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Abstract

Background: Epilepsy, which develops in the elderly, is recognized as a major health burden. Although health-related quality of
life (HRQoL) is an essential element in the medical treatment of elderly patients with epilepsy, it is a question whether epilepsy and
its treatment effectively influence the quality of life (QoL) in the elderly.
Objectives: The current study aimed at evaluating the relationship between demographic and clinical aspects of epilepsy in HRQoL
of elderly patients. Since HRQoL scores are bounded, the Kumaraswamy (Kum) regression model was used to analyze the data.
Methods: The current study was conducted on 766 elderly patients diagnosed with epilepsy taking at least one antiepileptic drug
(AED) selected from six neurologic clinics in Iran. In addition to demographic information, the Liverpool seizure severity scale (LSSS),
medication adherence report scale (MARS-5), and quality of life in epilepsy (QoLIE-31) questionnaire were completed for patients.
Data were analyzed using multiple linear regression (MLR) and the Kum regression models.
Results: Most of the patients included in the study had focal (70.2%) epilepsy. Mean duration of disease was 17.71 ± 4.56 years and
the average number of seizures was 3.4 ± 3.2 episodes per month. The Kum regression model indicated that seizure frequency (β =
-0.157, P < 0.0001) and LSSS score (β = -0.003, P = 0.009) were significant and negative predictors of overall QoLEI-31 score; MARS-5
score was a positive predictor of overall QoLEI-31 score (β = 0.014, P = 0.002). However, disease duration and serum AED level had no
significant effects on overall QoLEI-31 score.
Conclusions: The findings suggested that increased seizure frequency and severity were associated with lower QoL and medication
adherence was directly associated with HRQoL. The Kum regression could be a suitable alternative to the methods currently used in
the analysis of HRQoL data.
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1. Background

Epilepsy is one of the most common disabling neuro-
logical disorders with a relatively high prevalence in the el-
derly after stroke and dementia (1). Epilepsy can markedly
affect patients’ health-related quality of life (HRQoL) and
lead to a lower quality of life (QoL) by the impact on the
mental and social aspects of the patients (2, 3). It is often
necessary to assess the HRQoL of such patients in order to
measure health status and evaluate medical care results.
Validated tools to measure HRQoL can provide informa-
tion about the disease and its impact on patients’ lives, in a
standardized, comparable and relatively objective manner

(4). Despite the importance of determining the treatment
effects and individual characteristics on HRQoL, the appro-
priate analyzing method in this field is not completely un-
derstood yet, and various regression techniques (5-8) are
proposed to analyze HRQoL data. Due to the simplicity
of interpretation, multiple linear regression (MLR) is one
of the techniques most widely used to study the effects of
treatment on HRQoL and individual characteristics (8-12).
However, due to some certain properties of HRQoL score,
it is implausible that MLR is the most suitable method to
analyze such data. Firstly, HRQoL outcomes have a double
bounded format (e. g., 0 and 1); therefore, tend to be dis-
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tributed non-normally. Furthermore, the distribution of
these outcomes is highly skewed. Due to these properties,
they usually represent heteroscedasticity, where the vari-
ance is smaller near the extremes and asymmetry. There-
fore, applying standard methods of analysis such as linear
regression that assume normality and constant variances
may not be appropriate for such data.

One of the distributions that may be suitable for
modeling such data is Kumaraswamy (Kum) distribution.
The Kum distribution was originally proposed by Ku-
maraswamy (13) for variables that are lower and upper
bounded. The Kum distribution is highly flexible and its
distribution can provide many shapes such as unimodal,
increasing, decreasing, and uniform; therefore, it might
be suitable for modeling variables observed on the finite
interval such as HRQoL scores. Although MLR models are
used in most studies that analyze HRQoL, it is a question
whether the Kum distribution is better than MLR models
to analyze such data. The current study primarily aimed at
applying a specific class of regression models based on the
Kum distribution (14) to address the features mentioned in
the HRQoL data and comparing the Kum model and MLR
performances.

2. Objectives

The dataset employed to examine the application of
the Kum model corresponded to HRQoL data in elderly
people with epilepsy. The current study focused on two
main aspects: development of the regression model based
on the Kum distribution for bounded data and its compar-
ison with that of MLR method, particularly HRQoL, as re-
sponse variables, and evaluating the relationship between
HRQoL with demographic characteristics and clinical fea-
tures of patients with epilepsy.

3. Methods

3.1. Data Source

The study was conducted on elderly patients diag-
nosed with epilepsy referred to six neurological clinics in
Iran (two in Qazvin and four in Tehran) recruited by conve-
nience sampling from March 2014 to December 2015. The
diagnosis was based on the International League Against
Epilepsy criteria (15). The six neurological clinics were
asked to recruit patients based on the following inclu-
sion criteria: age 65 years or above, receiving at least one
antiepileptic drug (AED), and signing the consent form.
The exclusion criteria were history of alcohol and/or drug
abuse and history of cardiovascular disease, metabolic dis-
orders such as diabetes, rheumatoid arthritis, hepatic dis-
eases, malignant tumors, and kidney dysfunctions.

All eligible participants completed a questionnaire in-
cluding items on demographic characteristics, clinical fea-
tures, and the medication adherence at baseline. Medi-
cation adherence was evaluated through the medication
adherence report scale (MARS-5) (16). It is a self-reporting
questionnaire including five statements of non-adherent
behaviors. The total score of MARS-5 ranges 5 to 25, with
higher scores indicating higher adherence.

Blood samples were collected from the median cubital
vein prior to the next daily routine dose of a drug to mea-
sure serum AED levels after the six-month follow-up period.
Serum AED levels were determined using a microparticle
enzyme immunoassay kit (Abbott Axsym®, Abbott Labora-
tories, Abbott Park, IL, USA) (17). Moreover, during the six-
month follow-up, the patients were asked to complete the
Liverpool seizure severity scale (LSSS) and the quality of life
in epilepsy inventory-31 (QoLIE-31).

LSSS evaluates severity of seizure in patients with
epilepsy. The LSSS scores range 0 to 100, with higher scores
indicating the greater the perceived seizure severity (18).
Furthermore, the QoLIE-31 has seven dimensions that mea-
sure different aspects of HRQoL (19). The total score of the
QoLIE-31 varies from 0 to 1 and is calculated by weighting
and summarizing its dimension scores; higher scores in-
dicate a better HRQoL.

3.2. Statistical Methods

Continuous variables are expressed as mean ± stan-
dard deviation (SD), and categorical variables are pre-
sented as absolute and relative frequencies. Multiple lin-
ear regression was used to investigate the relationship be-
tween the total score of QoLIE-31 with the demographic
characteristics and clinical features of the participants.
The presence of heteroscedasticity was detected by the
Breusch-Pagan test available in Imtest package and based
on the obtained results, MLR model showed heteroscedas-
ticity.

HRQoL scores have a double bounded format; on the
other hand, the linear regression does not consider the
data being bounded; therefore, the Kum regression model
was also applied to model the data. The Kum regression is
a modeling approach, assuming that the dependent vari-
able (y1,…,yn) follows the Kum distribution with density
function:
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where 0 < ωt < 1, is the median and P > 0 is the

dispersion parameter. The Kum regression model is ob-
tained by assuming that the median of yt can be written as
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logit (ωt) =
∑k
i=1xtiβi, where β = (β1,…,βk)T is a vector

of unknown regression parameters and xt1,…,xtk are obser-
vations on k known and fixed covariates (14). The interpre-
tation of the Kum regression coefficients is based on the
odds ratio of the median score.

Finally, MLR and the Kum models were compared by
the Akaike information criterion (AIC) and the Bayesian in-
formation criterion (BIC) and calculated as follows:

(2)AIC = −2lnLfit + 2k

(3)BIC = −2lnLfit + 2klnN

where lnLfit is the maximized log-likelihood, k is the
number of parameters in the model, and N is the number
of observations.

Data analysis was performed using the R statistical soft-
ware version 3.5.1 (VGAM package), and the significance
level was 0.05.

4. Results

4.1. Description of Dataset

The study sample consisted of 766 elderly patients with
epilepsy, aged above 65 years (mean± SD = 73.9 ± 5.7). The
general and clinical characteristics of the participants are
presented in Table 1. Almost half of the participants were fe-
male (54.7%), most of them were married (76%), and about
one-third of them were employed (36.0%). Most of the pa-
tients had focal epilepsy (70.2%), with an average disease
duration of 17.71 ± 4.56 years and seizure frequency of 3.4
± 3.2 episodes per month. Nearly half of them (48.7%) had a
serum AED level lower than the therapeutic range (i e, non-
adherent). Moreover, the mean overall score of QoLIE-31 in
the study participants was 0.68 ± 0.2 (Table 1).

4.2. Regression Models

The results of MLR and the Kum regression models are
presented in Table 2. According to MLR model, level of
education (β = 0.004, P = 0.001) and MARS-5 score (β =
0.003, P < 0.0001) were significant and positive predictors
of the overall score of QoLIE-31. Conversely, QoLIE-31 score
decreased by the increase of seizure frequency (β = -0.043,
P < 0.0001) and LSSS score (β = -0.002, P < 0.0001). Sim-
ilarly, based on the Kum regression model, level of edu-
cation (β = 0.017, P = 0.003) and MARS-5 score (β = 0.014,
P = 0.002) were positively correlated with QoLEI-31 score,
while seizure frequency (β = -0.157, P < 0.0001) and LSSS
score (β = -0.003, P = 0.009) were inversely correlated with
QoLEI-31 score. Moreover, gender (β = -0.144, P = 0.026)
and marital status (β = 0.137, P = 0.045) significantly as-
sociated with QoLEI-31 score in the Kum model, whilst in

Table 1. Demographic and Clinical Characteristics of the Participantsa

Variables Values

Age, y 73.9 ± 5.7

Education, y 8.9 ± 5.1

Gender, No. (%)

Male 347 (45.3 )

Female 419 (54.7 )

Marital status, No. (%)

Married 582 (76.0 )

Unmarried 184 (24.0 )

Employment status, No. (%)

Employed 276 (36.0 )

Unemployed 490 (64.0 )

Epilepsy type, No. (%)

Generalized 228 (29.8 )

Focal 538 (70.2 )

Disease duration, y 17.71 ± 4.56

Seizure frequency 3.4 ± 3.2

LSSS score 54.9 ± 23.5

QOLIE-31 score

Seizure concerns 0.77 ± 0.35

Cognitive function 0.66 ± 0.43

Energy/fatigue 0.59 ± 0.19

Emotional wellbeing 0.61 ± 0.19

Social function 0.78 ± 0.22

Medication efficacy 0.79 ± 0.24

Overall quality of life 0.62 ± 0.20

Overall score 0.68 ± 0.20

MARS-5 score 13.3 ± 6.5

Serum AED level, No. (%)

Below therapeutic range 373 (48.7 )

Within therapeutic range 295 (38.5 )

Above therapeutic range 98 (12.8 )

Abbreviations: AED, antiepileptic drug; LSSS, the Liverpool seizure severity
scale; MARS-5, the 5-item medication adherence report scale; QoLIE-31, the qual-
ity of life in epilepsy inventory-31.
aValues are expressed as mean ± SD unless otherwise indicated.

MLR model these associations were insignificant. The com-
parison of AIC and BIC indicated that their values for the
Kum model were smaller than that of MLR model (Table
2). Therefore, based on these criteria, the Kum model was
preferable than MLR in fitting such data.

A common diagnostic tool for the MLR model is the
normal Q-Q plot of residuals. Figure 1 shows the normal Q-
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Table 2. Relationship Between Demographic and Clinical Characteristics with QoLIE-31 Based on the MLR and Kum R Models

Covariate MLR Model Kum Regression

β (SE) P Valuea β (SE) P Valuea

Intercept 0.662 (0.044) < 0.0001 0.768 (0.222) < 0.0001

Gender 0.345 0.026

Female -0.013 (0.014) -0.144 (0.065)

Marital status 0.575 0.045

Married 0.008 (0.014) 0.137 (0.068)

Education, y 0.004 (0.001) 0.001 0.017 (0.006) 0.003

Employment status 0.080 0.085

Employed 0.025 (0.014) 0.120 (0.070)

Disease duration -0.002 (0.001) 0.061 -0.006 (0.006) 0.375

Serum AED level -0.004 (0.008) 0.657 -0.003 (0.042) 0.940

Seizure frequency -0.043 (0.002) < 0.0001 -0.157 (0.007) < 0.0001

LSSS score -0.002 (0.001) < 0.0001 -0.003 (0.001) 0.009

MARS-5 score 0.003 (0.001) < 0.0001 0.014 (0.005) 0.002

Epilepsy type 0.911 0.245

Generalized 0.001 (0.011) 0.067 (0.058)

Goodness-of-Fit Statistics

AIC -710.1 -758.8

BIC -654.5 -703.1

R2 0.465 0.404

Abbreviations: AED, antiepileptic drug; Kum, the Kumaraswamy; LSSS, the Liverpool seizure severity scale; MARS-5, the 5-item medication adherence report scale; MLR,
multiple linear regression; QoLIE-31, the quality of life in epilepsy inventory-31; SE, standard error.
aSignificance level < 0.05.

Q plot for QoLIE-31 scores. As shown in Figure 1, the points
at the two ends of the plots in the MLR model are not close
to a straight line; therefore, the residuals are not normally
distributed.

5. Discussion

The current study was conducted on elderly patients
with focal and generalized epilepsy in which the associa-
tion of patients’ and diseases’ characteristics with HRQoL
was evaluated using both MLR and the Kum models. The
study results indicated a significant reduction in HRQoL
with increasing the frequency and severity of seizure
among elderlies with epilepsy. Numerous studies exam-
ined the association of seizure frequency and severity with
QoL. Adebayo et al. using the same seizure severity tool as
that of the current study reported a significant decrease
in HRQoL of adult patients with epilepsy, following the in-
crease in seizure severity (20). In another study by Tedrus
et al. greater seizure frequencies were the main factors
influencing QoL as evaluated by QoLIE-31 in patients with

epilepsy (8). Furthermore, seizure frequency is reported as
a negative predictor of QoL in adults with epilepsy (3, 21).
These results indicated the importance of encouraging pa-
tients to record the frequency and severity of their seizure
episodes and share the information with their healthcare
provider to improve the HRQoL.

Poor adherence to medication was previously reported
as an important predictor of HRQoL in patients with
epilepsy (22-24). In the current study, medication adher-
ence was also directly associated with HRQoL among the
patients. In accordance with the current study results, Et-
tinger et al. demonstrated that HRQoL directly affects the
QoL (22). Moreover, in a study by Martins et al. scores of
adherence to treatment strongly correlated with all QoLIE-
31 domains indicating higher HRQoL in patients with good
medication adherence (25). Based on these findings, non-
adherence to medication may lead to uncontrolled seizure
with substantial deleterious effects on HRQoL. Therefore,
the response to treatment may be an important issue to im-
prove HRQoL among the elderly with epilepsy.

In the current study, a significant and positive associa-
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Figure 1. Normal probability plot; MLR, multiple linear regression; Kum, Kumaraswamy

tion was observed between education level of patients and
overall score of QoLIE-31. Numerous studies examined the
relationship between education levels and HRQoL in pa-
tients with epilepsy. For example, in a study by Ridsdale et
al. education level was linearly associated with the higher
QoL in patients with drug-resistant epilepsy (23). In addi-
tion, other studies illustrated a direct association between
education level and QoL in patients with epilepsy (3, 26,
27). This may indicate that patients with higher level of ed-
ucation are aware of different aspects of the disease and
may improve their QoL through appropriate treatment
and seizure control. Certainly, further studies are required
to obtain more conclusive results.

Based on the Kum model, other factors that influ-
enced patients’ overall HRQoL score in the current study
included gender and marital status. According to the find-
ings of the current study, being female and unmarried
were significant predictors of lower QoL in the Kum model;
however, these associations were not significant in the MLR
model. Similarly, Nabukenya et al. in their study reported
that being female and unmarried were negative predictors
of HRQoL in patients with epilepsy (3). Other studies also
reported that gender influenced HRQoL in patients with
epilepsy; female patients had significantly lower HRQoL
than males, which was in agreement with the current
study results (21, 27). Based on these findings, healthcare
providers should recognize that gender might be a fac-
tor when evaluating HRQoL in the elderly patients with
epilepsy. Moreover, being married affords a social and psy-

chological support and, hence, reduces the negative im-
pact of lower scores of these aspects on overall HRQoL.

The limitations of the present study should be consid-
ered in the interpretation of the study findings. Firstly, the
participants included in the study were recruited from six
urban clinics in Qazvin and Tehran where the QoL might
be higher compared to the population living in rural ar-
eas. Therefore, the findings may not be generalizable to
all patients with epilepsy in Iran. Secondly, due to partic-
ipants’ conditions, sometimes they could not understand
the questions asked, necessitating the use of a caretaker
to interpret the questions for them and sometimes clarify
on the patients’ responses. There is a possibility that the
caretakers did not interpret the questions correctly, which
might yield a wrong response. However, all the caretak-
ers were oriented on the meaning of the different ques-
tions and their comprehension of the questions was eval-
uated. Finally, authors could not assess mental, emotional,
psychological, and socioeconomic conditions in the study
subjects. The current study also had several strengths in-
cluding a relatively large sample size, an adequate follow-
up period, and its longitudinal design.

In conclusion, the present study revealed that female
gender, seizure frequency, and seizure severity were nega-
tively correlated with HRQoL, while higher education level,
being married, and medication adherence were positively
correlated. Therefore, all strategies and health policies to
improve HRQoL in elderly patients with epilepsy should
be based on improving medication adherence and seizure-
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related factors.
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