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Musicians and researchers:

two creative professions
striving to improve heart health
through music
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'UOS Bazzano, Maggiore Cardiology Unit, Bologna, Italy, ?Institute of Molecular Pathobiochemistry,
Experimental Gene Therapy and Clinical Chemistry (IFMPEGKC), RWTH University Hospital Aachen,
Aachen, Germany

Musicians and researchers are creative professions that share many
similarities. They both aim to bring joy and progress to humanity. In recent
decades, it has been shown that music has the ability to alleviate pain,
improve heart function, reduce anxiety, and stimulate the release of
endogenous opioids in the brain. This has led to the emergence of music
therapy as a popular therapeutic option for supporting and regulating
cardiovascular health, emotional, cognitive functions, and mental wellbeing.
Similarly, translational researchers and clinicians strive to generate new
medical knowledge and effective treatments for various diseases. In their
daily work, both musicians and scientists engage in the development of new
ideas, concepts, and visions. They explore and experiment to find the best
way to create something novel. Furthermore, driven by discovery, curiosity,
and a deep longing, they strive to make a significant impact on heart health.
In today's world, artificial intelligence technology plays an increasingly
important role in achieving these goals in both fields. Success is measured
by publications in esteemed journals or achieving high rankings on music
charts. This review explores the similarities between researchers and
musicians and how music therapy can aid in the treatment of specific
symptoms related to heart function.
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music, blood pressure, heart-brain connection, emotion, artificial intelligence

1 Introduction

Music has been one of the most important recreational activities for humans for
centuries, and perhaps even for millennia. It possesses a unique characteristic of
having a universal language. The sound and harmonic elements of music can be
utilized to enhance the activities of individuals or groups, ranging from ceremonial
situations in prehistoric times to pure entertainment in our modern era. The
objectives of music are to influence the physical, emotional, intellectual, and social
well-being of individuals. However, can we assert that listening to music can have an
impact on the heart?

The intersection of music and medicine has a long history. In ancient Greece,
Pythagoras and Plato believed that music had the power to heal both the soul and the
body. During medieval times, music was employed as a treatment for various ailments,
including depression, anxiety, and anguish (1, 2).
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In recent decades, scientific research has started to validate the
positive effect of music on health. Studies have demonstrated that
music can reduce stress, enhance mood, increase motivation and
concentration, and even aid in pain reduction.

A study conducted by the University of Oxford and presented
at the British Cardiovascular Society in Manchester in 2015
revealed that classical music can have positive effects on hearth
health. The study found that listening to famous compositions
such as Va Pensiero by Giuseppe Verdi, Nessun Dorma by
Giacomo Puccini, and Beethoven’s Ninth Symphony can
reduce heart rate and improve blood pressure (3, 4). These
songs contain delicate rhythms that resemble the natural
patterns that regulate the blood pressure, resulting in a calming
effect. As a result, heart rate decreases and blood pressure is
slightly lowered.

Cardiologists reached this conclusion by examining previous
studies and analyzing the effects produced by this type of music
on a group of students. In particular they examined six musical
genres, and discovered that classical music with a specific thythm
of 10s had the greatest impact in reducing blood pressure.
However, they found that classical music pieces with a faster
pace, such as an excerpt from Vivaldi’s Four Seasons, did not
have an effect on the heart and cardiovascular system (4).

In this regard, Peter Sleight, the author of the study and a
cardiologist at the University of Oxford, made a statement at the
British Cardiovascular Society conference: “Music is already used
as a relaxation therapy, but this work reviewed the studies on the
topic and checked their effectiveness. Our research has provided
improved understanding as to how music, particularly certain
rhythms, can affect your heart and blood vessels. But further
robust studies are needed, which could reduce skepticism of the
real therapeutic role of music”.

Since that groundbreaking statement, it has become evident
that music has a significant positive impact on various health
conditions, especially in improving symptoms related to heart
disease and other ailments. Listening to music can lower blood
pressure, decrease stress levels, and improve overall
cardiovascular function by promoting relaxation and emotional
well-being. Furthermore, music therapy has been used as a
supportive treatment for patients with chronic illnesses, helping
to reduce anxiety, pain, and depression. But what evidence
supports the idea that music interventions enhance the health of
individuals living with heart disease? In this article, we will
briefly outline some findings and discuss examples that confirm
the therapeutic effectiveness of music therapy, with a major focus
on its impact on heart symptoms.

When searching for “Music and Heart” a total of 1,911 studies
were identified. A search using the search terms “Music and heart
and treatment” resulted in 1,126 hits (searches conducted on
October 31, 2024). Similarly, a search for “Music and heart and
therapy” yielded 1,088 entries (all searches conducted on October
31, 2024). The findings from the PubMed database indicate a
significant body of research exploring the therapeutic potential of
music and a substantial interest related to music’s impact on
heart treatment and therapy. This suggests that music may play a
valuable role not only in broader therapeutic practices but also
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specifically in cardiovascular care, warranting exploration into its
efficacy and applications.

2 Therapeutic benefits of Mozart's
music

In 1993, the two neurobiologists, Frances H. Rauscher, Gordon
L. Shaw, along with Catherine N. Ky, published a study that
examined the short term effects of Mozart’s music on a cohort of
students. This cohort demonstrated an enhancement in cognitive
performance after exposure to Mozart’s Sonata for Two Pianos,
K 448, for 10min before completing standard IQ spatial
reasoning tasks (6, 7). Another example of the benefits of music
in clinical setting is the story of “Little Krissy”, a child born
prematurely with significant psychomotor retardation. After
attending a Mozart concert and receiving training from a skilled
violin teacher, Krissy’s progress was so impressive that she
eventually became a violinist herself. This second example
further supports the concept of the “Mozart effect” (6, 8).

Another recent study explored the impact of brief music listening
on the visuospatial component of working memory (WM) in 311
young and older adults (9). Following exposure to musical excerpts
from Mozart, Vivaldi, and Glass, participants’ visuospatial WM was
assessed using tasks like the Corsi blocks task-backwards and the
Visual Patterns Test, with a silence condition included for
comparison. Results showed that only Mozart’s music significantly
improved visuospatial WM across both age groups, particularly in
the Visual Patterns Test, helping counter age-related decline in
older adults (9). The findings suggest that Mozart’s music possesses
unique qualities that differentiate it from other composers,
contributing to its distinct positive effects on visuospatial working
memory in individuals, regardless of age.

Why Mozart? His tunes relax the mind, improve perception,
activate communication between the mind and heart, and
stimulate creative and emotional areas. His music also covers
unpleasant feelings, equalizes brain waves, and stabilizes blood
pressure, pulse as well as heart rate. It influences breathing and
reduces muscle tension, increases endorphins, modulates
hormonal release, stimulates immune function, and improves
space-time perception (Figure 1) (10). Furthermore, it has a
simple and unique harmonious structure that can be shared in
all countries of the world (11).

Are there alternatives to Mozart? Clearly, yes; evidence suggests
that similar effects can be observed after listening to music from
various genres, origins, and meanings (12). From the sacred
tradition of Gregorian chants to Baroque compositions,
Pachelbel’s Canon is regarded as an exemplary model for
synchronizing brain waves with musical frequencies (4).

The classical symphony with Beethoven’s Moonlight Sonata at
the forefront, and romantic music, like Schubert’s compositions,
remain an enchanting standards of beauty. Impressionist music,
such as Stravinsky and the Russians, has great evocative effects,
especially due to its connection with figurative art. Opera showcases
a unique collection of arias, with Rossini being a standout, and

songs with unforgettable melodies from our own country.
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Music of Mozart

FIGURE 1

Biological effects

+ Release of endorphins
* Modulation of hormone release
« Stimulation of immune cell function

* Reduction of systolic blood pressure

* Positive effects on heartbeat

* Intensivation of heart-brain connection

* Relaxing the mind

* Improvement of perception

+ Stimulation of creative and emotional areas
Suppression of unpleasant feelings

» Positive impact on breathing and muscle tension
* Improvement of space-time perception

Proposed biological effects and consequences resulting from listening to the music of Mozart. Clinical studies have shown that melodies of Mozart
have an impact on the synthesis and release of endorphins and hormones, while also stimulating immune cell function. The resulting consequences
are numerous, particularly affecting the cardiovascular system and specific brain regions.

1 Consequences

Changing continents and eras, South American music is often
paired with dancing to enhance the atmosphere at social
gatherings. Reggae, with its backbeat rhythm, could have specific
applications in neuropsychology. Eventually, we arrive at the
most influential rock genre, particularly the English progressive
genre, which has attempted to replicate the impact of classical
music. This involves listening in silence within environments of
remarkable natural or historical beauty.

Finally, even pop, although apparently not very suitable (11),
has a current like ambient music, which has been involved since
the end of the 80s in creating relaxing atmospheres to combat
stress (airport music). Music therapy is a form of therapy that
uses music to help people improve their physical, emotional and
social well-being. It can be used to help people (13).

Naturally, we are particularly interested in the use of music in
the context of heart disease. Therefore, the presence of “music
medicine” in our lives has become an appealing clinical tool in
healthcare settings. Consequently, it is evident that musicians
and music therapists share a similar profession that aids in
improving health outcomes, especially for cardiovascular diseases.

While
experiences is essential for understanding how music aids heart

discussing therapeutic benefits through listening

patients in relaxation and stress relief; it is equally important to
recognize how songwriting parallels academic research processes
in fostering creativity and emotional expression relevant to
health outcomes.
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3 Exploring the impact of music
therapy across the lifespan

The relationship between music therapy and age is significant,
different stages
throughout their lives. For children, music therapy can support

as individuals experience developmental
language development, emotional expression, and social skills. It
provides a playful environment where young clients can explore
their feelings and build prosocial skills with others through
shared musical experiences (14, 15). Music therapy is also
valuable for children with kidney and gastrointestinal diseases,
particularly during hospital stays (16). Similarly, beneficial effects
from music were reported in children during the postoperative
period of heart surgery (16). It further lowers the heart rates of
severely sick children undergoing haemotopoietic stem cell
transplants and reduces pain, fear, and anxiety in children during
cardiac catheterization (18, 19). In adolescence, music often
becomes a crucial outlet for self-expression, identity formation,
and definitions of shared interests with others (20, 21). Music
therapy can assist teenagers in navigating the complexities of this
life stage by offering them important tools to cope with stressors
such as peer pressure, academic demands, and mental health
challenges such as anxiety and depression (22). For adults,
particularly those facing chronic illness or mental health issues,
music therapy can serve as a means of relaxation and emotional
release. It fosters resilience by helping individuals process their
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experiences and emotions through creative expression, providing a
robust and positive link with mental health (23).

As people age into their senior years, music therapy continues
to play an essential role in enhancing quality of life. It can stimulate
memory recall and cognitive functions in individuals with
dementia or Alzheimer’s disease while promoting social
interaction among older adults in group settings (24, 25).

Overall, music therapy is a versatile intervention that adapts to
the unique needs associated with each life stage. Its ability to bridge
generational gaps makes it an invaluable resource for fostering
connection and healing across all ages. However, it should be
noted that the effects of different music styles can vary
significantly across age groups. Younger individuals may respond
more strongly to certain genres, such as Meditative Binaural
Music, experiencing greater emotional and physiological
relaxation compared to older adults (26). Conversely, older age
groups often find traditional forms of music, like calm classical
pieces, to be more comforting and soothing. These differences
highlight the importance of considering age when evaluating
the impact of music on relaxation and emotional well-being
(26). In line, a study investigating age-related differences
in cardiovascular-autonomic responses to “relaxing” and
“aggressive” music among young (average age 22.8) and older
(average age 61.7) healthy listeners showed that during silence,
older participants exhibited lower autonomic modulation but
higher blood pressure compared to younger individuals (27).
When exposed to music onset, “relaxing” music decreased heart
rate variability in older listeners while increasing systolic blood
pressure in younger ones. In contrast, “aggressive” music led to a
decrease in heart rate variability and an increase in sympathetic
older whereas listeners

activity for participants,

experienced increased systolic blood pressure but decreased

younger

parasympathetic activity (27). Overall, the findings suggest that
responses to music are influenced by age, with distinct patterns
of sympathetic and parasympathetic balance observed between
the two groups during music exposure.

It should be critical noted that some of the observed differences
in cardiovascular-autonomic responses to music between younger
and older individuals may be attributed to the fact that older
adults are generally more likely to have underlying heart
conditions, which can influence their physiological reactions.
help
interventions to better suit the needs of different age demographics.

Understanding these variations can tailor music

4 Musicians and researchers: two
similar professions

The career pathways of musicians and researchers/clinicians
share several similarities, including the necessity for extensive
education and training, dedication to continuous improvement,
and the importance of networking within their respective fields.
Both musicians and researchers often start with foundational
education. Musicians may attend music schools or
conservatories, while researchers typically pursue advanced

degrees in their disciplines. However, their paths diverge
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significantly in focus and outcomes: musicians often seek
performance opportunities, composition work, or teaching roles,
emphasizing creativity and artistic expression. In contrast,
researchers and clinicians are driven by the pursuit of
knowledge and practical applications in health or science,
leading to careers in academia, clinical practice, or industry
research. Ultimately, while both careers require passion and
commitment, they cater to different talents and societal
contributions. However, the intersection of these two
professions is beautifully exemplified in music therapy, where
musicians collaborate with researchers and clinicians to utilize
the therapeutic power of music in promoting mental and
physical well-being, thereby enhancing patient care through a
unique blend of artistry and scientific understanding.

High-quality music is typically structured in a manner that
facilitates memorization. Moreover, humans remember music
far better than other stimuli because of repletion, emotional
content, and the fact that music is a highly structured stimulus
(27). As a result, most successful songs contain simple chords
and lyrics. Paul McCartney mentioned that his song “Dance
Tonight”, which opened the album “Memory Almost Full”,
almost wrote itself due to its simplicity (29). There are various
approaches to songwriting, but there are some general
necessities and workflows to follow (30, 31). Firstly, the artist
must brainstorm and define the subject of the song. In the
second step, the lyrics and the melody need to be finalized.
After that, the presentation style and instructions for the
musicians working with the songwriter must be determined. At
this point, the song is considered complete and the musician
has achieved their goal. However, in most cases, the artist and
band members want to make their song popular and earn
money. This requires finding a music company willing to
promote the song. Even if the song is enjoyable to listen to,
there may be obstacles. The style and chorus must align with
the current “Zeitgeist” or spirit of times (32). Songs about war
and anti-war, such as “War” by Edwin Starr, “War Pigs” by
Black Sabbath, “Gimme Shelter” by The Rolling Stones, “Give
Peace a Chance” by the Plastic Ono Band, or “Zombie” by The
Cranberries, not only have excellent musical quality but were
also released during times of conflicts and crises.

In addition, the release of a song can be restricted or even
prevented if the lyrics contradict common norms. A prominent
example is the legendary album “Legalize it” by Peter Tosh,
which was released in 1976. This album was banned in many
countries due to its title track of the same name. In Germany,
both the album and the later single release from 1978 “Get up,
Stand up”, which had the controversial song “Legalize it” on the
B-side, were banned by the national inspection authority for
youth-harming media in 1980. The ban was primarily due to the
trivialization of drug use (33). The 13-page decision to ban the
album included a translation of the song’s lyrics into German
and scientific evidence of the negative health effects of drug
consumption (34). Given Germany’s current drug policy, which
aims to legalize marijuana for personal use by the middle of
2024, the previous ban seems completely exaggerated from
today’s perspective. Conversely, the message of the song has
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gained even more relevance over time. Similar to musicians,
scientists also have comparable workflows in their daily
routines (Figure 2).

First, he needs to think about an interesting research project
that is worth designing and investigating (35). In order to
succeed the project should align with his skills and interests.
After formulating the research questions, he must consider the
methods, tools and models that will be used to address these
questions (35). These elements can be compared to the cords,
strings, and wording that an artist must find for their song. Once
the correct experimental setup is determined, the researcher must
then organize the sequence and repetitions of the experiments
their (Postdocs, PhDs/MDs

candidates, bachelors, masters, technicians) accordingly. If the

and instruct team members
researcher is fortunate, they and their team can draw scientific
conclusions provide answers that may be of interest to the public
or those working in their research area. However, the most
critical part comes next—finding a publisher willing to publish
the findings (36), which are summarized in a manuscript (the
“researcher’s song”). Similar to an artist who relies on the
decision makers at a music company, the researcher must
persuade journal editors and reviewers that their findings are
worth publishing. Unfortunately, at this stage, the findings
usually don’t go directly to press. In most cases, if the paper is

10.3389/fcvm.2024.1536829

words, or even write completely new verses, which means
conducting additional experiments to support their findings.

However, things can get worse when reviewers propose
experiments and request additions that have nothing to do with
the original project. It’s like taking a part of “Zombie” by The
Cranberries and adding it to Paul McCartney’s “Dancing
tonight”. As a result, many researchers try to avoid incorporating
of “wrong tones” forced by these “dangerous assessors”. One
simple way is to publish findings in pay-to-publish journals,
where researchers pay fees to get their work printed. Some
researchers believe this is akin to buying their way to the top of
the charts, even if their work lacks credibility and scientific
soundness. However, these “findings” are then accessible online
to a wide audience. Another way to simplify the publication
process is if the researcher has good relations with editorial
board members, or even better, with a journal editor. In some
journals, board members can “communicate” one or more papers
per year in their own area of expertise. While this is often
denied, having good “scientific” relationships with influential
scientists can certainly be advantageous when trying to publish
research results (37).

Nowadays, scientists have found a third way to simplify
publication. The establishment of “Preprint servers” allows us to
publish papers without any review process (38). Actually, the

not rejected, the researcher is asked to add more chords or  “Accelerating Science and Publication in Biology (ASAPbio)”
Idea to a song Idea to a research question
Definition of performance %fefinition of hypothesis
Arrangi{'lg song Arranging expclarimental setup
Tunning band members Inspire team members
First versions Performing experiments
Fixing filnal song Final experin{ental results
Demo tape Drafting rr{anuscript
Finding muslic company Finding ;l)ublisher
Final pressid recording Final prinlted paper
Promotioln of song Musician Scientist Promotion of results
FIGURE 2

national and scientific meetings.

Steps for setting up a song or research paper. There are several necessary steps involved in the process of creating a song or research project. For a
musician, these steps include arranging the song, tuning band members, finalizing the composition, convincing a music company to release the song,
and promoting it through concerts. Similarly, for a scientist, the steps involve planning experiments, defining a working hypothesis, inspiring team
members, conducting experiments, and summarizing findings in a paper. This paper is then printed by a suitable publisher and promoted at
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represents a scientist-driven nonprofit working initiative aiming to
drive open and innovative communication in life sciences, and it
lists 65 of these preprint servers (as of November 29, 2024) (39).
Among them are AAS Open Research, Authorea, bioRxiv,
ChemRxiv, F1000 Research, Preprints.org, Research Square, and
Zenodo, which allow for fast and wide spreading of research
results without a review process. Interestingly, some publishers of
regular journals also offer authors the option to deposit their
findings onto preprint servers. Moreover, some journals allow the
citation of preprints. However, preprint articles are not peer-
reviewed, so it is difficult to determine if the work is good or
not, unlike a music song. Similar to an artist, a researcher can
increase the probability of publishing their findings if they are
working on a “hot research topic” or a new technology that
represents a kind of “Scientific Zeitgeist” (40).

The worldwide COVID-19 pandemic for example had a
significant impact on the number and topics of publications (41).
There was an exponential rise in COVID-19 publications, while
of non-COVID
significantly (41). This can be compared to the phenomenon of

the number research articles decreased
“Beatlemania”, which was the euphoria surrounding The Beatles.
It began on October 13, 1963 when the band first performed on
the TV show Val Parnell's Sunday Night at the London
Palladium, reaching an estimated audience of up to 15 million
people (42). Subsequently, the frequency of Beatles songs played
on radio stations increased significantly.

Finally, the quality of a musician and a researcher is measured
in similar ways. These measures include the number of record sales,
rankings on music charts, cumulative digital downloads and
streams of songs from music portals, and visitor numbers at
concerts. Similarly, the quality of a researcher is estimated by the
number of publications, cumulative impact factor, citations, talks
given at national or international meetings, and memberships to
scientific organizations and journal management teams (43, 44).
This is where the cat bites its own tail. Is it possible that a song
performed by a specific musician is ranked higher if they have
previously performed excellent songs? Has anyone heard of
McCartney writing a bad song? Is it easier for a researcher to
publish a paper when they already have a high reputation?

S Music in science and science
in music

Music listening inspires scientists in their daily work, and
music therapy, which utilizes musical elements under the
guidance of trained and qualified therapists, is being studied and
utilized in clinical settings (45-47). Our human connection to
music is deeply rooted in our biology, and this connection
extends to laboratory and farm animals, who also exhibit
physiological and behavioral changes when exposed to music
(48-50). For example, mice offspring whose mothers listened to
music for 2h a day during pregnancy showed improvements in
ambulation score, grip strength, and limb suspension (51).
Additionally, both listening to and playing music can lead to
epigenetic alterations by influencing the expression of genes and
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miRNAs (52). Music therapy sessions have been found to
effectively in reduce anxiety and distress in non-small cell lung
cancer survivors undergoing immunotherapy (53). Furthermore,
engagement with music has shown to mitigate the harmful
effects of COVID-19 infections, particularly in relation to
inflammation and blood clotting pathways that are associated
(54).
However, it is important to note that music therapy does not

with pathophysiological and neuropathological issues
work for all diseases. A recent multicenter randomized clinical
trial found that music intervention did not effectively decrease
anxiety in adult critically ill patients (55). Similarly, it is unlikely
that someone would find relief from a headache by listening to
loud hard rock music. Therefore, it appears that there are specific
areas in which music can be therapeutically effective.

Undoubtedly, in patients with heart disease, music serves as a
therapeutic tool that promotes relaxation by reducing stress levels.
As discussed, listening to calming melodies can lower cortisol levels
(56), thereby alleviating tension within the body. This reduction in
stress not only helps patients feel more at ease but also positively
influences cardiovascular functions such as lowering heart rate
and blood pressure. Moreover, engaging with soothing music can
create a meditative state that fosters emotional healing (57, 58).
As patients immerse themselves in musical experiences—whether
through passive listening or active participation—they may find
relief from anxiety related to their condition. Ultimately,
incorporating music into treatment plans offers a holistic
approach that addresses both the psychological well-being of
heart while their
health outcomes.

disease  patients supporting physical

Musicians may find inspiration in these scientific findings as
they highlight the profound impact of music on health,
particularly for patients with heart disease. Understanding that
their art can serve as a therapeutic tool can motivate musicians
to create calming melodies specifically designed to promote
relaxation and emotional healing. In particular, the supportive
role of music-making was demonstrated during the COVID-19
pandemic, in which it was found to prevent or limit the onset of
depression or more serve forms of mental illness (59). This
knowledge encourages them to explore the therapeutic potential
of their compositions, recognizing that their music can help
alleviate stress and improve cardiovascular function. Additionally,
the idea that engaging with music can foster a meditative state
may inspire musicians to incorporate elements of mindfulness
into their performances or songwriting processes, ultimately
enhancing the emotional connection between their music and
listeners seeking relief from anxiety or discomfort related to
health challenges.

Therefore, musicians can be seen, to some extent, as doctors
without doctoral degrees. In fact, there are musicians who have
earned PhD or MD degrees. Brian May, the guitarist of Queen,
obtained his doctorate in astrophysics in 2007 for his work on
“Radical Velocities in the Zodiacal Dust Cloud”. He has also
been honored with a Doctorate of Science degree from the
University of Hull in England (60). Similarly, Dr. Alban, a
Nigerian-Swedish musician and producer, holds a doctorate in
dentistry. Mira Aroyo, the keyboardist and singer of the British
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band Ladytron, completed her studies at Oxford and earned a
doctorate in molecular genetics (61, 62).

Similarly, musicians can benefit from the innovations made in
research. This was recently highlighted in a BBC radio interview
with Paul McCartney, where he revealed that he has utilized
artificial intelligence in the creation of the final Beatles record
that was released at the end of 2023 (63). While overdub remixes
and cleaned-up versions of the song “Now and Then”, originally
recorded by John Lennon in 1977, have already been circulating
on various internet platforms (such as YouTube) and unofficial
bootleg releases, the use of artificial intelligence has enabled the
extraction and purification of Lennon’s voice. This breakthrough
has served as the foundation for the final unique Beatles track.

Moreover, the worldwide music production of music and the
evaluation of music quality using deep learning techniques have
become major areas of interest in recent years (64-66). There are
both advantages and disadvantages to the creation and validation
of music by artificial intelligence. On one hand, melodies, chords
and lyrics can be easily established and combined, and artificial
intelligence can serve as a source of musical inspiration. On the
other hand, the authenticity and human touch of a song may be
lost. In addition, there may be legal issues that need to
be considered.

In this context, the music industry can potentially learn from
the use of artificial intelligence by researchers who have
employed cheating research paper mills and “scientific” on-
demand publishers. These profit-oriented organizations write and
sell fraudulent research papers that closely resemble genuine
research. These factories of fake paper have already produced
thousands or even tens of thousands of papers that contaminate
the literature and undermine the credibility of the entire
scientific community (67). Unfortunately, the number of papers
originating from paper mills is increasing, resulting in negative
consequences for the scientific community (68). Consequently,
many journals have implemented strategies to identify such
papers (69). It is interesting that now artificial intelligence is
being employed to detect papers in which text- and image-
generating software has produced fraudulent data, as well as to
address the growing problem of paper mills. Furthermore, it is
necessary to distinguish between papers written with the
assistance of artificial intelligence and those that have been
completely fabricated (70). It appears that scientists are using the
“fight fire with fire” approach.

Likewise in music production, Al is now also an important tool
for improving music therapies. One study established the main
predictive factors for the relaxation effects of music listening
using machine learning methods (71). The identified decision
tree with an overall accuracy of 0.79 makes it possible to find
predictive factors that impact therapeutic music listening
outcomes (71). Another study explored the integration of music
therapy and Al by developing a machine learning model to assist
music therapists in selecting appropriate music for patients (72).
The AI system uses a multi-class neural network to classify
emotions and predict the therapeutic benefits of specific songs
individual ~musical emotional

based on preferences and

characteristics. This study demonstrates how Al can enhance the
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practice of music therapy by providing personalized
recommendations, thereby improving treatment outcomes for
patients (72). Moreover, there are efforts to analyze music
therapy using AI methodologies to enhance its effectiveness (73).
Nowadays, society has recognized the deep connection between
music and science. Consequently, SAGE Publications Ltd. launched
the journal “Music & Science” in 2018. This peer-reviewed journal
provides a platform for researchers to communicate important new
insights into the Philosophy of Science, Music, and Psychology,
highlighting the significant overlap between these disciplines
(74). Similarly, Oxford Academic has launched the “Journal of
Music Therapy”, which promotes scholarly activity in music
therapy and fosters the development and understanding of music
therapy and music-based interventions (75). Additionally, this
publisher prints “Music Therapy Perspectives”, which focuses on
the clinical benefits of music therapy (76). Likewise, the journal
“Music and Medicine” published by the International Association
for Music & Medicine, serves as an integrative forum for clinical
practice and research related to music interventions and the
application of clinical music strategies in medicine (77).

6 Music-based therapies

Screening the PubMed database for the search term “Music and
therapy” yielded a total of 15,513 publications (search conducted
on November 29, 2024). Among the initial results featuring these
terms are “Cure by music” (78), “Music in the post-war therapy”
(79), “Music and the mentally ilI” (80), and “Music and
(81), all
potential of music. A search of the PubMed database revealed a

occupational therapy” suggesting the therapeutic
substantial body of research on music’s therapeutic potential on
heart health, indicating significant interest in its impact on
cardiovascular care (see above). This suggests that music plays a
valuable role in both general therapeutic practices and specific
heart treatments, warranting further exploration. However, it is
widely recognized that music has beneficial effects not only on
cardiovascular issues but also has the capacity to mitigate
symptoms in many other organs (Figure 3).

In the clinical setting, music has been found to have highly
beneficial effects on human health. Specifically, it reduces the
stress hormone cortisol (56), boosting endorphin production for
improved mood (10), enhancing focus and motivation (82),
alleviating physical pain (83), especially chronic pain, lowering
blood pressure, and improving well-being, which support overall
cardiovascular function (Table 1). It also promotes relaxation,
reduces stress, improves sleep quality, and can aid in recovery
from injury or illness by enhancing coordination, strength, and
flexibility. Furthermore, music therapy is beneficial for various
disorders such as depression, anxiety, and dementia (13).

It counteracts anxiety in dementia patients and decreases
(85).
interventions promote better diabetic conditions by reducing

agitation in  Alzheimer’s disease Similarly, music
blood sugar, lowering stress and heart rate, thereby enhancing
the psychological and physical health of patients with diabetes

(86). In liver disease, it reduces intensity of pain in patients
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Music in the treatment of human disease. Music and music-directed therapies have been successful in treating a wide range of physical and mental
ailments. Beneficial effects on various organs, including the liver, lungs, skin, heart, kidneys, and muscles have been reported.

TABLE 1 List of the beneficial effects of music on health.

Effects/Potential operational

Reference

area of music

Reduces stress Listening to music can reduce levels of cortisol, which is the stress hormone. (56)
Improves mood Music can activate the production of endorphins and natural chemicals that improve mood. (10)
Increases motivation and concentration Listening to music can help individuals become more focused and stay motivated. (82)
Helps reduce pain Music can help reduce physical pain, particularly chronic pain. (83)

Usage in hospitals and clinics Music can be used to help patients relax and reduce stress. Additionally, it can aid in improving patients’ sleep (57, 58)
quality and enhancing their tolerance towards medical treatments.

Usage in rehabilitation Music can be utilized as a means to aid patients in their recovery from injury or illness. It has the potential to (84)
enhance coordination, strength, and flexibility.

Usage in therapy Music can be used as therapy for a variety of disorders, including depression, anxiety, and dementia. (13)

with end-stage liver disease (87) and improves the psychological
state in patients with acute liver failure (88). Similarly, music
decreases pain and anxiety in many skin diseases including
psoriasis, neurodermatitis, atopic dermatitis, and contact eczema,
most likely by affecting cytokine levels or allergic wheal response
(83). In regard to the kidneys, a two to four times a week
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therapy with music has shown highly beneficial effects in
children suffering from nephrological diseases (89). In addition,
muscle tension levels are improved in patients with emergent
medical conditions (90). Highly beneficial effects have also been
found in patients with hypertension and various cardiovascular
diseases (91-93). Finally, future controlled trials are being
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planned to prove the efficacy of music in the therapy of respiratory
conditions (94).

Studies on the effects of music on the heart in both healthy
individuals and patients with heart diseases have often produced
inconsistent results. This is likely due to the use of varied
methods, measurements, types of music across different studies,
and stimuli (e.g., loudness, genre, instrumentation, and tempo)
across studies (95). However, there has been a significant
increase in interest from scientists and clinicians in
understanding the impact of music on heart parameters in recent
decades. A search on PubMed using the keywords “heart and
music” yielded 1,920 hits (search conducted on November 29,
2024). A recent single-blinded controlled trial found that
listening to nature-based music while in a prone position
reduced anxiety and improved oxygenation and heart rate in
conscious and hypoxemic COVID-19 patients (96). In line, a
meta-analysis of 20 randomized controlled studies (RCTs)
involving 2,306 patients with hypertension, of which 1,154
received music therapy, showed that music is effective in
reducing blood pressure, heart rate, anxiety, and depression.
Additionally, it was found to improve sleep quality (91).

Music can be a powerful tool for helping patients with heart
disease relax and relieve stress, which is crucial for their overall
cardiovascular health (97). By listening to calming music, a
reduction in cortisol levels leads to a more tranquil state of
mind (98). This relaxation response not only helps lower blood
pressure but also reduces heart rate, creating a more favorable
environment for healing. Additionally, engaging with music can
shift focus away from anxiety and discomfort, allowing
individuals to experience moments of joy and emotional
release. As patients incorporate music into their daily routines
—whether through passive listening or active participation—
they may find it easier to manage the psychological challenges
that accompany heart disease, ultimately fostering a sense
of well-being that supports their recovery and long-term
health (99, 100).

While the therapeutic benefits of music on cardiovascular
health and other clinical measures are well-documented, several
factors may lead to inconsistencies in outcomes. One significant
factor is the variability in music selection (26). The type of
music chosen for therapy can greatly influence its effects on
Different
emotional

cardiovascular parameters. genres, tempos, and

rhythms may elicit varying responses and
physiological reactions; for instance, calming music might
lower heart rate and blood pressure, while more energetic
music could have the opposite effect. Individual preferences
also play a crucial role. What is soothing for one person may
be stressful for another (101). This variability complicates the
establishment of standardized protocols for using music as a
therapeutic intervention.

Additionally, further

complexity. Patients differ widely in their medical histories,

patient  heterogeneity introduces
psychological states, and personal experiences with music.
Factors such as pre-existing cardiovascular conditions, mental
health status, and previous exposure to music therapy can affect

how individuals respond to musical interventions. This diversity
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makes it challenging to generalize findings across populations or
predict outcomes based on specific musical selections.

The age of patients is another important consideration that can
contribute to inconsistent effects of music on cardiovascular health.
Age-related differences mean that older adults may have different
physiological music
individuals due to changes in heart function, vascular elasticity,

responses  to compared to younger
and overall health status. Moreover, older adults might have
distinct musical preferences shaped by cultural contexts that
could influence their engagement with the therapy.

Other relevant factors also come into play. For example, the
environment in which the music is played, whether in clinical
settings or at home, can potentially impact its effectiveness. The
duration and frequency of exposure to music therapy sessions
may also alter outcomes significantly. Furthermore, individual
psychological traits such as anxiety levels can interact with the
effects of music on cardiovascular health.

In conclusion, while there is substantial potential for music
therapy health, these
inconsistencies underscore the need for personalized approaches

to positively impact cardiovascular
that consider individual differences in musical preference and
context. Thorough research into how various factors interact with
therapeutic outcomes will be essential in optimizing the use of
music as a treatment modality.

In pediatric patients with kidney failure requiring hemodialysis,
live music significantly reduced heart rate, systolic pressure and
diastolic pressure (102). Similarly, a randomized controlled trial
demonstrated that music is effective in lowering dental anxiety
and fear, heart rate, and blood pressure, while increasing oxygen
saturation levels (103). Furthermore, a recent review showed that
music intervention is a beneficial element in managing diabetic
conditions by improving patients’ engagement in exercise,
autonomous balance, and lower limb blood circulation (86).
Similarly, music therapy resulted in reduced heart rates,
breathing rates, and discomfort levels in patients in a pediatric
intensive care unit (104). Beneficial effects of music were also
who underwent interventional cardiac

proven in patients

catheterization, in which music listening preceding the
intervention reduced anxiety and stress response (105).

Consequently, experts propose utilizing music during bedside
procedures in intensive care units, as music has been found to
affect important physiological parameters such as blood pressure,
respiratory rate and heart, while also lowering subjective pain
and anxiety in patients (106). However, it is possible that music
has relaxing and calming effects on employees working in these
specialized medical and nursing care units, indirectly alleviating
patient fear. Furthermore, music may serve as a distraction,
helping patients to focus less on their illness and potentially
provoking a positive systemic effect. Overall, these potential
effects of music make it therapeutically valuable.

Nevertheless, there is also data showing that music does not
necessarily influence the cardiovascular system. A meta-analysis
conducted in accordance with PRISMA guidelines and including
data from 25 articles found that music sessions reduced anxiety
levels but did not have an impact on systolic/diastolic pressure,
respiratory rate, or heart rate (107).
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FIGURE 4

Music Therapy: Working Together for Human Health

Graphical abstract. Musicians and researchers play vital roles in promoting human health. The interconnectedness of these two professions
emphasizes the importance of interdisciplinary efforts in enhancing well-being and advancing health initiatives through creating suitable music
(musicians) and conducting research or music therapy (researchers/clinicians).

Therefore, there is still a need for more systematic studies to
heart.
Unfortunately, the methodological recommendations published

investigate the beneficial effects of music on the
by Koelsch and Jiancke in 2015 were widely ignored (95). It is
important to clearly define musical and acoustical features, as
well as the musical preferences of healthy and diseased patients
in the Additionally, psychologically and
economically relevant outcome measures should be clearly

included studies.

defined to allow for better comparability between
individual studies.
7 Conclusion

In conclusion, musicians and researchers share many

similarities in their professions. Their work requires creativity
and commitment to continuous improvements, such as the
introduction of Al in their daily routine works. Whether they are
conducting experiments or composing a symphony or song,
musicians and researchers are united in their pursuit of
knowledge and their desire to share their discoveries and musical
talents with the world. Music has long been recognized as a
powerful tool in therapy that can evoke emotions, stimulate
memories, improve emotional well-being, increase self-awareness,
and enhance mental well-being. Studies have shown that music

Frontiers in Cardiovascular Medicine

therapy holds promise in the treatment of heart conditions by
improving cardiovascular function and reducing stress levels.
Musicians, researchers, and clinicians are essential professionals
who stand in line and contribute to human health through
writing music or performing music therapy (Figure 4). However,
music therapy also has some potential disadvantages and side
effects, such as emotional distress when certain songs trigger
negative feelings. Cultural sensitivity is important, as musical
preferences vary widely, which may limit effectiveness for some
individuals. Therefore, there is an urgent need to conduct high-
quality clinical trials to establish evidence-based practices in
music therapy, rather than relying on anecdotal cases like that of
Little Krissy. Further research is needed to fully understand the
mechanisms underlying its effectiveness and to determine
the optimal dosage and duration of music therapy sessions for
the treatment of different diseases.
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