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Aim: The objective of this research is to highlight the effectiveness of physical
exercise and music therapy in older patients with Alzheimer’s disease (AD).
Methods: Patients with a mild level of AD were included in this study, di-
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vided into the therapy group (TG; N = 30, aged 68 + 3.2 years) and the con-
trol group (CG; N=30, aged 65 + 2.6 years). The therapy group was enrolled
in an exercise-training program (walking, resistance and balance exercises)
combined with musical therapy for 10 weeks (three sessions of 60 minutes per
week). The Control group was instructed to follow their daily rhythm of life
(e.g., rest, reading) under the same conditions. The intervention program was
enrolled under the supervision of; one psychologist; a neurologist; two music
therapists, and two physiotherapists, all belonging to the same hospital unit.
After 10 weeks of participation in the combined program, cognitive parame-
ters were improved in the therapy group measured with the Behavior Pathol-
ogy in Alzheimer Disease (BEHAVE-AD), (p < 0.05) for activity disturbance,
diurnal rhythm disturbances, anxieties and phobias, affective disturbance.
The percentage range of improvements is 1.07% to 2.96%. Results: Our re-
sults demonstrate that physical exercise combined with music therapy im-
proves cognitive function in patients with Alzheimer’s disease. Conclusions:
Physical exercise and music therapy are beneficial combined treatments for
improving life quality in older patients. This approach may be useful to help
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patients with a mild level of Alzheimer’s disease improve their behavioral and
psychological parameters.
Keywords

Alzheimer’s Disease, Aged Patients, Physical Exercise, Music Therapy,
Cognitive Function

1. Introduction

Alzheimer’s disease (AD) is a progressive degenerative disease that involves the
central nervous system (CNS). This pathology constitutes a major phenomenon in
modern society and usually leads to a marked decrease in orientation, comprehen-
sion, memory, thinking, calculation, learning ability, language, and judgment [1].
Therefore, it is characterized by cognitive, mental, and motor disorders in the af-
fected person [2] who, over time, needs assistance and support, especially in ad-
vanced disease level [3]. The incidence of AD increases exponentially with age.
The estimated number of people living with neurodegenerative dementia exceeds
35.6 million worldwide. This huge number is predicted to double by 2030, and
more than triple by 2050. In Tunisia, a North African, Arab, and Muslim coun-
try, the percentage of elderly subjects increased from 4.1% in 1956 to 9.6% in 2004
[4]. This changing age structure and the progression of the Tunisian population
suffering from Alzheimer’s disease affected the occurrence of dementia [5]. Avail-
able data on dementia prevalence in Tunisia are obtained from a door-to-door
survey undertaken in 2001 between the Neurological Department of Charles Ni-
colle Hospital Tunis, and the Public Health Institute [6]. Changes in emotions, de-
creasing in quality of life are generally already present in patients with Alzheimer’s
disease due to physiological and psychological factors. It is generally known, that
most AD patients suffer from psychological and behavioral disorders, such as
apathy, isolation, depression, aggression, and gradual withdrawal from activities
[7], leading cause of disability in older people, and has a major impact by decreas-
ing life quality, patient well-being, and the capacity to live independently, which
requires increasingly complex care assistants [8]. The essential treatment for pa-
tients with dementia consists of several parts. It is possible to pharmaceutically
stabilize Alzheimer’s symptomatology and smooth down its course, but there is no
cure or possible way to reverse its evolution. Additionally, there is no best treat-
ment that increases the quality of life definitively in people with Alzheimer’s dis-
ease [9].

Various non-pharmacological studies, namely in functional neuroimaging, have
been used to treat psychological and behavioral disorders in patients with Alzhei-
mer’s disease [10] [11]. During the last 10 years, it has been reported that physical
activity has a beneficial effect and constitutes an effective solution for preventing
neurodegenerative diseases such as Alzheimer [12]. Thus, a great amount of effort

and research has been undertaken to understand the physiology of the aging brain,
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which is changed by the type of physical activity [13]. According to the American
College of Sports Medicine (ACSM) [14], physical exercise contributes to reducing
and delaying the progression of chronic diseases, including those associated with
the aging process and related to cognitive and motor disorders.

However, several studies have reported the beneficial impacts of exercise as a
preventive therapy against Alzheimer’s disease [15]. At present, we know that
physical exercise decreases the progression of cognitive disorders in older patients,
and has a multitude of beneficial effects, including improving motor and cognitive
functions, increasing autonomy, and improving life quality for patients with neu-
rodegenerative disease [16] [17]. Other non-pharmaceutical interventions for the
prevention of cognitive decline in dementia patients have been used. Scientific re-
ports have described the use of music therapy in patients with Alzheimer’s disease
to target cognitive impairments [18]. Music therapy is one of the therapies that
have proven to be valid for reducing Alzheimer’s disease symptoms and even im-
proving the patient’s feelings and emotions [19]. Music therapy is a goal-oriented
activity in which a therapist works with an individual or a group by using musical
expressions to stimulate the brain [20]. Choosing music connected to the individ-
ual’s personal experience will stimulate memory and intellectual parameters [21],
decrease the progression of depression and anxiety, and promote language skills in
patients with cognitive disorders [22] [23]. Neurologists suggest using music ther-
apy to enhance and improve patient well-being, increase motor and cognitive
functions, and promote social interaction among patients [24] [25].

It is reasonable to hypothesize that a combined program of physical exercise
and musical stimulation will improve cognitive function in patients with Alz-
heimer’s disease more than can be achieved separately. The aim of this method is
to encourage, motivate patients, allow them to use and discover their remaining
abilities and find their lost feelings and expressions, a psychotherapeutic ap-
proach to supporting patients suffering from psychological problems. Only three
studies have examined the effects of separate physical or cognitive activity training
compared to the effects of combined training. Fabre and his colleagues compared
aerobic training, mental training, and combined aerobic-mental training for two
months among 32 older patients aged 60 - 76 years old. Significant improvements
were observed in memory, paired-associate learning, and story memory in the
three selected groups. However, the mean difference in memory quotient pre- and
post-training was significantly higher in the combined training group compared to
the other two groups [26]. The second study investigated the long-term effects of
mental, physical, and combination training for 1 year and 5 years in a sample of
375 older patients aged 75 - 93 years old. The extents of the positive impacts in
the cognitive training condition and in the combined condition were superior
across a range of cognitive outcomes 1 year and after 5 years of training [27].
Most recently, Shatil [28] studied whether combined cognitive training and
physical activity training enhanced cognitive parameters more than either train-

ing regimen alone. The sample was divided into 4 groups of older patients who
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embarked on 4 months of cognitive and mild aerobic training: cognitive, mild
aerobic training, a combination of both methods, and book reading sessions.
Findings indicated that older patients who engaged in cognitive training (separate
or combined training groups) showed significant improvement in cognitive per-
formance compared to older patients who did not engage in cognitive training (the
mild aerobic and control book-reading groups). This suggests that the combina-
tion of physical exercise and cognitive training is a beneficial method for im-
proving cognitive parameters in older patients with Alzheimer’s disease.

The purpose of this study was to analyze and provide scientific evidence with
the objective of assessing whether the progression of behavioral and psychologi-
cal symptoms in patients with Alzheimer’s disease can be made more bearable
with non-pharmacological treatments, specifically focusing on physical activity

and music therapy.

2. Materials and Methods

2.1. Consent

Subjects were informed about the experimental procedure and subsequently
signed a written consent form according to the standards of the Committee for
Protection of Persons of the University of Monastir (Tunisia). Principles and the
guidelines for Good Clinical Practice, and approved by the Local Ethics Commit-
tee. Potentially eligible subjects (or their family or legal representative) signed the
informed consent form (stating that they did not object) to take part in the project,
even though the study does not entail any additional risks (music therapy session,

no impairment of physical or psychological integrity).

2.2. Type of Study

The study design corresponded to a controlled and comparative evaluation and

conducted over a total duration of 10 weeks.

2.3. Participants

The included patients were residents at the Neurology Department of Monastir
Hospital from October 2021 to June 2022. All the patients were residents in the
same Neurologic Center at CHU Fatouma Bourguiba of Monastir, and they all
suffer from a mild level of AD. Every patient was required to have a baseline
Mini-Mental State Examination [29] score between 20 and 25 (Table 1). Patients
were diagnosed with Alzheimer’s disease according to the International Working
Group diagnosis criteria (IGW) [30]. We only recruited patients with mild-stage
Alzheimer’s disease (Clinical Dementia Rating (CDR) of 0.5 or 1 (very mild-to-
mild dementia), who had the full capacity to consent [31]. Sixty-four patients in
the age range of 65 - 70 years were recruited in this study, divided into the ther-
apy group (N = 34), and the control group (N = 30). The Control group was in-
structed to follow their daily rhythm under clinical care (following normal activ-

ities only; reading, family visits). In the therapy group, two individuals refused to
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Table 1. Characteristics of the Alzheimer’s patients in a control and intervention group.

Characteristics  Overall Population Control Group Therapy Group
60 30 30
Patients (N) W 17 15
omen
Gender
Men 13 15
Age (Years) 65+ 3.0 65+ 2.6 68 +3.2
Body Mass 26+ 15 25+1.3 27+ 1.1
Index (kg/m?) - - o
Higher
¢ 22 10 12
Education Level
Alcohol Use 31 16 15
Maried Statut 51 24 27
Comorbidities 20 10 10
MMSE 2093+14 21.72+2.2 20.84 £ 1.62

participate during the first cognitive evaluation, while one patient was institu-
tionalized at the nursing home, and the caregiver of another showed unavailabil-
ity to attend the training session with his relative patient. Thus, 30 patients were
able to participate in all sessions from the first evaluation to the end of the in-

tervention.

2.4. Inclusion and Exclusion Criteria’s

The following criteria for inclusion were: Mini-Mental State Examination [MMSE],
a score between 20 and 25 “indicates a mild level of Alzheimer’s disease”, patients
aged 65 to 70 years old; having a normal or corrected-to-normal vision and color
perception; no drug treatment during the training protocol; living in medical care
environment; being able to walk without technical assistance, and every patient
must be accompanied by his relative partner or caregiver. Patients with clinically
relevant medical conditions, e.g., heart disease, hypertension or diabetes or a medi-
cation that could influence cognitive functioning (e.g., benzodiazepines, sleep aids,
or neuroleptics) were excluded from the study.

2.5. Neurocognitive Evaluation

After inclusion in the study, all the patients were rated according to the Behavior
Pathology in Alzheimer’s Disease Rating Scale (BEHAVE-AD) [32]. Each subject
underwent a clinical examination by a neurologist experienced in the diagnosis
of AD, together with a neuropsychologist working in the same Neurology unit
where the patient’s residents, and carried out all of the envisaged tests during the
entire follow-up period. Before and after the intervention period, the following

neuropsychological assessments were administered.

2.5.1. Mini Mental State Examination (MMSE)

The MMSE is the most widely used brief screening measure for patients with
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Alzheimer’s disease. This test is used to verify the degree of the disease level in
patients with cognitive disorders. In the present study, we only selected patients
with a mild level of AD. Administration takes 5 - 10 min, and the following do-
mains are evaluated: concentration or working memory; language and praxis;

orientation; memory; and attention span [29] (Figure 1).

2.5.2. Behavior Pathology in Alzheimer’s Disease (BEHAVE-AD)

The Behavioral Pathology in Alzheimer’s Disease Rating Scale was developed to
assess common behavioral symptomatology associated with Alzheimer’s disease.
The scale is composed of 25-items rated on a 4-point scale across 7 categories:
Delusions (7 items), Hallucinations (5 items), Activity disturbances (3 items),
Aggressiveness (3 items), Sleep-wake disturbances (1 item), Affective distur-

bances (2 items), and Anxieties and phobias (4 items) [34].

2.6. Physical Exercise Program

Patients in the therapy group participated in an adapted physical program 3 ses-
sions of 60 minutes per week, in a total period of 10 weeks. The objective of this se-
lected program is to improve the quality of life through a bio-psycho-social ap-
proach based on adapted and individualized physical exercise as a support for con-
trolling and stimulating mental and physical functions in this elderly population.
Physical educators were professional’s trainers on adapted physical activity for older
patients who held a professional License degree The physical activity program is
composed of 3 types of exercises (walking, resistance, and balance). Each session is
conducted for 1 hour: 10 minutes of warm-up (walking on a treadmill at 3 kM/-1)
20 minutes of walking, muscle building and joint movement, 20 minutes of resis-
tance training for upper and lower body members, and 10 min of stretching.

The first 20 minutes were based on specific walking exercises, with motor ath-
letic parkour within 30 m of walking distance. The parkour area was composed of

three lines 10 m apart, indicated with six different colored cones: two red cones

Formal Psyi:hometric Assessment

Score Degree of Impairment Day-to Day functioning

25-30 Questionably significant | If clinical signs of cognitive May have clinically significant but
disorders are present, formal mild deficits. Likely to affect only
assessments of cognition may be | most demanding activities of
valuable. daily living.

20-25 Mild Formal assessment may be Significant effect. May require
helpful to better determine some supervision, support and
pattern and extent of deficit. assistance.

10-20 Moderate Formal assessment may be Clear impairments. May require
helpful if there are specific clinical | 24- hour supervision.
indications.

0-10 Sever Patient not likely to be testable. Marked impairments. Likely to
require 24- hour supervision and
assistance with ADL.

Figure 1. Illustration of the interpretation of MMSE score results. Mini-mental state: A practical method

for grading the cognitive state of patients for the clinician [33].
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indicated the first 10 m, two blue cones were used for the second line and two
yellow cones for the final line. Participants were encouraged to walk the entire
distance of the three lines, touching the two cones of each line on the two sides.
The second main 20 minutes were based on resistance and balance exercises, in
which patients practiced static and dynamic balance exercises with low to mod-
erate intensity. All resistance and balance exercises were based on the patient’s
quotidian and daily activities (setting, stand-up, hand and leg movements), uti-
lizing a chair with grips, a softball, and a stick. Resistance and balance exercises
were composed of 12 different activities, separated into 3 groups: 1: Thigh resis-
tance exercises; 2: Thigh and abdominal resistance exercises; and 3: Elbow resis-
tance exercises. During all the effort, patients were equipped with a cardiofrene-
cemetre (Beurer P-100®). We did not realize an effort test, only measuring the
target heart rate between 60 and 70% of the maximum theoretical heart rate ac-

cording to the method of Astrand.

2.7. Music Stimulation

The individual receptive physical activity and music therapy method was used.
Every patient participated alone in the session. This may help reduce behavioral
and psychological problems such as anxiety, depression, and agitation in pa-
tients with Alzheimer’s dementia [35]. As with physical educators, music the-
rapists are professionals in dementia diagnosis, with ample experience in mental
rehabilitation and working in the psychiatric service of CHU Fatouma Bourgui-
ba of Monastir. The music style was related to the patient’s memory (including
childhood and adolescence period), after an interview with the patient’s relative
partner or caregiver. Choosing music connected to the individual’s personal ex-
perience is a very important detail, it might help to determine the period of their
life that has been most frequently affected. However, music was played in har-
mony with the physical exercises. The therapy group received 30 combined ses-
sions of physical activity and music therapy, each lasting 1 hour, three times a
week for a total period of 10 weeks. The music therapist uses a CD player con-
taining the selected songs (Tunisian Traditional music) [35], which are specifi-
cally related to the patient’s memory and stimulated music for engaging patients
in various actions of joy and pleasure [36] [37] [38]. The selected music was
composed of two different styles: 25 minutes of Tunisian music and 25 minutes
for joy engagement music, sometimes patients had the urge to move and dance
in harmony with the music and seemed to enjoy the session, and that was al-
lowed freely [39].

2.8. Procedure

Before starting the session, 5 minutes were needed to verify that the patients
were in a resting position and dressed in comfortable clothes, and this was con-
ducted and verified by 4 nurses already taking care of those patients in the same
unit with knowledge of dementia symptoms. Together, the physical educators

and the music therapists explained the session to the patients that if they could
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not continue the session, they could rest and restart again. The combined pro-
gram was enrolled in the same unit and under the same conditions, supervised
by the same staff members, on three separated days (Monday, Wednesday, and
Friday), at 10 a.m. after breakfast. Figure 2 illustrates the design of the study. The
presence of relative partners or caregivers is important to assist and support pa-
tients during all the exercises. In our study, we used auto-evaluation feedback, and
each caregiver or relative partner of the patient was allowed to film the session.
This approach requires prior programming of each session and allows the evolu-
tion of the content of the patient’s activities according to individual progress.

2.9. Data Analysis

All of the randomized patients were included in the intent-to treat Population.
An over-all description of each variable considered was drawn up for each
group. Quantitative and qualitative data were described in terms of sample size,
mean, standard deviation. The normality of data was verified using the Kolmo-
gorov- Smirnov test. The comparability of the 2 groups was verified on the base-
line data. Intra-group comparisons were made using the Wilcoxon signed-rank
tests because BEHAVE-AD is an ordinal ranking scale. A multivariate analysis
was performed by means of ANOVA with repeated measures, in order to study

the overall changes in the psychologic parameters during the two visits.

3. Results

The assessments were performed on 30 patients in the control group: mean age
(SD) was (65 + 2.6), and 30 patients in the therapy group: mean age (SD) was
(68 £ 3.2). They all suffer from mild type of AD and originate from the same
hospital region. There were no statistical differences in age (p = 0.05) and gender
(p = 0.046) between the two groups (Table 1). Most of the patients had been
stable regarding their dementia during all the follow-up period. The most preva-
lent symptoms were activity disturbances, diurnal rhythm disturbances, anxie-
ties and phobias, and affective disturbance. However, we did not find significant

improvements for the rest of cognitive items.

Do Physical Activity and Musical Therapy Group wio
(N=30) |
Patients recruitment
& etk Control Group
eel
(N=30) |
30 music sessions
DO *
30 Physical activity sessions wio
Figure 2. Study plan.
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Principal Endpoint: Effect of Physical Exercise and Music Therapy on
Behavioral and Psychological Parameters

The BEHAVE-AD test used to evaluate patient’s behavioral and psychological
disorders was determined before and after intervention program. Figure 3, illu-
strate the significant changes in BEHAVE-AD score in both therapy and control
group. Behavioral-AD total score improved significantly after 10 weeks of the
intervention period 0.01*. Patients in the therapy group have a better result in

comparison with the baseline measure (D0).

Effects of Physical Exercise and Music Therapy on Cognitive
Function

Effects of physical exercise and music therapy were measured after 10 weeks of
intervention. The mean values and analysis of the BEHAVE-AD results for both
groups are shown in Table 2. Regarding the effects of physical exercise and mu-
sic therapy intervention on cognitive function in the therapy group, five items
were reduced: (affective disturbance, Z —2.3, p < 0.025; anxieties and phobias, Z
—2.3, p < 0.025; paranoid and delusional ideation, Z —2.7, p < 0.025; aggressive-
ness, Z —2.6, p < 0.025; and activity disturbance, Z —2.5, p < 0.025). For the con-
trol group, only activity disturbance (Z -2.5, p < 0.025) and affective disturbance
were decreased (Z -2.4, p < 0.025).

4. Discussion

The present study suggests that physical exercise enhances the cognitive function
of older patients with AD when combined with music therapy. The realization of
this work has allowed a deepening of the scientific evidence regarding the use of
non-pharmacological therapy for the treatment of Alzheimer’s disease and its im-

pact on patients’ health. Supporting combined physical and musical intervention

BEHAVE-AD Total MEAN SCORES

2
*

1.5
(7}
o

[=] 1
O
wv

0

Day 0 Week 10
m Therapy Group m Control Group PA and Music Therapy

Figure 3. Comparisons within and between groups in cognitive parameters at baseline
and post intervention measured with the BEHAVE-AD test. Values and means (£SD),
significantly different (p < 0.05) for the therapy group after 10 weeks of physical activity
and music therapy. The mean values and analysis of BEHAVE-AD test from each group
are shown in Table 2.
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Table 2. Scores of the BEHAVE-AD before and after intervention in both groups.

Therapy Grou Control Grou
Behave-AD Py P P
N =30 N =30
Paranoid/delusional
ideation
Before intervention 2.1+2.1 22+21
0.01* 2.08% 0.8
After treatment 09+1.5 2.1+2.4
Hallucination
Before intervention 2+29 1.2+1.7
0.05 0.3
After treatment 2.1+25 1.6+1.9
Activity disturbance
Before intervention 3+24 23+1.8
0.01* 2.96% 0.01* 2.25%
After treatment 1.2 (1.1) 2.1+1.9
Aggressiveness
Before intervention 2.5+2.4 0.4+0.7
0.01* 2.48% 0.3
After treatment 0.6 +1.0 0.5+ 0.9
Diurnal rhythm
disturbances
Before intervention 0.5+ 0.9 2.5+3.1
0.6 0.4
After treatment 0.6 +1.0 32+3.0
Affective disturbance
Before intervention 1.1+1.3 0.6 +1.2
0.02* 1.07% 0.02* 0.59%
After treatment 22+1.7 0.4 +0.3
Anxieties and phobias
Before intervention 1.1+1.3 1.1 +1.49
0.01* 1.09% 0.1
After treatment 0.3+0.6 1.2+1.7
Total score
Before intervention 1.5+0.7 1.3+£0.7
0.01* 1.48% 1.0
After treatment 0.7 + 0.6 1.5+£0.8

will play a key role in helping develop clinical guidelines for both physical edu-
cators and music therapists.

Cognitive function and behavioral parameters can be positively affected by
combining physical exercise and music therapy in older patients with dementia.
This study aimed to investigate whether music-based physical training focused
on walking, resistance, and balance exercises affect cognitive parameters in older
patients with AD.

Music was used to synchronize body movements to music, control movement
frequency, and intensity, motivate, persuade, and engage participants in physical

activity. The reduction in cognitive parameters that we observed among patients
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with mild level of dementia treated with physical activity and music therapy is
particularly relevant for care practice because interactions between environmen-
tal stimuli have previously been reported to influence BPSD due to patients’ lo-
wered stress thresholds [40]. Taken together, our results indicate that the partic-
ipation in activity using individualized and familiar music results in decreased
cognitive disorders and increased positive emotional response. Both of these ef-
fects may improve behavioral and cognitive parameters and increase daily living
among older patients with dementia.

To examine the impact of the combined intervention of physical and music
therapy, behavioral and cognitive disturbances were evaluated as risk factors in
older patients with Alzheimer’s. One of the most commonly used tests for older
patients with dementia was used for this purpose. A scientific and clinical con-
sensus on these aspects is required. Our study shows a positive effect of physical
activity and music therapy on cognitive function in our patients, which may
consequently decrease the risk of cognitive dysfunction. After the intervention
protocol, improvements in Affective disturbance (1.07%); and anxieties and
phobias (1.09%), have been found, in accordance with the findings of Gerdner
[34]. We also saw improvements in Paranoid or delusional ideation (2.08%);
Aggressiveness (2.48%) and Activity disturbance (2.96%). The combined pro-
gram was found to reduce stress, induce laughter, and evoke positive memories.
These results support that practicing physical exercise and hearing music stimu-
lated cognition in older patients with dementia, in accordance with previous
studies [41]. In contrast, the control group exhibited a reduction in cognitive
function at the end of the intervention, possibly, because of further deterioration
causing a decrease in stress thresholds for psychological, physiological, and emo-
tional parameters [42] [43]. As shown in Table 1, the general characteristics of
the two groups were very close and similar. As described above, the improve-
ments in cognitive function in the therapy group might be caused by the benefi-
cial impacts of the combined program, which simultaneously acts as both cogni-
tive and physical training. Concerning the control group, two cognitive items
improved after the intervention, but the BEHAVE-AD total score showed no
significant difference. These improvements can reasonably be attributed to the
increased amount of personal contact (nursing home routine and social contact
with clinical staff), however, in the study of Katona et al [42], the results of the
control group show a global decrease and deterioration for the BEHAVE-AD
score, possibly because of further deterioration causing a decrease in stress thre-
sholds for physiological, psychological, and emotional factors in older patients
with a mild level of Alzheimer’s.

Studies about combined physical activity and music therapy are very limited,
but today this field has become an important subject for many researchers. Ma-
thews, Clair and Kosloski (2001) observed that the participation of patients with
dementia increased when physical exercises were accompanied by familiar music
[44]. The project of Satoh, ef al. combined physical training and music therapy
[45]. They indicated that physical activity combined with music, resulted in
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greater positive effects on cognitive function and activities of daily living (ADL)
in patients with mild dementia in comparison to cognitive stimulation without
music [45].

Most studies have shown that the combined programs composed of physical
exercise and music therapy were practiced separately. Music is used as an ac-
companying instrument and/or lessening during the training process, however,
studies have also shown a greater effect in motor and emotional responses when
functional parameters have been synchronized to the music therapy [46].

The intervention group exercised 1 hour of physical activity combined with
music therapy for 10 weeks. Significant improvement in cognition was seen after
the walking, resistance, and balance exercises. The vital component for the im-
provement in this study was the combination of music and exercise, but the un-
derlying mechanism concerning our results remains unclear. It can be hypothe-
sized that music increases emotions and, in combination with exercise, improves
behavioral parameters and motivation. The precise mechanism by which music
facilitated the improvement is unknown, but data suggest three complimentary
hypotheses. First, music might facilitate the efficacy of physical activity itself.
There are many cases in which music has influenced physical movements and
mental capacity. The content of the intervention program used in this study was
developed by a collaboration through professional physical educators and music
therapists, so the high quality of the program might enhance the effects of the
physical exercise. Second, physical activity combined with music therapy might
act as both cognitive and physical training simultaneously, which would cause a
greater improvement in cognitive parameters. Patients in the intervention group
listened to music, perceived the rhythm and tempo of the selected songs, judged
whether their body movements and music were synchronous or not, and con-
trolled their movements accordingly.

The important factor is that these processes were performed simultaneously
and continuously, such that the older patients were also receiving cognitive
training during their physical exercise program. The third hypothesis suggests
that the parietal lobes might play a key role in the improvement that occurred
with musical therapy. Therefore, it is well known that the parietal lobes partici-
pate in visuospatial and somatosensory functions, including body image. During
the physical exercise program, patients monitored the movement of their bodies
and perceived the positions, postures, and movements. Several activations [47]
[48], and case studies [49] [50] have shown that the parietal lobes likely partici-
pate in music perception in the brain. Therefore, the stimulation of the parietal
lobes by music and by the somatosensory inputs from physical exercise could
cause improvements in cognitive function.

This study aims to investigate the effects of music-based walking resistance
and balance training on cognitive function in people with dementia.. No patient
has stopped the therapy session. Most of patients were motivated, clapping, and

responding directly to the familiar melodies by singing along, usually with the
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words, and continuing to sing even after the music session. Patients impressions
recorded at the end of the sessions, such “This music reminds me of my child-
hood and family memories,” and having the same qualified unit staff during all

the follow-up period is also an essential detail to consider.

Limitation of the Current Study

The current study has several limitations that should be considered. First, we did
not test the optimal time and exercise intensity for conducting this intervention.
Future studies should vary the length of intervention to determine the most ef-
fective duration and intensity level and should include a longer intervention
protocol with a larger sample size. However, we only examined the effects of
both “physical activity and music therapy together”, but we did not compare the
results separately. Due to insufficient evidence and limited research in the area
of combined physical training and music intervention, especially in countries
with low to middle incomes such as Tunisia, it would be useful in future studies
to examine the impact of active and passive music intervention and other aspects
of physical exercise in patients with Alzheimer’s disease to determine more

clearly the beneficial effects of this therapy on cognitive function.

5. Conclusion

Alzheimer’s disease represents a serious health problem. Moreover, today’s main
medical treatments are essentially symptomatic and remain highly controversial.
Studies support the idea that physical activity and music therapy improve life
quality and positively influence cognitive and behavioral levels in older patients
with Alzheimer’s. In this context, our study has shown that a physical activity
program combined with music therapy is a beneficial strategy for improving
cognitive decline in older patients with Alzheimer’s. These effects might be at-
tributable to the combination of two different therapies which act simultaneous-

ly as both mental and physical training.
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