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Abstract

Objective: Epilepsy is one of the most common neurological disorders . Many in-
dividuals continue to have seizures despite medical and surgical treatments, sug-
gesting adjunctive management strategies are required. Promising effects of daily
listening to Mozart on reducing seizure frequency in individuals with epilepsy have
been demonstrated over the last 20 years, but not in a rigorously controlled manner.
In this study, we compared the effect on seizure frequency of daily listening to either
Mozart K.448 or a spectrally similar, yet non-rhythmic control piece. We hypoth-
esized that there would be no difference in seizure counts when participants listened
to Mozart K.448 vs when they listened to the control piece.

Methods: We employed a randomized crossover design, in which each participant
was exposed to both three months of daily listening to the first six minutes of Sonata
for two pianos in D major by Mozart (Mozart K.448; treatment period) and three
months of daily listening to phase-scrambled version (control period). There was a
three-month baseline and a three-month follow-up period before and after the six-
month listening period, respectively. Change in seizure counts obtained from the
seizure diaries was considered as the main study outcome.

Results: Using three methodologies to investigate the existence of the treatment ef-
fect (paired 7 test, estimation statistics and plots, and Cohen's d), our results revealed
areduction in seizure counts during the treatment period, which was not observed for
the control period (P-value < .001).

Significance: Using a spectrally similar control piece, our study advances previous
reports that were limited by a “no music” control condition. Daily listening to Mozart
K.448 was associated with reducing seizure frequency in adult individuals with epi-
lepsy. These results suggest that daily Mozart listening may be considered as an

adjunctive therapeutic option to reduce seizure burden in individuals with epilepsy.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original
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1 | INTRODUCTION

Epilepsy is considered the most common serious neurolog-
ical disorder in the world characterized by the recurrence
of seizures, and affecting more than 50 million people
worldwide.! Many individuals continue to have seizures
despite medical and surgical treatments, suggesting a need
for adjunctive management strategies.

Previous neurophysiological and clinical studies have
demonstrated that the use of different direct (such as elec-
trical stimulation)z’3 and indirect (such as music) stim-
uli to the brain may both evoke and prevent seizures.*’
Listening to music is likely the most complex rhythmic
stimulus for modulating brain activity and has been as-
sociated with observation of different neurophysiologi-
cal and neuropsychological changes in individuals with
epilepsy and other conditions.®*'! In the 1990s, reports
demonstrated beneficial effects on individuals’ spatial
reasoning skills by listening to a particular Mozart piano
piece (Sonata for two pianos in D major, also called
Mozart K.448).'">!3 A landmark paper studying the ef-
fects of listening to Mozart K.448 in individuals with ep-
ilepsy demonstrated a reduction in interictal epileptiform
discharges (IEDs), that were not observed during listen-
ing to a control old time Pop Piano tune.'* EEG record-
ings revealed that 23 out of 29 individuals demonstrated
a significant reduction in the amount of IEDs during the
time of exposure to Mozart K.448. Subsequently, a num-
ber of clinical studies in both adult and pediatric popula-
tions have explored the effects of listening to Mozart and
have reported a reduction in IEDs and seizure frequency
during the exposure time.*>'*'® As no specific audi-
tory stimulus was used for the control periods in these
studies, it remains unclear whether similar observations
would follow in the event of using spectrally similar to
Mozart K.448 yet rhythmically different auditory stimuli.
Additionally, the need for randomized controlled studies
on this topic has been discussed frequently in the litera-
46.19.20 aiming to develop a better understanding of
the reported effect.

In this work, we have explored the effects of daily listen-
ing to two different auditory stimuli on seizure frequency in
adult individuals with epilepsy using a crossover study de-
sign, where each individual was exposed to both treatment
and control auditory stimuli, serving as their own control.
Mozart K.448 was chosen as the treatment piece—due to its
ubiquity in the epilepsy literature.'+642117 A phase-scram-
bled version of the same piece containing similar frequency

ture

Key Point

e Many individuals with epilepsy continue to have
seizures despite medical and surgical treatments,
suggesting a need for adjunctive management
options.

e The promising effect of daily listening to Mozart
in individuals with epilepsy has been reported for
the past 20 years.

e The effect of daily exposure to Mozart K.448
(treatment piece) was compared with a phase-
scrambled version with no rhythmicity (control
piece).

e Using a spectrally similar control piece, our study
contrasted with previous reports that were limited
by a “no music/sound” control condition.

e QOur results revealed a reduction in seizures during
the period of daily Mozart K.448 listening, an ef-
fect not observed for the control piece.

and amplitude content (albeit with no rhythmicity) was used
as the control piece. Our hypothesis was that no difference
in seizure frequency would be observed between the periods
when individuals listened daily to the Mozart K.448, com-
pared to when they listened daily to the phase-scrambled ver-
sion (control).

2 | METHODS

2.1 | Participants selection

The study protocol was approved by the University Health
Network Research Ethics Board. Prior to starting the inter-
vention, informed consent was obtained from all partici-
pants. The participants were chosen from a pool of adult
individuals with epilepsy who were previously admitted
to the Toronto Western Hospital (TWH) epilepsy monitor-
ing unit and who had undergone either scalp or intracra-
nial electroencephalography (EEG) recordings as part of a
diagnostic of presurgical Workup.22 Specific inclusion and
exclusion criteria are presented in Table 1. In order to create
a homogenous study population, we excluded individuals
who had undergone resective epilepsy surgery, consider-
ing the contribution of different cortical areas in processing

music.%2372°
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Individuals with epilepsy who are not satisfied with their current

level of seizure control despite the use of various anti-epileptic drugs

Must have experienced at least three seizures during the baseline
period, with the minimum number of one out of three seizures

History of brain resection surgery (ie, epilepsy surgery) involving
Any changes in an individual's AEDs during the one-year intervention

Individuals receiving vagus nerve stimulation (VNS), deep brain
stimulation (DBS), or following a ketogenic diet at the time of
enrollment, or those planning to use such option(s) in the following

Individuals unable to recall their seizures; inability to document
seizure occurrences in a diary during the one-year intervention period,
either by themselves or by their main caregiver

Individuals unable to understand and speak English

Individuals who score below 55% on the pitch perception and hearing

impairment online test prior to starting the intervention®

RAFIEE ET AL.
TABLE 1 Inclusion and exclusion T o
criteria
(AEDs)
(]
occurring within the last 2 months
Exclusion criteria o
removal of any brain structure
]
period
[ ]
year
L]
(]
[ ]
2.2 | Treatment and control stimuli

The treatment stimulus was the first six minutes and a half of
the first movement of Mozart Sonata for two pianos in D major
or Mozart K.448, performed by Alicia De Larrocha and André
Previn. We chose the first movement of the sonata given the
positive effects of the first movement™'* and its practical length
to encourage compliance with the study. Our choice of control
piece was motivated by the hypothesis that Mozart K.448 con-
tains periodicities that might underlie its potential therapeutic ef-
fects.”’” We were also motivated by the objective that the control
piece should be spectrally similar (ie, the power spectrum should
be similar) to avoid the confound of using both a spectrally and
rhythmically dissimilar control piece. Thus in order to preserve
the spectral contents of Mozart K.448 while destroying its rhyth-
micity, we utilized a common approach to generating surrogate
time series data that disrupts long-term correlated structure by
shuffling the phases of the different frequency components of
the original piece.28 A phase-scrambled version of the treatment
piece was created by replacing phase information of the com-
plex Fourier transform of the Mozart K.448 piece with a random
number between —x and & while preserving the power of each fre-
quency component and then computing the inverse Fourier trans-
form as described previously in the literature.” Subsequently,
the final control piece sounded like noise with no rhythmicity.
The treatment and control stimuli were referred to as Mozart and
scrambled Mozart to the participants during this study.

2.3 | General design

The randomized control research study employed a crossover
design by using a computer-generated algorithm written in

MATLAB® to assign participants to two groups. The indi-
viduals in group A started the intervention by listening to the
treatment stimulus—Mozart K.448—once a day for a total
period of three months (treatment period) and switched to lis-
tening to the control piece once a day for the following three
months (control period). Individuals in group B engaged
in identical listening regimens. However, they started with
the control piece, followed by Mozart K.448. Additionally,
there were three-month baseline and three-month follow-up
periods before and after the six-month listening period. The
information regarding participants previous musical history
is presented in Figure S2. During the intervention period,
participants were given the option of listening to the sound
stimuli by either logging into their personal accounts on a
website specifically designated for this study or by using
the electronic copy of the sound files in a.wav format. They
could set the volume to their comfort level and could choose
freely the timing of the intervention each day, with no spe-
cific instruction on the use of earphones or speakers.

2.4 | Data collection and the main
study outcome

Since not all of the individuals with epilepsy were able
to classify and differentiate seizure types and auras using
common scientific terms, we instructed the participants
to discuss with us the different and personal ways they
classify their seizure type(s) using their own words. The
participants were then advised to record their seizures
in their seizure diaries, using their own symbols to label
them differently, notably in the event of auras or multiple
types of seizures. Adding the participants self-reported
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Seizure T ;& B LtE 2 Participants demographic
Study ID Gender Age AED(s) MRI Findings Type ttormation
01 F 75 AC,LZ Normal A
02 E 50 CB Left polymicrogyria CP, N
03 F 56 LC,LV Right mesial temporal ~ CP, GTC
sclerosis
04 M 29 BR, LC, LM, OX Normal N
05 F 26 CB,LM, LC, CL Normal SP, CP, N
06 M 32 LV, CB, VA, CL Generalized brain CP, GTC
atrophy
07 M 33 LM Right temporal CP
encephalocele
08 M 28 PH,LC,LZ Occipital horn CP, GTC
dilatation
09 F 42 LM, LC Normal CP
10 F 53 CB, LV Normal CP, GTC
11 M 67 CB, LC, PR Normal CP
12 IFl 42 TO Multiple bilateral CP
white matter
hyperintensities
13 F 63 VA Normal CP

Abbreviations: A, absence; AC, acetazolamide; BR, brivaracetam; CB, carbamazepine; CL, clobazam;
CP, complex partial; GTC, generalized tonic-clonic; LC, lacosamide; LM, lamotrigine; LV, levetiracetam;

LZ, lorazepam; N, nocturnal; OX, oxcarbazepine; PH, phenytoin; PR, perampanel; SP, simple partial; TO,

topiramate; VA, valproic acid.

diary next to the existing notes from their neurologist
and the previously available history of the EEG findings
describing their seizure type(s), the seizure diary entries
served as the primary outcome of the study. During the
study visits to the hospital, seizure diaries were obtained
from participants after each three-month period (base-
line, treatment/control, and follow-up) (see Table S1 for
complete description of study visits and collected data).
In order to estimate the compliance rate, the participants
were provided with a username and password, to gain ac-
cess to our designated website to listen to the auditory
stimuli (Mozart K.448 or the scrambled version of it).
Individuals were asked to answer a survey question after
finishing their daily listening. If the total time spent on
the website (calculated as the time of survey submission
minus the time of logging into the website) was equiva-
lent to the duration of the auditory stimulus, it was pre-
sumed that the individual followed the intervention on
that day. The participants who did not choose to use the
website for this purpose were asked to mark the days they
skipped listening to the auditory stimulus in the seizure
diary provided to them. The compliance rate for each pe-
riod was estimated as the number of days that an indi-
vidual listened to a stimulus over the total length of each
period in days.

2.5 | Statistical analysis

Statistical analysis was performed following both an inten-
tion to treat (ITT) and per-protocol (PP) analysis. For the ITT
analysis, missing observations due to dropouts were handled
by the last observation carried forward (LOCF) method,
using the last observation of an individual's seizure counts
before dropout of the rest of the intervention. The total num-
bers of seizures during the treatment and control periods were
considered as paired observations for each individual and
were normalized with respect to the individual's total number
of seizures during the baseline period. Shapiro-Wilk test was
used to check the normality of the dataset, using the Python
statistical functions module.

The effect size was analyzed using three different methods:
the paired Student's ¢ test considering the normal distribution of
the dataset,30 estimation statistics and plots, and Cohen's d. In
addition to providing the P-value, we also focused on the magni-
tude of the observed effect size and its’ precision using estimation
statistics and plots,31 following the methodology suggested by
Ho and colleagues.32 In the estimation plots, the difference-axis
origin was aligned with the mean of the treatment phase, relat-
ing the observed values of the total number of seizures during
the treatment and control periods to their mean.*? The mean dif-
ferences between paired observations were used to calculate the
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effects size with 95% bootstrapped confidence interval (95%CI)
and presented in the following format: “mean [95% CI lower
bond, upper bond 7°.32 All of the statistical tests and calculations
were carried out using the DABEST Python package.32

3 | RESULTS

The study group involved 13 adult individuals with epilepsy
(eight female and five male), between 26 and 75 years of
age with a mean age of 45.8 years, and an average of 2.3
AEDs per individual (Figure 1). The demographic informa-
tion of the participants is summarized in Table 2. The com-
pliance rate was estimated as 83 + 11% and 72 + 16% during
the treatment and control periods, respectively (n = 11 after

i i ® 289
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excluding two dropouts, see below). Spearman's correlation
computation revealed no correlation between the seizure
counts and the compliance rate among individuals during the
treatment period (n = 11, r, = .155, P-value = .15) or during
the control period (n = 11, r, = —.08, P-value = .81).

Two participants (P08 and P10) withdrew from the study
after finishing the treatment period and during the control pe-
riod; both belonged to group A (treatment-control sequence).
One individual from group A became seizure-free during the
treatment period (P12—Figure S1). All the participants in
group B (control-treatment sequence) showed a lower mean
number of seizures during the treatment period compared to
their baseline period except one (P09—Figure S1). The sei-
zure diary counts for all participants during the intervention
time can be found in the Figure S1.

[ Enrolment ]

Assessed for eligibility (n = 1107)

Excluded (n = 1094)

e Not meeting inclusion criteria (n = 947)

e Not interested in participaition before
seeing the consent form (n = 143)

e Declined to participate after seeing the
consent form (n = 4)

Randomized (n = 13)

C Allocation )

Group A : Mozart - Control Sequence

e Allocated to start the intervention (n = 7)
® Finished the intervention (n = 5)

Reason on drop outs: change in medication,
being unsatistfied by their seizure control
during the control period.

Group B : Control - Mozart Sequence

e Allocated to intervention (n = 6)
® Finished the intervention (n = 6)

( Analysis >

® Intention to treat (n =7)
® Per protocol (n =5)

FIGURE 1

Participants flow diagram

® [ntention to treat (n = 6)
® Per protocol (n =6)
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TABLE 3 Results of Student's 7 test for paired samples and the related statistical analysis
Intention to Treat Per-Protocol
Period Period
Within-individual Within-individual
differences differences
Treatment Control (Treatment-Control) Treatment Control (Treatment-Control)
Mozart-Control
Mean (SD) 0.6 (0.3) 1.2 (0.6) —0.6 [-1.2to —0.1] 0.4 (0.2) 1(0.4) —0.5[-1.0to —0.1]
Sample size 7 7 7 5 5
Control-Mozart
Mean (SD) 0.7 (0.2) 1.2 (0.1) —0.4 [-0.7 to —0.2] 0.7 (0.2) 1.1 (0.1) —0.4 [-0.6 to —0.2]
Sample size 6 6 6 6 6
Treatment Effect
Mean (SD) - - —0.5[-0.7 to —0.3] - - —0.5[-0.7 to —0.3]
t test for paired - - P-value = 0.0005 P-value = 0.0009
sample t-value = 4.75 t-value = 4.61
Sample size 13 13 11 11

Note: The mean values correspond to the mean of the normalized total number of seizures in each three months period. The numbers shown for within-individual

differences correspond to the mean [95% CI].

Statistical analysis revealed the existence of a treatment
effect. Under both ITT and PP analysis, individuals in group
A (treatment-control sequence) showed slightly larger treat-
ment effect (ie, larger difference in seizure counts between
treatment and control groups) than those in group B (con-
trol-treatment sequence). For individuals in both groups
A and B, the mean seizure count was reduced during the
treatment period as compared to the control period under
ITT (—44% for group A, —25% for group B) and PP analy-
sis (—=59% for group A, —25% for group B). The results of
paired Student's ¢ test and the estimation plots (Table 3 and
Figure 2) confirmed the existence of a treatment effect under
both ITT (P-value = .0005, t-value = 4.75, Figure 2A) and
PP analysis (P-value = .0009, t-value = 4.61, Figure 2B).
Using the mean of the normalized seizure counts during
the treatment and control periods, paired Cohen's d was
calculated as 1.5 [95% CI 0.7, 2.1] and 1.6 [95% CI 0.7,
2.5] under ITT and PP analysis, respectively. Cohen's d
values are compatible with a large effect size in the study
(Cohen's d > 0.8 was considered as large effect size by
definition). The post-listening effect of listening to the
treatment piece was addressed during the follow-up peri-
ods. Individuals in groups A (control-treatment sequence)
and B (treatment-control sequence) showed 18% and 24%
increase on their average normalized seizure counts during
the follow-up period, respectively (normalized by the sei-
zure counts during the last three-month before the fol-
low-up period). Individuals with normal and abnormal MRI
demonstrated no significant difference between their sei-
zure counts (Student's ¢ test, P-value = .3, t-value = —0.9),
suggesting both groups of patients benefit similarly from

listening to Mozart. In summary, individuals demonstrated
a 35% reduction in their seizure counts on average while
listening daily to Mozart K.448 for three months compared
to daily listening to a spectrally identical (non-rhythmic)
control piece.

4 | DISCUSSION
In this study, we investigated the effects of daily listening to
two different auditory stimuli on seizure counts in adult in-
dividuals with epilepsy. We employed the first 6 minutes of
Mozart K.448 as our treatment piece and a control stimulus
with the same power spectrum to that of the Mozart piece,
but shuffled in phase, rendering it non-rhythmic. We hy-
pothesized that there would be no difference in individual
seizure counts during the period of daily listening to the
treatment stimulus in comparison with the period of daily
listening to the control stimulus. Using different methodolo-
gies to estimate effects size, our results revealed a reduc-
tion in seizure counts during the period of daily listening
to Mozart, which was not observed for the control stimu-
lus (Table 3, Figure 2). All participants except one (P09,
from group B) exhibited a reduction in their seizure counts
during the treatment period in contrast to their baseline pe-
riod (Figure S1). One participant (P12) became seizure-free
during the three months of daily listening to Mozart K.448
(Figure S1).

Additionally, by estimating the compliance rate during
the treatment and control periods, we assessed how scrupu-
lously our participants followed the intervention. The high
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FIGURE 2 Estimation graphics to A
display the effect size under (A) intention to e Treatment-Control Seq. (Group A)
treat (n = 13) and (B) per-protocol (n = 11) R &\ L 0.50 ==Control-Treatment Seq. (Group B)
analysis. The blue and red lines connect the 1.50 - '
paired observations on the seizure counts L 0.25
during the control and treatment periods for £ 1.254
individuals in groups A and B, respectively. § k \ 0.00 i
Horizontally aligned with the mean of the @ 1.00 g
treatment group, the purple curve represents .g r—0.25 S ;;_J
the resampled distribution of the mean % 0.75 1 % =
differences between the seizure counts é’ - —0.50 = =
during the control and treatment periods or g 0:50H 0.75 E
A, indicated by the purple circle. The axis S 0.25 '
origin, indicated by a black horizontal line, L _1.00
by definition represents the mean of the null 0.00 -
hypothesis and is equal to zero T T L
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0.00
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Control
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compliance rate during both control and treatment periods
(ie, not just during the treatment period) is notable. No in-
formation was provided to the participants during their en-
rollment in the study to bias or direct them toward believing
which stimulus might be more likely to have a positive effect.
However, it should be noted that the potential positive effects
of listening to Mozart have been mentioned in the media over
the past 15 years and it would be naive to assume that partic-
ipants were necessarily blinded to the effects of the employed
auditory stimuli not only in this study, but also as a burgeon-
ing topic for other studies.

We found the high compliance rates during both treatment
and control periods to support the findings of a recent sur-
vey among 40 individuals with epilepsy in the United States,
which revealed that 75% of participants were interested in
listening to specific music on their mobile phones in order to
reduce their seizure frequency.33

Treatment Treatment
N=11

minus
Control

There are many environmental factors that could also
affect seizure counts in individuals with epilepsy, such as
lack of sleep and varying levels of both physical and mental
stress. Considering the length of our intervention, we cannot
comment on how changes in such environmental factors may
have impacted the observed effect across our participants.
Our results are similar to those reported by Hughes and col-
leagues,14 who observed positive effects on reducing IEDs in
individuals with epilepsy listening to Mozart K.448. The con-
trol pieces used in both our study and the study from Hughes
and colleagues14 were distinctive from the Mozart piece by
containing a different complex rhythmic structure, with our
control piece containing no rhythmicity at all. Our findings,
in addition to the results reported by Hughes and colleagues
14.27 highlight the potential importance of the rhythmic struc-
ture of the musical pieces on seizure activity in individuals
with epilepsy; however, this remains to be further explored.
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In the pediatric population, recent reviews and meta-analyses
have revealed that despite initial promising results, the effec-
tiveness of listening to Mozart on reducing seizure frequency
in the pediatric population has yet to be determined, a con-
clusion attributed to limitation in study quality and lack of
sufficient data sharing.19

Our study design and protocol differed from previous clin-
ical studies, which primarily used a parallel de,sign4’16’21’34
except for one which used a crossover design.18 None of
these studies used a control piece during the intervention.
Additionally, previous studies used a wide range of treatment
periods ranging from three months of listening to Mozart
K.448 touptoa year.lg’35 Despite the use of different proto-
cols, previous work reported the existence of a reduction of
seizures while listening to Mozart.

In terms of the existence of a general treatment effect
during the period of listening to Mozart K.448, we found our
results in agreement with the only other randomized control
study available on adult individuals with epilepsy—which
involved 36 individuals—notwithstanding a number of dif-
ferences between the two protocols used and the intervention
design.* We were unable to directly compare the changes in
seizure counts during the control period in our study to the
reported observations from Bodner and colleagues’ control
group” since our study featured a control auditory stimulus.
Our results under PP analysis demonstrated an increase in
normalized seizure counts for all participants during the daily
exposure to the control piece. In Bodner and colleagues’
study,4 however, with no auditory exposure, over half of the
individuals in the control group exhibited either no change or
an increase in their seizures.

All of our participants, except the two outliers from
groups A and B (P12 and P09 in Figure S1), showed similar
increase in their average seizure counts after terminating
their exposure to both the treatment and control stimuli and
during the follow-up period (Figure S1). This is in con-
trast with the reported follow-up results by Bodner and
colleagues4 who suggested that the effects of an extended
one-year treatment can result in long-term reduction of sei-
zure rates in the majority of individuals in the treatment
group. We speculate that there could be a number of factors
playing a role in this observed difference. First, by asking
individuals to listen to an auditory stimulus once a day, we
tried to intentionally design a study that would be practical
to follow within the usual day to day setting of the life of
an adult individual with epilepsy. In contrast, Bodner and
colleagues’ study involved playing Mozart K.448 at regular
intervals during the individuals’ sleep (10 hours nightly)
using the central sound system in a long-term facility.
Second, the length of our intervention period was compar-
atively much shorter due to feasibility reasons (3 months vs
12 months, respectively), and we speculate that this factor
could have played a role in the observed difference. We

have yet to determine whether the positive treatment effects
could persist through longer treatment periods after termi-
nating the treatment phase.

The exact neural mechanisms underlying reducing sei-
zures by listening to music have not been determined yet.
The potential theories on the effect of listening to music
on central nervous system have been discussed in detail in
a number of the previous review work.®?*3% A number of
studies additionally have suggested a potential mechanism
involving activation of different cortical areas while listening
to music.*'*#737 Interestingly, this effect was reported to be
missing in using other musical pieces. The existence of au-
ditory stimulation of the brain while listening to this piece
could be related to the presence of the unique long-term peri-
odicities in Mozart K.448.'4%7

As with other experimental work, this study comes
with its own limitations. Considering the size of our study
population and that variability exists between individuals,
our study might have benefitted from a larger sample size.
However, our use of a crossover design permitted us to
draw statistical inferences from a smaller sample size than
would be required for a parallel design while achieving the
same type I and type II errors.’”? During the enrollment
phase of our study, only 13 out of 147 potential partici-
pants ultimately joined the study. This might suggest the
existence of a placebo effect, especially considering the
high compliance rate observed during both treatment and
control periods. The positive effects of listening to Mozart
on reducing seizure counts have been previously reported
to be generalized across genders and seizure types (focal,
generalized, focal and generalized, and generalized and
myoclonic), with a greater reduction in seizures among
adult individuals with idiopathic epilepsy.4 In this work,
we carried out the randomization independent of the in-
dividuals’ seizure types, gender, age, and baseline seizure
activity. This choice was done in order to increase the en-
rollment rate, considering the wide exclusion criteria we
used.

One of the most significant challenges of studies with
crossover designs is the existence of the carry-over ef-
fect.”” Depending on the feasibility factors, such as the
study duration and financial limitations, the conventional
way to address this in the pharmacology literature is by
considering a washout window between different periods
of the intervention, with its length determined by an indi-
viduals pharmacokinetic and pharmacological responses.37
However, the main difficulty with adding a washout period
is that one can hardly be sure that it actually works.’” In
our study, we used two different sound stimuli as the treat-
ment and control agents. However, with no information to
guide the length of a carry-over effect in the music litera-
ture, along with the need to increase the number of study
visits for participants, we did not include a washout period
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between the treatment and control periods in our study. As
discussed before, in comparison with observations during
the follow-up period to Bodner and colleagues’ work,*
we suggest further studies are needed to fully investigate
whether the observed treatment effects only exist during
the time individuals are actively participating in such in-
terventions or not. In summary, to the best of our knowl-
edge, this is the first randomized control study in adult
individuals with epilepsy using a crossover design, which
attempts to answer the question of the effect of listening to
Mozart'* on seizure control. Our results revealed a reduc-
tion in seizures through daily listening to Mozart K.448
in adult individuals with epilepsy. Exploring the potential
mechanism behind the observed effect, in addition to de-
signing studies that include a control stimulus containing
rhythmicity, are some of the suggested topics to be investi-
gated in future works. We hope that the combination of our
study design, data and statistical results, and the observed
promising effect can serve as a foundation for future work
on this topic.
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