychiatric
conditions and pain disorders in PwE, which are reported more fre-
quently than in the general population [3]. These comorbidities can af-
fect QoL even in the absence of active seizures, and may be stronger
predictors for QoL than seizure-related factors [4,5].

Furthermore, up to 40–50% of PwE may experience adverse events
(AEs) fromAEDs [6,7]. Thus, aside from themain goal of seizure control,
the tolerability of AEDs is a major consideration in evaluating the effec-
tiveness of antiepileptic therapy. This is supported by several studies
demonstrating that AEs are important determinants of QoL, and that re-
ducing side effects may be key to improving the QoL of PwE [1,7].
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Observational studies on the prevalence of comorbidities and AEs
typically recruit more easily accessed patients, such as through pa-
tient organizations for epilepsy or tertiary hospitals; these usually
represent a population of PwE in the more severe end of the disease
spectrum [8,9]. Such patients may not be representative of a broader
population of PwE, which includes those who are well-controlled
with one AED or who do not regularly access tertiary hospital ser-
vices or patient organizations. Identifying and recruiting patients
with less severe epilepsy outside these settings can be challenging,
and consequently, less is understood about these patients and the
impact of epilepsy on their QoL.

The Internet has become a common source of health information
and social support; in Australia, up to 80% of Internet users seekmedical
information online [10]. People with epilepsy and other conditions use
online tools to improve disease self-management, or to connect with
others through online communities [11]. Using novel online recruit-
ment methods, including surveying patients accessing a pharmacy
medication app, the objective of this exploratory study was to investi-
gate relationships between QoL and the presence of comorbid condi-
tions or AEs in a broad sample of PwE in Australia, in order to better
understand how these important factors may contribute to QoL.
2. Participants and methods

2.1. Participants and recruitment

The survey was administered online through SurveyMonkey®
(www.surveymonkey.com) and was completed by either PwE or their
carers by proxy. Respondents were recruited through the posting of in-
vitation links to the public Facebook groups of Epilepsy Australia, Epi-
lepsy Action, and Epilepsy Foundation, and on MedAdvisor, an
Australian personal medication management mobile application.

Eligible patients were those who were residing in Australia, were
≥18 years of age, reported having a seizure disorder or epilepsy using
a validated epilepsy screening question, and who had not completed
the survey before [12] (Fig. 1). The study was approved by the Bellberry
Human Research Ethics Committee (Application No: 2018-01-038) be-
fore commencement.
Fig. 1. Survey respondent
2.2. Data collection and measures

The survey was open for data collection for 13 weeks from 28 May
2018 to 28 August 2018. It consisted of five main sections: demo-
graphics, epilepsy severity and management, AEs, comorbidities, and
QoL. Adverse event items were adapted from the Liverpool Adverse
Events Profile [13]; some items were removed to avoid overlap with
the comorbidities question, and only dichotomized Yes/No responses
were allowed. Comorbidities were adapted from items used in the Epi-
lepsy Comorbidities and Health (EPIC) survey conducted in the US [3].
In addition, the standardized Generalized Anxiety Disorder 7-item
(GAD-7) scale was used to determine the presence of GAD in respon-
dents, with scores of ≥10 validated as the cutoff point for identifying
cases [14], and the presence of comorbid depression was evaluated
using the Neurological Disorders Depression Inventory for Epilepsy
(NDDI-E), where scores of N15 are indicative ofmajor depression disor-
der (MDD) in PwE [15]. Quality of lifewasmeasured using the validated
Patient-Weighted Quality of Life in Epilepsy Inventory (QOLIE-10-P), a
10-item questionnaire covering the domains of epilepsy, mental health,
and role functioning, which are then weighted by an item measuring
overall distress [16]. Final QOLIE-10-P total scores range from 0 to 100,
with a higher score indicating better QoL [17].

Postcodeswere categorized into 5 remoteness categories (Major Cit-
ies of Australia; Inner Regional Australia; Outer Regional Australia; Re-
mote Australia; Very Remote Australia) according to Australian
Statistical Geography Standard (ASGS) data published by the Australian
Bureau of Statistics (ABS) [18]. Where possible, postcodes that did not
appear in the database were conservatively recoded to adjacent post-
codes, e.g., from 4001 to 4000 for Brisbane City.

Postcodes were also stratified according to socioeconomic status
quintiles using their Index of Relative Socio-Economic Advantage and
Disadvantage (IRSAD) score, based on the most recent available
(2016) Socio-Economic Indexes for Areas (SEIFA) data published by
the ABS [19]. Responses with postcodes that could not be mapped to
any socioeconomic category in the database were removed from the
analyses.

Although respondents could exit the survey at any point, questions
required a mandatory response in order to proceed to the next section
of the survey. Questions on AEs were omitted for respondents who
eligibility flowchart.

http://www.surveymonkey.com


Table 1
Summary characteristics of survey respondents.

All PwE (N = 978) AED Group (N = 950)

Age (years), mean ± SD 44.47 ± 14.14 44.43 ± 14.14
Time since diagnosis (years), mean ± SD 21.57 ± 15.56 21.47 ± 15.50
Gender, n (%)

Female 626 (64.0%) 605 (63.7%)
Male 346 (35.4%) 339 (35.7%)
Other 6 (0.6%) 6 (0.6%)

Employment, n (%)
Employed (including part-time, self-employed) 506 (51.7%) 493 (51.9%)
Not looking for work (including retired, student) 238 (24.3%) 227 (23.9%)
Unable to work 181 (18.5%) 178 (18.7%)
Looking for work 53 (5.4%) 52 (5.5%)

Socioeconomic status
Quintile 1 (poorest) 142 (14.5%) 137 (14.4%)
Quintile 2 189 (19.3%) 184 (19.4%)
Quintile 3 185 (18.9%) 180 (19.0%)
Quintile 4 215 (22.0%) 210 (22.1%)
Quintile 5 (richest) 247 (25.3%) 239 (25.2%)

Remoteness of residence
Very remote 2 (0.2%) 2 (0.2%)
Remote 8 (0.8%) 8 (0.8%)
Outer regional 69 (7.1%) 68 (7.2%)
Inner regional 230 (23.5%) 220 (23.2%)
Major cities 669 (68.4%) 652 (68.6%)

NDDI-E score†, mean ± SD 14.37 ± 4.52 14.33 ± 4.52
GAD-7 score‡, mean ± SD 6.18 ± 5.77 6.12 ± 5.76
Current number of prescription drugs for seizures, n (%)

None 21 (2.2%) 12 (1.3%)
1 459 (46.9%) 452 (47.6%)
2 289 (29.6%) 283 (29.8%)
3 or more 209 (21.4%) 203 (21.4%)

Number of seizure medications taken in entire life, n (%)
None 1 (0.1%) 0 (0%)
1 140 (14.3%) 133 (14.0%)
2 199 (20.3%) 195 (20.5%)
3 or more 638 (65.2%) 622 (65.5%)

Seizure frequency, n (%)
Seizure-free for N1 year 538 (55.0%) 525 (55.3%)
Seizures experienced every 3–12 months 184 (18.8%) 176 (18.5%)
Seizures experienced every month 144 (14.7%) 141 (14.8%)
Seizures experienced every week or every day 112 (11.5%) 108 (11.4%)

Primary health practitioner, n (%)
Neurologist 586 (59.9%) 572 (60.2%)
GP 376 (38.4%) 364 (38.3%)
Other 16 (1.6%) 14 (1.5%)

Perception of epilepsy as well-controlled, n (%)
Yes 726 (74.2%) 705 (74.2%)
No 130 (13.3%) 128 (13.5%)
Unsure 122 (12.5%) 117 (12.3%)

Selected healthcare utilization rates in the past 12 months
Visits to emergency department due to epilepsy, mean ± SD 0.54 ± 1.47 0.54 ± 1.48
Times seizure rescue medication administered outside of hospital/clinic, mean ± SD 0.76 ± 6.33 0.78 ± 6.42
Visits to GP regarding epilepsy management, mean ± SD 3.20 ± 7.68 3.25 ± 7.77
Visits to specialist regarding epilepsy management, mean ± SD 1.86 ± 4.48 1.88 ± 4.53

†NDDI-E: Neurological Disorders Depression Inventory for Epilepsy (scores N15 indicated MDD); ‡GAD-7: Generalized Anxiety Disorder 7-item scale (scores ≥10 indicated GAD); AED
group: respondents who had taken at least one antiepileptic drug in the past four weeks; GAD: generalized anxiety disorder; GP: general practitioner; MDD: major depression disorder;
PwE: patients with epilepsy; QOLIE-10-P: Patient-Weighted Quality of Life in Epilepsy Inventory; SD: standard deviation.
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indicated that they had not taken any seizure medication in the past
four weeks.
2.3. Statistical analysis

The survey datawere analyzed using R versions 3.5.0–3.5.2 [20]. A p-
value less than 0.05 was considered statistically significant in all analy-
ses. No sample size calculations were performed as all analyses were
considered exploratory.

To avoid collinearity between variables in the analyses, AEs and co-
morbidities were grouped by type based on clinical rationale. The
grouped variables remained binary; a “yes” response to each domain
was determined by a “yes” response to any individual variable in that
group.
Descriptive summary statisticswere generated for demographic and
clinical variables as well as for individual and grouped AEs and comor-
bidities, in order to observe the contributions of individual variables to-
wards each AE or comorbidity group. To explore sample characteristics,
descriptive statistics were also stratified by recruitment channel
(MedAdvisor/Facebook) and the respondents' geographic remoteness,
with the groups compared using chi-squared, Kruskal–Wallis H, or
Mann–Whitney U tests.

As QoL scores were not normally distributed, we conducted Mann–
Whitney U tests to determine univariable associations between
grouped AEs and QoL (for respondents who had taken at least one
AED in the past fourweeks, “AEDgroup”), and between grouped comor-
bid conditions and QoL (for all respondents).

Multivariable analyses were conducted to determine relationships
between QoL and AEs or comorbidities after adjusting for control



Table 2
Summary of mean QOLIE-10-P scores by domains and individual items.

All PwE (N =
978)

AED group (N =
950)

Total QOLIE-10-P, mean ± SD 43.9 ± 28.9 44.1 ± 28.9
Role functioning domain, mean ± SD 66.7 ± 29.2 66.9 ± 29.2
Epilepsy effects domain, mean ± SD 59.3 ± 30.2 59.4 ± 30.2
Mental health domain, mean ± SD 53.5 ± 19.9 53.6 ± 20.0

Question item 1: Energy/fatigue 38.2 38.4
Question item 2: Depression/emotional
worry

61.8 62.0

Question item 3: Driving limitations 75.6 75.6
Question item 4: Work limitations 63.6 63.8
Question item 5: Social limitations 63.3 63.6
Question item 6: Memory
difficulties/cognition

49.3 49.6

Question item 7: Physical effects of
medications

63.7 63.6

Question item 8: Mental effect of
medications

65.0 64.9

Question item 9: Seizure worry 64.5 64.5
Question item 10: Overall quality of life 60.6 60.4
Question item 11: Distress (weight) 0.64 0.64

AED group: respondents who had taken at least one antiepileptic drug in the past four
weeks; PwE: patients with epilepsy; QOLIE-10-P: Patient-Weighted Quality of Life in Epi-
lepsy Inventory; SD: standard deviation.
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variables that may improve the goodness of fit of the model. Two mul-
tivariable linear regression models were constructed, with grouped co-
morbidities as compulsory independent variables in the first model and
grouped AEs as compulsory independent variables in the secondmodel.
Total QOLIE-10-P score was the outcome variable in both models.

Control variables for each model were determined using bidirec-
tional stepwise selection. Variables available for selection in each
model are listed in Supplementary Table 1. Each stepwise selection
was performed based on Akaike information criterion (AIC), where a
lower AIC indicates a better fitting model. When there were b10 cases
for a given category, some categories within a variable were combined
to increase counts; when merging was not possible, categories with
low counts were removed. In some cases, variables were also
recategorized to aid interpretation of the analysis. Once a final model
was determined, multicollinearity was assessed by calculating the vari-
ance inflation factor (VIF) of each variable in the final model, with VIFs
greater than 5 or 10 indicating moderate and severe multicollinearity,
respectively. The R command “stepAIC” from the MASS package was
used to perform the stepwise selection analysis [21].

To explore any effect of proxy responses by carers, a sensitivity anal-
ysis was performed where carer responses were excluded. A second
post hoc sensitivity analysis was also performed where only neurolo-
gist-managed PwE were included, to investigate potential differences
in the reporting of comorbidities and AEs between PwE managed by
general practitioners (GPs) and specialists.

3. Results

3.1. Respondent characteristics

A total of 1267 responses were received. After data cleaning, 978
complete responses were included in subsequent analyses, of which
950 were in the AED group (Fig. 1). Characteristics were similar be-
tween the AED group and respondents overall (Table 1).

The mean age of all respondents was 44.5 years; approximately 47%
were from higher socioeconomic households (quintiles 4 and 5), and
more than half of respondents were employed (including part-time
and self-employed, Table 1). The majority reported being seizure-free
for N1 year, and three-quarters perceived their epilepsy as being well-
controlled; 21% of respondents had N2 AEDs currently prescribed, and
65% had N2 different seizure medications prescribed over their lifetime
(Table 1).

Most respondents were recruited from MedAdvisor (71%), with the
remaining from Facebook. Stratifying by source of response, we found
that respondents from MedAdvisor tended to be older and reported
generally better-controlled epilepsy compared with respondents from
Facebook (Supplementary Table 2). Seizure frequency was significantly
different across the strata (p b 0.001); more MedAdvisor respondents
were seizure-free for N1 year (61.7% vs. 38.7%), while a higher percent-
age of Facebook respondents experienced seizures every day to every
month (37.7% vs. 21.5%). Respondents from Facebook also generally
had more seizure medications currently prescribed and over their life-
time, and had made more visits to the emergency department, GPs,
and specialists (p b 0.05, Supplementary Table 2). MedAdvisor respon-
dents reported a higher mean QoL than the Facebook-recruited group
by more than 15 points (48.6 vs. 32.3, p b 0.001).

Comparing respondents residing in different remoteness areas,
there were significant differences across strata in the type of primary
healthcare practitioner (HCP) managing their epilepsy; almost two-
thirds of PwE living in major cities had a neurologist as their primary
HCP, while only about half of PwE living in more remote areas were
managed by neurologists, with more being managed by a GP (p b

0.05, Supplementary Table 3). Furthermore, PwE in more remote re-
gions had a significantly higher number of seizure rescue medications
administered outside of a clinical setting in the past year (p b 0.05, Sup-
plementary Table 3).
3.1.1. Quality of life of respondents
Among all survey respondents, themean QOLIE-10-P scorewas 43.9

(standard deviation (SD): 28.9; minimum: 0.0; maximum: 100.0; Table
2). Respondent scores were well-spread in frequency between 0 and
100, with a slightly higher frequency at the extreme lower end (scores
b10). Mean scores were lowest in the mental health domain (53.5)
and highest in the role functioning domain (66.7; Table 2). Examining
individual items, relatively low mean scores were observed for “mem-
ory difficulties/cognition” (49.3) and “energy/fatigue” (38.2) compared
with “driving limitations” (75.6) and “mental effect of medications”
(65.0; Table 2).
3.2. Prevalence of comorbidities and associations with QoL

Psychiatric disorders were the most commonly reported comorbid-
ities (46%), followed by pain (44%), respiratory issues (39%), and cardio-
or cerebrovascular disease (27%, Table 3). Of 16 comorbidities listed in
the survey, the mean number reported was 2.5, with 73.6% reporting
≤3, and 16.9% reporting none at all (Fig. 2).

In the univariable analyses, there were significant differences in
meanQoL for respondentswith psychiatric disorders, respiratory issues,
movement disorder/tremor, attention-deficit hyperactivity disorder
(ADHD), and pain, compared with those without these grouped comor-
bidities (p b 0.05, Table 4).

After removing responses where categories with low cell counts
were selected, 977 eligible responses were used to build the multivari-
able regression model. Control variables included in themodel via bidi-
rectional stepwise selection were seizure frequency, time since
diagnosis, current number of AEDs prescribed, employment status,
number of AEDs prescribed over entire lifetime, number of GP visits,
and number of visits to the emergency department due to epilepsy in
the past year. The final model accounted for approximately 52% of the
variability in QoL, and only three grouped comorbidities were signifi-
cantly associated with QoL (p b 0.05, Table 4). Psychiatric disorders
were associated with the largest difference in QoL score (−23.14 [95%
confidence interval (CI): −25.93, −20.34]), followed by movement
disorder/tremor (−5.08 [−8.95, −1.21]), and pain (−4.94 [−7.62,
−2.26]).

In the sensitivity analysis where carer responses were excluded (n
= 855), results were similar (i.e., all significant variables remained sig-
nificant). However, in the sensitivity analysis where only PwEmanaged



Table 3
Frequency of grouped and individual comorbidities.

Grouped comorbidity n (%) Individual comorbidity n (%)

Psychiatric disorders 449 (46%) Major depression disorder (from NDDI-E)† 397 (41%)
Generalized anxiety disorder (from GAD-7)‡ 247 (25%)
Bipolar disorder 43 (4%)

Pain 428 (44%) Migraine headache 305 (31%)
Chronic pain 195 (20%)
Neuropathic pain 99 (10%)
Fibromyalgia 38 (4%)

Respiratory issues 385 (39%) Asthma 244 (25%)
Sleep disorder/apnea 193 (20%)

Cardio-/cerebrovascular disease 266 (27%) High blood pressure 229 (23%)
Stroke 60 (6%)

Movement disorder/tremor 134 (14%) – –
Severe head injury 100 (10%) – –
Diabetes 76 (8%) – –
Congenital birth defect 55 (6%) – –
Attention-deficit hyperactivity disorder (ADHD) 47 (5%) – –

Respondents were asked: “Have you ever been told by a health professional that you have…?”; †NDDI-E: Neurological Disorders Depression Inventory for Epilepsy (scores N15 indicated
MDD); ‡GAD-7: Generalized Anxiety Disorder 7-item scale (scores ≥10 indicated GAD).
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by neurologists were included (n = 586), the association of QoL with
pain became statistically insignificant (p= 0.120), while respiratory is-
sues became significant (p = 0.042), with an associated change in QoL
of −3.78 (95% CI: −7.43, −0.14; Supplementary Table 4). Psychiatric
disorders and movement disorder/tremor remained significantly asso-
ciated with QoL, with slightly larger estimated decreases (Supplemen-
tary Table 4).
3.3. Prevalence of reported AEs and associations with QoL

Sleep problems were the most-reported AE among survey respon-
dents (89%), followed by memory problems (68%), headache (54%),
and unsteadiness (50%, Table 5). Of the 11 individual AEs listed in the
survey, the mean number per respondent was 5.1, with 7.4% reporting
none, and no respondents reporting all 11 (Fig. 2).

In the univariable analyses, significant differences inmeanQoLwere
found between respondents with and without any of all seven grouped
AEs (p b 0.001, Table 6).

In themultivariable linear regressionmodel, four AE groups showed
a significant impact onQoL score (p b 0.05, Table 6). Self-reportedmem-
ory problems were associated with the largest difference in QoL
(−14.27 [95% CI: −17.02, −11.53]), followed by unsteadiness
(−4.89 [−7.53, −2.26]), sleep problems (−4.68 [−8.75, −0.60]),
and gastrointestinal issues (−3.79 [−6.41, −1.17]). Control variables
included the presence of MDD or GAD, seizure frequency, employment
status, time since diagnosis, current number of AEDs prescribed, and
Fig. 2. Number of individual comorbidities and adverse events reported by respondents. Total
number of GP visits due to epilepsy in the past year. The model
accounted for approximately 62% of the variability in QoL (Table 6).

In the sensitivity analysis where carer responses were excluded (n
= 831), the results were similar (i.e., significant variables and control
variables were the same), except for sleep problems, which became sta-
tistically insignificant (p = 0.134).

4. Discussion

This online survey, which aimed to obtain a more representative
sample of the population of Australian PwE, found a high rate of re-
ported comorbidities and AEs, even though respondents appeared to
have relatively well-controlled epilepsy. Approximately half of respon-
dents reported comorbid psychiatric disorders and pain, while more
than two-thirds reported sleep and memory problems arising from
AED use. In multivariable models, a number of comorbidities and AEs
were significantly associatedwith decreasedQoL; in particular, the larg-
est decreases were observed in respondents who reported psychiatric
comorbidities and memory issues.

4.1. Internet-recruited cohort

Using novel online recruitment methods, this survey accessed a
sample of PwE with less severe epilepsy than typically recruited in
other published surveys, with 55% of respondents reporting N1 year of
seizure freedom and nearly half reporting treatment with AED mono-
therapy. In comparison, 42% were seizure-free for 12 months and 37%
number of respondents was N = 978 for comorbidities and N = 950 for adverse events.



Table 4
Results of univariable analysis and multiple regression model for comorbidities.

Independent variable Univariable analysis Multivariable regression model

p-Value* Estimate (95% CI)† p-Value VIF

(Intercept) – 76.94 (67.03, 86.85) b0.001 –
Psychiatric disorders b0.001 −23.14 (−25.93, −20.34) b0.001 1.11
Movement disorder/tremor b0.001 −5.08 (−8.95, −1.21) 0.010 1.06
Pain b0.001 −4.94 (−7.62, −2.26) b0.001 1.06
Respiratory issues b0.001 −1.52 (−4.22, 1.18) 0.269 1.05
ADHD 0.004 −1.85 (−7.96, 4.25) 0.552 1.03
Diabetes 0.885 −0.19 (−5.08, 4.70) 0.938 1.04
Cardio-/cerebrovascular disease 0.839 0.66 (−2.31, 3.64) 0.662 1.06
Severe head injury 0.330 −0.18 (−4.48, 4.12) 0.935 1.04
Congenital birth defect 0.056 −0.86 (−6.48, 4.77) 0.765 1.03
Adjusted R2 = 0.52, AIC = 5875.59

*FromMann–Whitney U tests; †Estimates provided are vs. without specific comorbidity present; N= 978 responses were included in the univariable analyses; N= 977 responses were
included in the multivariable regression model; ADHD: attention-deficit hyperactivity disorder; AIC: Akaike information criterion; CI: confidence interval; VIF: variance inflation factor.

Table 6
Results of univariable analysis and multiple regression model for adverse events.

6 J.M. Welton et al. / Epilepsy & Behavior 104 (2020) 106856
were onmonotherapy in the 2017 survey of the community-based Aus-
tralian Epilepsy Research Register [22]. Additionally, there was a high
rate of employment among PwE in this survey (51.7%), whichwas com-
parable with the Australian labor force participation rate of 47.7% for
people with disabilities as recorded by the ABS [23]. The mean QOLIE-
10-P score in our respondents (43.9) was higher than that of PwE co-
horts recruited from hospitals and epilepsy clinics in the USA (33.3–
36.7) and Ireland (37.3–39.2) [24–26].

The differences we found between Facebook and MedAdvisor re-
spondents suggest that recruitment via MedAdvisor allowed us to
reach a relatively unique community sample of PwE; the digital nature
of the health appmay have skewed the selection of survey respondents
towards younger people with higher socioeconomic status [27], who
may be more likely to be high-functioning, working adults. In contrast,
recruitment via socialmedia or patient organizationsmay reach a differ-
ent population of PwE; among patients with cancer or chronic diseases,
different characteristics and situations can increase motivation to seek
out and actively participate in patient groups both offline and on social
media [28]. For instance, those struggling to cope withmore severe dis-
ease may be more likely to reach out to patient organizations for social
support [29].

4.2. Comorbidities

The high rates of comorbid psychiatric and pain-related issues re-
ported in this cohort of PwE, whose seizures were largely well-con-
trolled, align with the findings of a recent community-based survey in
Norway, in which the majority reported issues such as tiredness, mem-
ory and concentration problems, headache, and feeling depressed, de-
spite over 40% of respondents having been seizure-free for at least one
year [30].

Psychiatric comorbidities had the largest association with QoL in
multivariable analyses. At 46%, thehigh rate of psychiatric comorbidities
Table 5
Frequency of grouped and individual adverse events.

Grouped adverse events n (%) Individual adverse events n (%)

Sleep problems 844 (89%) Sleepiness 656 (69%)
Tiredness 779 (82%)
Disturbed sleep 625 (66%)

Memory problems 643 (68%) Memory problems 643 (68%)
Headache 516 (54%) Headache 516 (54%)
Unsteadiness 471 (50%) Unsteadiness 383 (40%)

Dizziness 352 (37%)
Gastrointestinal issues 340 (36%) Upset stomach 340 (36%)
Weight gain 339 (36%) Weight gain 339 (36%)
Visual disturbance 254 (27%) Double or blurred vision 254 (27%)

Respondents were asked: “Questions about unwanted effects you may have experienced
fromyour seizuremedication:Over the past fourweeks, have you had any of theproblems
listed below?”
reported was internally consistent with the low mean scores found in
the mental health domain of the QOLIE-10-P. Rates of depression and
anxiety are known to be elevated in PwE: the prevalence of depression
andGAD among PwEhas been estimated at 9.6% and 12.5%, respectively
[31], and 24% reported high or very high levels of psychological distress
in the Tasmanian Epilepsy Register, a community-based cohort which
recruited patients based on AEDprescriptions in the Australian National
Prescription Database [32]. In contrast, in 2007, 2.7% and 4.1% of the
general Australian population reported having GAD or a depressive ep-
isode in the past year, respectively [33].

Rates of psychiatric comorbidities in our community-based sample
(46%) were similar to those found by Gandy et al. among PwE from a
tertiary epilepsy hospital in Sydney [9,34,35], where 39% of a cohort of
130 PwEhad at least one psychiatric disorder [9]. The rate ofMDD,mea-
sured through NDDI-E score, was 41% in our survey, vs. 30.6% of 147
PwE in the Sydney tertiary hospital [34], and 53.3% in a broader sample
of 2254 patients with neurological disorders, including 676 with epi-
lepsy [35]. Furthermore, although seizure-related factors and AED treat-
ment have been previously identified as risk factors for depression [2],
Gandy et al. found no statistically significant differences in the rates of
any category of mood or anxiety disorders between those with well-
controlled and refractory epilepsy [9]. The comparable rates of psychiat-
ric comorbidities in our study with those of more severe patients re-
cruited from tertiary institutions support the finding that both well-
controlled and treatment-resistant forms of epilepsy are associated
with equally high risk of mental health disorders [9].

In our analysis, the association between psychiatric comorbidities
and decreased QoLwas significant even after controlling for seizure fre-
quency, the number of current and lifetime AEDs prescribed, and other
proxies for disease severity. One multinational, phase IV clinical study
Independent
variable

Univariable
analysis

Multivariable regression model

p-Value* Estimate (95% CI)† p-Value VIF

(Intercept) b0.001 81.89 (70.84, 92.95) b0.001 –
Memory problems b0.001 −14.27 (−17.02, −

11.53)
b0.001 1.13

Unsteadiness b0.001 −4.89 (−7.53, −2.26) b0.001 1.16
Sleep problems b0.001 −4.68 (−8.75, −0.60) 0.025 1.13
Gastrointestinal
issues

b0.001 −3.79 (−6.41, −1.17) 0.005 1.11

Visual disturbance b0.001 −1.94 (−4.97, 0.91) 0.182 1.12
Headache b0.001 −0.87 (−3.57, 1.83) 0.526 1.19
Weight gain b0.001 −0.74 (−3.20, 1.73) 0.557 1.04
Adjusted R2 = 0.62, AIC = 5489.05

*FromMann–Whitney U tests; †Estimates provided are vs. without specific adverse event
present; N=950 responseswere included in both univariable andmultivariable analyses;
AIC: Akaike information criterion; CI: confidence interval; VIF: variance inflation factor.
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that excluded patients with any serious psychiatric disorders within the
past five years recorded a higher mean baseline QOLIE-10-P score of
56.3 among 152 Australian patients who had a similar mean epilepsy
duration (22 years) and a much higher AED polytherapy rate of 67.8%
at study entry than our sample, suggesting a more refractory group of
PwE [36,37]. The comparatively high QOLIE-10-P scores found in this
sample of patients further reinforce the notion that QoL may be greatly
affected by factors other than seizure severity.

Indeed, previous studies have found that the impact of psychosocial
factors on health-related QoL is independent from disease-specific var-
iables and may even have a greater impact than disease severity [38–
40]. It has been suggested that PwE whose seizures are well-controlled
may place greater importance on coping with other impacts of their
treatment and the psychosocial consequences of their epilepsy, instead
of focusing on minimizing seizures [1].

At 44%, pain disorders were the second-most reported comorbidity
type in our sample, with most respondents in this group reporting mi-
graine headache and/or chronic pain. The prevalence of chronic pain
and reoccurring pain (over a 6-month period) is 15.4% in the general
Australian population based on the 2011 to 2012 Australian National
Health Survey [41],while the estimatedmigraine prevalence is between
2.6% and 21.7%, with an average of ~12% [42]. The occurrence of mi-
graines is known to be increased in PwE compared with the general
population, though the nature of and basis for the association remains
unclear [2].

Pain disorders were significantly associated with a decrease in QoL,
suggesting that the known negative impact of migraines and chronic
pain on QoL in the general population [43,44] is also applicable to PwE
who are relatively well-controlled. However, in the sensitivity analysis
including only neurologist-managed PwE, pain was no longer a signifi-
cant predictor of QoL. The explanation for this is unclear; there may be
demographic differences between neurologist-managed PwE and the
GP-treated cohort, such as having higher socioeconomic status or
more refractory epilepsy. Alternatively, as chronic pain is known to be
associated with psychiatric disorders and psychological distress [45],
there may be further unexplored interrelationships between pain and
the other comorbidities in the model. We also note that although 54%
of the AEDgroup reported “headache” as anAE of AEDs, thiswasnot sig-
nificantly associated with a decrease in QoL in the multivariable model
for AEs.

Finally, movement disorder/tremor was also significantly associated
with a decrease in QoL. Other studies have reported a higher prevalence
of movement disorder/tremor among PwE, possibly attributed to the
use of valproate, which is known to cause tremors as an AE [3]. It is un-
clear if thepresence of tremors as anAE could have beenmisclassified or
misdiagnosed as a sign of a separate comorbid movement disorder in
our survey.We considered that this may be particularly true in PwE pri-
marily managed by GPs, who may not be aware of the association be-
tween valproate use and tremors. However, in a sensitivity analysis
where only neurologist-managed PwE were included, this variable
remained significant, with the estimate increasing slightly. Further
studies would be needed to confirm if a primary movement disorder
unrelated to medication use may be a common comorbidity affecting
QoL among PwE.

4.3. Adverse events

While multiple studies have investigated the prevalence of various
AEs of AEDs [1,6], and the association between the number of AEDs
and QoL [46], there is a lack of evidence on the impact of different
types of AEs on QoL among PwE.

Memory-related AEs were reported by 68% of respondents, and
were associated with the largest decrease in QoL in our study. The low
mean score we found for the “memory difficulties/cognition” item of
the QOLIE-10-P was internally consistent with the high rate of mem-
ory-related AEs in our sample. Memory problems are one of the more
common AEs reported by PwE [1,13]. Comparatively, the prevalence of
self-reported memory problems in other populations ranges from 9%
in US adults aged ≥40 years [47] to 33.5% among older adults (aged
65–85 years) in Australia [48].

It is important to note the possibility of other factors influencing the
self-reporting of AEs by patients; a previous study of the Liverpool Ad-
verse Events Profile found that comorbid depression, rather than AED
exposure, was the strongest predictor for more patient-reported AEs
[49]. Previous studies have found that both objective cognitive function
(determined by memory, verbal ability, psychomotor, and processing
speed tests) and self-reported cognitive functioning are significant pre-
dictors of QoL in PwE [50]. However, there is evidence that self-reported
memory difficulties do not correlate highlywith objectivememory tests
but are more closely related to mood [51]. Thus, although ourmultivar-
iable analysis controlled for depression and anxiety, it is important to
note that the effects of self-reported cognitive deficits on QoL may be
confounded by mood disturbance [50]. Our study highlights that mem-
ory problems can remain a significant concern even among relatively
well-controlled PwE; one possible interpretation is that high-function-
ing or reasonably controlled PwEmay bemore sensitive to cognitive is-
sues, and are thus more likely to report and be affected by them than a
more severe samplewho aremore focused onmanaging seizure control
[1].

Sleep problems were the highest-reported AE in our sample, with
89% of respondents indicating tiredness, sleepiness, and/or disturbed
sleep. This contrasts with the general Australian population, where the
reported prevalence of excessive daytime sleepiness was between
10.4% (male) and 13.6% (female) [52], and 13–20% of adults from Ade-
laide reported sleeping difficulties [53]. The increased rate of sleep dis-
orders in PwE is commonly attributed to both seizures and the effect
of AEDs [54] and has previously been associated with significantly
lowered QoL [54,55]. Our results align with what is known in the litera-
ture, although a relatively small decrease in QoL was observed. As sleep
problems have been widely associated with memory issues and mood/
anxiety disorders [56,57], this also further reinforces the possible nega-
tive effects of these interrelated issues among PwE.

4.4. Limitations of the study

This study reached a large sample of PwE with relatively well-con-
trolled epilepsy, a group that is underrepresented in other studies of
QoL among clinically recruited PwE. However, as noted in previous sec-
tions, digital recruitment may also limit the generalizability of our re-
sults; users of the MedAdvisor app and epilepsy Facebook groups who
would have seen the survey invitation link may be more likely to be
younger, working adults with higher socioeconomic status. There may
furthermore be voluntary response bias, as all responders were self-se-
lected and responses from noncompleters were discarded. Different
characteristics and situational factors may affect motivation to actively
participate in patient groups and likelihood of responding to the survey
[28]; for instance, those who have already opted into the MedAdvisor
app may be more amenable to sharing personal health data by partici-
pating in research.

In addition, there may have been recall bias, as survey questions re-
quired the retrospective recall of earlier diagnoses and medication his-
tory. Although the presence of GAD and MDD were evaluated via
validated instruments within the survey, because these were screening
tools and not diagnostic tests, the data may not represent the true rate
of GAD or MDD diagnoses in the sample. Furthermore, other reported
comorbidities may not have still been present at the time of the survey.
As the classification of a symptom as a “comorbidity” or “adverse event”
was self-reported, definitions may overlap or be inconsistent between
respondents. In addition, since even untreated PwE may report AEs at
the same rate as individuals newly started on AED treatment, some
overrating of self-reported AEs may have occurred [49]. On the other
hand, Bianchi et al. suggest that self-reported questionnaires may
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allow better and more complete information to be collected on the
medical history of PwE, with less bias from clinician judgment on the
reporting of certain symptoms and signs considered more clinically im-
portant [58].

The use of stepwise selection for control variables in the multivari-
able analyses allowed for the systematic selection of predictors that
are most likely to affect the outcome variable. However, only a single
model is selected in this method, and if more than one equally well-
performing model existed, it was not possible to assess how estimates
may have changed according to different variables selected by other
models.

While the survey was focused on collecting data on comorbidities
and AEs that were potentially relevant to QoL based on prior research,
other important variables may have been omitted, resulting in possible
residual confounding. For instance, no information was collected on ed-
ucation level, andwe also omitted questions on epilepsy etiology or sei-
zure type because of difficulties ascertaining these accurately via patient
self-report. As no data on specificmedicationswere collected in our sur-
vey,wewere also unable to control for the effect of comedications in our
models, such as accounting for the use of valproate in evaluating the im-
pact of tremors as a comorbidity.

Finally, as the survey was cross-sectional and only looked at a single
timepoint for each responder, it is not possible to infer causal relation-
ships using these data.

4.5. Implications and future directions

This study suggests that psychiatric disorders andmemory problems
are common, and a significant burden in well-controlled epilepsy.

To determine the appropriate management strategies to maximize
QoL in PwE, further research is needed to explore the complex interre-
lationships between symptoms; for example, relationships between ep-
ilepsy and comorbidities such as migraine headaches may be
bidirectional [2,40]. Future prospective studies would help to further
clarify causality between the variables, including relationships between
possibly interrelated or overlapping symptoms, and to account for indi-
vidual medication effects.

Finally, preliminary additional analyses of our survey data provided
some evidence that PwE living in rural or suburban areas are less likely
to bemanaged by neurology specialists andmay experience poorer out-
comes, likely amplifying the negative effects of comorbidities and AEs
onQoL amongPwE. These rural–urban health disparities have beenpre-
viously documented in Australia, with higher mortality and morbidity
in remote communities compared withmetropolitan areas, partially at-
tributable to inequalities in access to care [59,60]. Further research
should explore the need for improved access to epilepsy specialist ser-
vices in remote regions, as rural PwE may face a lack of availability of
specialized health professionals nearby and have difficulties traveling
to faraway cities to reach appointments [61].

5. Conclusions

This online survey accessed a novel pool of relativelywell-controlled
PwE in Australia. In this sample, comorbidities and AEs were common,
and psychiatric and memory problems were associated with the
greatest detrimental impact on QoL. These results suggest the impor-
tance of evaluating even seemingly well-controlled PwE for comorbidi-
ties and AEs that may be impacting QoL.
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