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The study of music and medicine is a rapidly growing field that in the past, has been largely
focused on the use of music as a complementary therapy. Increasing interest has been centered on
understanding the physiologic mechanisms underlying the effects of music and, more recently, the
suggested role of music in modulating metabolic responses. Research has established a role for
music in the regulation of the hypothalamic–pituitary axis, the sympathetic nervous system, and
the immune system, which have key functions in the regulation of metabolism and energy balance.
More recent findings have shown a role for music in the metabolic recovery from stress, the
regulation of gastric and intestinal motility, the moderation of cancer-related gastrointestinal
symptoms, and the increase of lipid metabolism and lactic acid clearance during exercise and
postexercise recovery. The purpose of this article is to summarize the most current understanding
of the mechanisms by which music affects the metabolic responses in the context of potential
applications.

� 2012 Elsevier Inc. All rights reserved.
Introduction

The study of music and medicine is a rapidly growing field
that in the past has been largely focused on the use of music as
a complementary therapy. In clinical and non-clinical contexts,
music has been shown to have a positive influence in wide-
ranging fields such as stress reduction, relaxation, pain
management, neural cognition, cardiac function, andmore [1–5].
However, increasing interest has been centered on under-
standing the physiologic mechanisms underlying the effects of
music and, more recently, the suggested role of music in
modulating the metabolic responses. Research has established
a role for music in the regulation of the hypothalamic–pituitar-
y-adrenal (HPA) axis, the sympathetic nervous system (SNS), and
the immune system, which have key functions in the regulation
of metabolism and energy balance. More recent findings, as will
be discussed, have shown a role for music in the metabolic
this work.
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recovery from stress, the regulation of gastric and intestinal
motility, the moderation of cancer-related gastrointestinal
symptoms, and the increase of lipid metabolism and lactic acid
clearance during exercise and postexercise recovery.

The purpose of this review is to summarize the most current
understanding of the mechanisms by which music affects the
metabolic responses in the context of potential applications.
Established parameters: HPA axis, SNS, immune function

Recent studies have focused on a deeper understanding of the
effect of music on the complex human stress response through
the HPA axis, SNS, and immune system activity. Modulations in
HPA axis activity have been measured by serum levels of cortisol,
adrenocorticotropic hormone, growth hormone (GH), insulin-
like growth factor, and oxytocin. Cortisol is released from the
adrenal glands in response to increased adrenocorticotropic
hormone from the anterior pituitary. Cortisol stimulates
a metabolic response by inducing gluconeogenesis and glyco-
genesis in the liver and suppressing the immune system through
a negative-feedback effect on cytokine production. This also
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promotes the general catabolic state through the metabolism of
protein, fat, and carbohydrate in sites such as muscle, adipose
tissue, connective tissue, and lymphoid tissue. Conversely,
decreases in HPA activity attenuate the activation of these cata-
bolic processes. Thus, HPA axis activity has an important role in
regulating metabolic processes and energy balance.

Several studies have shown the role of music in decreasing
cortisol levels in perioperative environments. Patients who
were exposed to music after surgery exhibited significant
decreases in cortisol levels compared with patients who were
not exposed to music [6–8]. In a study by Nilsson et al. [7],
day-surgery patients who received a postoperative music
intervention exhibited a 206-mmol/L decrease in cortisol levels
after 2 h in the postanesthesia care unit compared with
72 mmol/L in the control group. Similarly, Leardi et al. [6]
reported decreases in cortisol levels in patients who received
pre- and postoperative musical exposures. Statistically signifi-
cant decreases in postoperative cortisol levels were exhibited in
patients who were able to select the type of music used [6]. The
hypermetabolic response is characterized by the release of
catecholamines, cortisol, cytokines, and other neuroendocrine
hormones that are modulated by the HPA axis and the SNS as
a result of severe injury such as a burn. This intensely catabolic
process is facilitated in part by hypercortisolemia through the
promotion of glycogenolysis, lipolysis, and proteolysis. Through
decreasing cortisol levels, it is conceivable that music has the
ability to trigger decreases in energy catabolism, which is
particularly detrimental in the pediatric burn population. Future
research will demonstrate whether it is possible to consistently
attenuate the hypermetabolic response to injury using music
because conventional therapy is flawed by limited efficacy and
significant side effects, especially in the pediatric patient pop-
ulation [9–12].

The probable first step in understanding music’s ability to
mediate stress relaxation is that music increases levels of GH,
through which it directly affects the HPA axis [13]. Previously
implicated in hypermetabolic pathology, GH is an anabolic
hormone produced by the anterior pituitary that stimulates the
breakdown of triacylglycerols, suppresses the uptake of circu-
lating lipids, and mediates growth-stimulating effects in a wide
variety of tissues by stimulating the secretion of insulin-like
growth factor-1. In the early phases of injury, a state of GH
resistance develops as part of the acute stress response [14].
Several studies have suggested that music may moderate this
effect. This has been observed in critically ill patients who were
shown to have significant increases in plasma concentrations of
GH after exposure to defined relaxing music. Patients receiving
music intervention also showed simultaneous decreases in levels
of the inflammatory cytokine interleukin-6 (IL-6) and epineph-
rine in response to increased GH levels [13]. Mechanistically, this
is explained by the ability of GH to bind IL-6 receptors on the
surface of inflammatory cells, triggering a decrease in the
inflammatory response. Studies have demonstrated an inverse
correlation between the availability of the GH-releasing
hormone and IL-6 release from peripheral blood mononuclear
cells, which is mediated through a direct effect of GH on
peripheral blood-derived mononuclear cells that secrete IL-6
[15]. A study by Okada et al. [16] confirmed similar trends,
with significantly lowered levels of IL-6, epinephrine, and
norepinephrine observed in patients with cerebrovascular
disease and dementia receiving music therapy compared with
patients who did not. Given the role of IL-6 and epinephrine in
central nervous system–mediated immune modulation through
the HPA axis and autonomic nervous system (ANS), respectively
[17,18], these findings suggest a basis for the interaction between
musical stimulation and neuroendocrine-immune pathways.

The alteration of ANS activity has implications for the regu-
lation of cardiovascular responses in addition to the effects on
neuroendocrine and immune system activity. The ANS response
likely plays an important role in mediating the effects of music
on immune and neurohormonal activity, particularly given the
ability of music to induce emotional and mental activity that can
modulate ANS function [19]. Studies investigating the impact of
music on cardiovascular variables have found increased
corticotropin-releasing hormone and adrenocorticotropic
hormone levels in patients with chronic heart failure, suggesting
dysfunctional feedback and increased signaling of the HPA axis in
chronic heart failure [20]. Heart rate variability (HRV)din addi-
tion to measurements of serum epinephrine and norepinephrine
levelsdis generally considered the standard method for assess-
ing quantitative markers of cardiac autonomic activity. In
patients with chronic heart failure, a higher HRV is linked to
fewer life-threatening arrhythmias and a better prognosis,
whereas a decrease in HRV is associated with worse outcomes.
One of the simplest methods to determine HRV is through time–
domain variables, whichmeasure the instantaneous heart rate or
the interval between successive normal complexes. Commonly
used time–domain parameters include the square root of the
mean squared differences of successive normal-to-normal
intervals and the number of interval differences of consecutive
normal-to-normal intervals that exceeds 50 ms. These two
measurements, in addition to high-frequency activity, are
indicative of parasympathetic HRV [21]. In two separate studies,
it was found that music therapy led to a significant increase in
HRV parameters such as the square root of the mean squared
differences of successive normal-to-normal intervals, the
number of interval differences of consecutive normal-to-normal
intervals that exceeds 50 ms, and high-frequency activity in
elderly patients with cerebrovascular disease and dementia,
suggesting a music-induced activation of the parasympathetic
nervous system [16,22]. At the same time, sympathetic tone was
attenuated in patients undergoing music therapy because they
had significantly lower levels of epinephrine and norepinephrine
compared with control groups. Taken together, music therapy
induced relaxation responses in the limbic and hypothalamic
systems that also led to a lower frequency of acute heart failure
events and congestive heart failure exacerbations compared
with controls (10.9% versus 34.4%, P< 0.05). Similar observations
were noted by Chuang et al. [23]; the measurement of HRV
parameters in cancer survivors reflected increased para-
sympathetic nervous system activity and decreased SNS activity
after 2 h of music therapy. In separate studies outside chronic
heart failure, Chuang et al. [24] also showed that para-
sympathetic HRV parameters in patients with breast cancer were
significantly increased with music exposure, although no
concomitant changewas seen inmarkers of sympathetic activity.
In these ways, music has the potential to decrease HPA axis
activity through ANS responses and provide measureable phys-
iologic benefits that can be applicable to clinical settings.

The ability of music to decrease stress has valid therapeutic
uses that have been studied in various clinical environments.
Perioperative acoustical stimulation has been shown to decrease
the amount of sedative and analgesic medication needed in
addition to decreasing perioperative anxiety and postoperative
pain and improving overall postoperative recovery. Koelsch et al.
[25] demonstrated that patients receiving musical stimulation
before, during, and shortly after surgery required less sedative
medication to achieve light sedation under regional anesthesia.
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Patients exposed to music had approximately 15% lower
consumption and target plasma concentration of propofol and
nominally lower bispectral index scores compared with the
control group, indicating deeper levels of sedation compared
with controls [25]. Zhang et al. [26] reported significantly lower
intraoperative propofol target concentrations, total propofol
requirements, and time to induction of sedation in women
undergoing hysterectomies with spinal–epidural anesthesiawho
received themusic exposure of their choice comparedwith those
who did not receive any music intervention. Similar findings
were reported with patient-controlled, intravenous midazolam
requirements in patients undergoing ambulatory or short-stay
surgery with spinal anesthesia. The music intervention group
required 1.2 mg of total midazolam for the entire perioperative
period, which was significantly lower than the 2.5 mg required
by the control group [8]. In patients undergoing open hernia
repair, those receiving postoperative music also required
a significantly lower total dose of intravenous morphine post-
operatively (1.2 mg) compared with the control group (3.6 mg)
[7]. Furthermore, a meta-analysis of six studies with 641 patients
undergoing endoscopy showed that music therapy lowered
analgesia requirements by 29% and procedure time by 21% [27].
Taken together, these studies demonstrate perioperative roles for
the impact of music on stress reduction and metabolism, as
indicated by lower analgesic requirements and enhancement of
the sedative effects of analgesia.

Novel approaches: studies in neonates, gastric physiology,
exercise metabolism

An increasing area of focus in music and metabolism involves
the therapeutic role of music in promoting the anabolic
responses necessary for recovery from injury or severe stress. In
particular, studies in neonates have shown the efficacy of music
as a developmental care intervention for preterm infants in the
neonatal intensive care unit [28]. The review byNeal and Lindeke
[28] highlighted several studies that observed decreased physi-
ologic instability and increased physiologic functioning in
preterm infants presented with music stimulation based on
metrics such as fewer episodes of apnea and bradycardia, less
observed pain, increased daily weight gain, larger formula
intake, higher oxygen saturations, improved frequency and
strength of non-nutritive sucking, and fewer days to discharge.
More recently, Lubetzky et al. [29] showed that gavage-fed
infants at postmenstrual 30 to 37 wk of age had a 10% to 13%
decrease in their resting energy expenditure within 10 min of
listening to the music of Mozart. Although the exact mechanisms
are unclear, it is speculated that this decrease in energy expen-
diture correlates to an increased metabolic efficiency that thus
improves weight gain. In contrast, an investigation in obese
adults examined the use of stressful classical music to increase
resting expenditure, though the study did not yield significant
results [30]. Further research will be needed to elucidate the
physiologic effects of music on resting metabolism.

Recent research has suggested a role for auditory stimuli in
the regulation of gastric myoelectrical activity. In animal studies,
acoustic stress has been shown to have a negative impact on
gastric and intestinal motility. A study in dogs subjected to
postprandial acoustic stress showed a delay in the recovery of
the migrating motor complex pattern, a slowing of gastric
emptying, and an increase in the feeding-induced release of
gastrin, pancreatic polypeptide, and somatostatin [31]. A similar
study inmice revealed an increase in gastric emptying associated
with increased levels of corticotropin-releasing factor when
subjected to acoustic stress [32]. In contrast, human studies have
indicated that listening to enjoyable music increases the ampli-
tude of gastric myoelectrical activity in healthy human adults,
which can promote increased gastric motility and stimulate
gastric emptying [33]. The same study also showed that the
effect of music on gastric contractility was much lower in
patients who deemed the music to be unenjoyable. Interestingly,
the impact of music on gastric activity is age dependent, because
adolescents in the fasting state are much more susceptible to
audio stress than adults in the fasting state. Although classical
music and noise impaired gastric slow-wave frequency in
adolescents, classical music increased gastric slow wave rhyth-
micity in adults [34]. In these ways, music therapy may play
a part in improving gastric motility and stimulating gastric
emptying. Overall, these data provide growing support for the
ability of music to facilitate normalizing intestinal motility. In
clinical contexts, these findings are particularly relevant in
environments such as the intensive care unit, where patients
could achieve significant benefit from improved gastrointestinal
motility through a decreased need for parenteral support, the
promotion of early enteral nutrition, and a lessened risk of long-
term adverse sequelae from intestinal non-use.

Music therapy may also prevent or attenuate gastrointestinal
symptoms such as nausea and vomiting in cancer therapy. In
a study of bone marrow transplant recipients undergoing high-
dose emetogenic treatment, patients receiving musical stimula-
tion in combination with antiemetics reported significantly less
nausea and vomiting than those taking antiemetics alone [35].
This finding was corroborated by Madson and Silverman [36]
when the qualitative impact of music interventions on pain
and nausea was studied in transplant recipients. After receiving
weekly music therapy sessions of 15 to 35 min, transplant
recipients reported significant improvements in relaxation,
anxiety, pain, and nausea. Ongoing research may continue to
define a clinical role for music as a complementary therapy in
moderating cancer-related gastrointestinal symptoms.

During exercise, music is commonly used for motivational
purposes, to counterbalance emotional and physical fatigue, and
to improve performance. Recent research has implied physio-
logic evidence for the role of music in increasing exercise
performance, improving the lipid profile, and facilitating
postexercise recovery. An early study by Brownley et al. [37]
investigated the physiologic impact of listening to no music,
fast-paced music, and sedative music for trained and untrained
runners during exercise of varying intensities. Under conditions
of high-intensity exercise, runners listening to fast music had
higher plasma cortisol levels [37]. Given the role of cortisol in
promoting the catabolism of energy substrates in muscle,
adipose, and connective tissues, this suggests a potential meta-
bolic benefit for the use of upbeat music during exercise. Inter-
estingly, music had a differential psychological effect depending
on training level; untrained runners reported a more positive
psychological affect from fast music during high- and low-
intensity exercise compared with trained runners who experi-
enced their most negative feelings while listening to fast music
[37]. Achieving the maximal benefits of music during exercise
may therefore require calibration of the type of music used and
a consideration of the fitness level of the individual. Music may
also have a role in re-enforcing the effect of exercise in improving
the lipid profile. In a study of resistance training in obesewomen,
subjects who participated in resistance training with music
showed a significant increase in high-density lipoprotein and
significant decreases in total cholesterol, low-density lipopro-
tein, and total body fat percentages, whereas decreases in total



Table 1
Summary of key references and established impact of music and novel approaches

Article Summary

Music and healing
Conrad C. Music for healing: from magic to medicine. Lancet
2010;376(9757):1980–1

Provides a historical and philosophical account of the evolving use of music in
healing and medicine. Explores future avenues for research to better
characterize the impact of music on the stress response and its future
therapeutic applications.

Established impact on anxiolysis and sedation
Koelsch S, Fuermetz J, Sack U, Bauer K, Hohenadel M,Wiegel M, et al. Effects of
music listening on cortisol levels and propofol consumption during spinal
anesthesia. Front Psychol 2011;2:58

Examines the impact of instrumental music on hormone levels, the immune
system, and sedative requirements during spinal anesthesia. Demonstrates the
stress-decreasing effect of music and the clinical relevance of music in
decreasing sedative requirements to achieve light sedation under regional
anesthesia.

Conrad C, Niess H, Jauch K-W, Bruns CJ, Hartl WH, Welker L. Overture for
growth hormone: requiem for IL-6? Crit Care Med 2007;35(12):2709–13

Investigates the biological basis of music’s anxiolytic effect in humans and
describes a significant role for centrally expressed growth hormone and
peripheral interluekin-6 conduction in hemodynamics.

McCraty R, Barrios-Choplin B, AtkinsonM, Tomasino D. The effects of music on
mood, tension, andmental clarity. Altern Ther HealthMed 1998;4(1):75–84

Studies the effect of grunge rock, classical, New Age, and designer music on the
mood, tension, andmental clarity of individuals. Provides initial groundwork for
more detailed investigation of the variable impact of different musical genres on
autonomic nervous system, cardiovascular, neuroendocrine, and immune
system functions.

Neonatal and pediatric populations
Lubetzky R, Mimouni FB, Dollberg S, Reifen R, Ashbel G, Mandel D. Effect of
music by Mozart on energy expenditure in growing preterm infants.
Pediatrics 2010;125(1):e24–8

Presents a role for music therapy in neonatal and pediatric populations.
Suggests resting energy expenditure is decreased in preterm infants who were
exposed to music of Mozart, although continued work is needed to elucidate the
specific mechanisms of this effect.

Neal DO, Lindeke LL. Music as a nursing intervention for preterm infants in the
NICU. Neonatal Netw 2008;27(5):319–27

Reviews the current literature surrounding the use of music in neonatal
intensive care unit settings and outlines guidelines for the effective use of music
for preterm infants.

Gastric activity
Chen DD, Xu X, Zhao Q, Yin J, SallamH, Chen JD. Effects of audio stimulation on
gastric myoelectrical activity and sympathovagal balance in healthy
adolescents and adults. J Gastroenterol Hepatol 2008;23(1):141–9

Demonstrates differential impact of classical music and noise on gastric
myoelectric activity and sympathovagal balance in adolescents versus adults.
Establishes potential utility of music therapy in stimulating gastric motility.

Exercise physiology and recovery
Eliakim M, Bodner E, Eliakim A, Nemet D, Meckel Y. Effect of motivational
music on lactate levels during recovery from intense exercise. J Strength
Cond Res 2012;26(1):80–6

Explores ability of music to facilitate postexercise recovery after intense
physical training, based on measurements of blood lactate concentration and
self-perceived exhaustion. Represents area for continued research to
understand underlying physiology of music’s impact on exercise recovery.
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cholesterol, low-density lipoprotein, and total body fat
percentage were not observed in the control group [38].
However, further studies are needed to characterize the isolated
impact of music and to define the mechanisms through which
music may alter lipid metabolism during exercise. After condi-
tions of intense exercise, music may also facilitate postexercise
recovery. In a study of trained college-age men, listening to
dance-style remixes of Western pop music resulted in significant
increases in voluntary activity after sessions of intense running
compared with those who did not listen to music. Subsequently,
the music group showed significant decreases in blood lactate
concentration and the rate of perceived exhaustion within the
first 15 min of postexercise recovery compared with controls
[39]. Although these studies provide a foundation for describing
the role of music in exercise-related performance and metabo-
lism, this represents an area for continued future study.

Conclusion and future recommendations

Current research has defined a role for musical stimulation in
the regulation of metabolism and energy balance through the
regulation of HPA activity. Studies have shown that music
decreases HPA axis stimulation by decreases in serum levels of
cortisol, increases in GH, and moderate decreases in IL-6 and
epinephrine levels. Music also affects ANS responses, which can
have resultant effects on immune system activity, neuroendo-
crine stimulation, and cardiovascular measurements. The thera-
peutic value of these findings have translated into advantages in
clinical settings, particularly in perioperative environments in
which acoustic stimulation led to decreased requirements for
sedative and analgesic medications. More novel studies have
focused on understanding the applicability ofmusic in promoting
metabolic efficiency during injury recovery, improving gastric
myoelectric activity and gastric motility, curbing cancer-related
gastrointestinal symptoms, and increasing exercise-related
metabolic benefits (Table 1).

Several new areas of research have also emerged that repre-
sent promising topics for continued future inquiry. The impact of
different types of music on specific metabolic responses is
a question that has not been extensively pursued, although
existing work has examined the effect of differentmusical genres
on aspects of the stress response. Several studies have observed
the relaxing effect of classical music, whereas genres such as hip
hop, techno music, and heavy metal [40] (see Table 2 for defi-
nitions) are commonly associated with physiologic arousal [41].
More specifically, a study by Gerra et al. [42] found that listening
to techno music led to significant increases in heart rate and
norepinephrine, cortisol, and adrenocorticotropic hormone
levels. Research has suggested that a listener’s personal music
preferences increase the ability of a specific type of music to
attenuate an individual’s stress levels. Labb�e et al. [43] found that
healthy volunteers who listened to self-selected or classical
music after exposure to a stressor showed significant decreases
in self-rated anxiety, whereas those exposed to heavy metal or
silence did not. In addition, self-selected music and silence led to
the greatest decreases in anger. Musical genres also had variable
effects on respiratory and heart rates; the respiratory rate was
significantly lowered in volunteers listening to classical and



Table 2
Definitions of musical genres

Musical genre Description

Designer music Created with the intention of eliciting a specific physiologic or psychological response in the listener. Examples include Medical Resonance
Therapy Music by Peter Hübner, which is designed to stimulate the brain by strengthening the body’s natural regenerative capabilities [19].

Grunge Form of rock music dominated by recurrent guitar riffs that became widely used with the emergence of Nirvana in the early 1990s.
Heavy metal Music genre that emerged in the 1960s that is dominated by a traditional guitar, bass, and drum lineup with an accent on technique. It is usually

accompanied by stylized singing of generally simplistic lyrics and is often interchangeable with “hard rock.” Examples of early heavy metal
include Cream, Jimi Hendrix, Black Oak Arkansas, Grand Funk Railroad, and Led Zeppelin.

Hip hop Style of music that uses rap (spoken rhyme) over a rhythmic background that is mainly characterized by the manipulation of pre-existing
recordings.

New Age Contemporary musical genre that features Asian and Western musical instruments and styles with roots in New Age ideology that invokes
alternative healing and the connection between music, meditation, and the mind. The term was first introduced in 1976 with Will Ackerman’s
release of acoustic guitar solos, In Search of the Turtle’s Navel.

Techno A form of 20th century electronic dance club music that is relatively simple in structure and tempo and characterized by a pounding bass–drum
effect.

Definitions are from the Encyclopedia of Popular Music [40] unless otherwise noted
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heavy metal, whereas heart rate was significantly decreased in
those listening to self-selectedmusic [43]. Such trends have been
used by the music industry with the emergence of “designer
music,” a novel genre created to deliberately elicit a specific
affect in the listener. A study of grunge rock, classical, New Age,
and designer music showed that designer music had the most
significant effect on improving self-scored positive scales of
caring, relaxation, mental clarity, and vigor and decreasing
negative scales of tension, hostility, fatigue, and sadness,
although New Age and classical music showed similar but less
drastic trends in inducing positive and negative mental states
[19]. Although such studies have provided the groundwork for
analyzing the psychophysiologic effects of different types of
music, further research is needed to understand the potential for
specific types of music to elicit changes in metabolic activity.
Evenwithinmusical genres, there is a need for greater analysis of
the variable impact of compositional motifs, rhythm, tempo, and
musicality in addition to the artist. Elucidating the differential
impact of various types of music has important implications in
determining the future therapeutic potential of targeted musical
interventions.

Gender-specific responses to music are another topic that
merits further evaluation. Research has suggested the tendency
for women to be more stress reactive compared with men. A
study by Nater et al. [41] showed different reactivity patterns in
men and women. When presented with heavy metal music,
women exhibited a greater increase in the SNS response than did
men according to finger temperature and skin conductance
measurements. Interestingly, men exhibited an exaggerated
autonomic response after heavy metal exposure as indicated by
an increased secretion of salivary amylase, which is induced by
sympathetic and parasympathetic nerve stimulations [41]. Basic
science has suggested that sex-based differences in psycho-
physiologic responses to music could have a hormonal basis
[44–47]. Compared with male sex hormones, female sex
hormones tend to elicit a heightened stress response that favors
music anxiolysis, which may have potential implications for the
sex-based differences in the efficacy of music therapy in critical
illness [48]. Despite such findings, little is known regarding the
differences in music-induced metabolic responses in men and
women. Achieving a better understanding for the sex-based
variations in the metabolic response to music has important
implications for the nuanced use of music therapy in distinct
patient populations.

The field of music and medicine is making exciting strides
toward a deeper appreciation of music and the physiologic
mechanisms through which music has its effect. In the
continuing investigation of the potential of music to induce and
restore metabolic responses, there is much to be understood to
create a path for the effective use of musical interventions in
clinical practice.
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