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Attention-deficit/hyperactivity disorder (ADHD) is increasingly recognized as a

lifespan neurodevelopmental condition. Because musical perception and pro-

duction engage auditory, attentional, motor, emotional, and regulatory systems

simultaneously, music-based interventions have emerged as promising comple-

mentary approaches for ADHD. However, their underlying neurophysiological

and systemic biological correlates remain insufficiently understood. This mini

review synthesizes evidence on behavioral, neurophysiological, and biological

effects of music-based interventions in ADHD using a narrative approach. Current

evidence suggests that music-based interventions may influence domains related

to attention, impulse control, emotional regulation, and broader behavioral

functioning. Neurophysiological findings indicate potential effects on auditory

processing, interhemispheric synchronization, and cortical oscillatory activity, as

demonstrated using MRI, MEG, and EEG. Preliminary systemic biological findings

further suggest modulation of stress-related and autonomic processes, including

cortisol, serotonin, heart rate, blood pressure, and heart-rate variability.

Importantly, almost all studies identified in this review were conducted in children

and adolescents, despite ADHD being increasingly recognized as a lifespan

condition. Consequently, the generalizability of current findings to adults with

ADHD remains uncertain. Furthermore, the available evidence base is limited by

small sample sizes, inconsistent reporting standards, multimodal intervention

designs, and insufficient control of medication effects. Overall, music-based

interventions represent a promising but still insufficiently characterized approach

for ADHD. Future research should integrate behavioral, neurophysiological, and

biological outcomes within adequately powered, mechanistically informed, and

developmentally sensitive study designs to clarify therapeutic mechanisms and

clinical relevance across the lifespan.

KEYWORDS

ADHD, auditory processing, biomarkers, cortisol, EEG, MEG, music therapy, music-
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1 Introduction

Attention-deficit/hyperactivity disorder (ADHD) is among the

most common neurodevelopmental disorders, with a worldwide

pooled prevalence of ~5% in children and adolescents and ~2.5% in

adults (1, 2). ADHD is increasingly recognized as a lifespan condition

(3). It is characterized by developmentally inappropriate levels of

hyperactivity, impulsivity, and/or inattention. Beyond its core behav-

ioral features, ADHD has been associated with alterations in executive

functioning, and a wide range of timing-related processes, including

deficits across motor and perceptual timing as well as temporal

foresight (4–6). Moreover, ADHD is linked to neurochemical

dysregulation, particularly in dopaminergic and noradrenergic systems

(7–9), but also in other neurotransmitter systems, including serotonin

(9, 10). These perspectives are relevant to music, as musical perception

and production rely strongly on temporal precision, rhythm process-

ing, sensorimotor integration, and interaction of auditory and atten-

tional systems, while music may additionally modulate dopaminergic

pathways (11, 12). The auditory cortex is broadly connected with

subcortical, prefrontal, and parietal brain regions involved in atten-

tional regulation, and ADHD has repeatedly been reported to overlap

with auditory processing difficulties (13–16).

Current treatment approaches for ADHD remain centered on

medication and behavioral interventions. Although these treat-

ments are effective for many patients, they are associated with

important limitations, including side effects, variable responses, and

an incomplete understanding of the neurobiological heterogeneity

underlying clinical presentations (17, 18). In this context, music-

based approaches have emerged as promising complementary

candidates. Music is widely accessible, emotionally engaging, and

capable of simultaneously recruiting auditory, temporal, motor,

attentional, emotional, and regulatory processes through the en-

gagement of distributed neural and neurochemical systems (19–21).

Despite growing interest, the current evidence base remains

limited. Our structured literature search yielded a small number of

studies, highlighting a substantial scientific underrepresentation of

music-based interventions in ADHD research. Moreover, while

recent reviews such as Saville et al. (22) have summarized the effects

of music-based interventions in ADHD across the lifespan, existing

data predominantly focus on behavioral and cognitive aspects.

Biological processes and potential connections between behavioral

outcomes and underlying mechanisms remain understudied.

Therefore, this mini review aims to synthesize the current

evidence on neurophysiological and systemic biological effects of

music-based interventions in ADHD and to examine how these

findings relate to reported behavioral outcomes and potential

underlying mechanisms. Given the limited number of studies,

substantial methodological heterogeneity, and the lack of standard-

ized outcome measures across the literature, a narrative synthesis

approach was adopted with a particular focus on methodological

quality, mechanistic interpretation, and translational relevance.

1.1 Search strategy and selection criteria

A structured literature search was conducted in PubMed and

PsycINFO to identify studies examining music-based interventions,
Frontiers in Psychiatry 02
musical activities, music-related paradigms, and their neurophysiolog-

ical or biological correlates in ADHD. Search terms included ADHD-

related terms (e.g., “ADHD”, “attention-deficit hyperactivity disorder”,

“attention-deficit/hyperactivity disorder”), music-related terms (e.g.,

“music”, “music therapy”, “music intervention”, “music listening”,

“musical training”, “music making”), and neurophysiological or biolo-

gical outcome terms (e.g., “EEG”, “MEG”, “MRI”, “auditory process-

ing”, “biomarker”, “cortisol”, “serotonin”, “heart rate variability”).

Searches were performed using Boolean operators (AND, OR), and

articles published up to May 20, 2026, were considered.

The core database search identified 119 records in PubMed and

150 in PsycINFO. These were screened for relevance by examining

titles, abstracts, and the full text where available. Of these, 37

records were identified as directly relevant to the objectives of the

present review. Systematic forward citation tracking and reference

list screening were not performed. The final synthesis focused on

studies meeting all eligibility criteria and providing information on

behavioral, neurophysiological, and/or biological outcomes associ-

ated with music-based interventions in ADHD.

Studies were included if they (i) involved participants with a formal

ADHD diagnosis, (ii) investigated a music-based intervention, musical

activity, or music-related experimental paradigm, (iii) reported behav-

ioral, neurophysiological, or biological outcomes, (iv) were published in

English, and (v) provided full-text access. Given the limited number of

eligible studies and the substantial heterogeneity in intervention

modalities, study designs, diagnostic frameworks, and outcome mea-

sures, a formal risk-of-bias assessment and quantitative synthesis were

beyond the scope of this narrative mini review.
2 Effects of musical interventions

2.1 Methodological considerations and
evidence from music-based interventions

The interpretation of music-based interventions in ADHD is

complicated by substantial heterogeneity across the literature.

Table 1 summarizes available studies investigating music-based

interventions in ADHD and highlights the considerable variability.

Studies differ regarding diagnostic frameworks, ADHD presenta-

tions, medication status, intervention modalities, study designs, and

outcome measures. This limits comparability across studies and

complicates the interpretation of music-related findings.

In this review, the term “music-based interventions” is used as

an umbrella term encompassing therapist-led music therapy, struc-

tured music listening, musical training, and multimodal interven-

tions integrating music with additional therapeutic components.

These approaches differ considerably in therapeutic intention,

delivery format, and the extent to which music represents the

primary active intervention component. In clinically diagnosed

ADHD populations, only a small number of studies have investi-

gated music-based interventions. Early studies suggested potential

improvements in aggression and motor impulsivity following music

therapy in adolescents with ADHD (23, 24). However, interpreta-

tion is limited by small sample sizes, significant baseline differences
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TABLE 1 Characteristics and main findings of studies on music-based interventions in ADHD focusing on behavioral and clinical outcomes.

Key findings
Neurophysiological

markers and/or systemic
biological markers

duced aggression and improved
cial behavior; interpretation limited
baseline differences in age and
ostic composition between groups

Not reported

ed motor impulsivity; no significant
rences between instructional and
isational music therapy approaches

Not reported

ted improvements in cognitive and
behavioral outcomes

Not reported

educed depression and stress

Biochemical markers (increased
plasma serotonin levels and

decreased cortisol levels), reduced
heart rate and blood pressure.

uced SNAP-IV scores (reported
rdized effect size within-group d =

0.48–0.93)
Not reported

proved attentional performance
rter K-CPT 2 hit reaction times),
roved quality of life (PedsQL), no
ignificant changes in SNAP-IV

EEG (increased alpha power in the
C3 and O1 channels, decreased

delta power in the P3 channel, and
increased Higuchi’s fractal
dimension in the T6 and O2

channels).
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Study Design N
Population & diagnosis
criteria for inclusion

Intervention type

(23)
Pilot study with
wait-list control

group

15
(majority diagnosed
with ADHD, n=10;

rest unclear)

Aggressive adolescent boys (age 11–15
yrs); diagnosed with ADHD according to
DSM-IV criteria; additional comorbidities
common; approx. 50% medicated with

stimulants.

Music therapy (n = 11) versus wait-list
control (n = 4). Group music therapy

focused on promoting prosocial behavior
through structured and semi-structured
music activities, group music-making,

improvisation, and peer interaction (30–
45 min, twice weekly).

R
proso

b
diag

(24)
Comparative study
with wait-list control

group

13
(all ADHD)

Adolescent boys aged 11–16 years with
DSM-IV ADHD in a residential

education facility; all receiving stimulant
medication; learning difficulties and
psychiatric comorbidities reported.

Instructional versus improvisational group
music therapy; wait-list control (n = 5),
improvisational-first MT (n = 4), and
instructional-first MT (n = 4). The
instructional approach included
structured rhythm-based training,

whereas the improvisational approach
focused on non-directive group

improvisation and emotional expression
(8 sessions per condition).

Reduc
diff

impro

(29) RCT

120
(all ADHD; n = 40
ADHD-I, n = 33
ADHD-H, n = 47

ADHD-C)

Children aged 2–7 yrs diagnosed with
ADHD according to DSM-IV criteria.

Music therapy combined with cognitive-
behavioral intervention (16-week

intervention; control group received no
intervention; n = 60 per group).

Repo

(25) RCT
36

(all ADHD)

Children and adolescents (mean age:
12.06 ± 2.63 yrs*); diagnosed with ADHD
by a university hospital and presenting

with clinically relevant depressive
symptoms (CDI > 21); no specific

ADHD-manual referenced in methods
section.

Music therapy + standard care (12-week
intervention; control group received
standard care only (n = 18); music

therapy (n = 18): active music therapy
(improvisation) and receptive music

therapy (music listening) 50 min twice a
week; total = 24 times).

(28) RCT
60

(all ADHD + ODD)

Children (mean age = 4.98 ± 0.77 yrs);
diagnosed with comorbid ADHD and

ODD by their psychiatrist and confirmed
by the school pediatrician (inattentive,
hyperactive/impulsive, and combined

types included; no specific ADHD-manual
referenced in methods section).

Music listening and yoga-based
multimodal intervention (16-week

intervention; combined yoga + music,
yoga-only, music-only and control
groups; control group received no
intervention; n = 15 per group).

Re
stand

(27) Pre-post study

13
(all ADHD; n = 2
ADHD-I, n = 11

ADHD-C)

Children (6.09 ± 0.72 yrs) diagnosed with
ADHD according to DSM-5 criteria.

Music + movement (8-week intervention;
1 hour per week, singing prominent

Taiwanese nursery rhymes and
corresponding body movements).
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TABLE 1 Continued

& diagnosis
or inclusion

Intervention type Key findings
Neurophysiological

markers and/or systemic
biological markers

12 yrs with a clinical
is (no standardized
view specified in the
; children with prior
ent experience were
lly excluded).

Music-based occupational therapy (6-
week intervention; weekly 45 min sessions
involving harmonica- and drum-based

activities [n = 19]; control group received
structured occupational therapy [n = 20]).

Improved attention levels, executive
functions, and caregiver burden (all
maternal caregiver assessment).

Significantly greater improvements in
attention in music-based occupational

therapy group than in structured
occupational therapy group.

Not reported

10 yrs diagnosed with
g to DSM-5 criteria.

Rhythmic music game intervention (8-
week intervention; 40 min sessions three
times weekly; approx. 960 min total

intervention time; n = 32). The control
group received passive routine health

education (approx 80 min total; n = 32).

Significant improvements in inhibitory
control, cognitive flexibility, ADHD
symptom severity, and sensorimotor
coordination in the intervention group
(fewer SCWT errors, shorter TMT-B
completion times, lower ARS-5 scores,

and improved TGMD-3 scores). Between-
group comparisons showed statistically

significant effects favoring the
intervention group (p < 0.01; several

outcomes p < 0.001).

Not reported

xcept for Rickson (2006) and Rickson & Watkins (2003), all studies included both boys and girls.
DHD hyperactive/impulsive type; ADHD-I, ADHD inattentive type; ARS-5, ADHD Rating Scale-5; CDI, Children’s depression inventory; DSM-IV/5, Diagnostic and
T 2, Conners’ Kiddie Continuous Performance Test; ODD, Oppositional Defiant Disorder; PedsQL, Pediatric Quality of Life Inventory; RCT, randomized controlled trial;
Test of Gross Motor Development, Third Edition; TMT, Trail Making Test.
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Study Design N
Populatio
criteria f

(26) RCT
39

(all ADHD)

Children aged 5–
ADHD diagno
diagnostic inter
methods section
musical instrum

specifica

(30) RCT

64
(all ADHD; n = 21
ADHD-I, n = 15
ADHD-H, n = 28

ADHD-C)

Children aged 6–
ADHD accordin

*Overall mean age was calculated from individual participant values reported in the publication. E
ADHD, Attention-Deficit/Hyperactivity Disorder; ADHD-C, ADHD combined type; ADHD-H, A
Statistical Manual of Mental Disorders, Fourth or Fifth Edition; EEG, electroencephalography; K-C
SCWT, Stroop Color Word Test; SNAP-IV (Swanson, Nolan, and Pelham Rating Scale; TGMD-3,
n

s

P
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in age and diagnostic composition between groups, inconsistent

reporting of standardized effect sizes, and insufficient control of

medication effects, as many participants received concurrent stim-

ulant treatment.

More recent studies have increasingly examined music within

multimodal intervention frameworks. Adjunctive music therapy

has been associated with improvements in stress coping and

depressive symptoms in children and adolescents with ADHD

(25) and produced more pronounced positive effects in terms of

caregiver-reported attention levels, executive functions, and care-

giver burden compared to occupational therapy activities without

music (26). However, findings were based solely on maternal

caregiver reports (26). In addition, interventions combining music

with movement, gamified rhythmic training, or other multimodal

approaches have reported preliminary improvements in attentional

and behavioral domains (27–30). Nevertheless, intervention inten-

sity differed between groups. Specifically, Lee et al. (27) reported

improvements in attention and quality of life, although ADHD

symptom ratings remained unchanged. Zhu (30) found improve-

ments in executive functions, sensorimotor abilities, and ADHD

symptoms following rhythmic music game-based interventions.

Because music was not evaluated as an isolated intervention

component, music-specific effects remain unclear.

Across intervention studies, reported improvements most fre-

quently involve domains related to attention, impulse control,

emotional regulation, and broader behavioral functioning.

However, the magnitude, specificity, and clinical relevance of

these effects remain difficult to determine because of considerable

variability in intervention formats, study designs, and outcome

assessment (22, 31). While some studies have examined core

ADHD-related outcomes such as attention, executive functioning,

inhibitory control, and symptom severity (26–30), other studies

focused predominantly on associated domains including aggres-

sion, depressive symptoms, or stress coping (23, 25). Consequently,

the degree to which music-based interventions specifically affect

core ADHD symptoms remains incompletely understood.

Meta-analytic evidence remains sparse and highly heteroge-

neous. Goes et al. (31) synthesized a small number of studies and

reported a large but non-significant pooled effect accompanied by

extremely high heterogeneity, preventing reliable conclusions re-

garding efficacy. Taken together, current evidence suggests that

music-based interventions may influence behavioral and regulatory

domains relevant to ADHD. However, robust conclusions regard-

ing the efficacy of music therapy as an isolated intervention are not

yet warranted. Given these methodological limitations and the

difficulty of isolating music-specific behavioral effects, neurophys-

iological and biological measures may provide a complementary

mechanistic level of analysis. The following sections summarize

current evidence on neurophysiological and systemic biological

correlates of music-based interventions in ADHD (see Table 2).

2.2 Neurophysiological effects of musical
interventions in ADHD

The literature on neurophysiological effects of music in ADHD

remains limited and heterogeneous. In children, Seither-Preisler
Frontiers in Psychiatry 05
et al. (16) showed that musical practice was associated with

structural and functional characteristics of the auditory cortex.

Using structural MRI and MEG, children with ADHD/ADD

(diagnosed according to ICD-10; see Table 2) had reduced

Heschl’s gyrus (HG) and enlarged planum temporale (PT) volumes,

particularly in the left hemisphere, resulting in a lower HG/PT ratio.

Functionally, they showed atypical lateralization with accelerated

right-hemispheric and delayed left-hemispheric responses, leading

to increased interhemispheric P1 asynchrony compared with mu-

sically experienced typically developing children. Smaller left HG/

PT ratios and greater bilateral P1 asynchrony were associated with

stronger ADHD/ADD symptoms. By contrast, musical practice was

associated with larger HG volumes, larger and faster auditory

responses, and greater interhemispheric synchronization.

Longitudinally, auditory cortex morphology remained stable and

MEG patterns were reproducible, but P1 latency decreased by about

5 ms over 13 months, consistent with normal maturation; this

reduction was smallest in children with ADHD/ADD and largest in

highly musically active typically developing children, suggesting

delayed auditory maturation in ADHD/ADD and accelerated

maturation with musical experience (16).

Serrallach et al. (32) examined auditory-cortex biomarkers in

children with dyslexia, ADHD, and ADD using MRI, MEG, and

psychoacoustics. Both ADHD and ADD (diagnosis according to

ICD-10) showed atypical left auditory-cortex morphology, includ-

ing smaller left HG, enlarged left PT, reduced HG/PT ratios, and

increased interhemispheric P1 asynchrony. In controls, P1 sources

localized to left and right HG, whereas all disorder subgroups

showed a more posterior P1 source in the PT. Controls exhibited

well-balanced bilateral responses with small asynchrony, while P1

asynchrony was about five times greater in all disorder groups.

Importantly, ADHD and ADD were not neurophysiologically

identical: children with ADHD showed reduced right HG/PT

ratios, diminished and sharpened right-hemispheric P1 responses,

temporally expanded responses in the left hemisphere, and poorer

rhythm and melody processing, whereas children with ADD

showed a more normal-sized right HG, similar but time-shifted

bilateral waveform shapes, and no clear auditory impairments. In a

longitudinal subsample followed over 3.6 years, musical training did

not alter gross auditory-cortex morphology but was associated with

shorter more synchronized auditory responses; children with higher

cumulative musical practice showed lower absolute P1 asynchrony,

a mean reduction of 5.5 ± 1.0 ms, and stronger synchronization

effects in the pooled disorder group than in controls (32). These

findings suggest a potential association between musical engage-

ment and improved interhemispheric synchronization of auditory

processing in developmental disorders, including ADHD.

Lee et al. (27) provide EEG evidence, reporting resting-state

changes after an 8-week music-and-movement intervention in

children with ADHD (combined and inattentive presentations

according to DSM-5; see Table 1). Alpha power increased in C3/

O1, delta power decreased in P3, and Higuchi’s fractal dimension

increased in T6/O2, suggesting altered cortical oscillatory activity

and signal complexity. This study provides preliminary evidence

that music-and-movement therapy may modulate neural activity in

ADHD, although evidence is limited to a short pre–post design.
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TABLE 2 Characteristics and main findings of supporting studies on neurophysiological and/or systemic biological markers in music-based measures in ADHD.

type Key findings
Neurophysiological

markers and/or systemic
biological markers

ntal practice
ildren varied
essons and/or
l instrument
e quantified
MP.

High-practicing children showed larger,
especially right-hemispheric HG
volumes, and stronger bilateral P1

synchronization. ADHD/ADD children
showed smaller HG, enlarged PT, lower
HG/PT ratios, and pronounced bilateral

P1 asynchrony.

Structural MRI: gray matter volumes of
HG and PT; HG/PT ratio. MEG:
auditory-evoked P1 amplitude, P1
latency, right–left P1 asynchrony.

ntal practice
sified by IMP.
sis, children
ns if IMP >4
IMP ≤4.

ADHD and ADD showed smaller left
HG, enlarged left PT, lower left HG/PT
ratios, and pronounced bilateral P1
asynchrony compared with controls.
ADHD showed additional right-sided
abnormalities, including lower right

HG/PT ratios and diminished right P1
amplitudes, whereas ADD showed
preserved right HG morphology and

more balanced, time-shifted bilateral P1
waveforms. Musical training was
associated with shorter, more

synchronized P1 responses, especially in
the pooled disorder group.

Structural MRI: gray matter volumes of
HG and PT; HG/PT ratio. MEG:
auditory-evoked P1 latency, P1

amplitude, P1 width, absolute right–left
P1 asynchrony, asymmetry indices DL,

DW, DA.

c, (ii) calm
music with
music with
onditions was
ipants).

Increased reading comprehension scores
with background music in ADHD
groups but not typically developed
group; convergence in performance
between the two groups in music-

conditions.

Reduced decreases in HRV; significant
in calm music with and w/o lyrics;

reduced but not significant in rhythmic
music.

ersal training
bined [n = 67
rbid ADHD]
tal, n = 23
HD]).

Significant decrease in tic symptoms,
significant improvements in behavior
and quality of life (stronger effects in
combined-group than HRT-only, p <

0.05).

Biochemical (decreased serum levels of
dopamine and serotonin, increased
levels of g-aminobutyric acid; all

combined-group significantly stronger
effects than HRT-only; p < 0.05).

Disorder; DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; HG, Heschl’s gyrus;
; IMP, index of cumulative musical practice; MEG, magnetoencephalography; MRI, magnetic resonance imaging;
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Study Design N
Population & diagnosis
criteria for inclusion

Intervention

(16)

Longitudinal
observational cohort

study with two
measurement time

points 13 months apart

132
(n = 111 typically
developing, n = 21
ADHD/ADD)

Children aged 7–9 yrs; ADHD/ADD
group: diagnosis by pediatrician or

child psychologist; ICD-10 F98.8 ADD
or F90 ADHD included.

Musical training/instrum
exposure, not therapy. Ch
in extracurricular/private
the German “JeKi” schoo
program; musical practic

with cumulative

(32)

Mainly cross-sectional
MRI/MEG/

psychoacoustic study;
additional longitudinal
sub-sample over 3.6

years examining musical
practice

147
(n = 37 control, n = 37
dyslexia, n = 37 ADHD,
n = 36 ADD; plus n =
15 comorbid cases
shown separately.
Longitudinal sub-
sample: n = 109)

Children around 10–11 yrs. ADHD/
ADD diagnoses made by child
psychiatrists, psychologists, or

pediatricians. ADHD included ICD-10
F90.0/F90.1; ADD included ICD-10

F98.8. IQ <80 and known
comorbidities such as dyscalculia,
autism, and epilepsy were excluded

from the main study.

Musical training/instrum
exposure, not therapy; clas
In the longitudinal analy
were classified as musicia

and non-musicians if

(41)
Controlled trial (pilot +

phase 2)

70
(n = 20 pilot [n = 10

ADHD, n = 10 typically
developing] and n = 50
phase 2 [n = 25 ADHD,

n = 25 typically
developing])

Preadolescents (mean age = 12.05 ±
1.18 yrs [pilot] and 10.36 ± 1.48 yrs
[phase 2*]); diagnosis provided by
expert medical professionals with

specialized training and experience in
ADHD diagnostics; no specific manual

referenced.

Exposure to (i) no mus
music no lyrics, (iii) calm
lyrics, and (iv) rhythmic

lyrics (ordering of music c
identical for all parti

(42)
Retrospective study of

clinical data

122
(all tic disorders; n = 46

comorbid ADHD)

Children with tic disorders (age 5–14
yrs); no specific manual referenced for

ADHD diagnosis.

Music therapy + habit rev
(8-week intervention, com
total, n = 23 (34%) como
or HRT-only [n = 55 to

(41%) comorbid AD

*Overall mean age was calculated from individual participant values reported in the publication. All studies included both boys and girls.
ADD, attention deficit disorder; ADHD/ADD, attention-deficit (hyperactivity) disorder, including ADHD and ADD); ADHD, Attention-Deficit/Hyperactivity
HRT, habit reversal training; HRV, heart-rate variability; ICD-10, International Statistical Classification of Diseases and Related Health Problems, 10th Revision
PT, planum temporale.
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Overall, music-related interventions may affect brain function

in ADHD at several levels, including auditory-cortex morphology–

function relationships, interhemispheric timing and synchroniza-

tion, and resting-state EEG oscillations. The evidence base remains

small, diagnostically heterogeneous, and methodologically diverse,

so conclusions are preliminary, and the extent to which these

neurophysiological changes translate into clinically meaningful

behavioral improvements remains unclear.

2.3 Systemic biological effects of music
interventions

Although ADHD is primarily characterized by its behavioral

symptoms, analyses of systemic consequences based on blood,

saliva, and urine samples have identified alterations in selected

biochemical markers (e.g., hormonal, immunological, and meta-

bolic systems - reviewed in (33–36)). Collectively, individuals with

ADHD exhibit systemically measurable alterations in stress-related,

inflammatory, and neuroendocrine pathways, including significant

increases in interleukin-6 (IL-6) and reductions in tumor necrosis

factor alpha (TNF-a), oxidative and nitrosative stress, and altered

cortisol levels, a key mediator of the hypothalamic–pituitary–

adrenal (HPA) axis (35, 37–39). A comprehensive view of

ADHD’s biochemical implications remains elusive.

Biochemical responses to treatment have primarily been studied

in pharmacological interventions. For instance, methylphenidate

treatment has been associated with improved physiological stress

markers in children and adults with ADHD, including reductions in

oxidative and/or nitrosative stress as well as changed cortisol levels

(39, 40).

In comparison, data on the systemic biological effects of non-

pharmacological interventions are scarce, with only a few studies

reporting biochemical or physiological markers following music-

based interventions in individuals with ADHD. Park et al. (25) were

the only ones to include an assessment of biochemical markers (see

Table 1). There, children with ADHD receiving music therapy

exhibited significantly increased plasma serotonin levels alongside

reduced cortisol concentrations, whereas no such changes were

observed in the non-intervention group. Music therapy was addi-

tionally associated with reductions in heart rate and blood pressure,

suggesting a modulatory effect on autonomic and stress-related

systems. This observation corroborated previous findings indicating

that exposure to music can attenuate decreases in heart-rate

variability (HRV; Table 2), an established proxy of autonomic

nervous system regulation, in children with ADHD but not in

typically developed children (41).

Given their considerable rate of ADHD-comorbidities (34–

41%), the retrospective study in children with tic disorders, in

which music therapy was combined with habit reversal training

(HRT), provides additional insights into potential systemic effects

(42). There, both groups showed decreased serum dopamine and

serotonin and increased g-aminobutyric acid (GABA) levels. The

combination of music therapy and HRT showed significantly

stronger effects than the HRT-only group, suggesting an enhanced

modulatory effect in the music therapy group.
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Despite these promising observations and the clear need for a

better understanding of the systemic effects of therapeutic inter-

ventions such as music therapy, the current evidence base remains

too limited to draw reliable conclusions. Moreover, methodological

limitations (e.g., insufficient consideration of diurnal marker vari-

ations, lack of correction for multiple comparisons) and limited

integration of multi-omics approaches or longitudinal study de-

signs, further limit mechanistic interpretations.

Taken together, neurophysiological and systemic findings point

toward a multi-level modulation of processes relevant to ADHD,

including auditory processing, neural synchronization, and stress-

related regulatory systems. However, the lack of studies concur-

rently integrating behavioral, neural, and biological outcomes

represents a major limitation, warranting further investigations.
3 Discussion

3.1 Clinical relevance, transdiagnostic
context and ADHD-specific rationale

Music-based interventions are increasingly discussed as com-

plementary approaches, as health care systems need accessible,

effective, and preventive interventions beyond symptom manage-

ment alone. Pharmacological and behavioral treatments remain

central in many psychiatric and neurodevelopmental conditions,

including ADHD (17), but unmet clinical needs remain, particu-

larly for individuals who experience partial benefit, variable re-

sponses, or limited tolerability. In this context, music therapy could

represent a promising therapeutic approach because it combines

emotional engagement, social interaction, attentional demands,

temporal structure, and sensorimotor integration within a poten-

tially motivating and individualized intervention format (43–45).

Recent transdiagnostic evidence suggests that music-based

interventions may improve psychiatric symptoms, quality of life,

and subjective well-being across a range of clinical and non-clinical

populations (46, 47). These findings support the broader clinical

relevance of music-based approaches beyond ADHD but may be

particularly relevant for ADHD because musical activities engage

attentional, executive, temporal, sensorimotor, and emotional reg-

ulation (4, 5, 48) that overlap substantially with affected domains.

Rhythm, auditory-motor coupling, and temporal prediction may

represent plausible mechanisms linking musical engagement to

ADHD-related symptoms. Preliminary neurophysiological findings

further support this conceptual link by suggesting associations with

auditory processing, and neural synchronization (16, 27, 32).

3.2 Current ADHD-specific evidence

Despite growing interest inmusic-based approaches for ADHD, the

current evidence base remains limited. Only a small number of studies

have investigated music-based interventions in clinically diagnosed

ADHD populations, with substantial variability in intervention formats,

outcome measures, diagnostic approaches, and study designs (Table 1).
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Early studies suggested potential improvements in behavioral

and regulatory domains in adolescents with ADHD (23, 24), while

more recent studies have examined music within multimodal

intervention frameworks, reporting preliminary improvements in

attentional, emotional, and behavioral domains (25–30). However,

because music was rarely evaluated as an isolated intervention

component, the specific contribution of music to the observed

effects remains difficult to determine.

Across studies, reported improvements most frequently involve

attention, impulse control, emotional regulation, and broader

behavioral functioning. However, many studies also focused on

associated domains (e.g., aggression, stress coping, or depressive

symptoms) rather than core ADHD symptoms (23, 25, 29), relied

heavily on caregiver assessments (26), and rarely reported

null effects.

Meta-analytic evidence remains sparse (31). Despite the limi-

tations discussed above, current findings suggest potential benefits

of music-based interventions for behavioral and regulatory domains

relevant to ADHD, although conclusions regarding efficacy and

mechanistic specificity remain preliminary.

3.3 Neurophysiological and biological
mechanisms

Beyond behavioral outcomes, neurophysiological and systemic

biological markers represent a crucial but underdeveloped field.

Evidence from broader music neuroscience research suggests that

musical interventions may influence auditory, attentional, neuroendo-

crine, autonomic, and stress-related regulatory processes (19, 21, 49).

However, within ADHD, findings remain particularly sparse: Park

et al. currently represents the only ADHD-specific music-based

intervention study to include systemic outcomes, reporting changes

in peripheral biochemical markers, heart rate, and blood pressure (25).

Corroborated by HRV-decreases (41), this indicates modulatory effects

on stress-related and autonomic regulatory systems.

Similarly, neurophysiological evidence from studies using MRI,

MEG, and EEG suggests that musical interventions and musical

engagement may affect auditory cortex function, timing, interhemi-

spheric synchronization, and cortical oscillations (16, 27, 32). These

domains are highly relevant to ADHD given the established roles of

timing deficits, auditory-attentional integration, and executive dys-

function. However, the available evidence remains preliminary and

is limited by diagnostic heterogeneity, methodological variability,

and insufficient biological contextualization.

3.4 Diagnostic and methodological
heterogeneity

The interpretation of these findings is complicated not only by the

heterogeneity of ADHD itself, but by inconsistent diagnostic ap-

proaches across individual studies and classification systems.

Differences between DSM-IV, DSM-5, ICD-10, and ICD-11 classifica-

tion systems further complicate comparability across studies, particu-

larly regarding inattentive, hyperactive-impulsive, and combined

ADHD presentations and whether they include ADHD and/or

ADD, which is directly relevant for music-related ADHD research.
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This is important because music-based interventions may not affect all

ADHD domains equally, rendering a direct relevance for music-related

ADHD research; for example, rhythm- and movement-based ap-

proaches could be more relevant for motor impulsivity and temporal

processing, whereas receptive music listening or structured auditory

stimulation could potentially affect sustained attention or emotional

regulation. Thus, potentially meaningful differences between inatten-

tive, hyperactive-impulsive, and combined presentations remain

largely unexplored.

3.5 Future research directions

Here we report that neither neurophysiological nor systemic

biological measures are typically integrated with behavioral out-

comes within the same study; their concurrent inclusion remains

particularly rare. Future research on neurophysiological, biochem-

ical and systemic measures is therefore required and should include

larger, adequately powered samples, standardized ADHD diagnos-

tic criteria and sampling protocols, and careful considerations of

relevant confounding factors (e.g., medication status, core ADHD

presentations/comorbidities, diurnal marker variation or develop-

mental stage). Moreover, future studies should consider that biolo-

gical measures are not generic “stress markers” but embedded in

complex regulatory frameworks (50).

Finally, ADHD-specific evaluation is hampered by the limited

developmental scope represented in the current literature. Although

ADHD is increasingly recognized as a lifespan condition (3) all

intervention studies included in this review focused exclusively on

children or adolescents, and evidence in adults with ADHD remains

largely absent. Importantly, this gap represents not only a limitation of

the current evidence base but also a relevant neurobiological research

question. Findings obtained in developing brains may not directly

generalize to adulthood because neurodevelopmental trajectories,

neural plasticity mechanisms, and network maturation differ substan-

tially across the lifespan. In addition, compensatory cognitive and

behavioral strategies often become increasingly consolidated with age,

potentially altering both baseline neurophysiological functioning and

responsiveness to interventions. Adult ADHD is also characterized by

distinct patterns of psychiatric and somatic comorbidity, which may

further influence biological and behavioral treatment responses (3).

Consequently, future studies should explicitly investigate adult ADHD

populations and adopt longitudinal designs to determine whether

music-related neurophysiological and biological effects differ across

developmental stages, which markers predict clinical response, and

which intervention components contribute to therapeutic effects across

the lifespan.
4 Conclusion

In conclusion, music-based interventions offer a promising but

insufficiently characterized approach for ADHD. Their relevance is

supported by broader psychiatric evidence, by the conceptual overlap

between musical processes and ADHD-related domains, and by

preliminary findings suggesting behavioral, neurophysiological, and
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systemic biological modulation. Nevertheless, the current evidence base

is limited by heterogeneity, small sample sizes, incomplete reporting,

insufficient mechanistic integration, and a marked lack of adult data. A

more standardized, biologically informed, and multimodal research

agenda is needed to determine whether and how music therapy can

contribute to individualized and mechanism-based care for ADHD.
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