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Abstract: Background: Various articles show the high prevalence of sleep disorders and especially excessive daytime sleepiness (EDS) in patients with refractory epilepsy and the importance of personal and social burden of
this complication on individuals. Considering the insufficient evidence to draw efficacy and safety of modafinil and
methylphenidate to treat EDS in the patient with intractable seizures, we decided to compare the effect of methylphenidate and modafinil with the control group. It is hoped that this study will pave the way for further studies.
Methods: This study is a clinical trial (IRCT20171030037093N22) (URL: https://www.irct.ir/trial/42485). The study
population was patients with refractory epilepsy referred to the neurology clinic of Al-Zahra Hospital, Isfahan, Iran,
from 2019 to 2020. The patients were randomly divided into three groups. The first group was treated with methylphenidate, the second group was treated with modafinil, and the third group was not received any medication such
as modafinil and methylphenidate. Methylphenidate dosage was 10-20 mg/day. The patients were treated with
modafinil at a dose of 200-600 mg/day. EPWORTH sleepiness scale (ESS) and Total Sleep Time (TST) were calculated before and 8 weeks after the intervention for the patients. Results: 47 patients were included and divided into
3 groups, methylphenidate (10 males and 9 females), modafinil (7 males and 13 females), and control (4 males and
4 females). There was no significant difference among the groups based on ESS before and after intervention and
TST after the intervention (P>0.05), but the mean of TST was significantly lower in the control group than in methylphenidate and modafinil groups before the intervention (P=0.003). The change of ESS and TST before compared to
after intervention in the methylphenidate and modafinil group were significant (P<0.001), but the changes of ESS
and TST in the control group were not significant (P>0.05). The frequency of complications (P=0.74) and outcomes
(P=0.07) were similar in both groups. Conclusion: Modafinil and methylphenidate are two effective and safe drugs
to increase the quality of sleep in the patients. Additionally, ESS and TST scores are better in the patients who used
modafinil and methylphenidate.
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Introduction
One of the most common complaints in patients
with refractory epilepsy is sleep problems, and
especially excessive daytime sleepiness (EDS).
An EPWORTH sleepiness scale (ESS) >10 was
reported in 18 to 47% of epileptic patients and
12 to 17% controls with a trend for higher ESS
score in the patients with intractable seizure
[1-6]. Various studies showed that about 43%
of American adults have EDS which interferes

with their daily activities and reduces their daily
functioning [2, 7-11]. In treating EDS, people
with refractory epilepsy should exercise extreme
caution and use the medications which do not
decrease the seizure threshold and do not
interfere with other antiepileptic drugs [12-14].
Methylphenidate or Ritalin is one of the drugs
used to treat Attention Deficit Hyperactivity
Disorder (ADHD), and its mechanism of action
is the central nervous system or central nervous system (CNS) stimulation [15-18].

Refractory epilepsy
Methylphenidate is also used to treat narcolepsy, a condition in which a person suddenly has
a sleep attack which has no control over their
sleep condition [19, 20]. In various studies, this
drug had good effects on drowsiness and narcolepsy, but it is recommended to perform
behavioral therapy and social and educational
therapies along with this treatment [19].
Another drug used to treat sleep disorders,
especially narcolepsy, is modafinil. It is a central chemical stimulant used to treat severe
daily drowsiness associated with narcoleptic
syndrome, sleep apnea, and sleep shift disorders [21]. The mechanism of modafinil action is
unknown. It is not sympathomimetic and may
increase dopamine levels in the brain by binding to the dopamine and reabsorbing dopamine
[22]. There are various studies investigating
modafinil effect on sleep disorders, especially
EDS. In a study by Black et al., using modafinil
in the treatment of EDS was confirmed, and it
was stated that this drug is very effective and
has few side effects [23]. Considering the
importance of sleep disorders and especially
EDS in the patients with refractory epilepsy [24]
and personal and social burden of this complication on individuals, and there were different
and insufficient results in another study for the
effect of modafinil and methylphenidate on
EDS, we decided to compare the effect of methylphenidate and modafinil with control. The
daily drowsiness of the patients with refractory
epilepsy was assessed. It is hoped that this
study will pave the way for further studies.

tory of head trauma, diagnosis of other neurological diseases such as dementia, stroke, thyroid disease, substance abuse, liver or kidney
failure, heart problems, and psychiatric problems. Furthermore, the patients who showed
severe side effects during the study did not
adhere to the treatment regularly or were not
followed up during the study were excluded.
First, the patients referred to the hospital clinic
due to refractory epilepsy and complained of
EDS were screened by neurologists, and the
patients who met the inclusion criteria were
included. ESS form diagnosed EDS, and all
patients had informed consent to participate in
the study.

Materials and methods

EPWORTH sleepiness scale is a short questionnaire to assess daily drowsiness. ESS questionnaire has 8 questions to ask the patient about
the possibility of drowsiness in daily activities
(not necessarily daily), including sitting and
reading books, watching TV, sitting in a public
place without movement, and special activities
as a traveler. Staying in a car for more than an
hour, lying down and resting in the evening, sitting and resting after lunch and in the car
behind the traffic, and each of these types of
activities were based on the amount of drowsiness or confusion. Each question is scored
between 0-3, and the total score is between
0-24. The scoring from 0 to 9 is normal, and
more than 9 are considered EDS and require
more specialized examinations. ESS questionnaire was filled by the patients before and after
the intervention. The reality and validity of ESS
were described in previous studies [25].

Study design

Total sleep time

The ethical committee approved this clinical
trial study of Isfahan University of Medical
Sciences (IR.MUI.MED.REC.1398.327), and
also the protocol of current study was registered in the Iranian Registry of Clinical Trials
(IRCT20171030037093N22). The study population was the patients with refractory epilepsy
referred to the neurology clinic of Al-Zahra
Hospital, Isfahan, Iran, from 2019 to 2020 with
complaints of excessive daytime sleepiness.
Inclusion criteria included patients with refractory epilepsy diagnosed with EPWORTH sleepiness scale (ESS) >9 by a neurologist and
agreed to participate in the study. Moreover,
exclusion criteria included patients with allergic
to methylphenidate and modafinil or with a his-

Total sleep time [26] was the total sleep time of
patient during 24 h. TST is included rapid eye
movement (REM) [21], and non-rapid eye movement (NREM) sleeps duration and is calculated based on minute or hour. TST (=REM+
NREM) was calculated before and after the
intervention.
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Study protocol
The patients were randomly divided into three
groups. The first group was treated with methylphenidate, the second group was treated with
modafinil, and the third group did not receive
any medication such as modafinil and methylphenidate. The dosage of methylphenidate was
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percentage. P-value less than
0.05 was considered significant.
Results
Baseline variables

Figure 1. Changing ESS before and after intervention based on groups.

10-20 mg/day. The patients were treated with
modafinil at a dose of 200-600 mg/day.
The patients were reevaluated by the EPWORTH
sleepiness scale form [27] 8 weeks after the
treatment period, and their recovery was
assessed. Recovery of the patient after treatment was considered based on increasing ESS
and TST scores (-2≤) without any complication,
and the patients who recovered but had complications were considered partially recovered.
Furthermore, the patients who not had any
change of TST or ESS were considered not
recovered.
Moreover, the complications of drugs were collected and evaluated after the intervention, the
complications were included neurological such
as headache, anxiety and increasing or
decreasing sleep duration, and gastrointestinal
complications.
Statistics
After collecting the study data, they were
entered into SPSS version 24 and analyzed.
The data were analyzed with chi-square, paired
t-test, one-way ANOVA. Therefore, data were
presented as mean ± SD and frequency and
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outcomes

A total of 47 patients were
included and divided into methylphenidate (10 males and 9
females), modafinil (7 males
and 13 females), and the control (4 males and 4 females)
groups. There was no significant
difference among the groups
based on age, the duration of
disease, and the frequency of
seizures in months (P>0.05),
but the number of used drugs in
the control group was significantly lower than that in
modafinil and methylphenidate
groups (P=0.03).
TST, ESS, complications and

There was no significant difference among the
groups based on ESS before and after intervention, and TST after intervention (P>0.05), but
the mean of TST before intervention in the control group was significantly lower than that in
methylphenidate and modafinil groups (P=
0.003). The change of ESS and TST before
compared to after intervention in the methylphenidate and modafinil were significant
(P<0.001), but the change of ESS and TST in
the control group was not significant (P>0.05)
(Figures 1 and 2). The frequency of complications (P=0.74) and outcomes (P=0.07) were
similar in both groups (Table 1).
Discussion
The efficacy of Methylphenidate, modafinil on
EDS was compared by assessing the ESS and
TST score before and after the intervention.
There are few studies comparing modafinil and
methylphenidate on excessive daytime sleepiness, particularly in patients with epilepsy. The
study reported by Adams et al. concluded that
single dose of methylphenidate had an effect
on caring cognitive deficit in epilepsy patients,
and methylphenidate was a safe and effective
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responses. But the methylphenidate does not affect improving
cognition, so modafinil’s cognitive enhancement effect has an
adverse effect on emotion processing [32]. In our study,
modafinil and methylphenidate
were two effective drugs to
decrease sleep and improve ESS
in the patients. In the study by
Jasinski, modafinil showed greater effect on sleep than methylphenidate with less facilitation of
orthostatic tachycardia and less
reduction of caloric intake [33].
Also, our data revealed that
recovered patients in modafinil
were higher than methylphenidate.
In a review study performed by
Bonnet et al., 400 mg single
dosage of modafinil was perFigure 2. Changing TST before and after intervention based on groups.
formed for patients with sleep
loss [34]; In the study by Westcott
treatment for cognition in the patients with epithat was performed on military personnel,
modafinil was a wakefulness-promoting agent
lepsy [28]. In review study single dose of meththat improved cognitive performance and
ylphenidate affect attention deficits in adults
increased wakefulness among shift workers
with epilepsy, and methylphenidate was a pos[35]. Modafinil was a more effective and useful
sible treatment for attentional dysfunction in
drug in treating the patients with sleep and cogepilepsy [29]. Moreover, the methylphenidate
nitive disorders [36].
was an effective and safe option to improve the
quality of life in patients with epilepsy [30], but
Based on this study’s results, there were no
they didn’t report its effect on drowsiness. In
significant differences between methylpheniour study, methylphenidate was a good and
date and modafinil with ESS and TST scores
effective drug on EDS with minor complications
after the intervention, and there was no
and no change in seizure frequency. In a study
significant difference between methylpheniconducted by Banerjee et al., Methylphenidate
date and modafinil based on complications, but
was mentioned as one of the safest and most
the frequency of recovered patients in modafinil
effective treatments in EDS, and its effects
group was higher than that in methylphenidate
were considered acceptable [31]. Our results
group.
confirmed that methylphenidate is an effective
drug on EDS. Some studies on the effectiveIn summary, modafinil and methylphenidate
ness of methylphenidate and modafinil in EDS
are two effective and safe drugs on increasing
of Alzheimer and Parkinson patients proved
quality of sleep in the patients, and ESS and
their effectiveness with the acceptable side
TST scores are better in the patients who used
effects (19). But our study shows their effecmodafinil and methylphenidate. Besides, we
tiveness in a patient with intractable epilepsy.
need more study with a larger population and
In addition, Schmidt et al. compared methylcombining subjective and objective evaluation
phenidate and modafinil on negative emotion
to confirm our results.
processing in healthy people, demonstrating
modafinil has an acute effect on increasing
Disclosure of conflict of interest
brain activation in the limbic-cortical-striatalpalliadal-thalamic circuit and also amygdala
None.
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Table 1. Variables of study between study groups
Variables
Gender (m/f)
Age
Duration of disease (m)
Frequent of seizure in months
Number of used drugs
ESS

TST (h)

Complications
Outcomes

Before
After
P***
Before
After
P***
No
Yes
Recovered
Not recovered
Partial recovery

Methylphenidate
Modafinil
Control
P-value
10/9
7/13
4/4
0.51*
36.94±15.87
36.57±10.63 34.25±14.51 0.89**
19.01±12.89
20.90±10.84 23.37±14.62 0.69**
5.31±3.93
3.60±0.99
4.01±1.51
0.13**
3.70±1.04
3.35±1.08
2.62±0.74
0.04**
16.78±3.39
16.30±3.18
13.87±3.09
0.10**
14.15±4.40
12.45±3.50
13.87±3.44
0.37**
<0.001
<0.001
0.98
12.84±2.67
12.85±2.58
9.25±1.66
0.003**
10.10±1.79
9.80±2.62
9.37±1.76
0.72**
<0.001
<0.001
0.75
15 (78.9%)
13 (65%)
6 (75%)
0.74**
4 (21.1%)
6 (30%)
2 (25%)
5 (26.3%)
11 (55%)
2 (25%)
0.07*
9 (47.4%)
8 (40%)
6 (75%)
5 (26.3%)
1 (5%)
0

ESS: EPWORTH sleepiness scale, TST: Total sleep time. *Chi Square test, **Independent T test, ***One-way ANOVA.
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