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Biological principles for music and mental health
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Efforts to integrate music into healthcare systems and wellness practices are accelerating but the biological foundations supporting
these initiatives remain underappreciated. As a result, music-based interventions are often sidelined in medicine. Here, I bring
together advances in music research from neuroscience, psychology, and psychiatry to bridge music’s specific foundations in
human biology with its specific therapeutic applications. The framework I propose organizes the neurophysiological effects of
music around four core elements of human musicality: tonality, rhythm, reward, and sociality. For each, I review key concepts,
biological bases, and evidence of clinical benefits. Within this framework, I outline a strategy to increase music’s impact on health
based on standardizing treatments and their alignment with individual differences in responsivity to these musical elements. I
propose that an integrated biological understanding of human musicality—describing each element’s functional origins,
development, phylogeny, and neural bases—is critical to advancing rational applications of music in mental health and wellness.
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INTRODUCTION
Every day, hundreds of millions of people make or listen to music.
This appetite is driven by music’s core effects on emotion [1–3],
reward [4], and affiliation [5]. The value we place on these effects
supports a 200 billion dollar per year industry in the US alone [6].
More and more, music’s core effects have come into focus for their
alignment with core dimensions of mental health, e.g., mood,
motivation, pleasure, and social functioning. Together with rapidly
increasing awareness of mental health’s humanistic and financial
importance, this alignment has sparked new investments in
music-based interventions from government and industry [7–9].
This interest presents an opportunity for proponents of music’s
therapeutic value to increase the specificity and rigor of its
application and enhance our understanding of its clinical scope
and efficacy.
Meeting this goal depends on a clear conception of music’s

underlying biology as a source of principles for systematic
applications towards specific clinical and subclinical goals. An
awareness of such principles exists in music therapy [10–12],
especially “neurologic” music therapies for motor rehabilitation
[13–15], but applications in mental health remain highly variable,
making it difficult to achieve a unified biologically-informed
approach. Moreover, there are far too few music therapists to
meet current mental health needs. In the US, for example, there
are only about 10,000 board-certified music therapists, compared
to about 58 million adults living with mental illness [16, 17].
Assuming an average weekly caseload of 30 patients [18], total
capacity to treat is therefore just 0.5%. Musicians represent
another important source of insight, as they are ultimately the
most skilled at titrating music’s neurophysiological impact.
However, the inherently subjective nature of their “artistic”
approach can preclude direct integration within a scientific model
of health.

Given the uncertainty in defining the relationship between
music and health, funders have sought to advance applications by
casting a wide net. The National Institutes of Health, for example,
has sponsored an extensive list of research topics involving music,
including improving treatment response in cancer, stress and pain
management in surgery, affect modulation in mood disorders,
anxiolysis in anxiety disorders, social functioning in neurodevelop-
mental disorders, palliative care in advanced illness, neural
rehabilitation after injury, and wellness through exercise [19]. This
breadth is likely to puzzle many medical professionals and raise
skepticism in more than a few. Can music really be such a panacea?
While skepticism is justified (as discussed in Section “Skepticism

and need”), clear evidence of music’s effects on core mental
health variables is readily apparent in our growing understanding
of music’s biological foundations. Critically, these foundations
provide a rational basis for standardizing and expanding music’s
psychiatric applications and benefits. In this review, I outline a
framework for music in human biology and describe some of its
basic implications for standardized music-based interventions in
mental health, with the goal of increasing biomedical integration
and impact.

DEVELOPING A BIOLOGICAL PERSPECTIVE
As far as we know, music has been with humans since our earliest
existence. The first known evidence of human preoccupation with
music comes from Stone Age flutes, carefully carved in wing
bones and mammoth ivory some 40,000 years ago [20]. Over the
course of recorded history, explanations of music and its power
have been sought in terms of mythology, cosmology, mathe-
matics, and physics, with many important insights along the way
[21, 22]. However, it was not until the 19th century that music
came to be viewed in terms of human evolution. In 1871, based
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on observations of general similarity between human and animal
vocalization, as well as the behavior of other “singing” mammals
(like gibbons and howler monkeys), Darwin postulated a basis for
music in sexual selection on social behavior. Specifically, he
proposed that the vocalizations of our ancestors were likely more
musical than linguistic, comprising greater regularity in pitch and
time, and functioning mainly in signaling affect, attracting mates,
and threatening rivals [23]. From this perspective, “music”
provided the foundation for the evolution of human language,
centering its underlying biology within the study of human
cognition and communication more broadly [24].
Two aspects of this early account continue to shape modern

biological music research or biomusicology (e.g. [24–41]). One is
that music is, first and foremost, a form of social communication,
with explicit origins in auditory-vocal interaction. The second is
that singing and speaking—and thus, music and language—likely
share a common origin in early hominids, as reflected by their
many overlapping features, like being auditory-vocal by default,
emotional expressive, and inherently social [25]. While many more
specific details about the evolutionary origins of music remain
under debate (cf [31, 38, 42–48]), a general view of music as
rooted in social communication, with close ties to speech and
language, is consistent across most theories and also central here.
Before proceeding, it is important to clarify that biomusicology

chiefly concerns musicality rather than music per se. Whereas
music is a cultural phenomenon of infinite variety [46], musicality is
the genetically constrained and reliably developing set of neural
capacities on which music production and perception rests [33]. It
should be noted that this view departs significantly from common
conceptions of music that center specific cultural manifestations
and individual variation in preferences. Instead, a biological
perspective centers music’s basic features in relation to pressures
to evolve and develop neural capacities that support social
communication. The following sections define this perspective
with respect to four core elements of musicality—tonality, rhythm,
reward, and sociality—reviewing essential concepts, biological
bases, and evidence of clinical benefits, towards a framework for
rational clinical translation.

TONALITY
Musical terms and definitions
Tones are a special class of sound stimuli that evoke a strong sense
of pitch. Physically, they comprise regularly spaced pressure waves
that repeat at frequencies between approximately 30–4000 Hz
[49]. All musical cultures and traditions use tones [50, 51], making
neural sensitivity to tonality—defined simply as the use of tones to
make music—a core element of human musicality. Tonality has
primarily been considered from three perspectives. Harmony is
focused on the organization of tones with respect to frequency.
Melody is focused on the sequential organization of tones over
time. Timbre is focused on the quality imparted to tones by their
source and manner of production (e.g., a voice or a synthesizer,
sounded gently or harshly, etc.) [52].

Conserved aspects of tonality
The most significant source of tones in the human auditory
environment is vocal fold vibration in the larynx [53, 54]. In
speech, the frequency of vocal fold vibration fluctuates rapidly,
leading to dynamic and variable tones (Fig. 1A). In contrast, during
song, these vibrations are modulated to emphasize particular
frequencies and frequency relationships [50, 51, 55]. Beyond these
“universal” features, many key aspects of harmony, melody, and
timbre are widely observed across richly differentiated musical
cultures and traditions.
In harmony, music almost always emphasizes a small set of

tones defined by specific relationships to each other [51]. The
simplest of these relationships—e.g., octaves (2:1) and fifths (3:2)
—feature prominently in music worldwide [21, 56, 57], and
particular sets of ratios called scales (or modes) are strikingly
popular across cultural boundaries [21, 57, 58]. For example, the
Western minor mode corresponds to what South Indian musicians
call the Keeravani raga [59]. Similarly, the Japanese ritsu scale is
also found in traditional Western folk songs like “Auld Lang Syne”
and “Amazing Grace” (Fig. 1B) [60]. In melody, tones tend to be
arranged in arched or descending contours [21, 51], traced mainly
by small steps in pitch, with larger steps typically rising (Fig. 1B)
[61–64].

Fig. 1 Tonality. A The same phrase spoken and sung by the same person to highlight how tones in music are related to tones in speech
(based on Diana Deustch’s speech-to-song illusion). Variation in sound pressure over time (black) is overlaid with variation in the fundamental
frequency of vocal fold vibration (the physical correlate of voice pitch; red). B On the left, the frequency relationships defined by the Japanese
ritsu scale are presented along a vertical axis. Each relationship is calculated with respect to the lowest tone in the set (labeled “1.000”). On the
right, the melody of the American gospel song “Amazing Grace” is shown using the same relationships. Conventional note letter names are
listed at the right. C Timbral similarity of vocal and instrumental tones with parallel affective qualities. Top row: sound pressure waveforms
with temporal envelopes shown in red. Bottom row: corresponding Fourier transforms with spectral envelopes shown in blue. These examples
were selected to show similarity in temporal and spectral features of vocal and instrumental tones with parallel affective qualities.
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In timbre, specific temporal and spectral characteristics of tones
give rise to specific perceptions of anatomical and affective source
parameters, e.g., the ratio of low- to high-frequency energy in a
tone is associated with size, valence, and arousal [65, 66], rapid
tone onsets signal a higher commitment of energy [67], and
“rough” growl-like tones often convey anger or aggression [68, 69]
(Fig. 1C). There is also widespread conservation in the use of tones
for specific purposes. For example, lullabies typically comprise
tones with relatively more low-frequency energy, sorted into
simple repeating patterns [70–72]. Likewise, flatter contours with
narrower pitch steps are favored for conveying somber affect
[63, 73]. Together, these and other broadly conserved aspects of
tonality indicate a strong foundation in our shared biology.

Biological foundations of tonality
To model the biology underlying tonality, music scientists have
developed vocal similarity theory (VST), the central tenet of which
is that we perceive tones according to their behavioral
significance in vocal communication [22, 30, 53, 58, 74–78]. VST
is based on the fact that our experience with tones is dominated
by the voice at evolutionary and individual time scales. This
implies that the neurobiology of tone perception has primarily
been shaped by pressure to contend with tones in the voice and
their significance for adaptive behavior [22, 53, 75].
Phylogenetically, sensitivity to “tone of voice” is likely to have

emerged very early in tetrapod evolution [79]. In mammals,
auditory-vocal interaction is often central to social behavior and
cognition, placing this sensitivity under intense selective pressure.
Developmentally, the fetal brain begins responding to mother’s
voice around the 24th week of gestation [80]. Over the ensuing
weeks, these responses develop to the point that infants strongly
prefer their mother’s voice at birth [81], an orientation that
scaffolds the formation of our prototypical social bond, the
modulation of affect through sound, and the development of
communication more broadly [82]. Mechanistically, neural specia-
lization for responding to vocal tones is evident throughout the
auditory system, from enhanced representations of periodicity in
the brainstems of humans and rats [83, 84], to harmonically
sensitive neurons in marmoset cortex [85], and pitch contour
neurons in human cortex [86].
The culmination of this underlying biology is a brain that

responds to tones reflexively by supplying percepts of meaning
and intent as guides for behavior and cognition. This works
because the acoustics of laryngeal vocalization are linked to
source parameters at a statistical level [87, 88]. For music, the
implication of VST is that conserved aspects of tonality can be
understood as consequences of the auditory system’s biological
tuning to voices.

Applications of tonality in mental health
VST roots tonality in the bioacoustics of vocal affect, providing a
principled basis for the assessment and manipulation of reflexive
responses to musical tones, and their translation to psychiatry. For
any given clinical goal related to the modulation of patient affect,
VST predicts that proper applications of tonality require alignment
with the statistical regularities that identify vocal expressions as
conveying the emotion required to effect the desired physiolo-
gical change. For example, a musical intervention aimed at
relieving high anxiety and agitated negative mood should have
tonal properties that align with a positive calming voice, such as
extended falling pitch contours and low-frequency weighted
timbres. Similarly, an intervention for depression should possess a
gentle affirming tone, captured by more articulated contours that
rise towards their ends. This approach naturally imbues musical
tonality with a capacity to modulate listener feelings that parallels
the corresponding tone of voice. However, because musical tones
are (often) freed from the constraints of vocal expression—e.g., by
instrumental production or release from linguistic demands—key

regularities can be distilled and exaggerated to yield tones with
supernormal neurophysiological effects.
Importantly, guidance derived from VST on how to use tonality

to modulate affect largely corresponds with what musicians and
music therapists have learned to do through subjective explora-
tion and experience [76, 89]. This is reflected in the effects of
current musical treatments on dysregulated anxiety and mood.
For example, receptive treatments (based on listening) can
effectively reduce acute anxiety in chemotherapy [90], childbirth
[91], and surgery [92]. A 2018 meta-analysis of 81 randomized
controlled studies, involving over 6000 patients, found that music
listening before, during, or after surgery significantly reduced
anxiety symptoms, with an effect size equal to 69% of one
standard deviation (Standard Mean Difference [SMD]= 0.69) [92].
Other meta-analyses indicate that music therapy can also be an
effective anxiolytic beyond these acute medical contexts. A 2021
meta-analysis of 32 controlled studies with over 1,900 patients
with anxiety showed significant anxiety reduction after an average
of 7.5 music therapy sessions (SMD= 0.36). This effect was
stronger in the subset of 11 studies with >12 sessions (SMD=
0.59), suggesting a dose-response effect [93]. For context,
consider that estimated summary SMDs for first-line psychothera-
pies and pharmacotherapies lie between 0.28–0.44 and 0.33–0.45
respectively (but note that these numbers are based on much
larger samples) [94].
Similarly positive effects of music therapy have been reported

for affect disorders. A 2017 meta-analysis of 9 controlled studies
including 411 patients diagnosed with a depressive disorder
found that adding 6–12 weeks of music therapy to antidepres-
sants and/or psychotherapy significantly reduced clinician-rated
and patient-rated symptoms (SMD= 0.98 and 0.85 respectively)
[95]. A 2020 meta-analysis focused specifically on receptive
musical treatments found an even stronger effect when looking
at depressive symptoms across patients with a wider variety of
primary diagnoses, like heart disease, dementia, insomnia (SMD=
1.33, 17 controlled studies, 1,284 patients) [96]. The same paper
also reports a significant effect for interactive treatment (based on
making music; SMD= 0.57, 20 controlled studies, 1,368 patients)
[96]. Both effects were apparent across variable depression
severity levels and treatment courses (mean dosage was
approximately 14 h, SD= 18, range = 0.33–126) [95, 96]. For
context, overall SMDs for psychotherapy and pharmacotherapy in
depressive disorders have been estimated at 0.31 and 0.30
respectively (again, based on larger samples) [94].
While success of this kind might suggest that music therapy can

do without VST, it should be noted that none of the aforemen-
tioned meta-analyses (and few of the individual studies that they
cite) provide any details on the parameters of the music
employed. This is largely because musical decisions are made
on intuition rather than principle. Thus, while subjectivity has
proven an essential guide in discovering music’s therapeutic
applications, it also complicates scientific efforts to understand
music’s therapeutic effects and standardize their application. VST
addresses this challenge by providing objective guidelines for
musical tonality based on specific therapeutic goals. This is a
necessary step towards standardization, which is in turn required
for expanding access to musical treatment.

RHYTHM
Musical terms and definitions
Rhythm is the temporal patterning of sounds in music. The
dominant feature of rhythm is temporal predictability, focused at
rates ranging from approximately 0.5 to 5 Hz (30–300 beats per
minute [bpm]) [97–99]. All musical cultures and traditions exhibit
some temporal predictability in this range, making neural
sensitivity to rhythm a second core element of musicality (no
ranking implied) [50, 51]. Investigations of rhythm typically
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identify two core components [100]. Pulse is the main cycle of
rhythmic repetition perceived in music; it is generally what we
synchronize to when we move in time with music. Meter refers
more broadly to other rhythmic cycles perceived in music [101].
These encompass repetition rates that are both faster and slower
than the pulse, defined by subdivisions of the pulse and multi-
pulse cycles, respectively.

Conserved aspects of rhythm
As with tonality, key elements of rhythm are widely conserved
across musical cultures and traditions. In pulse, acceptable rates
(or tempos) are highly constrained, showing a peak between
approximately 1.33 and 2.67 Hz (80–160 bpm) across a variety of
different musical traditions (Fig. 2A) [98, 102]. Intriguingly, this
peak corresponds closely with dominant rates of periodicity in full-
body human motion (e.g., 1.35–2.5 Hz [81–150 bpm] in walking)
[98]. A second widely conserved aspect of pulse is that individual
pulses tend to be isochronous or equally spaced in time [50, 51].
There are traditions that also use unequal pulse spacing [103], but
only in ways that retain predictability and thus allow interpersonal
synchrony [104, 105].
In meter, rhythmic cycles that are faster than the pulse also

exhibit characteristic rates, mostly in the range of 2–8 Hz (120–480
bpm; typical of finger or wrist motion), and involving subdivisions
of the pulse rate by factors of two or three [99, 101]. Faster cycle
rates are found in some traditions, e.g., 10–15 Hz [600–900 bpm]
in djembe [103] or death metal [106], but this is relatively rare. For
cycles at rates slower than the pulse, rhythmic patterning is almost
always marked by variations in acoustic emphasis called accenting
[100] (Fig. 2B). A simple example of accenting comes from the
marching rhythm “one, two, one, two, ”, a repeating two-pulse
cycle in which the first pulse is accented. Increasing in complexity,
the meter of rūpak tāl in North Indian music is defined by a
repeating seven-pulse cycle with multiple levels of accent set into

groups of three and two [107]. More complex still are the drum
patterns of Malian djembe music. For example, in suku, a
repeating twelve-pulse cycle with multiple levels of accent is set
into groups of three, each of which has a non-isochronous “short-
medium-long” pulse pattern [103]. In sum, despite impressive
diversity, rhythms from around the world are characterized by a
restricted tempo range, multi-layered patterning, accenting, and
predictability.
Further evidence that rhythm relies on conserved biology

comes from the fact that the acoustic stimulus, taken alone, is
often an insufficient basis for direct derivations of pulse and
meter. Instead, these core aspects of rhythm depend on the
interaction of sonic events and the brain [100, 101]. Multiple lines
of evidence indicate that humans possess specialized neural
mechanisms that reflexively identify and reinforce temporal
regularity in sequential auditory stimuli. These mechanisms
(described in greater detail below) are specialized in that they
are common to most humans but apparently rare among other
animals. Individuals from many species can be trained to move in
reaction to a pulse, but human movements are shifted forwards in
time to anticipate, rather than lag behind, upcoming events [108].
We also synchronize flexibly, easily adjusting to tempo changes
that disrupt or defeat synchrony in experiments with other species
(parrots represent an interesting exception) [40].
More evidence of specialization comes from our curious

tendency to spontaneously impose accenting on acoustic
sequences that lack it. For example, we are apt to hear alternation
or triplets in sequences of physically identical events, a perceptual
imposition that can be differentiated electroencephalographically
[109]. A final piece of evidence for specialized neural mechanisms
in human rhythm perception is the global popularity of
syncopation, especially in dance music [110–112]. Syncopation
balances anticipation, built from sounds occurring on-the-pulse,
against its systematic violation by sounds occurring off-the-pulse

Fig. 2 Rhythm. A A histogram of tempos from a sample of over 74,000 pieces of music. “DJ lists” refers to lists of song tempos used by disk
jockeys to match pulse rates between tracks; “Radio” refers to songs found by randomly tuning into radio stations circa 2002; “Hits” refers to
popular music from 1960–1990; and “styles” refers to a selection of music from divergent styles (e.g., renaissance polyphony and modern jazz).
B One cycle from each of three rhythms with different meters, increasing in complexity from top to bottom. Circle size and shading indicate
level of accenting (large/dark = strong), red stars and horizontal black brackets mark subgroups, and ellipsis denote repetition. Tin, Na, and
Dhin are specific tabla drum strokes; tone, slap, bass, and touch are specific djembe drum stokes. The suku rhythm is based on section 5.3 of
Polak (2010), with a timing ratio of 11:17:22 for the short-medium-long pulse patterns. C Hypothesized information flow through the network
of brain areas implicated in rhythm perception. Additionally relevant brain areas include the hypothalamus, insula, and orbitofrontal cortex
(see Fig. 3). The rhythm network is mostly bilateral despite being visualized in the left hemisphere here. Numbers refer to Brodmann areas.
Insets show implicated structures in situ. Panel A is adapted from Moelants (2002) with permission from the author.
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[113]. Perceiving syncopation thus depends on a conserved ability
to form an internal model of regular temporal structure that is
strong enough to withstand substantial ill-fitting sonic data [111].
Together, these and other broadly conserved aspects of rhythm
indicate a strong foundation in our shared biology.

Biological foundations of rhythm
To model the biology underlying rhythm, music scientists have
developed Neural Resonance Theory (NRT), the central tenet of
which is that rhythm perception depends on endogenous
oscillations in neural circuitry [97, 114–116]. NRT holds that such
oscillations spontaneously entrain to stimulus-evoked neural
responses to modulate receptivity, prediction, and motor reactiv-
ity, thus providing a mechanistic basis for pulse and meter. While
this “resonant” capacity is maximally engaged by music, its
primary utility appears to be in processing spoken language,
which, despite being less temporally regular than music, is still
sufficiently regular (between 2–8 Hz [120–480 bpm] [102]) for
entrained oscillations to aid in parsing phonemes, syllables, and
phrases [117, 118]. This implies that rhythm perception is
intimately linked to vocal communication, just like tone
perception.
A related aspect of NRT is that neural activity in auditory cortices

readily couples with neural activity in parts of the brain that
regulate movement, especially cortical areas and subcortical
structures involved in motor planning, such as the supplementary
motor and premotor cortices, the dorsal striatum, and the
cerebellum [119–123] (Fig. 2C). Activity in these parts of the brain
increases in response to rhythm, even in the absence of
movement [122], suggesting that auditory-motor interaction
may be essential to rhythm perception. The link between rhythm
and movement has also been explored in studies of groove, a
psychological concept defined by variation in the degree to which
a musical stimulus inspires movement. People generally agree
about degrees of groove in music [124, 125], with research
suggesting a basis in common acoustical and structural features of
rhythm, such as emphasized low-frequency energy (“bass”)
[126, 127] and moderate levels of syncopation
[111, 112, 127, 128]. Notably, groove is broadly associated with
positive affect [111, 125, 129, 130], making it directly relevant to
mental health.

Applications of rhythm in mental health
So far, the clinical value of NRT has mainly been studied in the
context of music therapies aimed at improving sensory and motor
functions [131] (including speech [132]). However, even in these
contexts, mental health benefits are often apparent. For example,
in a 2021 meta-analysis of 17 randomized controlled studies
testing musical interventions in Parkinson’s disease, a sub-analysis
of 8 studies with mental health measures found significant
benefits for mood, motivation, and emotional well-being in music
conditions compared to standard care (SMD= 0.38, N= 273
patients) [133]. Positive mental health outcomes have also been
observed in response to receptive music therapy after stroke
[134, 135]. For example, one widely-cited study found that
listening to music for at least one hour per day over a two-
month period significantly lowered self-reported depression at
3 months post-stroke, as compared to standard medical care and
rehabilitation [136]. Intriguingly, this study also reported benefits
of music listening for cognitive function (memory and attention)
in a well-controlled comparison to audio-book listening [136].
The capacity of rhythm to entrain activity in broad auditory-

motor networks and simultaneously increase positive affect can
also be hypothesized to account for a significant proportion of the
benefits of musical treatments for anxiety and depression (see
Section “Applications of tonality in mental health”). Specifically,
engaging these networks with high-groove rhythms may provide
an efficient way to disrupt maladaptive patterns of brain activity

associated with negative affect and self-focused negative rumina-
tion [137–139]. Related to this hypothesis, there is growing
evidence that groove is important for understanding the effects of
music on cognition, particularly in the context of repetitive
effortful work, which can often generate negative affect
[135, 140–145]. For example, in one recent study, listening to a
high-groove drum loop for just 3 min was found to be more
effective than noise at improving performance on a subsequent
repetitive behavioral task measuring context-dependent response
inhibition (a “Stroop” test). This effect of rhythm was specific to
participants who reported enjoying the drum loop and its groove.
These participants also exhibited significantly greater (dorsolat-
eral) prefrontal cortical activity during the Stroop test in the drum-
loop condition, as measured using functional Near Infra-Red
Spectroscopy [141].
Experimental evidence for positive effects of rhythm on certain

types of cognition accords with longstanding evidence from
ethnographic literature. Specifically, rhythmic music has often
been used to positively transform the experience of work
otherwise experienced as negative and draining (e.g., harvesting
food, military drills, and moving cargo) [145, 146]. Similarly,
musicians commonly experience “being in the groove” as a
pleasant state of focus that offsets burdens associated with
extended periods of high level performance (e.g., on tour)
[125, 129, 147]. Such effects can be understood as rhythmically-
driven increases in motivation and effort [143], potentially
reflecting increased engagement of key cortico-basal ganglia-
thalamo-cortical loop circuitry (see Fig. 2B). They are particularly
well-characterized in the context of physical exercise, where music
can increase enjoyment and reduce perceived exertion [148], but
such benefits may also extend to less muscular tasks (see
discussion of the Mozart effect in Section “Another crest in the
music and health hype cycle?”). In sum, the biological foundations
of rhythm provide insight into how music can be applied to
address challenges in mental health associated with mood,
cognition, and motivation.

REWARD
Music and brain reward circuitry
While the framework described so far is based on an analytic
separation of tonality and rhythm, the health applications of
several other core elements of musicality are better considered in
terms of music as a whole. Perhaps the best example is our
fundamental attraction to music, as reflected in its marked
capacities to stimulate wanting, liking, and learning. Over the
past several decades, neuroimaging studies have demonstrated
that taking pleasure in music is closely associated with activity in
classical brain reward circuitry [26, 149], including the mesolimbic
dopamine pathway between the ventral tegmental area (VTA) and
the nucleus accumbens (NAc) [4]. Early studies used positron
emission tomography with the radiolabeled dopamine D2

receptor ligand, [11C]raclopride, to show that musical frisson
[150]—moments of peak neural excitement, piloerection, and
“chills” that occur during music listening—are associated with
surges in dopamine binding within the NAc [151, 152]. Additional
evidence that music stimulates mesolimbic reward comes from
functional magnetic resonance imaging studies showing, for
example, that the magnitude of an individual’s NAc response to
music correlates with their subjective liking for it [153].
At the level of brain networks, functional neuroimaging studies

have also found that the time-course of musically-stimulated NAc
activity is tightly coupled with that of activity in the VTA and
hypothalamus [154]. This has led to the proposal of a “tripartite
network” at the core of musical reward, with the hypothalamic
node linking desire and pleasure to autonomic and neuroendo-
crine effects (Fig. 3A) [128, 154, 155]. Beyond this core, musical
reward also engages an extended network of brain areas
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including the auditory, frontal, and insular cortices, as well as the
amygdala and hippocampus, all of which also exhibit temporal
coupling with the NAc during music listening [149, 153, 154].
These extended connections are presumed to situate musical
reward with respect to sensory, integrative, somatic, affective, and
memory-based aspects of musical responding, respectively.
Lastly, as in the processing of other rewarding stimuli like food,

sex, and drugs, the hedonic aspects of musical reward are partially
dependent on opioidergic mechanisms. This has been shown
pharmacologically, as treatment with the (predominantly μ-)
opioid receptor antagonists naloxone and naltrexone significantly
reduces pleasure in response to musical stimuli [156, 157]. Thus,
although the work described in this section has been carried out
almost entirely with “Western” listeners, the results, taken together
with the widespread enjoyment of music around the world,
strongly support the sensitivity of brain reward circuitry to musical
stimulation as a third core element of musicality.

Applications of musical reward in mental health
In keeping with the central importance of reward in our everyday
lives, this element of musicality has extremely broad implications
for mental health. Dysfunction in brain reward circuitry con-
tributes to a wide range of psychopathology, including mood
disorders, anxiety disorders, substance use disorders, eating
disorders, obsessive-compulsive disorders, attention-deficit/hyper-
activity disorder, autism spectrum disorders, conduct disorder,
Tourette’s syndrome [158], and schizophrenia. This suggests that
the benefits of many current musical treatments may be
attributable to normalizing effects of tonality and rhythm on
otherwise aberrant activity in brain reward circuitry. Thus, in
addition to effects on core dimensions of mental health (e.g.,
anxiety, mood, cognition, and motivation), musical treatments
have also been found efficacious in more specific cases of

psychopathology that specifically feature reward dysfunction.
Some examples include: substance-use disorder, where adding
music therapy to standard treatment can improve motivation to
rehabilitate and abstinence [159]; anorexia nervosa, where
interactive music therapy can stimulate reductions in post-meal
anxiety that exceed those of other treatments [160]; and
Tourette’s syndrome, where music listening, performance, and
even imagined performance, can be an effective tic suppressant
[161].
Further evidence of music’s efficacy against reward-related

dysfunction comes from treatments applied to prominent
transdiagnostic symptoms, like fatigue [162], apathy [163, 164],
and anhedonia [165]. For example, in a study of nursing home
residents age 60+ with mild-to-moderate dementia, a twelve-
week interactive music therapy intervention significantly reduced
apathy and improved communication, in comparison with a
treatment-as-usual control [163]. The effect sizes were relatively
small (SMD= 0.32 and 0.15 respectively), but given the central
importance of apathy in dementia and other psychopathology
[166–168], they represent an important starting point for further
investigation. In sum, the capacity of music to modulate brain
reward circuitry provides a strong mechanistic basis for its benefits
across a wide variety of functional disorders in mental health. A
better understanding of how and when music stimulates reward is
thus critical to advancing music’s therapeutic benefits for mental
health.

SOCIALITY
Synchrony
Converging evidence indicates that engaging in music with other
people is an effective way to stimulate interpersonal affiliation and
social connection [44]. Psychological experiments, for example,

Fig. 3 Musical reward and hypothesized relation to social connection. A A model of the extended musical reward network including the
tripartite core (red outline) and associated cortical areas and subcortical structures (gray outline). Arrows indicate significant positive temporal
correlation in blood-oxygenation-level-dependent activity between the indicated areas during pleasurable music listening. Numbers refer to
Brodmann areas (B) A close-up of the tripartite core showing dopaminergic (blue), opioideric (green), and oxytocinergic (red) circuitry
hypothesized to underpin music’s capacity to stimulate social connection. In rodent models (on which this panel is based) the derivation of
reward from positive social interaction requires the oxytocinergic projections from the PVN to the NAc and VTA. C Interactions within the PVN
between oxytocin and CRF. Oxytocin decreases the excitability of CRF neurons in mouse hypothalamic slices, and may further inhibit CRF
release by modulating CRFR1-positive neurons. Note that music may also have effects on CRF that are independent of oxytocin. ARC arcuate
nucleus, CRFR1 CRF receptor type 1, NAc nucleus accumbens, POMC proopiomelanocortin, PVN paraventricular nucleus, VTA ventral
tegmental area.
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have repeatedly shown that interpersonal temporal coordination
(or “synchrony”) in behavior—a defining feature of musical
interaction—strengthens social bonds between participants. This
has been measured in terms of increased feelings of affiliation and
self-other similarity [169, 170], trust behaviors in economic games
[171, 172], and real-world cooperation [173–177] (reviewed in
[178]). Another line of evidence comes from physiological
experiments showing that recreational forms of behavioral
synchrony—e.g., in group singing, drumming, or exercise—can
upregulate oxytocin secretion [155, 179–182], downregulate
cortisol secretion [155, 181, 183–185], modulate immune reactivity
[182, 184, 185], and decrease pain [186, 187].
In addition to behavioral synchrony, music almost certainly

facilitates affiliation and social connection through inducing
synchrony in affect. This is perhaps best illustrated by the Iso
Principle for mood management in music therapy, one of a few
core methods that remains consistent across diverse approaches
and therapeutic goals [188]. Iso Principle is the practice of
initiating treatment sessions with music that is parameterized to
match the patient’s current mood, creating a basis of shared affect
that can then be leveraged to shift mood through musical
changes. While the neural basis of synchrony’s effects on social
neurobiology has yet to be studied in detail (see [189] for leading
hypotheses), at a psychological level it appears to work through
empathetic processes that increase trust and promote openness
to further interaction and direction [190].
A final line of evidence comes from ethnographic and historical

observations indicating that music (and dance) are commonly
associated with contexts involving high levels of social cohesion.
Major examples include religious rituals, cooperative labor, and
military drill, as well as overt expressions of group solidarity like
political chants, football songs, and national anthems [145, 146].
Taken together, these findings strongly support the sensitivity of
neural mechanisms supporting affiliation and social connection to
musical stimulation as a fourth core element of musicality.

Oxytocin and social reward
Although many artistic and aesthetic experiences are capable of
eliciting intense pleasure, music stands out for the regularity with
which it does so [157]. Research suggests that frisson, for example,
are induced by music at about four times the rate that they are
induced by other stimuli, including the visual arts and literature
combined [191]. This begs the question of why music is so
rewarding.
A potential hint comes from the fact that frisson are also

induced at high rates by inspirational speech [191, 192]. From a
mechanistic perspective, this can be taken as support for the
hypothesis that the reward potency of music (and speech) reflects
high temporal predictability relative to other artistic stimuli
[150, 153], which is particularly well-suited to anticipatory aspects
of reward processing [193]. At the same time, phylogenetic and
developmental perspectives have given rise to the hypothesis that
the reward potency of music reflects its basis in social commu-
nication [149]. In this non-mutually exclusive view, music’s
capacity to stimulate reward processing also reflects the activity
of evolved neural mechanisms that develop to afford the voice
with major modulatory control over the rewards of social
interaction.
Interest in the link between music and social reward has led

many researchers to posit a role for the hypothalamic neuropep-
tide oxytocin in musicality [5, 44, 149, 194, 195], following on its
essential functions in affiliative behavior and social bonding (Fig.
3B) [196–200]. More specifically, music can be hypothesized to
stimulate endogenous oxytocin mechanisms that upregulate
dopaminergic (and related opioidergic) aspects of reward proces-
sing [198], thereby increasing sensitivity to musical rewards in
social context. An important corollary of this hypothesis also
addresses the anti-stress effects of music [201], as music-induced

oxytocin release in the hypothalamus may also modulate local
corticotropin releasing factor (CRF) circuitry to downregulate
activity in the hypothalamic-pituitary-adrenal axis and the
sympathetic division of the autonomic nervous system (Fig. 3C)
[202–206].

Applications of sociality in mental health
Social functioning—as reflected in the structure, function, and
quality of an individual’s social connections—is a critical
determinant of mental health in patients across prominent
psychiatric disorders [207, 208] as well as the general public
[209, 210]. This implies that effects of musical treatment of the
neurobiology of social functioning may be of even broader
significance than closely related effects on brain reward circuitry.
However, before describing the clinical evidence supporting such
effects, it should be noted that the extent to which musical
treatment must involve live interaction to impact social neuro-
biology is presently unclear. Sound recording is only 160 years old,
which implies that the vast majority of our collective experience
with music has occurred in social contexts. Accordingly, there is an
important sense in which listening to recorded music, even alone,
may remain inherently social in neurobiological terms. Our
attribution of recorded music to a person (or people) with
communicative intent is essentially reflexive [211], particularly
when it comprises vocals. It is also clear that recorded music is
often a potent stimulus for behavioral and affective synchrony.
Thus, listening to music alone may stimulate social neurobiology
in many of the same ways as live musical interaction. Nevertheless,
until shown otherwise, it seems reasonable to assume that live
interaction is the more potent stimulus for leveraging music’s
effect on sociality (e.g., see [212–214]).
Operationally, social functioning is targeted by interactive

approaches to music therapy designed to support interpersonal
responding, coordination, and synchrony [11, 215]. A large body of
evidence supports the benefits of such approaches in autism
spectrum disorders [216–221]. Some of this evidence is summar-
ized in a 2022 meta-analysis of 26 controlled studies including
1,165 children with diagnoses of an autism spectrum disorder
(ranging from mild to severe). This analysis compared music
therapy to non-musical standard care or a “placebo” therapy over
an average duration of 2.5 months (SD= 2.0), with session
frequency varying from daily to weekly in shorter and longer
studies respectively [216]. Directly after the intervention, signifi-
cant benefits associated with music therapy included improve-
ment in clinical global impression (risk ratio=1.22, 8 studies, 583
patients), reduced total autism symptom severity (SMD= 0.83,
9 studies, 575 patients), and better quality of life for clients and/or
their families (SMD= 0.28, 3 studies, 340 patients). During the
intervention, music therapy was also associated with significant
improvements in non-verbal communication (SMD= 1.06, 3 stu-
dies, 50 patients) and behavioral adaptation (SMD= 1.19, 4 studies,
52 patients); in the 1–5 months following the intervention, music
therapy was associated with reduced total autism symptom
severity (SMD= 0.93, 2 studies, 69 patients) and improved self-
esteem (SMD= 0.86, 1 study, 35 patients) [216]. For context, the
overall SMD for autism interventions based on Applied Behavior
Analysis (a common non-musical behavioral therapy) has been
estimated at 0.36 for treating general autism symptoms (based on
14 studies with 555 patients) [222].
Further evidence supporting the benefits of music therapy for

social functioning comes from studies on schizophrenia [223]. A
2020 meta-analysis of 15 controlled studies involving 964 adults
diagnosed with schizophrenia or a schizophrenia-like disorder
highlighted significant improvements in negative symptoms (such
as flat affect, poor social interactions, and apathy) when adjunct
interactive and/or receptive music therapy was compared to
standard care (SMD= 0.56) [164]. This aligns with an earlier 2017
meta-analysis that more specifically investigated social functioning,
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reporting benefits from two controlled studies involving adults
with schizophrenia in which music therapy was compared to
antipsychotic medication (SMD= 0.72, N= 160 patients) [224]. For
context, the SMD of antipsychotic medications for treating
negative symptoms in schizophrenia has been estimated at 0.35,
based on 167 studies with 28,102 patients [225].
There is also some evidence that musical interventions can

impact social functioning in Alzheimer’s disease and related
dementias. For example, individual studies have reported
significant benefits of interactive music therapy on language
functioning [226] and receptive music therapy on social engage-
ment [227]. However, reviews and meta-analyses suggest that
such social effects are mainly derivative from primary benefits that
reduce agitation, anxiety, and depression [228, 229].
Finally, outside of the clinic, musical therapy has long been

valued as a non-verbal path to social connection in children with
special needs [215, 221], as well as a way to combat social isolation
and loneliness, particularly in older adults living alone and/or with
serious disease [184, 230]. In sum, music’s capacity to stimulate the
neurobiology of affiliation and social connection is associated with
benefits in multiple major mental health disorders and across the
lifespan.

INDIVIDUAL DIFFERENCES IN MUSICALITY
Despite strong foundations in our shared biology, there is also
substantial individual variation in neural sensitivity to the core
elements of musicality. At the low end of the spectrum are
individuals who cannot carry a tune or dance in time, some of
whom find music irritating and actively avoid it [231]. Conversely,
at the high end are individuals who find it difficult to live without
music, some of whom create works of art that transcend their
geographic and temporal horizons [232]. This high degree of
individual variation in musical appreciation and engagement
implies that there may also be substantial variation in individual
capacity to benefit from musical treatment. In this section and the
next I review research on understanding individual variation in
musicality, outlining how its measurement may be used to increase
the precision with which musical treatments are applied. Accord-
ingly, I argue that better applications of music in mental health
depend not only on aligning the neurophysiological effects of
music’s core elements with specific clinical targets, but also on
matching treatment content to individual differences in musicality.

Psychoacoustic testing
Tests of tone and rhythm perception have long served as the
primary way to measure individual differences in musicality.
Performance on the most basic of these tests—e.g., measuring
sensitivity to harmony and pulse—tends to be positively skewed
[233], reflecting a commonplace competency for music similar to
that which we possess for language [41]. Nevertheless, there is still
considerable variation in basic test scores, and this is increased for
tests that probe more sophisticated musical abilities [234].

Environmental factors
Researchers have traditionally sought explanations for individual
differences in musicality based on environmental factors. One of
the most important environmental factors is formal training, a
process by which individuals explicitly learn specific motor skills
and rules for music performance and composition [235]. Formal
training is particularly important for explaining sophisticated
musical abilities, e.g., as assessed by Goldsmith’s Musical
Sophistication Index (Gold-MSI) [234]. Another important environ-
mental factor is musical enculturation, i.e., the process of implicitly
learning the statistical properties of the music to which one is
developmentally exposed. Many studies have demonstrated
effects of training and enculturation on psychoacoustic tests
(e.g. [236, 237]). Though sometimes framed as evidence against

biological constraints, such effects may be better considered in
terms of how biological constraints manifest in the face of
environmental variation [56, 78].

Biological factors
Progress is also being made towards understanding the genetic
basis of musicality [27]. Early work provided evidence that genetic
factors explain surprising amounts of phenotypic variability in
psychoacoustic test performance (e.g., 70–80% in tone perception
[238]), as well as time spent practicing music (e.g., 40–70% [239];
see also [240]). More recently, genome-wide association (GWA)
techniques have been applied to musicality [241–243]. The largest
of these GWA studies to date has focused on rhythm perception
[243]—assessed via the question “can you clap in time with a
musical beat?”—in a sample of over 606,825 individuals, accessed
via an academic collaboration with 23andMe, Inc. The results
indicated that beat perception and synchronization depend on
many genes, with variation at 69 loci spread across 20
chromosomes being significantly associated with survey
responses after linkage disequilibrium pruning. Additional ana-
lyses found enriched expression of genes implicated by these loci
in brain-specific regulatory elements as well as fetal brain tissue,
indicating potential roles in regulating neurodevelopment. Similar
analyses focused on the adult brain found enriched expression in
structures implicated in rhythm and reward, including the frontal
and temporal cortices, cerebellum, basal ganglia, nucleus accum-
bens, and hypothalamus (see Figs. 2C and 3B).
Although complex traits like our sensitivity to rhythm are

expected to be polygenic [243], some studies have also focused
on associations between musicality and individual genes. One of
the best studied genes in this context is AVPR1A, which encodes
the vasopressin 1A receptor, a major component of the arginine
vasopressin and oxytocin signaling pathways [196, 244]. Genetic
variation in the promotor region of AVPR1A has been associated
with phenotypic variation in psychoacoustic test scores [245, 246],
time spent attentively listening to music [247], and being a dancer
as opposed to another type of athlete [248]. Variation in AVPRA1
has also been associated with verbal memory [249], acoustic
startle [250], amygdala activity [251], prosocial behavior [252],
pair-bonding [253], and autism [254]. As intriguing as these
associations are, however, it should also be noted that several
studies have looked and failed to find associations between
musical ability/behavior and AVPR1A polymorphism [242, 255].
Other genes of particular interest include VRK2, FANCL, MAPT,
MAPK3, GATA2, GBE1, GPM6A, PCDH7, SCL64A, and UGT8 among
others (see [27] and [243]).
Lastly, progress in understanding the biology underlying

individual differences in musicality has also come from studies
of disordered music perception. Congenital amusia [256] is an
umbrella term for lifelong deficits in music perception that
prevent people from singing in tune [257], dancing in time [258],
or deriving pleasure from music [259]. Deficits in tone perception
(or tone deafness) is the best studied form of congenital amusia: it
runs in families [238, 260] and is associated with decreased
connectivity between the auditory cortices and the inferior frontal
gyrus [261, 262], potentially reflecting abnormal frontotemporal
cortical development [263]. The prevalence of tone deafness is
approximately 1.5%, with as many as 4.2% of people exhibiting a
lesser form of impairment [264]. Deficits in rhythms perception (or
beat deafness) appears to be at least as common [264]. Finally the
prevalence of music-specific anhedonia, which, as the name
implies, occurs despite otherwise normal hedonic functioning, is
estimated at about 5% [265].

HYPOTHESES FOR PRECISION MEDICINE
Faced with questions about whether a patient is sufficiently
musical to engage in treatment, many music therapists provide
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reassurance, as a significant part of their practice is dedicated to
finding adaptive ways to leverage music’s capacities to align with
individual strengths [266, 267]. While this resource-oriented
approach has the benefit of allowing music therapists to work
with almost anyone, the framework proposed here can potentially
offer more systematic guidelines for determining whether a
patient is likely to benefit from musical treatment. Fundamentally,
patients with a history of strong engagement with music and keen
sensitivity to its tonal, rhythmic, rewarding, and social elements
would appear to be good candidates for musical treatment,
especially if neurophysiological systems influenced by one or
more core elements of musicality are implicated by their
symptoms. Conversely, those patients who report disliking music,
find it unrewarding, or otherwise qualify for congenital amusia,
would seem to have a lower likelihood of benefiting.
In between these extremes are individuals whose specific

musicality profiles—conceived as a series of measurements describing
sensitivity to each core element of musicality—have important
potential to inform decisions about treatment content. As an
example, treatment for a patient with below-average tone percep-
tion, but normal sensitivity to musical reward, rhythm, and sociality
could be personalized to align with their musicality profile by
focusing on the neurophysiological effects of rhythm in an affiliative
interactive context in which tonal elements are minimized or omitted.

Defining musicality profiles
While measurements of underlying biology may improve assess-
ments of individual differences in musicality in the future, current
efforts must rely on psychoacoustic tests and surveys. Among the
most promising for determining suitability for musical treatment is
the Barcelona Music Reward Questionnaire (BMRQ) [265], a survey
of 20 self-reported items that assess the degree to which an
individual takes pleasure in different aspects of music. For
individuals with normal scores on the BMRQ, further insight may
be gained through a series of basic psychoacoustic tests, like the
scale test and out-of-key test (for evaluating tone perception) and
the off-beat test (for evaluating rhythm perception) from the
Montreal Battery of Evaluation of Amusia (MBEA [233, 268]; see
MBEMA for testing children aged 6 to 10 [269]). If a more
comprehensive assessment is desired, clinicians can deploy the
Gold-MSI (for musical sophistication) [234] or the computerized
beat alignment test (for rhythm) [270].
Although not explicitly focused on music, it may also be useful

to assess a patient’s level of social functioning and anxiety (e.g.,
with the Social Responsivity Scale [SRS] [271] and Liebowitz Social
Anxiety Scale [LSAS] [272] respectively), as the results could inform
decisions about the extent to which a musical intervention should
target social functioning. Interactive music therapy can be
hypothesized to be most effective in cases where social
functioning and social anxiety are both low. By contrast, in cases
where social anxiety (or anxiety more generally) is high, the most
effective approach may instead require limiting social interaction,
at least at first. In keeping with this hypothesis, interactive
approaches to music therapy in dementia (where anxiety is often
high) are significantly less effective than receptive approaches at
reducing agitation and behavioral problems [229]. Similarly, in
music therapy for autism—which is predominantly interactive—
high comorbidity with anxiety disorders may help explain some of
the heterogeneity in trial results (cf [273, 274].). Lastly, in cases
where a patient is unable to complete surveys or perform
perceptual tests due to developmental delay or cognitive
impairment, interviewing caregivers about the patient’s history
of music engagement and social functioning can offer valuable
insights into their potential sensitivity to musical treatment.

Idiosyncratic preferences
Beyond tailoring musical treatments to align neurophysiological
effects with clinical targets and individual musicality profiles,

treatments may also be customized based on individual music
preferences or “taste” [275, 276]. In receptive music therapy, for
example, it’s common for patients to nominate songs they like,
with therapists providing oversight for alignment with therapeutic
goals [89]. One major advantage of this approach is that listening
to preferred music can be especially rewarding [151, 277]. This is
often attributed to the familiarity of preferred music, which
facilitates expectations, their fulfillment, and associated memories
and emotions [150, 278, 279]. Other potential benefits of preferred
music include fostering a sense of safety, enhancing engagement,
and reducing stress [280–282]. However, personal memories and
associations can also make the therapeutic value of preferred
music difficult to control, especially if not carefully reviewed [283].
This is because what a person likes is not necessarily aligned with
their therapeutic goals. A prime example is that people with
depression often prefer music that maintains or exacerbates their
sadness [284–286] (but see [285, 287, 288]). Accordingly, despite
the benefits of preferred music, using novel or unknown music is
advisable in some contexts.
Having already changed how people discover new music,

algorithmic music recommendation systems may also find
applications in mental health. However, the issue of mismatch
between what a person likes and their treatment goals remains
significant here as well. For example, listening to strongly
preferred or popular music while attempting to focus tends to
decrease task performance [140, 142]. In the extreme, the lifestyle
associated with many forms of popular music is linked to
substance abuse, risk-taking, suicide, homicide, and accidental
death among practitioners [289]. This highlights the fact that
engagement with music is not necessarily health-positive (cf
[290–292].). In therapeutic contexts, though, there are still many
cases in which tailoring musical interventions to idiosyncratic
preferences can be beneficial. For example, in receptive music
therapy for Alzheimer’s disease, listening to familiar, preferred
music appears to carry benefits for self-awareness [293]. Similarly,
in depression, preferred music is likely to be the most effective
stimulus for normalizing brain affect and reward functions,
provided that it has been properly vetted to avoid stimulating
negative affect. Finally, when a patient has normal sensitivity to
musical reward but only within a very restricted genre (e.g., from
their youth [294]), or, reports enjoying music despite poor tone
and rhythm perception [295], understanding their idiosyncratic
preferences may be necessary to design effective treatment.
In sum, determining the therapeutic value of aligning musical

treatment with idiosyncratic preferences is of central importance
for musical applications in mental health. That said, progress in
this kind of preference matching should be incorporated within a
broader precision paradigm as advocated here, which aims to
align the specific neurophysiological effects of musicality’s core
elements with specific clinical targets and individual differences in
associated responsivity.

SKEPTICISM AND NEED
In this final section, I address several important points of
skepticism regarding the premise of the biological framework
presented here, i.e., the hypothesis that music can do more for
mental health.

Benefits from music to mental health are already at saturation
In addition to the effects of musical treatment described above
(see Sections “Applications of tonality in mental health.”,
“Applications of rhythm in mental health”, “Applications of musical
reward in mental health”, & “Applications of sociality in mental
health”.), there is strong evidence that people derive mental
health benefits from more casual engagement with music. During
the height of the COVID-19 pandemic, for example, more than half
of 4,206 survey respondents reported engaging with music as a
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coping strategy, using it to derive reward, modulate mood, and/or
reduce stress and anxiety [296]. Similar positive functions are
apparent in pre-pandemic research as well (alongside more social
functions) [2, 297–299]. Associations between music and healing
have also been found in many cultures throughout human history,
suggesting a potentially ancient relationship [300, 301]. Thus, even
though music lies outside the mainstream of mental health care,
many people are already using music to improve their condition.
Nonetheless, there are multiple ways in which music’s mental

health benefits may be increased. First, expanding access to
musical treatment is essential [302]; as stated in the introduction,
music therapists in the US only have the capacity to treat 0.5% of
adults with mental illness. I have argued that this necessitates
standardizing and applying treatments within a biological frame-
work. Second, the popular perception of music as entertainment
needs to evolve to encompass its therapeutic benefits. Explaining
musical treatments in biomedical terms and normalizing ther-
apeutic modes of listening can facilitate this shift. Third, the
balance in music education needs to pivot away from individual
performance and back towards widespread attainment of basic
skills (e.g., social singing and dancing, listening, reflecting,
curating, etc.), with an explicit focus on developing lifelong tools
for mental health and wellness [303].

Another crest in the music and health hype cycle?
Even if one accepts that music has expandable mental health
benefits, the importance of music’s potential might still seem
overblown, here and elsewhere. It is worth revisiting the Mozart
effect in this context, as an example of music’s real effects and
associated hyperbolic overinterpretation. In 1993, a study
published in the journal Nature reported that 10 min of listening
to a spirited Mozart sonata, versus speech-based relaxation, or
silence, improved performance on a subsequent spatial reasoning
task [144]. After being picked up by popular press, this finding was
transformed into the notion that “listening to Mozart actually
makes you smarter” [304], which was subsequently used to market
books and other media for benefits purportedly backed by science
[305]. Backlash from the scientific community in the form of
criticism and further investigation eventually came to show that
the Mozart effect amounts to a relatively small but replicable
performance boost that generalizes to other types of music (and
speech) which stimulate enjoyment and arousal (SMD= 0.37 in
meta-analyses) [143, 305, 306]. Thus, while we should remain
guarded against hype surrounding claims about music’s potential
benefits, the example of the Mozart effect should also remind us
not to counter hype with dismissal.

Low quality studies undermine claims of clinical value
The randomized double-blind placebo-controlled trial remains the
gold standard for evidence in clinical medicine. However, this
approach was primarily designed to test the efficacy of drug
therapies, a history that creates problems for using it to test
behavioral interventions, such as music therapy or psychotherapy
[307, 308]. Central problems include: difficultly blinding patients
and therapists to their assigned condition (treatment or control),
designing appropriate “placebo” treatments, and perceived
difficulty in standardizing treatment without jeopardizing ther-
apeutic integrity [308, 309]. These problems are compounded in
trials that rely on self- and/or clinician-reported outcomes (which
is standard in much mental health research [309]). Consequently,
concerns over study quality have often been cited in expressions
of doubt over music’s clinical value (e.g. [302, 308]).
A quick survey of modern clinical research in music therapy

shows that such criticism has been well-received. Improvements
in control conditions and blinded outcome assessments have
been gradually implemented and evidence from more carefully
conducted trials has begun to accumulate. Over the last decade,
there has also been a surge in meta-analytic syntheses of this

work, most of which explicitly assess risk-of-bias alongside their
conclusions, although they do not typically take the next step of
adjusting effect size estimates accordingly (cf [96, 310].). Overall,
bias assessments suggest that the certainty of evidence support-
ing benefits from musical treatment in mental health is moderate
to low. Nonetheless, this level of certainty is consistent with many
treatments in psychiatry [94]. The assertion that studies of musical
treatment are especially suspect is thus poorly substantiated.
Interested readers should consult bias assessments in these meta-
analyses [93, 95, 96, 133, 164, 216, 224, 229], and review individual
studies that exemplify high-quality research on musical treat-
ments for conditions such as anxiety [311, 312], depression
[313, 314], autism [274, 315], psychosis [316, 317], and dementia
[318, 319].

Mental health needs
In concluding this section, it is useful to briefly consider musical
treatment in the context of current mental health needs. In 2007,
mental health disorders were estimated to account for 14% of
global disease burden [320]. In 2021, an estimated 22.8% of adults
in the United States had a diagnosable mental illness, with 12.7%
of adolescents having serious thoughts of suicide [17]. In
opposition to this growing psychopathology, first-line treatments
in psychiatry are often criticized for their limited effectiveness
[94, 320, 321]. Quantifying this point, a 2022 meta-analytic
evaluation of 3,782 clinical trials examining the most common
adult mental health disorders across a total sample size of 650,514
patients estimated summary effect sizes of just 0.34 SMD for
psychotherapy and 0.36 SMD for pharmacotherapy [94]. In
depression, SMDs <0.88 represent changes in a patient’s
presentation that are typically too small to be detected by a
clinician, suggesting that the effects of standard treatments for
depression commonly lack clinical significance [94, 322, 323]. A
similar SMD threshold in schizophrenia is 0.73 [94, 324]. It is crucial
to note that small summary effect sizes in meta-analyses are
averages, and thus obscure the reality that a minority of patients
have experienced clinically significant benefits under current
treatments (due to poorly understood individual differences in
treatment response). Nevertheless, the data at hand clearly
indicate that new treatments are urgently needed [94].
It is in this context that advancing new standardized music-

based interventions is important, not only because music affects
core dimensions of mental health through the biology of tonality,
rhythm, reward, and sociality, but because these avenues present
an accessible, easy-entry, and low-risk approach to addressing
problems for which we need solutions. Music is poorly conceived
as a panacea. Instead, it has real effects on human neurobiological
functions that feature prominently in mental illness, and thus has
important potential in treating their disorder.

CONCLUSION
The effects of music on mental health and wellness are drawing
more attention now than ever before. Efforts to better understand
music’s benefits and increase their integration into medicine are
complicated by their impressive diversity and a lack of clarity
regarding underlying biology. This review has addressed these
challenges by synthesizing progress in music research from
psychology, neuroscience, and psychiatry to create a framework
for defining music’s neurophysiological effects and their clinical
scope in biological terms. This framework includes four core
elements of human musicality: tonality, based on tone perception
and the bioacoustics of vocal emotional expression, with
applications targeting mood and anxiety; rhythm, based on neural
resonance, anticipation, and auditory-motor entrainment, with
applications targeting mood, cognition, and motivation; reward,
based on engagement of classic brain reward circuitry and the
reinforcement of successful communication, with broad
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applications in stimulating positive affect and normalizing reward
function; and sociality, based on synchrony and the neurobiology
of affiliation, with broad applications in treating social dysfunction
and increasing social connectedness. This framework rationalizes
many observed benefits of musical treatment and provides a path
towards a precision approach to increasing their impact. As the
world continues to change and we face new challenges to mental
health and wellness, music will continue to provide real
biologically mediated relief. Understanding and leveraging this
fact towards better treatments and interventions in psychiatry
presents an important opportunity to diversify and improve care
during times of pressing need.
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