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Abstract

Non-pharmacological interventions targeting cognitive decline are increasingly important in aging and Alzheimer’s disease
(AD). Music therapy and physical activity have both demonstrated neurocognitive and emotional benefits, but few studies
have systematically explored their combined effects or the methodological challenges in implementing such interventions.
This brief report discusses key design considerations for clinical trials integrating music and exercise in individuals
with subjective cognitive decline (SCD), drawing on lessons from a multicenter, two-arm randomized controlled trial
currently evaluating the addition of active music therapy to physical activity in older adults. Core design elements
include careful population selection within the pre-dementia spectrum, standardized intervention delivery, culturally
adapted musical stimuli, cluster randomization to reduce contamination, and the use of sensitive, multidomain cognitive
outcomes. Methodological recommendations address standardization, adherence, control conditions, and statistical strategies
appropriate for multicountry behavioral interventions. Integrating multimodal interventions such as music and exercise
provides a novel framework for preventive neuroscience and rehabilitation, fostering cognitive resilience through synergistic
engagement of motor, emotional, and memory circuits.
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Introduction

Cognitive decline is an inevitable aging natural
process. Age-related changes include brain volume
reduction (Murman, 2015), affecting the overall
cognitive function and possibly leading to a pro-
gressive development of dementia, which is a term
that includes several diseases that affect memory,
thinking, and ability to perform daily activities
(WHO, 2023); diminishment of autonomy and
overall health depending on the severity of disease.
Subjective Cognitive Decline is (SCD) involved in
persistent self-reported concerns about worsening
cognitive abilities, even when objective testing
does not show deficits. It is not caused by acute
events and can sometimes signal early changes
linked to neurodegenerative diseases like dementia
(Munro et al., 2023). SCD has been linked to an
accelerated deterioration of cognitive function with
and increased risk for progression of 4.5 times and a
2 to 6.5 increased risk of progression for Alzheimer’s
disease (AD) and a reported annual conversion
rate of 7-10% to mild cognitive impairment (MCI)
or dementia (Innes et al., 2021). According to the
World Health Organization, in 2019 dementia had
a societal cost around US$ 1.3 trillion. Last year,
there were 55.2 million living with dementia, and
Alzheimer’s disease (AD) and other dementias were
ranked as the 7th leading cause of death worldwide.
A systematic review evaluating the economic burden
of AD until August 2022 showed that the annual cost
of AD per capita ranged from US$468.28 in mild to
US$171 283.80 in severe AD. For 2030, the global cost
of dementia is expected to reach US $2 trillion (Tay
et al., 2024).

Scientific evidence indicates that non-
pharmacological interventions can potentially
improve cognitive impairment in adults with
subjective cognitive decline (SCD), preventing
or delaying the progression from SCD and mild
cognitive impairment to dementia (NIA, 2024). The
SCD period, when the burden of neurodegenerative
changes is still relatively low, may represent a crucial
therapeutic window for addressing cognitive decline
and associated neuropathogenic changes. Music
therapy (MT) and physical activity (PA) are among
these interventions. Incorporating these practices
into daily routines can have a cumulative effect,
supporting brain function both in the present and
over time (NIA, 2024).

Previous studies have demonstrated a relationship
between physical exercise and cognition. Cassilhas
et al. (2016) show that physical activity can induce
hippocampal plasticity. Aerobic exercise increases
brain-derived neurotrophic factor (BDNF), promot-
ing neurogenesis and cell proliferation. These effects

positively influence spatial learning and memory
improvement (Cassilhas et al., 2016). Similarly,
Erickson et al. (2011) found that aerobic exercise
training appears to increase gray and white matter
volume in the prefrontal cortex and temporal lobe,
areas responsible for executive control and spatial
memory, particularly in older adults.

Music therapy (MT) is a non-pharmacological
complementary strategy that has been gaining
strength in management of cognitive decline and
dementia due to engaging different brain areas
responsible for language, memory, motor function,
and hearing (Barradas et al., 2021; François et al.,
2015; Guetin et. al, 2013; Harrison et al., 2022;
Romero et al., 2014; Särkämö et al., 2014; Warren
et al., 2003). Studies have shown the effect of
MT in different modalities of intervention. Active
interventions as clapping, singing, and dancing
could reduce agitation, anxiety, depression, and
behavioral symptoms of dementia (Clément et
al., 2012; Holmes et al., 2006; Narme et al., 2014;
Sakamoto et al., 2013; Sung et al., 2006). Figure 1
summarizes the effects of MT in the brain. Singing
involves many processes such as short-term memory,
long-term planning, control of errors, and engages
several brain areas of the prefrontal cortex (Sakamoto
et al., 2014). Listening to familiar melodies activates
the bilateral and superior temporal regions and
the parahippocampal gyrus, which plays a role in
recovery of remote memory, verbal and emotional
processing (Biasutti & Mangiacotti, 2017; Satoh et al.,
2006).

With the increasing elderly population, degen-
erative diseases such as dementia present growing
challenges. MT has shown promising results for
these patients by inducing plastic changes in brain
networks, facilitating cognitive recovery, modulating
emotions, and promoting social communication,
making it a potential approach for rehabilitation
(Bleibel et al., 2023). While studies have demon-
strated MT’s impact on mild cognitive impairment
and dementia, its effects on SCD as the earliest stage
of dementia is less clear.

The combination of PA and active music therapy
MT could enhance cognitive outcomes by simultane-
ously stimulating different brain areas. Researchers
in neuroplasticity suggest that integrating multiple
modalities can strengthen neural connectivity,
particularly in the frontal and temporal lobes as
well as the hippocampus—regions essential for
memory and executive functions (Sanders et al.,
2020). This clinical trial has the innovative objective
to investigate whether adding active MT to PA
provides superior cognitive benefits compared to PA
alone. The study will control for group interactions,
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Figure 1: Mechanism and brain structures involved in two distinct components of music therapy intervention in this study: familiar
songs and singing along with rhythmic movements.

employ optimal dosing strategies, and identify key
neural pathways involved in recovery.

As there is no pharmacological standard of care for
SCD, the usual care recommended to improve quality
of life and well-being includes being physically
active and taking part in social interactions that
stimulate the brain and maintain daily function
(WHO, 2023). Physical activity as regular exercises
have been shown to improve outcomes in this
subset and is recommended as part of an overall
non-pharmacological approach to manage SCD to
maintain and improve memory (Ismail et al., 2020;
Gomes-Osman et al., 2018). Studies that combined
PA and MT reported challenges, such as the difficulty
in isolating the specific effects of physical exercise
from those of music (Satoh et al., 2017).

This report summarizes methodological insights
and design recommendations for trials integrating
music and physical activity in preclinical cognitive
decline. As an illustrative example, we draw on a
multicenter randomized controlled trial evaluating
active music therapy combined with exercise in
adults over 65 with SCD.

Mechanistic Rationale

Physical activity and neuroplasticity

Regular aerobic exercise promotes hippocam-
pal plasticity and upregulates the expression of
brain-derived neurotrophic factor (BDNF), a key me-
diator of synaptic growth and long-term potentiation.
Increased BDNF levels facilitate neurogenesis, den-
dritic arborization, and synaptic efficacy, particularly
in the hippocampus and prefrontal cortex—regions

vulnerable to early Alzheimer’s pathology (Cassilhas
et al., 2016). Experimental and clinical studies
have shown that both acute and chronic aerobic
training enhance BDNF availability and modulate
signaling cascades involving TrkB and CREB, which
are essential for learning and memory consolidation.
Neuroimaging evidence supports these findings:
exercise interventions lead to measurable increases
in gray matter volume in the hippocampus and
prefrontal cortex, as well as improvements in white
matter integrity and connectivity within default
mode and executive control networks (Erickson et al.,
2011; Sanders et al., 2020). In addition to structural
benefits, physical activity improves cerebral perfu-
sion and oxygenation, mitigates oxidative stress, and
reduces peripheral and central inflammation (REF)—
factors implicated in AD pathogenesis. Exercise
also promotes vascular endothelial growth factor
(VEGF) expression and angiogenesis, contributing to
enhanced metabolic support for neuronal function
(REF). Collectively, these biological adaptations
illustrate that aerobic exercise exerts multimodal
neuroprotective effects capable of counteracting early
degenerative processes and sustaining cognitive
function in aging populations.

Music therapy and multisensory engagement

Music therapy (MT) engages widespread corti-
cal and subcortical networks implicated in emotion,
attention, motor planning, and autobiographical
memory (François et al., 2015; Guetin et al., 2013;
Warren et al., 2003). Active interventions such
as singing, clapping, and rhythmic movement
have been associated with reductions in anxiety,
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depression, and behavioral symptoms in dementia
(Clément et al., 2012; Särkämö et al., 2014). Listening
to familiar melodies activates the superior temporal
and parahippocampal regions, supporting emotional
regulation and memory retrieval (Biasutti & Mangia-
cotti, 2021; Satoh et al., 2006).

Potential synergy

Combining MT with physical exercise may leverage
complementary neurobiological pathways. Rhythmic
entrainment can enhance motor coordination and
executive functioning, while emotionally rewarding
musical stimuli may strengthen adherence and
motivation. Dopaminergic activation during music
exposure (Ferreri et al., 2019) may further augment
the cognitive effects of exercise by enhancing
reward-driven learning. This multimodal activation
of motor, limbic, and cognitive networks provide a
strong theoretical basis for integrative interventions
targeting early neurodegeneration.

Design and Methodological
Considerations

Population and Disease Stage

Trials should target individuals at the SCD or
MCI stage, when neurodegenerative burden is still
limited but compensatory mechanisms remain viable.
In the illustrative multicenter protocol, inclusion
followed SCD-I research criteria (Jessen et al., 2014;
Molinuevo et al., 2017), combining self-reported
decline with preserved test performance (MoCA >
21). Exclusion of participants with major depression
or significant hearing impairment helps ensure inter-
pretability of cognitive outcomes and engagement in
music-based tasks.

Intervention

Music Intervention

Consistency across centers is critical for ensur-
ing both scientific validity and reproducibility
in multisite behavioral trials: In the illustrative
multicenter protocol, participants would have to
engage in 30-minute sessions of low-intensity cycling
immediately followed by 30 minutes of active
music therapy, three times per week for four weeks.
The music therapy component should integrate
three structured modules: (1) universally familiar
songs from the 1960s–1970s, (2) regionally adapted
selections reflecting each site’s cultural background,
and (3) participant-selected pieces to enhance
personal engagement and emotional salience. This

tiered approach allows harmonization across diverse
countries while preserving local relevance—a crucial
factor in maintaining adherence and emotional
connection.

Standardization drew from prior successful
paradigms in music-based interventions for cog-
nitive decline: For example, Särkämö et al. (2014)
demonstrated that regular singing sessions improved
memory and mood in early dementia, while Sakamoto
et al. (2013) and Sung et al. (2006) showed that
group rhythmic and percussion-based activities
reduced agitation and enhanced social interaction in
institutionalized elders. Other studies, such as Narme
et al. (2014) and Hsu et al. (2015), have used struc-
tured rhythmic entrainment programs—combining
clapping, drumming, and synchronized movement—
to promote executive functioning and emotional
regulation. Drawing from these models, the present
trial emphasizes multimodal engagement, where
participants are encouraged to sing along, clap, or
use simple percussion instruments synchronized to
rhythm and tempo.

All instructors could complete at least 12 hours
of standardized training including theoretical
modules on aging, cognition, and rhythm-based
facilitation techniques, followed by supervised
practice sessions to ensure delivery fidelity. Fidelity
monitoring could include observation checklists,
periodic video reviews, and inter-site feedback
meetings. Such structured supervision helps to
minimize inter-site variability and to ensure that the
“active ingredients” of the intervention—rhythmic
synchronization, cognitive engagement, and emo-
tional resonance—are delivered consistently. At the
same time, controlled flexibility in song choice can
allow individualized adaptation, maintaining partic-
ipant motivation and maximizing therapeutic impact.

Physical Activity Intervention

During the physical activity (PA) sessions, all
participants should engage in aerobic exercise
using a semi-recumbent cycle ergometer for 30
minutes, three times per week. This frequency and
duration are based on prior evidence indicating
that moderate-volume aerobic exercise can induce
measurable improvements in cognitive performance
and brain function in older adults (Zhang et al., 2022;
Colcombe & Kramer, 2003). The cycling modality
is suggested for its safety, accessibility, and ease of
standardization across centers—particularly suitable
for older individuals who may present with balance
limitations or orthopedic constraints.

We suggest that participants in a trial with exercise
in cognitive decline should pedal at a self-selected,
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comfortable cadence, with resistance adjusted to
maintain a target heart rate (THR) corresponding to
approximately 50% of their age-predicted maximum
heart rate (MHR), consistent with very light to
light exercise intensity (American College of Sports
Medicine, 2021). This level was chosen to ensure
tolerability and adherence while still engaging
cardiovascular and neuromotor systems relevant to
cognitive function. The target should be maintained
for 25 minutes, followed by a 5-minute cool-down
period during which resistance is gradually reduced
to the lowest setting. The MHR can be calculated
as 220 minus the participant’s age, and THR is
continuously monitored using Bluetooth-enabled
chest straps synchronized with heart rate monitoring
applications for real-time feedback.

Sessions should be supervised by physiothera-
pists or certified exercise physiologists trained in
geriatric exercise prescription and safety protocols.
Investigators could provide standardized orientation
to site-based staff regarding the use of ergometers,
calibration, heart rate monitoring, and participant
safety monitoring (e.g., perceived exertion, blood
pressure, signs of fatigue). Each site should be
equipped with an emergency plan, and staff should
be trained in basic life support. Pre-session screen-
ing could include assessment of vital signs and
contraindications to exertion, following established
ACSM and WHO recommendations for older adults.

To optimize adherence, sessions might be con-
ducted in small groups (up to six participants)
to foster social engagement and peer motivation.
Participants could be encouraged to maintain a
consistent routine, and adherence logs are completed
for every session. Motivational reinforcement
strategies—including positive verbal feedback and
gradual workload progression for those with higher
tolerance—can be applied to sustain engagement
throughout the intervention.

This structured yet flexible exercise model ensures
feasibility and safety while maintaining sufficient
physiological challenge to stimulate neuroplastic
and cardiovascular adaptations. The semi-recumbent
cycling paradigm also allows seamless integration
with the subsequent music therapy session, pro-
viding a continuous multimodal intervention that
transitions smoothly from physical activation to
cognitive–emotional engagement.

Control Conditions

Appropriate comparators are vital to isolate
the specific effects of music. A social interaction
control (physical activity plus leisure conversation
without music) can control for non-specific benefits

of attention and socialization. Passive controls,
such as wait-list groups, risk overestimating efficacy.
Including an active control also enables exploration
of additive versus synergistic effects between
modalities.

Randomization and Blinding

Cluster randomization by site or group session
reduces contamination—particularly in behavioral
interventions where participants may interact. In the
illustrative study, an interactive response technology
system generated allocation sequences stratified
by site and age group. While participants and
facilitators could not be blinded, outcome assessors
and data analysts remained masked. This design
balances practical feasibility with methodological
rigor.

Outcome Measures

Selecting sensitive, multidomain outcomes is
essential. The Cambridge Neuropsychological Test
Automated Battery (CANTAB) is suggested to be
chosen as the primary measure for its objectivity and
granularity across memory, attention, and executive
domains (Cognition, 2006). Secondary outcomes may
include the Montreal Cognitive Assessment (MoCA)
for global cognition, the Positive and Negative Affect
Schedule (PANAS) for mood, and the Geriatric
Depression Scale (GDS). Follow-up assessments at
baseline, four weeks, six months, and twelve months
can capture both immediate and sustained effects.

Multicenter Implementation

Multinational trials must harmonize procedures
across diverse healthcare and cultural settings. The
current suggested design involves centers in Latin
America, Asia, and Europe, coordinated through
a central hub (Clínica Alemana, Santiago, Chile).
Uniform screening, instructor training, and data
management via a web-based electronic data capture
system may ensure procedural alignment. Cultural
adaptation of music content while preserving
structure could allow standardization without
compromising ecological validity.

Ethical and Practical Considerations

Elderly participants with cognitive complaints
constitute a vulnerable population, warranting
strict oversight. Although non-pharmacological
interventions are low-risk, physical fatigue or
emotional distress may occur. An independent Data
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Monitoring Committee (DMC) should conduct peri-
odic reviews of safety and adherence. Engagement
strategies—such as caregiver involvement, reminder
systems, and minor incentives—can reduce dropout
rates. Ethical frameworks must emphasize autonomy,
informed consent, and cultural sensitivity.

Statistical and Analytical Approaches

Cluster designs necessitate methods that ac-
count for intra-site correlation. Linear mixed-effects
models with random intercepts allow estimation of
group differences while controlling for cluster effects.
Sample size calculations should consider expected
small effect sizes (Cohen’s d ≈ 0.2–0.3) and potential
attrition. Handling missing data through multiple
imputation and sensitivity analyses helps preserve
validity. Given the exploratory nature of multimodal
interventions, pragmatic rather than explanatory
designs may best reflect real-world applicability.

Discussion

This study proposes a blinded, cluster-randomized,
two-arm clinical trial to examine whether the addi-
tion of structured physical activity to music therapy
enhances cognitive outcomes compared with music
therapy alone in individuals with subjective cognitive
decline (SCD). Designing clinical trials that integrate
music therapy and physical activity in AD requires
balancing scientific rigor with practical feasibility.
The illustrative multicenter RCT demonstrates that
structured standardization, appropriate control con-
ditions, and validated cognitive assessments are feasi-
ble across international sites. This approach bridges
preventive and rehabilitative frameworks by simulta-
neously engaging physical, emotional, and cognitive
systems.

Cluster randomization was chosen to minimize
contamination between intervention arms, which is
a recognized challenge in behavioral and lifestyle
trials conducted in shared environments (Puffer et
al., 2005). Individual randomization was considered
but rejected due to the high risk of information ex-
change and behavioral spillover between participants.
Cross-over designs were also deemed inappropriate
given the potential for lasting cognitive effects of
physical activity that could lead to carryover bias.
Although full blinding is not feasible in behavioral
interventions, this study incorporates blinded out-
come assessment to reduce detection bias.

The inclusion of individuals with subjective cog-
nitive decline as the population of the study, rather
than patients with Alzheimer’s disease, is a delib-
erate methodological choice aligned with current
prevention-oriented models of neurodegenerative re-

search. SCD represents an early, preclinical stage
along the Alzheimer’s disease continuum, in which
individuals experience cognitive complaints despite
preserved objective performance (Sperling et al.,
2011). Intervening at this stage maximizes the poten-
tial impact of lifestyle-based interventions, as neu-
roplasticity and cognitive reserve are relatively pre-
served compared with established AD.

The selection of a combined physical activity and
music therapy as an intervention is supported by
evidence suggesting that multimodal lifestyle ap-
proaches may have synergistic cognitive effects. Com-
pared with pharmacologic interventions, behavioral
trials face unique challenges—particularly regarding
blinding, adherence, and heterogeneity in engage-
ment. However, they offer distinct advantages in
safety, accessibility, and cross-cultural adaptability.
The integration of music into exercise sessions may
enhance motivation and reduce attrition, addressing
one of the major limitations of long-term lifestyle in-
terventions. Importantly, cultural musical familiarity
should be treated as both a variable and an asset—
capable of shaping emotional salience and neural
activation patterns.

Cognitive outcomes were suggested to be mea-
sured using the Cambridge Neuropsychological Test
Automated Battery (CANTAB), because it consists
of a validated, computerized tool that offers high
sensitivity to subtle cognitive changes in at-risk pop-
ulations and minimizes assessor-related variability.

A recent published systematic review provided
important context for the present study by highlight-
ing the heterogeneity and component-specific effects
of non-pharmacological interventions in individuals
with subjective cognitive decline. Consistent with
our trial rationale, the review suggests that physical
activity components—particularly resistance, aerobic,
and balance exercises—may be more effective than
purely cognitive interventions in reducing subjective
memory complaints (Yu et al., 2024). In contrast,
interventions such as music therapy and cognitive
training appear to exert greater effects on global cog-
nitive function and related domains, including activi-
ties of daily living and psychological outcomes (Yu
et al., 2024). These results support the hypothesis
that combining physical activity with music-based
interventions may leverage complementary mecha-
nisms, targeting both subjective cognitive symptoms
and objective cognitive performance.

A previous published parallel three-arm random-
ized controlled trial study protocol evaluating music
therapy and physical activity in individuals with
Alzheimer’s disease, mild cognitive impairment,
and subjective memory complaints further supports
the relevance of non-pharmacological interventions
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across the Alzheimer’s disease continuum in clinical
trials. Its longitudinal design and inclusion of both
active and passive control groups strengthen causal
inference regarding the effects of music therapy and
physical activity (Flo et at., 2022). In contrast, our
presented study protocol focuses on a more homoge-
neous SCD population and directly tests the added
value of physical activity when combined with mu-
sic therapy, addressing a key gap identified in prior
trials.

The ALMUTH study represented a randomized
controlled trials to formally investigate music therapy
and physical activity as non-pharmacological inter-
ventions in individuals with Alzheimer’s disease and
was conducted as a parallel three-arm RCT (Matzior-
inis et al., 2023). The study included two active in-
tervention arms and a passive control and provided
valuable randomized evidence on both the potential
benefits and the feasibility of these approaches. Im-
portantly, despite the methodological rigor inherent
to its randomized design, the trial demonstrated sig-
nificant feasibility challenges in patients with mild-to-
moderate Alzheimer’s disease, including low adher-
ence, high attrition, and difficulties with recruitment
and protocol fidelity (Matziorinis et al., 2023). These
findings suggest that, even within an RCT framework,
disease severity can substantially limit the success-
ful implementation of long-term behavioral interven-
tions. This evidence supports the rationale for the
present RCT focusing on individuals with subjective
cognitive decline.

Future studies should extend beyond behavioral
outcomes to include biomarkers such as EEG, heart-
rate variability, or serum BDNF to elucidate mech-
anistic pathways. Neuroimaging sub-studies could
clarify how combined interventions modulate con-
nectivity within the default mode, motor, and limbic
networks. Incorporating digital monitoring tools and
adaptive dosing algorithms may further optimize
precision in non-pharmacologic intervention trials.

Conclusion

Integrating music therapy with physical activity
represents a promising multimodal strategy to en-
hance cognitive resilience in individuals at risk for
Alzheimer’s disease. Successful implementation re-
quires thoughtful design addressing population se-
lection, cultural adaptability, outcome sensitivity, and
data integrity. The multicenter randomized protocol
described here illustrates a scalable model for rigor-
ous evaluation of non-pharmacologic interventions
across diverse global settings. Establishing standard-
ized frameworks for such trials will accelerate trans-
lation of creative, humanistic therapies into evidence-
based clinical practice.
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