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Abstract

Although music is predominantly utilized for religious, enjoyment or entertainment purposes,

it is gradually emerging as a promising non-pharmacological intervention for improving health
outcomes in both healthy and diseased populations, especially in those with cardiovascular
diseases. As such, music of various genres and types has been postulated to possess features

that stimulate or inhibit the autonomic nervous system, which leads to variable effects on
cardiovascular function. However, music intervention has not been adequately explored as a
cardiovascular therapeutic modality due to the lack of extensive studies with quality methodology.
Thus, the aim of this systematic review is to explore the available literature on the effect of

music on the cardiovascular system, discuss the limitations of current research, and suggest future
directions in this field.
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Introduction

Music is a universal art form that is pervasive in every society globally and has mainly been
a cultural tool used for entertainment and religious purposes. However, music does have its
historical basis in medicine, dating back to the 6" century at least. Pythagoras, an ancient
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Greek philosopher, used music to treat bodily and psychological ailments. He proposed that
by listening to music, one could comprehend and retrace the outer “physical” harmony of
the universe, which would lead to a state of inner “mental” harmony, thus reestablishing
balance in the body and helping to cure mental disorders [1]. He was thought to be the

first person to prescribe music as medicine. Around 400 BC, Hippocrates, the father of
clinical medicine, was known to play music for his patients with mental illness [2]. As

far back as the pale-olithic ages, music was adopted for therapeutic purposes due to the
belief that music would have positive effects on body systems, including the cardiovascular
system [3]. These music therapies were mostly based on theory, rather than pragmatic
evidence. The early 20t century advocated for the validation and implementation of music
for therapeutic purposes using the same methodological rigor as any other clinical practice
in modern medicine [4]. In 1914, the American Medical Association first acknowledged the
possible benefits of music in hospital treatments through Dr. Evan O’Neill Kane’s letter in
the Journal of the American Medical Association, documenting successful phonograph use
in the operating room to calm patients before general and local anesthesia [5]. In 1918,
Columbia University introduced the first course on music therapy, entitled “Musicotherapy”
[6]. Because of its low cost, accessibility, ease of use, and minimal risk, music has the
potential to be a universal mode of therapy. While music therapy has the potential to benefit
all ages and a variety of disease processes, this review focuses on the cardiovascular system.
It is thought that music may exert cardiovascular benefits through complex interactions
between respiratory activity and autonomic cardiovascular control.

Heart rate variability (HRV) is the beat-to-beat variation in heart rate. HRV includes
respiratory sinus arrhythmia (RSA), a normal phenomenon relating to the acceleration

of heart rate during inhalation and the deceleration during exhalation. The HRV reflects

the complex interplay of the sympathetic and parasympathetic branches of the autonomic
nervous system, and measurements of HRV have proved to be powerful predictors of cardiac
morbidity and mortality [7, 8]. Several studies we describe here assess changes in HRV as an
outcome measure. Additional studies evaluate the impact of music on the electrocardiogram
(ECG), blood pressure (BP), heart rate (HR) respiratory rate (RR), ventilatory efficiency,
exercise performance, cortisol levels, and endothelial function. We will consider the subjects
and outcomes studied, the types of music interventions and modalities (music listening,
singing, instrument-playing) utilized, entrainment (synchronization of music tempo to
biological variables such as heart rate), and the overall quality of the currently available
evidence.

The aim of this systematic review is to explore the available literature on the effect of music
on the cardiovascular system, discuss the limitations of current research, and suggest future
directions in this field.

Search strategy

A search was conducted via the PubMed database for both randomized controlled trials
and observational studies (including case-control and cohort studies) from January 15t, 1980
to December 315t, 2020. Only articles in English were considered. The key search phrase
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‘music and cardiovascular’ was used to conduct the article search. Studies were required to
include at least one music intervention and outcomes related to the cardiovascular system or
cardiovascular diseases.

Study selection and inclusion criteria

Full-text, peer-reviewed published articles in scientific journals, which included music
reception (listening), or performance (singing and playing instruments) interventions were
included in this review. Studies in persons or populations of adult ages, conducted in
individuals or groups, both in healthy and diseased populations, were included. Each study
was required to evaluate at least one key biomarker or outcome related to cardiovascular
physiology or health. This review includes music interventions in both healthy subjects
and those with specific cardiovascular diseases (e.g., heart failure, myocardial infarction,
hypertension, etc.). Articles were excluded if they were abstracts, supplements, reports,
opinion articles, letters, reviews, commentaries, magazine articles, book chapters and
presentations. However, we do incorporate and highlight major findings from previously
published review articles related to this topic in the Discussion.

Article screening process

Our key search phrase through the PubMed database yielded 530 articles. This number was
reduced to 149 full-text articles after the removal of 381 abstract-only publications. Further
review led to the removal of 123 articles due to the following: unrelated topic (n = 13),
review or meta-analysis (n = 16), lack of music intervention (n = 70), no cardiovascular
outcome assessed (n = 6), pediatric study population (n = 1), non-English text only (n = 3),
animal study (n = 3), supplement/letter or abstract-only (n = 9), and duplicates (n = 2). A
total of 26 articles were included in this review (Figure 1).

Quality assessments

Data extracted from all articles included the first author, year of publication, research design,
sample size and study characteristics such as the mean age, sex distribution and health

status of the studied population; the mode and duration of the music intervention; outcome
measures assessed, and major findings, are displayed in Tables 1-3. All of these factors were
considered during the quality assessment of each article.

The assessment of the methodological quality of the studies was conducted for the

26 articles using the Downs and Black (1998) checklist for both randomized and non-
randomized intervention studies [9]. The tool includes five sections with a total of 27
questions on study quality, external validity, study bias, confounding and selection bias, and
study power. The total possible score was 28 for randomized and 25 for nonrandomized
studies based on a previously published modification [10]. Downs and Black score ranges
were given corresponding quality levels: excellent (26-28); good (20-25); fair (15-19); and
poor (<14) [10]. Two reviewers were assigned to each article for quality assessment. Any
discrepancies in quality scores were resolved in consultation with a third reviewer. Quality
scores are displayed in Tables 1-3.
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Twenty-six studies (1,342 subjects, 55% female) were included in this review, of which ten
were randomized (8 with a control) and sixteen were non-randomized, pre-post intervention
studies. Most studies (17/26) included predominantly younger, healthier subjects (mean
age 26 + 7, 61% females). The remaining nine studies included older individuals, often
with cardiovascular disease (mean age 50 + 19, 43% females) including: recent myocardial
infarction or cardiac catheterization (n = 2); hypertension or pre-hypertension (n = 2);
hemodialysis (n = 1); cardiac rehabilitation (n = 1); post- and peri-menopausal women (n =
1); elderly females enrolled from senior community centers (n = 1); and palliative care (n

= 1). Music listening was the most studied type of intervention (21/26 studies), followed

by music performance with playing instruments (n = 3) or singing (n = 2). Eighteen

out of 26 studies were acute intervention studies with only a single study visit. Study
outcome measures are described in detail below. Heart rate variability (HRV) was the most
frequently studied outcome of interest (n = 11), followed by HR and/or BP (n = 8), exercise
performance and/or Borg rating of perceived exertion (RPE, n = 5), ECG parameters (n =
4), among others. We were unable to pool the individual effect sizes given the inadequate
number of RCTSs included. A narrative synthesis of the evidence is presented below.

Six of the included studies were of good or excellent quality by modified Downs and
Black scores = 20). These 6 studies were either well-powered randomized studies or
large observational cohort studies with adequate consideration or adjustment for potential
confounders.

Heart rate, blood pressure, and respiration (Table 1)

Cardiorespiratory variables can be modified by musical structure (organization or
composition of music by beats per minute, sequences, melody, and pauses). Vickhoff et
al. [11] observed that musical structure determined RR, with a cascade or overarching
effect on the HRV in group choir singing. Mantra singing demonstrated close alignment
of RR and HR in terms of amplitude and frequency — resulting in the highest HRVwhen
compared to hymn singing and humming. Higher HRV, a marker of greater vagal tone, is
considered beneficial. Bernardi et al. [12] investigated the responses to six types of music in
healthy musicians and non-musicians (age 24 + 1) in random order both with and without
intervening two-minute pauses of silence. Minute ventilation, BP, HR, and mid-cerebral
artery flow increased with faster tempos and simpler rhythmic structures compared with
baseline. BP, minute ventilation, and HR decreased during the silent two-minute pauses.
Overall, there appeared to be an arousal effect proportional to the speed of the music,
with slower rhythms inducing relaxation; silent pauses without music induced the greatest
relaxation. Previous training in music enhanced the ability to respond to music rhythm
(musicians breathed faster with faster tempi and had slower baseline breathing rates than
non-musicians).

Mir et al. [13] randomized 30 pre-hypertensive males, ages 18 to 25, to 4 weeks of the
Dietary Approaches to Stop Hypertension (DASH) diet with or without (control) music
therapy. Music therapy listening sessions were 30 minutes five days per week, during which
“The Best Relaxing Piano and Flute Music Ever,” was administered via recording. All
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participants received education on the DASH eating plan and sodium restriction with weekly
reminders. Between-group comparisons showed statistically greater reductions in the mean
systolic BP (by 8.73 mmHg, p <.001) and HR (by 6.42 beats/minute, p = .002) in the music
group compared to the control group, with no differences in diastolic BP. The control group
did not exhibit significant changes in any of these 3 outcomes from baseline to 4 weeks. This
raises questions about dietary adherence (not directly assessed) in these subjects since there
is excellent data that the DASH diet lowers blood pressure after just 2 weeks [14].

In a quasi-experimental research study, Namdar et al. [15] studied the impact of both
slow-beat and fast-beat music listening on BP and HR in 98 healthy males and 113
hypertensive males based on introversion and extroversion personality characteristics.
Extroverted, hypertensive patients showed greater reductions in systolic BP and HR after
hearing slow-beat music, compared to introverts with hypertension. Healthy normotensive
extroverts also showed greater reductions in HR after hearing slow-beat music, compared
to introverts. In summary, personality traits may influence the impact of music stimuli on
cardiovascular responses.

Trappe and Voit [16] randomized 120 healthy subjects (mean age 46, 50% female) to

music listening or rest. The music group was further randomized to three arms (different
sequences) of listening to various compositions by W.A. Mozart, J. Strauss, or the rock
group ABBA for 25 minutes each per day over 3 days. Music by Mozart and Strauss
lowered BP and HR, while music by ABBA did not. Mozart’s music had the strongest
effects. Mozart’s music has previously been recommended as relaxation-inducing, [17-19]
possibly related to the high degree of periodicity, repetitions, and effects of recognition of
or familiarity with song. The observed effects were not correlated with the style of music
individually preferred by the subjects. Men reacted to all 3 musical genres with a larger drop
in cortisol concentrations than women. The lack of effect from ABBA’s music is unclear but
may be related to emotional factors or use of spoken words.

Kim et al. [20] assigned 20 healthy elderly Korean females (mean age 70 + 2) from senior
community centers to 5 or 10 weeks of ocarina (a traditional flute-like wind instrument)
playing. There were improvements in pulmonary function testing, 6-minute walk test, and
Borg rating of perceived exertion (RPE). Larger improvements in these outcomes were seen
at 10 weeks compared to 5 weeks of ocarina playing. One limitation of this study was the
lack of randomization of participants or a control group. Th investigators also note that
subjects were also participating in other programs at the center, such as yoga, dance, and
singing. The effects of these other programs on observed results were not considered.

Heart rate variability (Table 2)

Eleven studies evaluated the effect of music intervention on HRV, of which nine studies were
conducted in young (mean age 24), healthy subjects. Seven of eleven studies used music
listening as the intervention, and two studies each examined playing instruments (in trained
musicians) or singing (group choir singing in one study and individual singing in the other).
Only four of these studies included randomization to specific interventions, of which two
included a control or standard-of-care group.
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Ribeiro et al. [21] studied the impact of weekly music therapy (MT) sessions (average
number of sessions 7 + 2 with one session/week) in 46 healthy mothers of preterm infants
randomized to MT or usual care. The individual sessions were interactive with a trained
music therapist for therapeutic music listening (songs selected by the participant based on
personal preferences) and included reflection and verbal processing. There was a significant
increase in HRV parameters (RMSSD: square root of the mean of the squares of differences
between adjacent NN intervals; SDNN: standard deviation of all NN intervals; pNN50:
percent of all NN intervals differing by more than 50 milliseconds in the recording period)
and reductions in anxiety and depression in mothers in the MT group compared to the
control group. However, data collection was completed for only 21 of the 46 mothers.

In a high-quality study, 99 healthy subjects (mean age: 37 + 11, 70% female) were
randomized to a daily 10-day intervention of one of three arms: music listening, mindfulness
practice, or a non-intervention control [22]. The HRV (RMSSD) increased acutely during
daily practice sessions in both the mindfulness and music listening groups compared to
control. However, after the full ten days, HRV was improved only in the mindfulness
practice group when compared to the baseline response. Self-reported stress was reduced
over the ten days only in the mindfulness group. Differences in physical activity levels over
the ten days did not appear to be a major contributor to observed findings.

Da Silva et al. [23] examined differences between listening to baroque or heavy metal music
on HRV in 12 healthy men (mean age 22 + 3). The main finding was a reduction in HRV
(SDNN) while listening to heavy metal music with no significant change in HRV during
exposure to baroque music. Heavy metal music decreased sympathetic (low frequency [LF])
and parasympathetic (high frequency [HF]) modulation of the heart, whereas baroque music
reduced only sympathetic regulation (LF). Further, the authors found no differences in HRV
with varying intensities (decibels) of music [24]. The duration of listening to each type of
music was only 5 minutes, the study sample was small, and included no women. However,
a similar study later undertaken in 24 healthy, young women (mean age 21 + 2) observed
similar reductions in HRV with heavy metal music at higher intensities [25].

Shoda et al. [26] sought to compare physiological responses in two listening contexts: live
with a performer (pianists) and recorded music, in 37 young, healthy subjects. The LF/HF
ratio was less in the live condition compared to the recorded condition, suggesting that the
contribution of sympathetic versus parasympathetic activity tended to decrease in the live

performance. In the live condition only, HR changed directionality in accordance with the
tempo of music, a phenomenon called entrainment.

A high-quality randomized study (n = 84) by Warth et al. [27] demonstrated higher HF
HRV with listening to live music therapy (compared to prerecorded mindfulness exercise)
in end-of-life, palliative care patients (mean age 63+14) regardless of age and sex. Fu et al.
[28] randomized 121 post- and peri-menopausal women with a high burden of hot flashes
to 12 weeks (15 minutes/day) of music listening or to a portable-guided breathing device
to practice slowing respiratory rate to 10 breaths/minute. They found no between-group
differences in HRV response. Furthermore, cardiac autonomic parameters, as measured by
pre-ejection period (PEP) and RSA, were similar at baseline and at 12 weeks. In these
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patients, greater self-reported anxiety and depressive symptoms as measured by multiple
validated questionnaires at baseline and 12 weeks, were associated with lower HRV (RSA),
reflecting decreased parasympathetic activity.

In a crossover study, Bernardi et al. [29] showed that 7 minutes each of toning (a form

of improvisation-based open vowel vocalization), singing, and breathing all increased HRV
(SDNN) acutely (n = 20 healthy subjects, mean age: 24, 70% female). Silent breathing
proved even more favorable than the matched vocal conditions, prompting a stronger
increase in SDNN with a slower heart rate. The HF power decreased during singing, and
decreased even further during toning, suggesting possible mild sympathetic stimulation
compared to the non-vocal condition matched for breathing pattern. Vickhoff et al. [11]
also observed that the musical structure determined RR, with a cascade effect on the HRV
in group choir singing. Mantra singing or meditative vocal production such as chanting -
demonstrated close alignment of HR and respiration amplitude and frequency, resulting in
the highest HRV when compared to hymn singing and humming.

The effect of playing instruments on HRV was evaluated in 2 studies, both in trained
musicians. Chanwimalueang et al. [30] specifically studied healthy musicians (mean age 23,
70% female, 11 violinists and 5 flutists) before and during performances in both low- and
high-stress conditions. HRV (AVNN: average of the NN intervals; and RMMSD) during

the low-stress condition was higher than those from the high-stress condition. There were
no statistically significant changes in time-domain HRV variables from the pre-performance
period (30 minutes) to the performance period (5 minutes) under either condition, though
there was a shift from the HF to LF band suggesting higher sympathetic input. The stress
responses in female participants appeared more parasympathetically driven than those of
the male participants, as evidenced by an increase in the high-frequency domain of HRV
only in the former. Wright and Palmer [31] studied 32 trained pianists to determine if the
impact of music performance on cardiac activity is affected by time of day, as cardiac
activity shows a circadian rhythm. Participants’ HR increased during the unfamiliar melody
performance relative to a familiar performance earlier in the day, but not later in the evening;
however, there were no significant effects of time of day or familiarity on HRV, as measured
by SDNN. Thus, time of day and familiarity of music may influence music’s ability to
modulate physiological systems.

ECG, cortisol, coronary flow reserve, and endothelial function (Table 3)

Music may influence the ECG signal. Dal Lin et al. [32] assigned 30 consecutive patients
(23% females) after myocardial infarction (MI) to one of 3 groups: control, music listening,
meditation — for 20 minutes twice daily over 60 days. Several outcomes were assessed.
There was no difference in the corrected QT interval (QTc) between the intervention

and non-intervention groups at 60 days. Even though the QT interval increased acutely

in the intervention groups after a single 20-minute session, it was reduced after 60

days in the music and meditation groups compared to baseline; there was no difference
compared to the control group. There were concordant reductions in vital signs, stress
hormones, inflammatory mediators, carotid intimal medial thickness, and inflammatory gene
expression with improvement in coronary flow reserve, as assessed by transthoracic echo
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doppler determination of coronary flow reserve. The latter improvement may be due in part
to reduced resting coronary flow from lower resting HR and BP.

In a study of 75 young, healthy subjects (50% female), Orini et al. [33] found small, but
significant increases in QTc interval during both unpleasant and pleasant music listening (for
5 minutes), suggesting that emotional arousal per se has a stronger effect on cardiovascular
physiology than does emotional valence (positive versus negative feeling) associated with
music listening. A prior review article arrived at similar conclusions [34]. This suggests

that potentially clinically relevant changes in arrhythmogenic substrates may be triggered

by emotions unrelated to dramatic events and warrants further investigation in persons with
cardiovascular diseases, who may have a preexisting arrhythmogenic substrate.

The resting ECG amplitude signature, Ey has been shown to predict affectivity, or the ability
to experience feelings and emotions. [35]. The E is calculated using a ratio of specific ECG
waveform amplitudes from a resting ECG [36]. Values correlate with autonomic balance
whereby individuals with lower Ej values exhibit lower HRV, higher LF and lower HF
spectral HRV components than individuals with higher Ey values. Furthermore, lower Ey
values predict flattened affectivity. Sumpf et al. [35] found that 25 of 58 healthy individuals
had measurable piloerection during music and film exposure. The Ey values increased only
with music listening causing chills with piloerection. Heart rate also increased during music-
evoked chills and piloerection with no change in HR without piloerection. In a separate
study using discrete waveform transform analysis, Abedi et al. [37] found reductions in
mean amplitudes of ECG P-waves, R-waves, and T-waves in young, healthy females after
10 minutes of listening to Persian music. Heart rate and BP were not recorded. The clinical
translation of these two studies is some-what unclear.

Hou et al. [38] randomized 99 hemodialysis (HD) patients (mean age 73+3, 64% female) to
1 week of music therapy or usual care. Music therapy sessions were 80 minutes long three
times that week, coinciding with HD sessions. After 1 week, the music therapy group had
reductions in mental stress, as assessed by validated scores. Furthermore, they demonstrated
a significant reduction in salivary cortisol levels when compared to the control group.
Changes in salivary cortisol correlated with reductions in self-reported stress, systolic BP,
and RR. Although there was no difference in overall survival at 5 years between the groups,
there was higher 5-year cardiovascular survival (81.6% vs 63.6%, p <0.05) in subjects with
>0.6 pg/mL reductions in cortisol levels with the intervention.

Ripley et al. [39] randomized 70 subjects undergoing cardiac catheterization for suspected
coronary artery disease to music therapy (listening to slow, relaxing contemporary music) or
no music therapy. Vascular endothelial function, as assessed by peripheral arterial tonometry,
was performed before and after catheterization. In this setting, music intervention did not
elicit a vasodilator response, lower BP, or HR, and did not relieve anxiety or stress. Though
fluoroscopic time (8 minutes) did not differ between the groups, there was no mention of
procedure time and duration of music therapy, which may not have been long enough to
impact cardiovascular function. Patient musical preferences were not considered, and effects
of moderate sedation may have contributed to the null findings.

Trends Cardiovasc Med. Author manuscript; available in PMC 2022 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kulinski et al. Page 9

Physical performance/endurance (Table 3)

Music listening may enhance exercise performance. Thirty healthy male medical students
underwent maximal exercise tread-mill testing with the well-accepted Bruce multi-stage
protocol: both with and without listening to preferred music with earphones, with each
exercise test separated by at least one week. While there were no changes in peak exercise
HR or systolic BP responses with music listening, there were statistically significant
decreases in diastolic BP, and increases in exercise time and distance, and metabolic
equivalents (METSs, where one MET is defined as 1 kcal/kg/min) [40]. In a high-quality,
proof-of-concept study, Alter et al. [41] randomized 34 subjects (mean age 63, 70% males)
with cardiovascular disease to standard therapy with cardiac rehabilitation (CR) or CR
with music listening to tempo-pace synchronized personal music playlists, for 3 months.
Music lists were matched to patient preferences, but selections were restricted to tempos
approximating the patients’ prescribed exercise running or walking pace (steps/minute)

to achieve tempo-pace synchrony. The music group underwent further randomization to
music enhanced with rhythmic auditory stimulation (RAS), which accentuates tempo-pace
synchrony. RAS-enhancement involved ‘sonic modification’ of audio files to accentuate
and enhance quarter-notes using lower and/or higher frequency drum instruments without
altering the total volume of the sound recording itself. The music listening patients achieved
higher weekly volumes of exercise activity (as measured by accelerometer) than the usual
care group (475.6 vs. 370.2 minutes, p <0.001). These improvements were largely driven by
the subjects randomized to RAS, in whom physical activity volumes were two-fold higher
than those randomized to music without RAS.

Maddigan et al. [42] found that high tempo music (130 bpm) compared to a no-music
condition during repeated high-intensity cycling bouts in young, healthy subjects (mean
age 29, 50% female) increased exercise duration by 10.7% (approximately 1 minute).
Furthermore, HR recovery at 5 minutes post-exercise was 13% greater following the music
condition. Similarly, Arazi et al. [42] studied 12 healthy, strength-trained males (mean age
24) to find that during exercise with fast (130 bpm) tempo music, the men reported lower
ratings of perceived exertion in addition to completing a circuit of resistance exercise in a
shorter time.

Discussion

Main findings
The tempo of music may directly correlate with changes in HR, RR, and BP. These effects
appear to depend on the speed of music rather than the style or musical preference of the
subject. Music tempo may be used to synchronize or entrain body rhythms such as heart
and respiratory rates. However, a 2015 review showed no evidence for entrainment of the
heart rate to (non-live) music listening, at least without a visual performance [34]. Listening
context is another contributing factor to be considered, and live listening could facilitate
entrainment and merits further investigation.

Overall, there appears to be a positive impact of music listening on HRV, suggesting
enhanced parasympathetic activity, similar to a previously published systematic review of
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24 pre-post intervention studies and 5 RCTs [43]. However, included studies suffer from
significant heterogeneity in terms of study design, population, and type and duration of
musical intervention; differences in baseline characteristics were typically not controlled for.
Few studies considered the role of sex in HRV (four of the eleven HRV studies in this
review included only one sex). A comprehensive meta-analysis of 172 studies with data
from over 63,000 participants (31,970 females) demonstrated significantly lower mean RR
intervals and standard deviation of RR intervals (SDNN) in females [44]. The power spectral
density of females was characterized by greater HF, suggesting greater vagal activity, and
less LF power. In addition, meta-regression revealed significant effects of age, respiration,
and length of HRV recording for analysis [44]. Studies in the present review suggest that
changes in breathing pattern may be the key element mediating the effects of musical
structure on HRV. Singing may have different effects on HRV compared to listening since it
is an active rather than passive mode of music intervention; however, only two studies in this
review studied singing and HRV, and both found improvements in the time domain measures
of HRV with singing [11, 29].

Salivary cortisol levels decreased with music listening in two RCTs[16, 38]. In the study

by Hou et al, larger reductions in cortisol correlated with improved 5-year cardiovascular
survival [38]. However, the study population was narrow and included elderly patients (mean
age 73) on maintenance hemodialysis. The contrasting effects of music on the QT interval in
the two such studies reviewed may be related to the population studied (healthy versus those
with coronary artery disease after MI) and/or duration of music listening sessions [32, 33].
Very few studies examined the impact of music on endothelial function or coronary flow
reserve. Limitations of these studies include non-randomization design, lack of separation

of results between meditation and music listening groups and multiple comparison testing.
Thus, more research is needed to draw conclusions on these specific outcome variables.

This review supports the use of music listening to enhance physical performance;
specifically, tempo-pace synchronous music can reduce exercise-perceived exertion, increase
exercise endurance and adherence to physical activity. On the other hand, listening to
slow-tempo music appears to induce relaxation. These “distracting effects’ may be related to
the focus and release of attention, respectively [42, 45]. Furthermore, these effects may be
greater when aligned with individual music preferences [41].

Several studies here included silent breathing, rest, or mindfulness control period or group
when comparing to a music intervention or group. The sum of the findings is that slow,
silent breathing and meditation or mindfulness may be equally if not more impactful

than music, on specific outcome measures, such as HRV. Findings are similar to previous
observations that silent, slow breathing yields effects on HRV that are at least comparable,
and at times superior, to singing traditional songs [46]. This is an important consideration for
the design of future clinical trials whereby an appropriate control may simply be usual care
(rather than rest or meditation).

Whether or not musical preference matters may be dependent upon the outcome measured.
Emotional arousal may have a stronger effect on cardiovascular physiology than does
emotional valence (positive versus negative feeling) associated with music listening [33].
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A prior review article arrived at similar conclusions [34]. Further research is needed to test
the effect of emotional valence in patients with cardiac disorders, who may have preexisting
arrhythmogenic substrates and to better understand how to translate these findings into
strategies that can impact patients’ health.

The major limitation of this review is the inability to comprehensively capture all relevant
papers measuring cardiovascular variables due to the narrowed focus on cardiovascular
variables and prespecified selection criteria. We were not able to include studies addressing
the impact of music across the spectrum of cardiovascular diseases or on other important
clinical outcomes such as depression, anxiety, and quality of life (QOL) [47, 48] because
they did not use music as an intervention, examine cardiovascular variables, or were

review articles or reports on a proposed methodology only. For example, in a multicenter,
randomized, trial of 159 patients with heart failure, Burrai et al. [47, 48] found that listening
to 30 minutes of recorded classical music per day for 3 months resulted in improved QOL;
however, measures of cardiovascular function were not performed. In this review, most
included studies used acute interventions during a single visit. As such, we cannot reliably
conclude what duration of music intervention is sufficient to effect long-term changes in

the cardiovascular system. The majority of studies in this review used music listening as

the intervention. Singing and instrument playing, which are more active interventions, may
have different effects on cardiovascular physiology. Furthermore, the emotional responses to
a musical stimulus are not dependent only on the stimulus type, but also on how the subject
interprets the stimulus, and his or her current mood state.

Directions for future research

Music interventions of longer duration (weeks to months) are clearly needed, as are more
studies in subjects with preexisting cardiovascular diseases. Future studies measuring HRV
should not only be stratified by sex but should consider other confounders, especially age
and comorbidities. Furthermore, HRV is a complex signal, and analyses should include
both time and frequency HRV domains to disentangle the relative contributions of the
parasympathetic and sympathetic nervous systems. The HRV response may be further
complicated by existing cardiovascular disease and medication use, both of which must

be considered in the study design [49]. To understand mechanisms by which music may
impact cardiovascular health, it will also be important to consider studying other important
biomarkers, such as inflammatory and cardiac injury markers, natriuretic peptides, and
vascular endothelial function, an excellent surrogate of coronary endothelial function [50]
and valuable predictor of future cardiovascular health [51]. Clinical outcome measures, such
as hospitalizations, hospital length of stay and medication needs, would also be valuable.

In future studies, it will be important to characterize the emotional impact of music stimuli
regarding felt valence and arousal or relaxation, at a minimum. Personal music preferences,
genres, and tempos should also be tracked. An appropriate control group should be included,
keeping in mind that quiet rest or meditation may also favorably impact cardiovascular
physiology. Therefore, either a usual care control or control with other audio stimuli (such as

Trends Cardiovasc Med. Author manuscript; available in PMC 2022 August 01.
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audiobooks or nature sounds) [34], should be considered. Additional studies of more active
musical interventions such as singing and instrument playing, should also be conducted.

Conclusion

Funding

Listening to music is a complex phenomenon, involving psychological, emotional,
cardiorespiratory, and likely other body system changes. Individual responses to music

can be influenced by personal preferences, familiarity with music, environment, prior
music experience, and other health factors. This review highlights the need for well-
controlled randomized clinical trials in subjects with preexisting medical conditions and
appropriate controls. Comparison of individualized music sessions to preferred or random
music selections, and duration of therapies needed for therapeutic benefit, are important
variables for future studies. The promising effects of music interventions on cardiovascular
physiology, coupled with their low cost and a high degree of safety, warrant further
exploration in both healthy populations and especially those with cardiovascular disease.

This publication was supported in part by the National Center for Complementary & Integrative Health of the
National Institutes of Health under Award Number R61AT010680.
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