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Abstract 

Alzheimer’s disease (AD), the most prevalent neurodegenerative disorder, is escalating globally. Characterized by cog-
nitive decline, emotional instability, and neuropsychiatric symptoms, AD presents a growing challenge for effective 
management. Current pharmaceutical treatments, primarily acetylcholinesterase inhibitors and memantine, offer 
symptomatic relief but fail to halt disease progression or significantly address psychiatric manifestations. Conse-
quently, non-pharmacological interventions, particularly music therapy, have garnered attention as potential adjunc-
tive treatments. Musical memory is regarded as completely distinct from other memory processes, and patients 
with AD retain some musical recall despite the significant cognitive decline. In addition, music therapy is well-toler-
ated by the vast majority of patients and easy to administer. Herein, the mechanisms of music as a memory enhancer, 
how musical memory is preserved in AD, active and passive music therapy methods and their effects on each func-
tion, and factors affecting the efficacy of music therapy, such as music selection and genre, are discussed. Additional 
research is required to determine the optimal duration of music therapy sessions for patients to experience long-term 
benefits. In addition, as patients in severe stages cannot participate fully in music therapy sessions due to their dis-
ability, additional research finding a solution to this issue would be helpful.

Keywords  Alzheimer’s disease, Cognitive function, Dementia, Depressive symptom, Music therapy, Non-
pharmacological interventions

Introduction
Alzheimer’s disease (AD) is the most common form of 
neurodegenerative disorders globally, affecting approxi-
mately fifty million people [1]. Worldwide, the frequency 
of AD and dementia is quickly increasing; by 2050, over 

152 million individuals are estimated to have the disease 
[2]. Reduced cognitive functioning, emotional instabil-
ity, and neuropsychiatric manifestations are all disease 
symptoms [3]. Verbal or physical aggressiveness and irri-
tability are other behavioral and psychological indicators 
of dementia, as are psychosis, disorientation, emotional 
discomfort, and passivity [2].

Alzheimer’s disease unfolds through a protracted 
course, initially marked by imperceptible pathophysi-
ological alterations that precede symptomatic mani-
festation. This silent phase is characterized by the 
accumulation of amyloid-β and tau proteins, which are 
precursors to neurodegeneration. During this period, 
some individuals may not exhibit symptoms, while oth-
ers may begin to show signs of memory decline or 
broader cognitive impairment [4]. The National Institute 
on Aging and Alzheimer’s Association has stratified AD 
into several stages, commencing with a preclinical phase 

*Correspondence:
Nima Rezaei
rezaei_nima@yahoo.com
1 Student Research Committee, Tehran Medical Sciences Branch, Islamic 
Azad University, Tehran, Iran
2 School of Medicine, Tehran University of Medical Sciences, Tehran, Iran
3 Network of Immunity in Infection, Malignancy and Autoimmunity 
(NIIMA), Universal Scientific Education and Research Network (USERN), 
Tehran, Iran
4 Research Center for Immunodeficiencies, Pediatrics Center 
of Excellence, Children’s Medical Center, Tehran University of Medical 
Sciences, Dr. Gharib St, Keshavarz Blvd, Tehran, Iran
5 Department of Immunology, School of Medicine, Tehran University 
of Medical Sciences, Tehran, Iran

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s41983-024-00836-6&domain=pdf
http://orcid.org/0000-0002-3836-1827


Page 2 of 13Nikkhah Bahrami et al. Egypt J Neurol Psychiatry Neurosurg           (2024) 60:66 

devoid of symptoms, advancing to mild cognitive impair-
ment (symptomatic predementia), and culminating in 
profound dementia [5–7]. In the preclinical stage, the 
detection of biomarkers, such as amyloid-β and tau pro-
teins in biological fluids can signal the onset of AD, facili-
tating early intervention [4]. This stage can be extended 
for around 15–20  years and preceded by a prodromal 
interval that may last for 3–6  years [8]. Mild cognitive 
impairment is discernible by a significant yet non-debil-
itating cognitive decline, with further categorization 
based on the domain of cognitive dysfunction. Nonethe-
less, the absence of neuropathological confirmation in 
mild cognitive impairment diagnosis may lead to an inac-
curate attribution of AD, highlighting the necessity for an 
inclusive diagnostic framework that integrates biomarker 
analysis [4].

Advances in Alzheimer’s disease (AD) diagnostics 
have introduced biomarkers like Aβ and tau proteins, 
detectable in cerebrospinal fluid and via positron emis-
sion tomography (PET) scans, aiding early AD detection. 
However, their use is limited by invasiveness and prac-
ticality. The development of anti-Aβ monoclonal anti-
bodies offers a new therapeutic approach, slowing the 
progression of AD symptoms. Despite this progress, opti-
mizing their effectiveness and accessibility remains a pri-
ority within a comprehensive AD management plan that 
includes lifestyle adjustments and supportive care [9].

Commonly, pharmaceutical treatments such as acetyl-
cholinesterase inhibitors alleviate cognitive impairment 
without altering the progression of the disease. Meman-
tine and cholinesterase inhibitors such as rivastigmine, 
donepezil, and galantamine are the preferred therapeu-
tic approaches for managing AD. Still, none of them can 
delay or prevent neuronal degeneration, death, or the 
progression of the disease [10]. Regrettably, these treat-
ments have little impact on reducing dementia’s psychi-
atric symptoms [11]. As a result, more effective therapies 
must be evaluated, and non-pharmacological treatments, 
among others, have received tremendous attention as 
adjunct therapies to pharmacological agents for AD [10].

Non-pharmacological treatment options include psy-
chosocial and cognitive therapies provided to individuals 
and groups, as well as physical or sensory practices like 
listening to music, receiving therapeutic touch, or being 
exposed to multimodal stimuli [12–14]. Music therapy 
is considered beneficial because the brain can retain 
memories and feelings from experiences accompanied by 
music. Several studies revealed that even though people 
with dementia might not be able to speak, they react to 
music and enjoy it [15–17]. Music has been utilized as a 
cognitive tool for integrating data and events over time. 
Many essential life developments are linked to music 
through song usage [8].

Music therapists can earn the Music Therapy Board 
Certification (MT-BC) credential by completing an 
accredited program, clinical training, an internship, and 
passing the Certification Board for Music Therapists 
(CBMT) exam [18]. They utilize elements like harmony, 
melody, tempo, and acoustics in therapy sessions. People 
involved can merely listen to music or actively perform by 
singing and playing instruments [19]. Depending on the 
participant’s preferences, personalized music is utilized 
during active music therapy for rehabilitation [3]. Music 
therapy has been shown to significantly impact behavior, 
mood, and memory by modifying brain physiology and 
enhancing cognitive abilities in areas, such as speaking, 
comprehension, concentration, and recall [11]. Music can 
also stimulate the limbic and emotional reward systems, 
resulting in feelings of well-being and satisfaction [20]. 
Despite the mixed results of the studies, many pieces of 
evidence suggest the inclusion of music therapy in the 
AD treatment plan [3].

This review aims to summarize the role of music ther-
apy as an adjunct treatment for patients with AD and 
the underlying mechanisms mediating its effects. We 
reviewed the effectiveness of active and passive music 
therapy separately in improving cognitive, behavioral, 
and psychological symptoms in patients with AD. Lastly, 
we outlined future research directions that will facilitate 
the use of music therapy in clinical settings to treat AD 
patients.

How does music therapy affect individuals 
with Alzheimer’s disease?
While the exact process by which music therapy ben-
efits individuals with AD is not fully understood, there 
is evidence and theoretical support for its effectiveness. 
Research indicates that music therapy engages vari-
ous brain regions, involving cortical regions such as the 
medial prefrontal cortex and orbitofrontal cortex as well 
as subcortical regions such as the basal ganglia, nucleus 
accumbens, ventral tegmental area, hypothalamus, and 
cerebellum. These regions are less affected by AD than 
the medial temporal lobe, suggesting that music therapy 
may be more effective at enhancing memory function 
than speech therapy [19]. Hence, the perception of dis-
covering and recalling music is remarkably maintained in 
patients with AD [1].

The beneficial effects of music therapy on AD
Cognitive function
Alzheimer’s disease is a neurodegenerative disorder that 
causes mental impairment and gradually impairs the 
capacity to do daily life activities. Memory deteriora-
tion seems to be the most frequent and prevalent cog-
nitive deficiency in AD. However, impairments in other 
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aspects of cognition (speaking, executive function, and 
visual–spatial abilities) are also noticeable [19]. Recently, 
studies have shown that music therapy can enhance 
several cognitive abilities in patients with AD [21]. The 
MMSE (mini-mental state examination) was mostly used 
to assess the cognitive function of the participants. It 
comprises several cognitive function domains, such as 
orientation, recognition, attention, computation, remem-
bering, language, and practice [19, 22].

Passive music therapy effects on cognition
Several investigations have assessed the effects of pas-
sive music therapy on cognition [19, 22–25]. Accord-
ing to Johnson and colleagues after hearing a section 
of a Mozart piano concerto, the AD twin significantly 
improved on the spatial–temporal challenge [26]. Hear-
ing Pachelbel’s Canon and Mozart’s concerto via head-
phones was a technique used by Li and colleagues for 
patients with mild AD. They found possibly little change 
in discernment while investigating subcategories of cog-
nitive tests. The findings indicated that MMSE and CASI 
(Cognitive Abilities Screening Instrument) total scores 
were less reduced after 6 months of treatment than in 
the comparison group. However, the difference was not 
statistically significant, but the music therapy group per-
formed significantly better in understanding an abstract 
concept [25]. According to Bruer and colleagues and 
other researchers, listening to music can improve AD 
patients’ overall cognition [27, 28]. The Mozart effect is a 
method of enhancing cognition through classical music. 
This phenomenon has been linked to intense arousal 
brought on by the pleasure of hearing music, not because 
of the potential of classical songs to improve cognition 
outside of the music-listening session [29]. Listening 
to music (perhaps with a strong beat and in the domi-
nant mode) can transiently improve mental function in 
older people by provoking positive impact and increased 
arousal. Music-induced improvements in motor func-
tion, pace, verbal proficiency, and autobiographical mem-
ory recall have been noted in studies that compare the 
short-term impacts of musical accompaniments versus 
no music in elderly persons [30–32]. In direct opposition, 
one study found that music in the background seemed to 
have a distracting impact on mental efficiency in an indi-
vidual patient’s visual, intuitive recall test [33].

Active music therapy effects on cognition
Increasingly more studies are being conducted using 
music therapy, which includes music and various activi-
ties involving vocalization, rhythmic movement, and 
playing instruments, and so on [21]. For instance, 
Särkämö and colleagues classified mild and moder-
ate AD individuals into three categories: a group for 

rhythmically moving while singing, a team for concen-
trating on memories while listening, and a control group. 
Following a 10-week treatment, both the performing and 
listening teams’ feelings and cognitions were enhanced 
[34]. Gómez Gallego and colleagues requested 42 peo-
ple with mild or moderate AD to greet, dance, and play 
musical instruments. Their 6-week study showed that 
combining music with other tasks helped enhance cog-
nitive status [1]. Simmons-Stern and colleagues looked 
at how well AD individuals could recognize verbal and 
written lyrics when compared to spoken language. They 
discovered that music would improve the brain’s abil-
ity to encode verbal information [35]. Palisson and col-
leagues examined the verbal content’s cognitive impacts 
and their data revealed that songs were more easily 
remembered [36]. Kim and colleagues found that multi-
domain intellectual engagement, such as music therapy, 
might increase word-list recognition and memory test 
results [37]. Lyu and colleagues found that music therapy 
improves instant and delayed word recall in patients with 
mild AD. This finding can be justified by stimulating the 
brain areas involved in music comprehension by sing-
ing, improving memory function, and focusing capability. 
These areas may be underutilized by people living with 
AD. Unfortunately, this effect did not last for more than 
3 months after treatment was finished. This finding sug-
gests that long-term music therapy for AD patients may 
be beneficial [19].

Psychobehavioral function
Early psychological alterations in patients with AD 
include apathy, sadness, anxiety, and aggressiveness. All 
these symptoms may readily be neglected, resulting in 
the disease’s steady worsening [38]. Also, people with AD 
frequently have behavioral issues [19]. Despite the sever-
ity of the patient’s condition, music therapy has been 
proven to alleviate aggressiveness, anxiety, and activity 
disruptions in AD patients [39]. Neuropsychiatric symp-
toms and caregiver distress in AD patients were mostly 
assessed using the NPI (Neuropsychiatric Inventory). It 
investigates ten possible factors contributing to behav-
ioral issues. These elements can cause a wide range of 
mental and behavioral disturbances, including delusions, 
apathy, anxiety, aggression, irritability, agitation, eupho-
ria, hallucinations, dysphoria, disinhibition, and abnor-
mal motor activity [19, 38, 40].

Passive music therapy effects on psychobehavioral function
Listening to music can have a considerable positive 
impact on several different topics. One of the most sig-
nificant findings was that participants were less irritated 
in the presence of music than the control group [41]. The 
results of MOSES (the Multidimensional Observation 
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Scale for Elderly Subjects) indicate that music therapy 
can reduce irritability in AD patients by significantly low-
ering the irritation score [38]. The latest meta-analysis 
showed that passive music treatments could be more 
beneficial than active techniques in decreasing stress, 
irritability, and other attitudinal symptoms [1]. Guetins’ 
investigation revealed that music could reduce stress and 
depression in individuals with mild to moderate AD [23]. 
Japanese research showed that emotional and psycho-
logical symptoms of people with severe AD were found 
to be significantly reduced through music therapy [42]. 
Svansdottir and colleagues used music therapy with par-
ticipants with moderate to severe AD. They discovered 
that the music therapy group’s aggressiveness and anxiety 
significantly decreased, and 4 weeks after the final ses-
sion, the effects of music therapy faded [43].

Active music therapy effects on psychobehavioral function
Sakamoto and colleagues found that active and pas-
sive music interventions have soothing effects via auto-
nomic nervous system activation in moderate and severe 
AD. Nevertheless, active music treatment resulted in a 
substantial decrease in behavioral issues. They evalu-
ated psychosocial outcome indicators and discovered 
early advancement in anxiousness, affective disturbance, 
aggressive behavior, psychosis, and activity disrup-
tion [42]. Consequently, Raglio and colleagues reported 
greater impacts of active music treatments than listen-
ing to music on behavioral manifestations, like: depres-
sion, anxiety, stress, and sleeping disorders, even though 
the findings were unable to reach statistical validity [44]. 
Music therapy was shown to help manage psychological 
and behavioral symptoms in individuals with severe AD 
as well as alleviate caregiver anxiety [19]. Gómez Gallego 
and colleagues showed that combining music with other 
tasks helped to alleviate neuropsychiatric manifestations 
[1]. They also found that music therapy lowered anxiety 
in mild AD patients, while it resolved delirium, hallucina-
tions, restlessness, aggressiveness, and linguistic difficul-
ties in moderate cases [45].

Of late, A.M. Matziorinis and colleagues conducted a 
12-month randomized pilot trial examining the effects of 
both active and passive music therapy on patients with 
mild to moderate AD. After the study, neuropsychologi-
cal tests such as the MMSE and GDS (Geriatric Depres-
sion scale) were administered. The results indicated that 
the music therapy protocol was not feasible exclusively 
for patients with mild-to-moderate AD due to reasons 
for withdrawal such as accelerating AD symptoms and 
progression, inability to contact participants for follow-
up tests, caregiver inability to continue, other illnesses 
(such as cancer diagnosis and broken hip), living far away, 
and being unable to attend sessions regularly. As a result, 

the music therapy study protocol should be expanded 
to include individuals in the prodromal and preclinical 
stages [46]. Table 1 provides a detailed summary of vari-
ous music therapy studies, encompassing their scope and 
results (Table 1).

The physiological basis for the enhancement 
of memory through music
Modulation of neuronal connections and functions
Research has verified the link between steroids and cere-
bral plasticity in humans. Steroids from peripheral glands 
or neurosteroids that are made by nerve cells affect the 
nervous system. Both kinds of steroids are neuroactive, 
irrespective of their origin. They modulate essential pro-
cesses such as reproductive activity, brain maturation, 
neuronal formation, neuronal preservation, cognitive 
function, and memory [47]. Musical exposure influenced 
the maturation and function of cranial nerves in human 
participants from the fetal to the adult stages, accord-
ing to research. It revealed that musical stimuli affect 
neural activity and the number of cells [48]. There is a 
strong correlation between musical stimuli and steroid 
hormones [49, 50]. Moreover, Särkämö T and colleagues 
conducted a clinical study that demonstrated music lis-
tening could enhance neuronal regeneration and cogni-
tive preservation in the early post-stroke phase [51]; as 
steroids influenced neuronal development, protection, 
and performance [47].

Dopamine pathways
The dopaminergic pathway regulates cognitive and 
behavioral functions. Dopamine appears to be a chemical 
messenger required for rewarding and motivating pro-
cesses. It works with acetylcholine to improve memory 
retention and learning integration of newly learned infor-
mation, as demonstrated in both behavioral and cellular 
domains [52, 53]. Concurrently, music has been shown to 
promote the release of a number of chemical messengers, 
including neuropeptides and other biochemical media-
tors such as endorphins, endocannabinoids, dopamine, 
and nitric oxide [54]. This implies that music plays a role 
in human reward, nervousness, arousal, immunity, and 
social connection systems [55].

The autonomic system regulation
Music has the ability to arouse strong emotional feelings 
and feedback, which generally results in physiological 
changes due to autonomic nervous system stimulation 
[56]. The level of arousal induced by music and its fol-
lowing effects on attention vary depending on the per-
son’s baseline physiological state [52]. Increased skin 
permeability, respiration, heart rate, blood pressure, and 
vigilance are indicators of sympathetic activation of the 
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autonomic nervous system triggered by slightly elevated 
music (quicker tempo, primary mode, higher pitch) [56, 
57]; In contrast, calming music (low tone, slower speed, 
classical) may cause parasympathetic activation of the 
autonomic nervous system, leading to decreased skin 
permeability, pulse rate, blood pressure, and respiration 
[58]. As a result, music may modulate autonomic func-
tion, which in turn helps influence attentional processes 
during the coding of new information [52]. Patients 
with AD have higher levels of agitation, which may indi-
cate higher physiological arousal [59]. Considering that 
greater agitation and anxiety can adversely impact atten-
tional processes, it is possible that reducing anxiety and 
agitation can improve attention at encoding and hence 
memory performance [60].

The inflammatory process regulation
Cognitive decline and the presence of two primary 
pathologies, amyloid plaques, and neurofibrillary tangles, 
are the hallmarks of AD. The third major pathology in AD 
is the presence of a prolonged immunological response in 
the brain. It has been shown that consistent activation 
of the brain’s local macrophages (microglia) and other 
immune cells worsens both amyloid and tau pathology 
and may play a role in the etiology of the disorder [61]. 
In addition, Cortisol levels are significantly influenced 
by the music stimulus. Music can modify immune sys-
tem function, for instance by influencing the secretion 
of cytokines and the neuroendocrine response to stress 
[62]. As a result, music’s favorable effect on immune sys-
tem function may also slow neurodegeneration [61]. 

Figure  1 summarizes the benefits of music therapy 
and the potential mechanisms underlying its effect on 
memory.

Music selection affecting the effectiveness of music 
therapy
Individualized and non‑individualized music
Music listening methodologies imply a music thera-
pist creating a music playlist for the patient, which can 
be personalized or selected by the therapist. General-
ized music approaches entail the use of music without 
the assistance of a music therapist to improve the par-
ticipant’s well-being. These techniques can also be con-
sidered active or passive protocols [44]. Individualized 
playlists seem to result in better cognitive and behavioral 
functioning in most active and passive music treatments 
[23, 24, 42, 45]. In addition, according to recent research, 
individualized music is more helpful in AD by improv-
ing autobiographical memory [52, 63–65]. Arroyo-Anlló 
and colleagues studied groups of people that listened to 
familiar and generalized music and discovered that the 
group listening to familiar music showed increased self-
awareness and overall cognition [24]. Gómez Gallego and 
colleagues utilized personalized music and discovered 
benefits in the mental abilities of orientation, linguistics, 
and remembering, as well as improvements in anxiety 
and sadness [45]. Sakamoto and colleagues also found 
improvement in anxiety, emotional disturbance, aggres-
siveness, psychosis, and behavioral disruptions [42]. A 
recent investigation by Elizabeth J. Belenchia and her col-
leagues revealed that individualized music listening effec-
tively reduces agitation in dementia patients in acute care 

Fig. 1  Visual depiction of the beneficial effects of music therapy on AD and mechanism of music as a memory enhancer
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hospitals. This intervention improves the patient’s experi-
ence, decreases fear during hospitalization, and leads to 
better outcomes. The most significant reduction in agita-
tion was observed in motor agitation, followed by aber-
rant vocalization, resistance to care, and aggressiveness 
[66].

Music genre and emotionality
Another implementation component that needs to be 
investigated further is whether the genre of music affects 
the results. Only the practical study by Meilán Garca and 
colleagues conducted this assessment among the articles. 
They discovered that “sad” music improved memory [65]. 
Emotional music also seemed to impact autobiographi-
cal memory more than non-emotional music. This is 
consistent with investigations of healthy people demon-
strating the advantages of “sad” or “passionate” music, for 
example, in memorizing new faces, verbal memory, and 
phonemic fluency evaluation [30, 67, 68]. It is unclear 
whether this is because “sad” music creates an environ-
ment that is more beneficial to memory formation and 
retrieval or if it is because the emotional stimulation level 
is helpful for cognitive performance [67]. Sad music is 
advantageous to cognition, but this may be compensated 
by adverse effects on mood and health. Patients with 
severe depression may be more vulnerable since studies 
have indicated an increase in adverse facial expressions 
in this population when listening to sad music. Conse-
quently, future research should assess if the negative con-
sequences of specific music-based interventions exceed 
any potential advantages [67, 69].

Future directions
This review provides some useful recommendations for 
subsequent research. First, the majority of studies have 
only examined the short-term effects of music therapy 
on AD, so more research is required to fully comprehend 
the long-term effects of music therapy. Second, further 
research is needed to determine how long music therapy 
sessions should continue. Third, it is necessary to deter-
mine the optimal time to initiate music therapy based 
on the progression of the disease. Fourth, the effects of 
music therapy in severe cases need further investigation, 
as most patients with mild to moderate AD were included 
in the previous trial, and the most severe cases were 
unable to participate due to their disability, especially 
in active approaches. These investigations should inves-
tigate potential solutions that can enable music therapy 
use in patients with severe AD. Fifth, given the contro-
versial findings regarding the effects of active and passive 
music therapy, more research is required to determine 

which method is more advantageous in improving each 
domain for different subgroups of patients. Sixth, more 
trials are needed to assess the genre-specific pros and 
cons of music selection in patients with AD.

Conclusions
We reviewed the effects of music therapy on the manage-
ment of AD. Previous studies suggest that music therapy 
can be a beneficial non-pharmacological treatment as 
an adjunct. Notably, music memory is preserved in AD 
as it is partially separate from other memory processes, 
and patients with AD still retain some of their musical 
recall while having significant cognitive deterioration. 
Music therapy may help AD patients via four mecha-
nisms, including activation of neurogenesis and neuro-
plasticity, activation of dopamine release, modulating 
the autonomic system, and modulating the inflammatory 
process. Music therapy proved to be an effective treat-
ment for cognitive abilities such as episodic memory and 
autobiographical memory, which were enhanced in most 
studies. It also proved to be effective, especially in allevi-
ating psychiatric and behavioral symptoms. It was shown 
to reduce anxiety and depression and improve the social 
bonding of patients. The major limitation of the relevant 
studies is that AD patients in moderate to severe stages 
cannot participate in music therapy because of their dis-
ability, especially active music therapy approaches. More-
over, further investigations are needed to evaluate the 
long-term effects of music therapy, as most studies had 
a short follow-up period, while the recent long-term fol-
low-up study revealed impractical results.
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