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A B S T R A C T   

This narrative review provides an overview of the current knowledge on health-related quality of life (HRQOL), a 
relevant clinical outcome in patients with epilepsy. It shows that the most important factor determining HRQOL 
in this patient group is seizure frequency. In particular, seizure-freedom is associated with better HRQOL scores. 
Many other factors may impact perceived HRQOL aspects, but their interrelation is complex and requires further 
research. Novel analytical approaches, such as hierarchical cluster and symptom network analyses might shed 
further light on this, and may result in recommendations for interventions on the most ‘central’ factors influ
encing different aspects of HRQOL in patients with epilepsy. Next, an overview of the HRQOL tools and 
analytical methods currently used in epilepsy care, with a focus on clinical trials, is provided. The QOLIE-31 is 
the most frequently applied and best validated tool. Several other questionnaires focusing on specific aspects of 
HRQOL (e.g., mood, social impact) are less frequently used. We show some pitfalls that should be taken into 
account when designing study protocols including HRQOL endpoints. This includes standardized statistical 
analysis approaches and predefined reporting methods for HRQOL in epilepsy populations. It has been shown in 
other patient groups that the lack of such standardisation negatively impacts the quality and comparability of 
results. We conclude with a number of recommendations for future research.   

1. Introduction 

Epilepsy is one of the most frequent neurological disorders in adults, 
affecting over 70 million people worldwide (Thijs et al., 2019). Histor
ically, the primary treatment goal is the achievement of 
seizure-freedom. In general, seizure-freedom is reached in approxi
mately 50% of patients through the first appropriately chosen 
anti-seizure medication (ASM), and in another 20% through second- or 
third-choice ASM, or with a combination of two or more ASM (Janmo
hamed et al., 2020). The remaining 30% so-called drug-resistant pa
tients might be eligible for epilepsy surgery or other invasive treatment 
options (e.g., vagus nerve stimulation), but unfortunately many will 
never reach seizure freedom. 

For many patients, epilepsy is a life-long condition, or at least im
pacts on decades of their lifespan. Although patients with epilepsy 
(PWE) might lead a relatively normal life, the impact of the constant 

awareness of being at risk for seizures and having to take medication on 
a daily basis, which can have side-effects, often severely impacts patient 
everyday functioning and well-being. This can relate to different levels, 
including work, family and social life. Currently, the most commonly 
used primary outcome measure in clinical trials and clinical practice is 
some type of quantification of seizure frequency. However, seizure 
control does not directly nor consistently translate into improved 
perceived health for PWE (Cramer et al., 2019). Possible drug toxicity or 
other treatment- or disease-related factors may result in a net negative 
impact on PWEs health status, even when seizure freedom is achieved. 
Several studies have demonstrated that assessment of quality of life 
based on seizure frequency reduction (SFR) does not show consistent 
results across different ASMs, at either the 50% or 75% SFR thresholds. 
Therefore, it remains to be determined whether the currently most 
frequently used outcome measures in both clinical practice and clinical 
research are the most relevant for all PWE, and if other patient-centred 
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outcome measures should be included more widely for a more holistic 
view on possible benefit for PWE health and functioning. 

In this review, we will evaluate the value of clinical outcome as
sessments reflecting the patients’ functioning and wellbeing, in partic
ular health-related quality of life (HRQOL), as outcome measure. 

2. Clinical Outcome Assessments 

The US Food and Drug Administration (FDA) has defined four types 
of patient-centred outcome measures, reflecting how a patient feels, 
functions or survives, which are collectively called clinical outcome 
assessments (COAs) (for more information see {Dirven, 2018 #2006}): 
(1) patient-reported outcome (PRO) measures, (2) clinician-reported 
outcome (ClinRO) measures, (3) observer-reported outcome (ObsRO) 
measures, and (4) performance outcome (PerfO) measures. 
Patient-reported outcomes (PROs) are important measurements for 
quantifying symptoms, function, and overall HRQOL. The FDA and the 
European Medicines Agency (EMA) have defined PROs as ‘a measure
ment directly reported by patients that reflects patients’ perception of a 
disease and its treatment’. Clinician-reported outcome (ClinRO) mea
sures are based on a report that comes from a healthcare professional, 
whereas ObsRO measures are based on reports from someone other than 
the patient or healthcare professional (e.g., another proxy). In some 
patients, the same concept can be measured with different COAs, e.g., 
cognitive symptoms, which can be measured objectively with a PerfO (i. 
e., neurocognitive tests) or subjectively with a PRO measure (i.e., 
questionnaires). Clinical outcome assessments (COAs) can provide 
additional information about the beneficial and adverse effects of a new 
treatment strategy, adding context to information on response assessed 
through biomarkers (e.g., imaging, blood tests), clinical response (e.g., 
SFR) or, progression-free or overall survival (Dirven et al., 2018). 

2.1. Patient-reported outcomes 

Patient-reported outcomes can be measured either through a self- 
report or in an interview, and might cover symptoms, functioning, and 
overall HRQOL (see for more information (Dirven et al., 2018)). In 
clinical trials, information from PROs can be used to assess the net 
clinical benefit of a particular experimental treatment, combined with 
disease-oriented measures such as SFR and toxicity. In clinical practice, 
information from PROs can be applied to shared decision-making in 
which patients, their primary caregivers, and their physicians jointly 
make a treatment decision based on the best available evidence. Results 
of PROs assessed over time might also be used in clinical practice for 
needs assessment, and to monitor a patient’s symptoms or functioning 
during the disease trajectory. With treatment effects monitored, op
portunities for better symptom management can be identified, so that 
patients can be referred to another healthcare professional (e.g., a pa
tient with depression can be referred to a psychiatrist), or to identify 
potential warning signs that might trigger preventive additional care (e. 
g., psychotherapy in case of a high risk for depression) (Dirven et al., 
2013). 

2.2. Health-related quality of life for epilepsy patients 

Health-related quality of life (HRQOL) is a multidimensional concept 
covering different aspects of patients’ perception of his/her quality of 
life. HRQOL is a PRO, and reflects the three different levels of func
tioning as specified by the World Health Organisation (WHO) Interna
tional Classification of Functioning, Disability, and Health: it covers 
functioning on the level of impairment, activity limitations, and 
participation restrictions. There is a wide range of PRO instruments 
focusing on HRQOL, from unidimensional measures (assessing one 
specific aspect of HRQOL, such as fatigue) to multidimensional HRQOL 
measures (Ware and Sherbourne, 1992). Currently, there is no single 
gold standard tool to measure HRQOL in epilepsy patients. 

2.2.1. Generic 
The first scales that were used to assess HRQOL in epilepsy patients 

were generic measures, suitable for the general population and/or 
multiple disease sites. An example is the SF-36 questionnaire, a short- 
form health survey consisting of 36 questions that looks at functioning 
on eight different domains, being vitality, physical functioning, bodily 
pain, general health perceptions, physical role functioning, emotional 
role functioning, social role functioning, and mental health (Ware and 
Sherbourne, 1992). 

Another generic PRO measure used in the epilepsy patient popula
tion is the PROMIS-10 (also called PROMIS-Global Health (GH)), 
developed from the National Institute of Health’s sponsored PROMIS 
question banks (Hays et al., 2009). It was designed and validated to 
measure mental and physical health within and across healthy subjects, 
as well as patients with multiple conditions such as heart disease, can
cer, rheumatoid arthritis, and psychiatric disorders. In PWE, PROMIS-10 
met the ideal criteria for patient input, literature review and clinician 
input, and construct validity (Jones et al., 2020), and was therefore 
considered relevant for this patient population. 

2.2.2. Disease-specific questionnaires 
Disease-specific HRQOL measurement tools have also been devel

oped. For example, in the cancer field, a frequently used tool is the 
European Organisation for Research and Treatment of Cancer (EORTC) 
QLQ-C30 (Aaronson et al., 1993) in conjunction with site-specific 
questionnaires, such as the brain tumour module QLQ-BN20 (Osoba 
et al., 1996; Taphoorn et al., 2010) or the breast cancer module 
QLQ-BR45 (Bjelic-Radisic et al., 2020). Regarding neurological diseases, 
disease-specific questionnaires also have been developed for Parkinson’s 
disease (for an overview see (Berardi et al., 2021)) and multiple sclerosis 
(Khurana et al., 2017), amongst others. 

2.2.3. Epilepsy-specific questionnaires 
The QOLIE-31 questionnaire is a validated 31-item PRO measure 

that evaluates HRQOL in PWE specifically (Cramer et al., 1998). The 
SF-36 was used as the foundation for the creation of this 
epilepsy-specific scale (Devinsky et al., 1995), as the same research 
group demonstrated the relevance for an epilepsy-specific HRQOL 
questionnaire when comparing HRQOL in different patient groups 
(Hermann et al., 1996). Seven subscales cover domains evaluating the 
impact of epilepsy on cognitive functioning (problem-solving, memory, 
concentration), emotional well-being (mood), energy/fatigue, medica
tion effects (worry over physical/mental effects of medication), overall 
QOL, seizure concern (worry/fear of seizures and their manifestations), 
and social functioning (social and leisure impact, driving, work limita
tions). Each domain includes two to six items, and has a total score that 
ranges from 1 to 100, with higher values indicating a better HRQOL. The 
QOLIE-31 total score is calculated as a weighted average of the domain 
scores. The QOLIE-31 also has an abbreviated (QOLIE-10) (Cramer et al., 
1996) and the original, longer version (QOLIE-89), the latter consisting 
of 17 scales (Devinsky et al., 1995). In addition to the scales covered by 
the QOLIE-31, the QOLIE-89 covers language, attention/concentration, 
memory, physical function, pain, role limitations due to physical prob
lems, role limitations due to emotional problems, health discourage
ment, and health perceptions. 

The Seizure Severity Questionnaire (SSQ) is also specifically devel
oped for PWE, and includes questions related to frequency and help
fulness of warning signs, as well as frequency, severity, and burden of 
ictal and postictal effects (Borghs et al., 2014). As the name suggests, it is 
mainly designed for further detailing seizure severity and its impact on 
HRQOL, and less on generic HRQOL. There are several other scales in 
use for generic HRQOL assessment in PWE, including the Veterans 
Administration scale and the Chalfont-National Hospital Scale NHS3 
version, the Occupational Hazard scale, the Liverpool Seizure Severity 
Scale, and the Hague Seizure Severity (HASS) scale for children (for an 
overview comparison see (Avila et al., 2017). The NEWQOL is meant for 
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patients with new-onset epilepsy that experienced a first seizure within 
the last 6 months (Abetz et al., 2000), while the LQOL is designed for 
patients with refractory epilepsy (Baker et al., 1994 #2009). The 
Washington Psychosocial Seizure Inventory (WPSI) was specifically 
developed to identify psychological and social problems among PWE 
(Dodrill et al., 1980). 

In a recent, very informative systematic review, Jones et al. 
concluded that, based on time for completion (i.e. ≤3 min), costs 
(charge), coverage of HRQOL domains, as well other psychometric 
properties, the QOLIE-10 and PROMIS-10 questionnaires were most 
feasible for implementation into adult epilepsy clinics, but that further 
studies assessing the responsiveness over time are needed (Jones et al., 
2020). Remarkably, whereas QOLIE-10 is a disease-specific instrument, 
PROMIS-10 is not. To our knowledge, no formal comparison regarding 
the feasibility and validity of the abovementioned tools has been done. 

3. The main determinants of HRQOL in epilepsy patients 

The main determinant of overall HRQOL in epilepsy patients is, not 
unexpectedly, the occurrence of seizures. Many studies have shown that 
for seizure-free patients, the level of HRQOL is comparable to healthy 
controls (Spencer et al., 2007; Vickrey et al., 1994; Boylan et al., 2004; 
Markand et al., 2000; Vickrey et al., 1992; Luoni et al., 2011). The exact 
nature of the correlation between HRQOL and seizure frequency, how
ever, is unclear (Spencer et al., 2007; Vickrey et al., 1994; Luoni et al., 
2011). There seems to be no linear correlation between seizure fre
quency and HRQOL, though it is assumed that a seizure-reduction of >
75% is correlated with improvement in HRQOL. In patients with mul
tiple seizures per month, however, the exact seizure frequency does not 
appear to correlate with HRQOL scores (Blond et al., 2016). 

Several other factors also impact on aspects of HRQOL. Psychiatric 
comorbidities, such as depression, anxiety, and suicidal ideation play an 
important role (Boylan et al., 2004), as do side-effects of ASM which 
may include said psychiatric comorbidities. Furthermore, many PWE 
suffer from neurocognitive deficits (Gauffin et al., 2021), that may also 
have an impact on perceived HRQOL. The interplay between all these 
factors is complex. For instance, mood disorders are more prevalent in 
PWE who are not seizure-free, but are also frequently-reported side-
effects of ASM. Moreover, underlying brain pathology related to the 
epilepsy, seizure frequency, ASM, and mood can all impact on cognitive 
functioning, which in itself also has a complex interaction with aspects 
of HRQOL. The correlation between objective cognitive (test) perfor
mance and subjective cognitive (complaints) performance, which are 
generally considered separate concepts, and perceived HRQOL (of 
which subjective cognitive functioning is part) is far from linear (Car
amanna et al., 2021). Furthermore, sleep disorders and migraine, which 
are more prevalent in PWE than in the general population, and social 
impairment might have a negative impact on HRQOL (Blond et al., 
2016). In a systematic review, Baranowski found no clear difference in 
overall HRQOL of older PWE in comparison to younger age groups. 
Participants reported energy/fatigue to have the most negative effect on 
HRQOL. As stated before, seizure frequency was a strong predictor of 
HRQOL, and comorbidity and depression were moderate predictors 
(Baranowski, 2018). There is substantial global variation in HRQOL of 
PWE, and country income level may play a role (Saadi et al., 2016). 

Though seizure freedom seems to be the hierarchically most 
important determinant of HRQOL in PWE, the interactions between 
contributing factors are complex. Still, despite advances in treatment 
options (e.g. surgery, newer ASM with presumed fewer side effects), 
HRQOL does not seem to improve over the years on group level; Was
senaar et al. found no significant differences in HRQOL (overall QOLIE- 
31 scores) when comparing two cross-sectional community-based sam
ples that were obtained from the same Dutch suburban region 10 years 
apart (n = 344 and n = 248 PWE, respectively) (Wassenaar et al., 2013). 
Further insight in how all contributing factors interact might reveal 
which factors are most crucial and should be interventional targets. For 

example, if mood has the highest impact on other contributing factors, 
future research efforts might focus on more frequent application of an
tidepressants in PWE suffering from mood disorders, which is nowadays 
hampered by (sometimes exaggerated) concerns about the risk of sei
zures or drug-drug interactions (Craig and Osborne, 2020). 

A relatively novel way to determine these dependencies is to analyse 
systematically assessed aspects of HRQOL (i.e., functioning and/or 
symptom scores) of large patient populations through hierarchical 
cluster analyses. Previously, we found four symptom clusters in a cohort 
of over 4000 glioma patients (Coomans et al., 2019), in which seizures 
were included. Two of these symptom clusters were found to have a 
negative association with certain aspects of functioning, including 
physical, role and/or social functioning. Even more sophisticated is the 
use of network analyses techniques, which have the added benefit that 
they can also provide information on the strength and direction of cor
relations between different factors (Oreel et al., 2019). To our knowl
edge, these approaches have not been applied to HRQOL data of PWE so 
far. These methods might provide more insight into the in
terdependencies between different factors influencing aspects of 
HRQOL, and reveal central targets for intervention to more effectively 
enhance HRQOL. 

4. HRQOL integration in clinical trials for PWE 

To our knowledge, there is no complete overview of the quality of 
patient-centred evidence presented in RCTs for PWE, as has been done in 
other disease groups (e.g., {Dirven, 2014 #1806}). That is certainly a 
task to be performed in the near future. For now, we focus on a couple of 
practice-determining recent studies, such as the Standard and New Anti- 
epileptic Drugs (SANAD)-II studies. The SANAD-II studies are open- 
label, non-inferiority, multicentre randomised phase IV studies on 
both focal (Marson et al., 2021a), and generalised epilepsy (Marson 
et al., 2021b). In SANAD-II, the long-term clinical effectiveness and 
cost-effectiveness of established first-line treatment and newer ASM 
were compared in a real-world setting. For both studies, the primary 
endpoint was 12 month remission of seizures, and HRQOL was a sec
ondary outcome. For adults, HRQOL outcomes were assessed using 
subscales of NEWQOL (Abetz et al., 2000) and the Impact of Epilepsy 
Scale (Jacoby et al., 1993). HRQOL questionnaires were completed at 
baseline and annually thereafter. Jn addition, adults and parents 
completed a subset of HRQOL measures at 3 months and 6 months. In 
the generalised epilepsy SANAD-II study, 221/520 (42.5%) participants 
returned a baseline questionnaire and at least one follow-up question
naire. Based on this high proportion of missing data, the authors stated 
that HRQOL results could not be considered reliable, and that data 
imputation was not considered reasonable. The response percentage was 
slightly higher in the focal epilepsy SANAD-II trial, being 49.8% 
(593/990) and this was considered sufficient for analysis. The latter trial 
report concluded that for adults, lamotrigine was associated with a 
better profile on self-reported measures of HRQOL than levetiracetam or 
zonisamide. A comparison of the treatment effects showed negative 
treatment effects for levetiracetam compared with lamotrigine for 
patient-reported anxiety, depression, stigma, epilepsy impact, and 
overall QOL. Compared with lamotrigine, zonisamide had a negative 
effect for depression, epilepsy impact, and overall QOL. In another 
recent report on a practice-changing RCT on the addition of cannabidiol 
in tuberous sclerosis complex patients with drug-resistant epilepsy 
(Thiele et al., 2021), results on QOL assessment were only reported 
under the subheading ‘other secondary outcome measures’ in the sup
plementary material. 

5. Pitfalls in the assessment and collection of HRQOL-data in 
epilepsy trials 

Although the fact that HRQOL assessments are integrated in the 
above mentioned clinical trials in PWE is to be applauded, problems 
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with compliance prevented the authors from drawing solid conclusions. 
Unfortunately, despite big efforts, large-scale HRQOL data collections in 
PWE have thus far not generally paid off in terms of valid and infor
mative results. In general, several factors might negatively impact both 
the quantity and quality of HRQOL data collected, such as the repre
sentativeness of the study population, appropriateness of applied time 
windows for assessment, cognitive deficits within the population, and 
handling of missing data. 

First of all, baseline trial populations are not typically representative 
of real-world patients asthe strict inclusion criteria lead to selection of 
patients with relatively high performance scores, and thus higher 
HRQOL scores. During the course of the trial, patients with poorer health 
status might drop out more frequently, resulting in an even further 
overestimation of HRQOL in the remaining, relatively fit sample (Dirven 
et al., 2013). This last issue also applies to measuring HRQOL in clinical 
practice; deteriorating patients might not complete their questionnaires. 
Secondly, the quantity and quality of collected HRQOL data in clinical 
trials can also depend on appropriate completion-time windows for as
sessments (e.g., week 4–6 after randomisation). The timing of HRQOL 
assessments should fit with the purpose of the trial. If the main objective 
is to determine the long-term net clinical benefit of a new ASM, it does 
not make sense to measure HRQOL early after the start. When the 
objective is to determine the immediate burden of the treatment (e.g., 
toxicity), HRQOL assessments should be done shortly after baseline. 
Handling deviations from the planned window of data collection also 
impact the quality and quantity of the data. Allowing larger 
completion-time windows might improve the validity of the results by 
having more complete HRQOL information, thereby facilitating statis
tical modelling, but might negatively impact the quality of the data, 
depending on the specific research question (Ediebah et al., 2013). In all 
cases, it is important to perform a baseline measurement before ran
domisation and thus before the start of treatment. Thirdly, many PWE 
suffer from cognitive deficits (Li et al., 2020). Cognitive dysfunction 
might hamper self-reported HRQOL, as patients might not be able to 
provide valid feedback about their own level of functioning or symptom 
experience (Caramanna et al., 2021). This may subsequently hamper a 
reliable interpretation on the impact of a new treatment or routine care 
on PWEs’ HRQOL. 

6. Pitfalls in the analysis and interpretation of HRQOL-data in 
epilepsy trials 

Missing data might seriously hamper the analysis of longitudinal 
HRQOL data. Walker et al. (2003) previously showed that the major 
source of missing data was administrative failure, divided into 
patient-related factors and researcher-related factors. Patient-related 
factors included intentional or non-intentional non-attendance of 
study visits, poor patient motivation, misunderstanding of instructions, 
and incorrect completion of questionnaires. Researcher-related factors 
included administrative failure (e.g., questionnaires not being admin
istered or being administered at the wrong time), lack of explanation, or 
reluctance to assess a patient who is deteriorating clinically. Patients 
who had been compliant during the follow-up period lived significantly 
longer than patients who were not compliant (Walker et al., 2003). 
There are many ways to correct for missing data, depending on the data 
characteristics, see {Dirven, 2013 #1760} for more extensive and 
in-depth information. 

When good quality data with satisfying response rates are available, 
the next challenge is to do a proper data analysis. A lack of a consistent 
approach to analysing and interpreting PRO endpoints makes it difficult 
to compare results across various clinical trials in most disease fields. 
This lack of standardisation of PRO analysis approaches hampers the 
likelihood of findings informing policy and treatment decisions, and 
makes inefficient use of increasingly finite research funding (Bottomley 
et al., 2016). In the oncology field, this increased awareness has inspired 
the formation of the Setting International Standards in Analyzing 

Patient-Reported Outcomes and Quality of Life Endpoints Data (SISA
QOL) consortium aiming to develop guidelines for standardised analysis 
methods {Coens, 2020 #1950}. Depending on the diversity of PRO 
analysis methods in the epilepsy field, a similar effort might be 
necessary. 

When subsequently combining outcome measures into a net clinical 
benefit, difficult trade-off issues may arise when interpreting findings. 
When both the primary (seizure) outcome measure and the HRQOL 
analysis point in the same direction (e.g., both improve or both decline) 
when comparing experimental and standard treatment arms, there is no 
issue. Trade- off discussions may arise, however, when the primary 
seizure outcome improves in the experimental treatment arm compared 
with the standard treatment, but HRQOL declines significantly, or vice 
versa (Dirven et al., 2014a). At that point, there is no consensus on the 
optimal treatment strategy for that specific patient population. More
over, for some patients a reduction of seizure frequency is most impor
tant, while maintenance or improvement of HRQOL might be more 
relevant for others. It thus seems that there is need for a more person
alised approach. Based on the patient’s characteristics and preferences, 
physicians must advise the patient which treatment strategy might best 
meet their needs. 

7. Recommendations for future research 

First, novel analytical methods, such as cluster and symptom anal
ysis, of large HRQOL datasets of preferably combined clinical epilepsy 
trials, might shed further light on the causal interaction and/or hierar
chical order of prevalent symptoms and HRQOL issues. Such analyses 
might result in the definition of targets for interventions, which can 
ultimately result in improved HRQOL in PWE. Second, more insight is 
needed into the current level of PRO analysis and reporting in rando
mised controlled trials of PWE, similar to previous efforts in other pa
tient groups (Dirven et al., 2014b), in order to assess whether PRO 
evidence is of sufficiently high quality to rely on when determining the 
net clinical benefit. Subsequently, recommendations on the further 
improvement of (better alignment of) study design, data analysis and 
reporting of results might be necessary. 
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