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Abstract
Music-based interventions (MBIs) show promise for managing symptoms of various brain
disorders. To fully realize the potential of MBIs and dispel the outdated misconception that
MBIs are rooted in soft science, the NIH is promoting rigorously designed, well-powered MBI
clinical trials. The pressing need of guidelines for scientifically rigorous studies with enhanced
data collection brought together the Renée Fleming Foundation, the Foundation for the NIH,
the Trans-NIH Music and Health Working Group, and an interdisciplinary scientific expert
panel to create the NIHMBI Toolkit for research on music and health across the lifespan. The
Toolkit defines the building blocks of MBIs, including a consolidated set of common data
elements for MBI protocols, and core datasets of outcome measures and biomarkers for brain
disorders of aging that researchers may select for their studies. Utilization of the guiding
principles in this Toolkit will be strongly recommended for NIH-funded studies of MBIs.
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In the past decade, the amount of research into the effects of
the arts on health and well-being has increased.1,2 Non-
pharmacologic approaches, such as music, continue to be
explored for the treatment and symptom management of
brain disorders of aging, including stroke,3,4 Parkinson disease
(PD),5-7 Alzheimer disease (AD), and AD-related dementias
(ADRDs).8-10 There is evidence to support that music en-
gages many different areas of the brain and may aid to
strengthen brain networks and pathways involved in sensory
and motor processes, emotion, affect, and memory.11-13,e1

Given that many of these domains can be affected by brain
disorders of aging, music may therefore represent a cheaper,
less invasive, and more accessible therapeutic avenue than
traditional pharmacologic approaches.

Significant strides have been made over the past decade to
further the understanding, development, and effectiveness of
MBIs for various disorders. For example, rhythmic auditory
stimulation (RAS), a neurologic music therapy that involves
the presentation of auditory rhythmic cues, has shown great
promise for the treatment of gait disorders in individuals living
with PD. RAS may reduce the number of freezing episodes
and number of falls in these patients.7 In addition, studies
indicate that RAS may also provide some benefits to indi-
viduals with other neurologic conditions where gait and
postural stability are affected, such as stroke, traumatic brain
injury, and AD. Moreover, singing can improve respiratory
control and strengthening of muscles associated with swal-
lowing and gait.6,7 Neurologic music therapy and melodic
intonation therapy are used successfully for the rehabilitation
of patients with nonfluent aphasia by stimulating their cog-
nitive, emotional, and sensorimotor functions and by in-
creasing their expressive language scores (e.g., repetition,
sentence completion, and naming nouns).3,14,e2 Other studies
have explored whether MBIs could improve cognitive func-
tion in healthy aging and AD/ADRD,8,9,15,16 as well as address
the behavioral and psychological symptoms of AD (e.g., ag-
gression, anxiety, irritability, and depression).17

Although MBIs have shown promise for symptom manage-
ment in brain disorders of aging, large-scale, rigorous, well-
designed, and well-powered studies are needed to fully
understand how music affects the brain and its therapeutic
potential for these conditions. In the past 5 years, 2 Cochrane
systematic reviews have concluded that MBIs have demon-
strated benefits for people living with dementia and for people
with acquired brain injury; however, these reviews have also

highlighted the need for high-quality randomized trials before
recommendations can be made for clinical practice.18,19 A
more recent systematic review of MBIs for community-
dwelling people living with dementia noted that inconsistency
in study designs, procedures, and measures prevented specific
conclusions to be drawn about potential therapeutic benefit.20

A major limitation to widespread application of MBIs has
been the scarcity of data from rigorous, well-powered studies.
Reports of the beneficial effects of MBIs have emerged either
from anecdotal evidence or from small-scale clinical trials.21

To further illustrate this point, the Agency for Healthcare
Research and Quality (AHRQ) and the National Academies
of Sciences, Engineering, andMedicine (NASEM) conducted
a literature review in 2017 to assess the state of the science
regarding nonpharmacologic approaches, including music,
that might benefit the quality of life for people living with
dementia. Their 2020 report concluded from the 35 studies
examined that evidence was insufficient to draw conclusions
about the benefits of music therapy for agitation, anxiety,
depression, mood, and quality of life for people living with
dementia.22 Moreover, many of these studies had not been
designed within a scientific and theoretical framework, and
their results remain preliminary.

Another challenge for the broad implementation of MBIs is the
lack of consistent descriptive terminology. MBIs are divided
into 2 major categories: music therapy and music medicine.
Music therapy is an established health profession in which
music is used within a therapeutic relationship to address
physical, emotional, cognitive, and social needs of individuals
and includes the triad of music, clients, and qualified creden-
tialedmusic therapists.23 By contrast, musicmedicine is defined
as having patients listen to prerecorded or live music, which is
often managed by a medical professional other than a music
therapist, such that the music plays the role of a medicine.
Notably, unlike music therapy, music medicine does not re-
quire a therapeutic relationship with the patient.24,25 A clear
distinction between these 2 types of MBIs is important for
assessing treatment response and functional outcomes.26

Harnessing the therapeutic potential of music is of wide in-
terest across the NIH (21 of NIH’s 27 institutes and centers
have representatives to the Trans-NIH Music and Health
Working Group (WG), part of the Sound Health
Initiative).27,28 For MBIs to fulfill their potential, they must
become more rigorous and replicable and align with the NIH

Glossary
AD = Alzheimer disease; ADRD = AD-related dementia; AHRQ = Agency for Healthcare Research and Quality; EMA =
Ecological Momentary Assessment; FNIH = Foundation for the NIH; MBI = music-based intervention; NASEM = National
Academies of Sciences, Engineering, and Medicine; PD = Parkinson disease; PROMIS = Patient-Reported Outcomes
Measurement Information System; RAS = rhythmic auditory stimulation; SOBC = Science of Behavior Change; WG =
Working Group.

Neurology.org/N Neurology | Volume 100, Number 18 | May 2, 2023 869

http://neurology.org/n


Rigor and Reproducibility Policy,29 which will require the
development of standards and tools that can be applied to
interventional studies. The NIH, in partnership with the
Renée Fleming Foundation and the Foundation for the NIH
(FNIH), convened 3 workshops in 2021 to gather diverse and
unbiased perspectives from 5 different communities repre-
senting content experts and a broad range of stakeholders (see
eAppendix 1, links.lww.com/WNL/C605, for specific in-
formation on panel composition and discussion topics for
each workshop). A direct outcome of these workshops is the
development of the NIHMBI Toolkit: a set of guidelines and
recommendations on what components need to be included
in an MBI study to enhance data collection; allow for rigor,
replicability, cross-study comparison, and interpretation; and
advance the biomedical research enterprise (Table 1).21,30,31

Other health research fields (e.g., physical therapy and trau-
matic brain injury) have benefited from such development of
standards for interventional studies.32,33

Development of the NIH MBI
Toolkit: Methodology and Approach
In preparation for the NIH-FNIHworkshop series, a planning
committee consisting of 12 NIH staff—Program Directors
experienced in scientific program development and a subset of
the larger Trans-NIH Music and Health WG—was estab-
lished. Through an iterative and democratic process, and with
input from the NIH Director and the Trans-NIH Music and
Health WG, the planning committee members met biweekly
to reach consensus on the workshop format, the selection of
the members for the external expert panel, and the de-
velopment of the workshop agenda.

To fully assess the state of the music and health research field,
we conducted a broad and comprehensive literature and da-
tabase reviews of randomized controlled trial MBI studies
through PubMed and other appropriate sources (Embase,Web
of Science, PsycINFO, ClinicalTrials.gov, and International

Clinical Trials Registry Platform). We augmented the results of
our searches by including publications cited by workshop
content experts and other NIH investigators in the relevant
fields of neuroscience, music therapy and music medicine,
behavioral intervention development, clinical trial methodol-
ogy, and patient arts and advocacy.

To meet our goals of providing the research community with
guidelines and recommendations onMBI development, it was
critical to identify panelists with expertise in areas of direct
relevance and to also bring together a truly interdisciplinary
panel. For each workshop, the panel included 5 or 6 experts
representing the following disciplines: neuroscience, music
therapy and music medicine, behavioral intervention de-
velopment, clinical trial methodology, and patient and arts
advocacy. These experts were identified and selected based
on their published body of work, participation at other sci-
entific meetings, and recommendations from NIH staff
and external stakeholders. The NIH planning committee
was especially mindful to have an expert panel that included
both scientists actively working in the field of music and
health and experts in a relevant discipline but not directly
involved in MBI research, thus bringing fresh and unbiased
perspectives to the panel.

Before each workshop, panelists worked closely with the NIH
planning committee and engaged in 2 or 3 premeetings to
allow for in-depth discussions of relevant questions that were
provided to them in advance. Each workshop was organized
around a specific theme, framed by a keynote address, and
followed by a moderated discussion led by Alan Weil, Editor-
in-Chief of the health policy journal, Health Affairs. This ap-
proach was adopted to promote rich discussions, diversity of
opinions from the interdisciplinary panelists, and comments
from a general audience composed of basic and clinical sci-
entists, music professionals, staff from the NIH and other
federal agencies, and the public.

A unique feature of this process was the presentation of
demonstration projects by 2 interdisciplinary subgroups
drawn from the pool of panelists. These subgroups were
tasked with developing an MBI for a particular disease or
condition, applying the guiding principles that were de-
veloped throughout the 3-workshop series (see eAppendix 1
for descriptions of 2 prototype MBI studies, links.lww.com/
WNL/C605). To further inform the development of the
Toolkit, additional feedback and input were also gathered
from the external community through a formal request for
information (eAppendix 1).

Notably, the overall goal of developing the NIH MBI Toolkit
is to provide standards and tools to investigators seeking NIH
funding for their MBI studies, and as such, many of the se-
lected panelists were based in the United States. The lack of
representation from a cadre of international researchers en-
gaged in music and health research may represent a potential
limitation of the development process.

Table 1 Aims of the NIH MBI Toolkit

To provide music and health researchers with a music-based intervention
toolkit of recommendations in alignment with the NIH policy on rigor and
reproducibility

To delineate the building blocks of music-based interventions

To define a core set of common data elements formusic-based intervention
protocols in various domains (e.g., cognition, emotion, motor function, and
sensory function)

To identify a core set of functional outcome measures and biomarkers
focused on brain disorders of aging as a model system for music-based
intervention research

To provide a framework and foundation for future music-based
intervention research that can be applied across the lifespan and for various
disease conditions

To create guidelines for intervention research on music and health
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Essential Components of the NIH
MBI Toolkit
The NIH MBI Toolkit was conceptualized to promote in-
corporation in MBI studies of the following elements: (1) a
conceptual model or framework to guide the design of the
intervention, (2) a clear research question and the provision
of supporting data to test the posited hypothesis, (3) a core
set of common data elements or building blocks that must be
included in every MBI, (4) a comprehensive description of
the intervention, (5) a detailed protocol for delivering the
intervention, (6) the population to be studied, and (7) control
groups or comparators.

Conceptual Models or Frameworks
for MBIs
A first step in testing an MBI is developing a conceptual
framework for the proposed intervention, that is, a repre-
sentation of an expected relationship(s) between or among
variables (i.e., the hypothesis). As in the evidence-based
medicine PICOS model (population, intervention, compari-
son, outcome, and study design),e4 the choice of a framework
depends on the targeted population, specific intervention,
comparison group, outcome measures, and research question,
as well as the research stage and study design (e.g., static,
mixed methods, or adaptive). Below are 4 examples of models
or frameworks (behavioral/experimental medicine, music
therapy, neural, and resilience/social science) that can be used
in MBI research.

Experimental Medicine Framework
The NIH Science of Behavior Change (SOBC) program il-
lustrates the experimental medicine approach to identifying
and testing hypothesized mechanisms of action of therapies at
each stage of intervention development, with the overall goal
of improving the understanding of mechanisms underlying
human behavior change. In SOBC, the focus is on defining the
processes or mechanisms that are driving the behavior change
or effect of an intervention, verifying the intervention target
mechanism, and identifying outcome measures of target en-
gagement. For example, in an MBI, the SOBC theoretical
model would highlight the components of music that are
likely to influence the potential processes or mechanisms
(e.g., cognitive, emotional, or physiologic) that, in the context
of a specific study, result in changes in the outcome of interest
(e.g., cognitive, emotional, or functional outcomes).34

Music Therapy Framework
Many factors influence the guiding framework for music
therapists, including the clinical setting, client population,
client age, diagnosis, and theoretical orientations of the
therapist.35 Music therapists use a combination of various
types of frameworks to address the client’s needs, including
psychodynamic, humanistic, behavioral, and music-centered
approaches.25,36,e5,e6 For example, therapists may use a

humanistic approach to facilitate respect, trust, and engage-
ment with their clients and further incorporate a behavioral
approach that uses music as a cue to redirect the focus of
attention to obtain a desired response. An important con-
sideration for determining which approaches are most ap-
propriate is ensuring that all clients’ needs will be addressed by
the chosen combination.

Neuromechanistic Framework
The neuromechanistic framework requires that interventional
studies provide a mechanistic conceptual grounding that
builds connections between clinical and basic research.
Starting from the evidence that music engages many neural
systems, including the perception, sensory-motor, memory,
attention, and emotion/reward systems (Figure 1), MBIs for
a given disorder should consider the alignment of the neural
subsystems involved in both the disorder and the in-
tervention. For example, music’s ability to recruit the reward
system could be exploited for conditions with motivational
problems or anhedonia.37-39

Resilience Framework
The resilience framework uses a contextual support model of
music therapy that is based on a motivational theory of cop-
ing. The framework argues that therapeutic music environ-
ments possess structural elements that support autonomy,
encourage the freedom of expression, and promote in-
teraction of patients with their environment. Music engage-
ment is then used to reduce stressful conditions or mitigate
risk situations.40,41,e7

Research Question and Supporting
Data for MBI Hypothesis Testing
MBI research should be built on evidence from prior studies,
extant literature, and/or clinical practice. Music and health
researchers can benefit from the experience of researchers in
behavioral intervention development, which highlights the
importance of systematic reviews and the need to use basic
research to inform selection of theoretical models while
maintaining clinical equipoise.42 Furthermore, the initial lit-
erature review should also include a focus on components of
the intervention itself—for MBIs, this focus would include
musical elements, such as frequency, tempo, melody, and
playback volume, as well as nonmusical intervention com-
ponents (e.g., imagery that accompanies the music), which are
important to engage hypothesized mechanisms or produce
the desired outcomes.

MBI Building Blocks and Common
Data Elements
The essential components of an MBI include the intervention
itself; the mode of delivery; the target population; a study
design, which distinguishes the MBI’s effects from those of
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socialization during the experience; and data collection and
management. Figure 2 provides examples of various building
blocks that should be incorporated in the planning and
implementation of MBI studies.

Intervention
When defining the intervention, investigators should consider
specific elements of music (e.g., pitch, timbre, or rhythm),
modes of engagement such as actively performing and cre-
ating music or passively listening to music, the relationship
between culturally specific music preferences and outcomes,
patient demographics, and contextual factors. In the earliest
stage of the research, parameters such as dose and frequency
should be treated as experimental variables to be manipulated
to enhance efficacy. Furthermore, longer, lower intensity

interventions, and/or the inclusion of booster sessions may be
important to maintain the desired treatment response. In this
paper, we define the building blocks of the MBI in the context
of a research setting—the rationale, clinical population, and
the aim of the study will be determined by the research
question.

Protocol Delivery
A systematic review of music intervention trials reported that
less than half of those studies examined treatment fidelity21

(i.e., the extent to which an intervention is implemented
consistently across practitioners and trial sites). Similar find-
ings were noted in the 2020 AHRQ/NASEM report.43 Crit-
ical considerations about the delivery methods for MBI
studies include: (1) music characteristics (e.g., live vs

Figure 1 Pathways Underlying Neural and Physiologic Responses to Music

Adapted with permission from Koelsch S. Brain correlates of music-evoked emotions. Nat Rev Neurosci. 2014; 15:170-180. doi.org/10.1038/nrn366660
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recorded, music genre, personalized vs nonpersonalized, and
patient selected vs investigator selected); (2) research setting
(e.g., laboratory, clinic, or community); (3) mode of partici-
pation (e.g., individual vs group, in-person vs remote de-
livery); (4) timescale (e.g., short vs long term, session length
and intensity, follow-up frequency, or potential for habitua-
tion); (5) staffing and support (e.g., expert therapists vs wide
range of providers with appropriate training); (6) resources
and organization (e.g., cost, scheduling, or assessments); and
(7) feasibility, accessibility, and adherence. These consider-
ations are equally important to objectively establish the in-
tensity of the intervention needed to observe clinical
improvements and maximize dissemination and imple-
mentation of the intervention.19

Study Population
The study population is the subset of the target population
available for a study (e.g., individuals diagnosed with early-
onset dementia from a group of nursing home residents).
MBI investigators must have a strong rationale for testing a
specific intervention in any given population, for example, the
choice of the target population might focus on disorder sub-
types or severity, ability to conduct convenience sampling in a
pilot study, availability of a control group in a randomized
trial, or the relative importance of studying time courses
longitudinally. Additional pragmatic considerations include
accessibility to the population, its stability over time, and the
resources available in the setting where the intervention will
be tested. In addition, screening of patients to eliminate
confounding variables, such as hearing loss or amusia, is
advisable.37,44

Control Groups or Comparators
Although control groups or comparators may not always be
needed for early-phase research, they are crucial for ran-
domized controlled trials. The goals of a study and the re-
search question should drive the selection of the comparator
group. Devising the appropriate control condition for music

studies is complex, and current MBI research has poorly designed
control conditions. For MBI studies, control conditions may in-
clude a music element such as a slowed-down version of the same
music,meaningless sounds, or nature sounds or, instead of amusic
element, the control may be an audiobook. The investigative team
needs to consider whether the chosen control condition is
intended to control for intervention effects that are unrelated to
the music (e.g., attention, sound stimulation, visual stimulation,
and shared experience) or for effects of the specific intervention
protocol deliverymethod (e.g., recordedmusic listening vs guided
or tailored music listening). Moreover, control conditions must
match the test intervention in intensity of engagement and ob-
servation (controlling for the Hawthorne effect). Equally impor-
tant is controlling for a possible placebo effect bymatching the test
intervention in the intensity of the treatment delivered.

The optimal comparator is one that will provide the clearest
answer to the primary research question or the strongest test
of the trial’s primary hypothesis. The rationale for the com-
parator choice should focus on the primary purpose of the
trial and not be weakened by lesser considerations or arbitrary
rules. An NIH expert panel issued a useful framework for
considering and justifying control groups with the Pragmatic
Model for Comparator Selection in Health-Related Behav-
ioral Trials.45

Potential Outcome Measures and
Biomarkers: Examples for Brain
Disorders of Aging MBIs
MBIs for brain disorders of aging, including AD/ADRD, PD,
and stroke, provide some of the most compelling evidence for
music’s health benefit and create a model for future work
across the lifespan.3-10 The NIH MBI Toolkit, developed
through discussions with our expert panels, suggests core
datasets of outcome measures and biomarkers for brain

Figure 2 Examples of Building Blocks for MBIs
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disorders of aging that researchers may select for their MBI
studies. Some guiding principles and factors that merit con-
sideration when selecting these outcome measures and bio-
markers are listed in Table 2.

Mechanistic and Clinical Outcome Measures
The essential steps in developing hypotheses on the impact of
MBIs for brain disorders of aging include adopting a con-
ceptual framework for the outcomes to be measured; choos-
ing the appropriate study design; identifying relevant domains
for proximal (short-term) and distal (long-term) outcomes,
boundary conditions (i.e., moderators), and mechanisms
(i.e., mediators); and determining the relevant biomarkers.
For each domain, a range of measurement modalities is pos-
sible, including self-report, performance-based measures, di-
rect observation, sensor technology measures, physiologic
monitoring, and various functional brain measures, each of
which has strengths and weaknesses for assessing the domain
of interest. Therefore, multimodal assessment of a given do-
main is often preferable (Table 3).45,46

Mechanistic and clinical outcomes may be derived from studies
using an intervention in healthy subjects or individuals with a
specific disease/condition to better understand the clinical aspects

of human biology and/or disease. More specifically, mechanistic
outcomes provide insights into biological or behavioral processes,
the pathophysiology of a disease, or an intervention’s mechanism
of action. Clinical outcomes are measurable changes from an
objective baseline in health, function, or quality of life that results
from a treatment or intervention.

Biomarkers
A biomarker is a defined characteristic that is objectively mea-
sured and evaluated as an indicator of normal biologic processes,
a pathogenic process, or pharmacologic responses to a thera-
peutic intervention.47 Biomarkers can be used to parse out the
causally active components of an intervention and provide in-
sights not just into whether an interventionworks but also how it
works. Biomarkers can indicate susceptibility or risk; predict or
measure a condition or response; assess safety; or be used for
diagnosis, prognosis, or monitoring.

Brain disorders of aging are complex conditions affecting
numerous biological, behavioral, and cognitive-affective sys-
tems. As such, a wide array of biomarkers can be considered
when designing MBIs for brain disorders of aging, including
inflammation, brain structure, neurologic functioning, gene
expression, affect, sensory and motor activity, stress markers

Table 2 Guiding Principles and Practical Implementation Considerations in Choosing Mechanistic and Clinical Outcome
Measuresa and Identifying Biomarkers for MBIs

In designing music-based interventions, investigators must be guided by the research question, the types and goals of the intervention, and the patient and
caregiver experience (population and disease condition) as primary determinants of the choice of primary and secondary outcome measures.

Patient-reported outcomes, mixed methods design, and participatory methods to address contexts (e.g., race, culture, and geography) should be taken into
consideration.

Basic auditory perception, musical experience, individual choice of music, and other contextual factors (e.g., culture, clinical setting, and hearing ability)
should be considered and incorporated in the study design.

In choosing a music-based intervention to affect a specific disorder, researchers must take into consideration the match between neural systems involved
both in the disorder and in the intervention (e.g., an intervention designed to improve gait abnormalities should target the motor system).

The stage of the disease and disease outcomes, as well as behavioral symptoms such as agitation, frustration, and/or high levels of anxiety, are important
factors that may affect data collection of biomarkers. These issues are more likely to be present in mid-to-late-stage dementia.

Investigatorsmust identify the specific domains (sensory, emotional, cognitive, ormotor) that are affected by the disease condition that they are studying. It is
also important to assess the impact of the music intervention on multiple domains—the thinking-moving-feeling triad.

Considerations of time dimension of the intervention are important: symptom exacerbation and disease progression (i.e., in AD, cognition in early stages but
behavioral manifestations in middle and later stages) affect MBI outcomes as well as short-term, intermediary, and long-term effects of interventions.

Measures with strong psychometric properties (e.g., test-retest reliability or discriminative reliability/sensitivity to change) must be prioritized.

Investigators must thoughtfully address subject burden and the number of outcome measures in their study design.

The caregiver-subject dyad and the impact of the intervention on each are important. Key factors include burnout, empathy, stress relief, engagement,
adherence, and at-home practice.

The risk/benefit ratio of theMBImust be seriously considered. Potential risks include exacerbation of symptoms, anxiety produced by exposure, expectations
of skill learning, and falls and fractures.

Practical factors such as overall cost and resource requirements (e.g., the investigative team’s expertise, available infrastructure) are important
implementation considerations.

New tools andm-health technologies should ideally be incorporated intoMBIs (e.g., digitalmeasures for facial expressions andmovements; wearable devices
for sleep quality, activity level, exposure to music, and heart rate variability; phone apps for reminders and in-home practice; Ecological Momentary
Assessment [EMA] methodology; actigraphy; voice recording; and video recordings).

a See the definition of mechanistic and clinical outcomes in Glossary of Terms in eAppendix 1 (links.lww.com/WNL/C605).
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(e.g., galvanic skin response, pupillometry, and cortisol)
(Table 4).

Policy Implications
and Recommendations
Advancement in science is predicated on 2 critical concepts:
rigor in designing and performing scientific research and the
ability to reproduce biomedical research findings. In 2016,
the NIH announced the Rigor and Reproducibility Policy29

to better ensure that researchers use unbiased and well-
controlled experimental design, methodology, analysis, in-
terpretation, and reporting of results. Furthermore, the policy
encourages scientific integrity, public accountability, and so-
cial responsibility.

MBIs are a valuable therapeutic opportunity because these
interventions are low cost, mostly devoid of side effects, often
scalable in health care systems, and generally well accepted
by patients. The development and dissemination of the NIH
MBI Toolkit addresses a pressing need in the music and
health field for enhanced data collection, with guidelines for
scientifically rigorous studies, representing a necessary step in
accelerating progress toward incorporating MBIs in health
care systems.

Rigorous MBI research also requires a team science approach,
bringing together different groups with varied expertise, per-
spectives, and ideas. To be successful, the investigative team
should be interdisciplinary and have expertise in the pop-
ulation or health condition of interest, intervention de-
velopment, target outcomes (e.g., functional, biological,
disease, and nondisease outcomes), neuroscience, and

relevant biomarkers. The team should include a methodologic
expert(s); statistician; competent clinician(s) to deliver the in-
tervention; stakeholders (e.g., patients or caregivers);
skilled study coordinator(s) to supervise recruitment, data col-
lection, adherence to the study protocol, and data management;
and an individual with experience managing funded research.
Utilization of the guiding principles of the NIH MBI Toolkit is
strongly recommended for NIH-funded studies of MBIs.

Final Points and Next Steps for MBIs
MBIs have the potential to influence patient-relevant target
outcomes, such as manage symptoms, slow disease pro-
gression, rehabilitate, and improve quality of life in many
disease conditions across the lifespan. A critical step toward
incorporating MBIs into US health care systems is the dis-
semination and implementation of the NIH MBI Toolkit’s
guiding principles for large-scale, rigorous, and replicable
evidence-based research. Table 5 outlines other key take-
home messages from this manuscript.

Development of the NIH MBI Toolkit has highlighted the
utility of various technologic advances in behavioral mea-
surement that are enabling more rigorous and robust mea-
surements to be obtained. Among these advances are the Item
Response Theory48 and computer adaptive testing,49 which
are at the core of both the Patient-Reported Outcomes
Measurement Information System (PROMIS) and the NIH
Toolbox.50-53 These systems are relevant across conditions
and were developed and evaluated using state-of-the-science
psychometric methods. The NIH Toolbox, which has more
than 100 standalone measures including many cognition
measures, is particularly useful.52 Aspects of the NIH Toolbox

Table 3 Potential Measurable Outcomes to Be Considered When Designing MBIs for Brain Disorders of Aging

Domain Measurable outcomes for AD and ADRD, PD, and strokea

Emotion Anxiety, depression, emotional regulation, affect, awe, joy, happiness, motivation, and interest in life

Cognition Language, alertness, short-term memory, long-term memory, autobiographical memory, and motivation

Motor Mobility, falls, and gait speed

Sensory Autonomic function, pain, and hearing in noise

Interoception Interoceptive awareness and accuracy

Behavioral Aggressiveness, wandering, agitation, psychosis, apathy, and impact of medication

Social Social connection, social belonging, and altruism

Engagement behaviors Self-efficacy, responsiveness to music, flow, creativity, and artistic identity

Functional status Activities of daily living, quality of life, level of independence, well-being, and sleep quality

Voice/speech Voice quality, control, volume, and level of voice output

Caregiver Burden and emotional impact

Abbreviations: AD = Alzheimer disease; ADRD = AD-related dementia; MBI = music-based interventions; PD = Parkinson disease.
a Not an exhaustive list of measurable outcomes for brain disorders of aging.
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and PROMIS can complement the NIHMBI Toolkit and are
freely available, although technology fees are required when
tests are administered digitally.

Other advances include Ecological Momentary Assessment
(EMA), which involves intensive sampling over time, often
obtained through smartphones or text messaging (rather than
retrospective self-report)54 and passive sensor technologies
(e.g., smartphones, wearable sensors, or home-based sen-
sors).55 EMA can also leverage advances in neuroscientific
tools, which provide very dynamic and detailed pictures of
neurocircuitry and how it changes over time.56

In addition, the Biomarkers, EndpointS, and other Tools
Resource glossary,57 developed by the US Food and Drug
Administration and the NIH, clarifies terminology and uses of
biomarkers and endpoints, as they pertain to progression
from basic biomedical research to medical product de-
velopment to clinical care. This resource creates unique op-
portunities for novel biomarker development specific to the
music and health field. For example, auditory biomarkers
derived from an EEG and the auditory frequency-following
response could be used to screen or stratify cohorts in an
MBI study.58,59 Other useful tools and measures include
psychometrically sound and validated measures of music

Table 4 Potential Biomarkers to Be Considered When Designing MBIs for Brain Disorders of Aging

Category Potential biomarkersa Methodologic examples (nonexhaustive)

Inflammation High-sensitivity C-reactive protein (hs-CRP) and proinflammatory cytokines, e.g.,
interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-alpha)

Bioassay (ELISA)

Brain structure Gray and white matter volume, structural connectivity MRI

Neural circuits and
function

Functional activation and functional connectivity fMRI, EEG

Neurotransmitter
dynamics

Neural receptor occupancy PET, electrophysiology

Neurotransmitter
dynamics

Dopamine transporter (DAT) PET

Neuroplasticity Brain-derived neurotrophic factor (BDNF) Bioassay (ELISA)

Neurotransmitter
dynamics

Dopamine (DA) Neurotransmission imaging and levels of DA
contained in tears or blood

Neurodegeneration Neurofilament light chain (NFL-1), alpha-synuclein, and tau Bioassay (ELISA and real-time quaking-induced
conversion [RT-QuIC] assay)

Neurodegeneration Amyloid and tau PET

Gene expression Presenilin 1 gene methylation, alpha-synuclein DNA methylation Blood and saliva collection

Affective Tone of voice, quality and control of voice, and facial expression Audiovisual recordings

Affective (anxiety
and agitation)

Cortisol level, adrenocorticotropic hormone (ACTH), noradrenaline, leptin, and
proinflammatory cytokines, e.g., IL-6 and TNF-alpha

Bioassay (ELISA)

Affective Activation in the dopaminergic reward system fMRI

Affective Connectivity between auditory and reward systems fMRI

Affective
(autonomic
arousal)

Galvanic skin response, pupil diameter, and heart rate variability Skin electrodes and pupillometer

Affective (social
engagement)

Eye contact, synchronization of body sway across participants Visual and motion capture (eye tracking, video,
and wearables)

Affective (social
engagement)

Oxytocin Bioassay (ELISA)

Sensory Auditory frequency-following response (FFR) EEG

Sensory Rhythmic entrainment EEG, Movement Disorder Society–Unified
Parkinson’s Disease Rating Scale (MDS-UPDRS)

Motor Body sway, mobility Biometrics, MDS-UPDRS, and wearables

Motor Speed of movement Timed tapping, timed up and go, and timed walk

Abbreviation: MBI = music-based interventions.
a Examples of potential biomarkers; some have not yet been validated; some are primarily used in research settings.
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engagement, flow, creativity, and joy. Digital measures of fa-
cial expressions and movement, as well as innovative per-
sonalized music delivery systems, would further enhance the
ecologic validity of MBI protocols.

Finally, the NIH foresees potential research opportunities for
future modification and updating of the NIH MBI Toolkit
relevant to various diseases and conditions across the lifespan.
The research community is strongly encouraged to take ad-
vantage of this Toolkit to help improve the rigor and repli-
cability of MBIs.
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Table 5 Take-Home Messages

The time is right to bring together music therapy, music medicine, and
neuroscience in new and synergistic ways—exciting new tools for
monitoring the brain in action are being developed, and through the Sound
Health initiative, the NIH is supporting research to pinpoint how music
therapy and other music-based interventions work.

Preliminary evidence of the beneficial effects of MBIs is mostly limited to
anecdotal evidence or small-scale clinical trials, creating a stumbling block in
the practical advancement of developing and testing interventions that can
be low cost, mostly devoid of side effects, scalable in health care systems,
and generally well accepted by patients.

The NIH is committed to developing standards and tools that can be applied
to MBI studies. To achieve this goal, the NIH has gathered input from
interdisciplinary expert panels composed of neuroscientists, music therapy
and music medicine professionals, behavioral intervention researchers,
clinical trial methodologists, and patient advocacy and arts-based
organization representatives to create the NIH MBI Toolkit for research on
music and health across the lifespan.

The NIH MBI Toolkit provides investigators with broad guidelines and
recommendations on a consolidated set of common data elements for MBI
protocols and core dataset of functional outcome measures and
biomarkers that they can use in their specific studies (in this manuscript, we
focused on brain disorders of aging as a model system).

It is critical that MBI investigators align their specific MBI studies to the NIH
2016 Rigor and Reproducibility Policy. Moreover, the NIH strongly
encourages US investigators submitting MBI studies for NIH-funding
consideration to incorporate the guiding principles and implementation
considerations of the NIHMBI Toolkit (as outlined in this manuscript) and to
abide by the specific review criteria for NIH-funded MBI studies.
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15. Särkämö T, Laitinen S, Numminen A, Kurki M, Johnson JK, Rantanen P. Clinical and

demographic factors associated with the cognitive and emotional efficacy of regular
musical activities in dementia. J Alzheimer’s Dis. 2015;49(3):767-781.

16. Román-Caballero R, Arnedo M, Triviño M, Lupiáñez J. Musical practice as an en-
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