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Summary

Background The therapeutic effects of music have
been known for thousands of years. Recently, studies
with music interventions in patients with cardiovas-
cular diseases yielded controversial results. The aim
of this review is to provide an overview of the effects
of receptive music intervention on the cardiovascular
system.

Methods We searched in PubMed, SCOPUS and
CENTRAL for publications between January 1980
and May 2018. Primary endpoints were heart rate,
heart rate variability and blood pressure. Secondary
endpoints comprised respiratory rate, anxiety and
pain. The quality of the studies was assessed by using
the CONSORT statement and the Cochrane risk of
bias assessment tool. A meta-analysis and subgroup
analyses concerning music style, gender and region
were planned.

Results A total of 29 studies comprising 2579 patients
were included and 18 studies with 1758 patients in-
vestigated the effect of music on patients undergoing
coronary angiography or open heart surgery. Other
studies applied music to children with congenital
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heart diseases, pregnant women with hypertension or
patients with unstable angina. Due to high method-
ological study heterogeneity, a meta-analysis was
not performed. The study quality was assessed as
medium to low. In ten studies with higher quality
comprising 1054 patients, music intervention was not
associated with significant changes in the cardiovas-
cular endpoints compared to the control group. The
subgroup analyses did not demonstrate any relevant
results.

Conclusion Currently no definite effect of receptive
music intervention on the cardiovascular system can
be verified. Further research is needed to assess music
as an inexpensive and easy applicable form of therapy.

Keywords Receptive music intervention - Blood
pressure - Heart rate - Coronary angiography -
Cardiac surgery

Introduction

The therapeutic effects of music have been known for
thousands of years [1]; however, it remains unclear
how music affects the human body. Most hypotheses
assume that music, in addition to its conscious per-
ception, influences the autonomic and central ner-
vous system at subcortical levels and that the limbic
system plays a crucial role in the processing of musi-
cal elements [2]. The influences on the limbic system
also explain the strong effect on mood which may re-
sult in changes of cardiovascular parameters mediated
by the autonomic nervous system.

The majority of previous studies focused on the
anxiolytic and stress-reducing effects of music rather
than on the direct impact on cardiovascular outcomes
(3], although it is well acknowledged that a close con-
nection exists between the psychological processes
and functional parameters, such as blood pressure,
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heart rate and heart rate variability. Therefore, the ap-
plication of music as an adjuvant therapy for various
diseases has been expanded over the past few years
[4]. The aim of this review is to specifically focus on
the effect of music in patients with cardiovascular dis-
eases and during cardiovascular interventions.

Methods

Two reviewers (CH and CS) independently searched
three electronic databases (PubMed, SCOPUS,
CENTRAL) between June 2018 and February 2019
for the following predefined terms: “influence of mu-

” o«

sic”, “music, cardiovascular system” , “music, heart”,
“music, cardiac”, “music, hypertension”, “music, heart
rate”, “music, newborns”, “arrhythmia, music”, “music,
catheterization”, “music, coronary angiography”, “mu-
sic, myocardial infarction”, “music, cardiac surgery”,
“music, sudden death”, “music, coronary artery dis-
ease” , “music, catheter ablation”, “music, coronary
music, defibrilla-

intervention”, “music, pacemaker”, “

tor”, “music, congenital heart disease”. A screening of
the titles and abstracts of the publications between
1 January 1980 and 31 May 2018 was performed ac-
cording to predefined inclusion and exclusion criteria
(Table 1). Studies with one or more exclusion crite-
ria and those that did not meet all inclusion criteria
were excluded. To identify further publications, bib-
liographic lists of relevant studies or reviews were
searched.

The primary outcomes were heart rate, heart rate
variability and blood pressure. The secondary out-
comes included respiratory rate, oxygen saturation,
skin temperature, hormone levels, and psychological
parameters (anxiety, stress, depression, pain, quality
of life).

The following data were extracted: general informa-
tion (title and author of the study, year and country
of publication), information on study design, type of

” o«

Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

— The study investigates the effect of music — The study only
on the cardiovascular system by measuring investigates the

influence of music
on psychological
parameters (e.g.

the changes in at least one cardiovascular
parameter (e.g. heart rate, blood pressure)
or symptoms of cardiovascular diseases (e.g.

angina). anxiety, depres-

— The study explores the influence of music sion).
during cardiovascular interventions/cardiac — The study includes
surgery or the effect of music on patients with active music play-
cardiovascular diseases. ing.

— Patients undergoing receptive music therapy/  — The study explores
intervention, defined as listening to music for the effects of music
therapeutic purposes. on doctors, nurses

— The patients are not exposed to any further and other health-
stress test. care workers.

— Randomized controlled trial design. — Studies with ani-

— The study was published between 1 January mals.

1980 and 31 May 2018. The article is written ~ — Nonrandomized or
in German or English. retrospective trial
design.

randomization, music intervention, duration of music
exposure, music genre, control intervention, setting,
participants (number of patients, gender, age, ethnic-
ity) and the outcome parameters.

The consolidated standards of reporting trials
(CONSORT) checklist was used to assess the qual-
ity of randomized controlled trials [5]. The risk of
bias (RoB), which is classified into selection, attrition,
detection, performance and reporting bias, was as-
sessed as low risk, high risk, or unclear risk by using
the Cochrane risk of bias assessment tool [6].

Discrepancies concerning the results of the search
as well as the quality assessment were carefully docu-
mented.

Statistical analyses were performed and graphics
were generated by using the software Review Manager
5.3 of the Cochrane Collaboration [7]. Additional sub-
group analyses were carried out by gender, age, car-
diovascular diseases/interventions or cardiac surgery,
time of the music intervention, music selection, set-
ting, region, study duration and type of music.

This review was completed as part of a diploma
thesis. The institutional review board of the commu-
nity of Vienna considered no necessity of an approval
for the present study.

Results
Results of the search

The search of the electronic databases PubMed,
SCOPUS and CENTRAL delivered a total of 20,910 re-
sults. After the exclusion of double entries (n=16,688),
38 potentially relevant publications were identified
from the remaining 4222 papers (Fig. 1). Searching
the reference lists of the included studies did not
reveal any additional studies. Attempts were made
to access the full text of nine of these 38 publica-
tions that were not readily available and five authors
immediately replied providing the full text. The re-
maining four studies were excluded as no full text was
available. Five further publications were excluded
as indicated in Fig. 1. There were no discrepancies
between both reviewers with respect to the screening
and inclusion of the studies.

Included studies

A total of 29 studies were selected for inclusion in
this review, reporting a total of 2579 patients (Ta-
ble 2; [8-36]). The sample size varied between 30 and
240 patients and the duration of each music interven-
tion between 15min and 1h. The majority of studies
(n=20) examined the influence of music within a sin-
gle intervention. Kunikullaya et al. [24] conducted
a study for three months, representing the study with
the longest duration and eight other publications ap-
plied more than one single music intervention [12, 13,
16, 19, 31, 32, 34, 35].
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Potential titles identified through database searching and
bibliographic lists of relevant articles

(n=20,910)

Titles remaining after duplicates and
non-relevant studies removed

(n=4222)

Titles and abstracts screened

(n=4222)

Studies excluded based on title and abstract
| (n=4184)

Screened publications that were
included based on title and abstract

Publications that were excluded after screening
(n=9)

Reason for exclusion:
- no patients with cardiovascular diseases (2)
- no cardiovascular outcomes (2)
—— - doubtful duplicate publication (1)
(n=38) - no full-text available (4)

Studies included in this review

(n=29)

Fig. 1 Flow Diagram of Literature Search and Selection Process

A total of 18 studies were found, comprising
1758 patients undergoing elective coronary angiogra-
phy, coronary artery bypass grafting (CABG) and/or
aortic valve replacement (AVR) [9-12, 14, 15, 17, 18,
20, 21, 23, 26-29, 31, 33]. Music was applied to preg-
nant women in three [16, 32, 35] and to children with
congenital heart diseases in two further studies [8,
22]. Three further studies investigated the changes
in physiological parameters in (pre)hypertensive pa-
tients [13, 24, 34], two studied the effect of receptive
music intervention in patients with unstable angina
[19] or acute myocardial infarction [36]. In one study,
music had been applied during coronary computed
tomography (Table 2; [25]).

A great variety of music styles was used in the stud-
ies, including Turkish [13, 35], Indian [24], classical
[19, 22, 34, 36] and relaxing music [10, 18, 21, 26-28,
30, 32] as well as nature-based sounds [9, 23, 29]. In
11 studies, the music applied was not transparent [8,
11, 12, 14-17, 20, 25, 31, 33]. Overall, only ten studies
provided a clear description of the musical structures
such as rhythm, tempo and melody [18, 21-23, 26-28,
31, 34, 36].

Quality assessment

The included studies fulfilled between 24% and 69%
of the criteria of the CONSORT statement (Table 2).
None of the studies could achieve more than 75% of
the CONSORT aspects. For ten studies, the percentage
of fulfilled CONSORT aspects was below 50%.

Overall, 21 discrepancies with respect to the as-
sessment based on the CONSORT statement (mostly
regarding the aspects abstract, eligibility criteria and
discussion) were resolved through discussion between
the two reviewers.

Concerning the RoB, only two studies with a low
RoB were identified (Figs. 2 and 3; [8, 9]). The high-
est RoB was found in the study by White [36]. Perfor-
mance bias and detection bias of subjective outcomes
(anxiety, pain) were found to be particularly high. In
contrast, attrition and detection bias of objective out-
comes (heart rate, blood pressure, heart rate variabil-
ity) were assessed as low risk in most cases. Overall,
a predominance of studies with high or unclear RoB
was found.

A statistical analysis and graphical depiction of
publication bias could not be performed due to miss-
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Fig. 2 Risk of bias graph:
authors’ judgements about
each risk of bias item,
presented as percentages
across all included studies;
low risk green, high risk red,
unclear risk yellow

Incomplete outcome data (attrition hias)

Selective reporting (reporting bias)

Random sequence generation (selection bias)

Allocation concealment (selection hias)

Differences in the care received (performance hias)

Blinding of outcome assessment (detection hias) - subjective outcomes
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ing data (e.g. missing mean values and standard
deviations of the reported outcomes) and extensive
methodological heterogeneity among the studies (e.g.
different patient groups and the great variety of music
selected in the experiments).

Study results and meta-analysis

Overall, 11 studies of higher quality, defined as pub-
lications that achieved more than 50% of the aspects
in the CONSORT statement and were assessed with
a high RoB in three or less categories, were identified
[9, 11, 18, 23-28, 30, 35]. Only one of these 11 studies
reported a significant reduction of blood pressure in
the music group compared to the control arm [35]. In
the remaining ten studies of higher quality compris-
ing 1054 patients, music intervention was not asso-
ciated with significant changes in the cardiovascular
endpoints compared to the control group (Table 2;
[9, 11, 18, 23-28, 30]). In three of these ten studies,
though, heart rate and blood pressure demonstrated
a decreasing trend in the music group [18, 23, 27]. In-
terestingly, Kunikullaya et al. observed significant re-
ductions of diastolic blood pressure only in both the
interventional and control group as well as an increas-
ing trend in parasympathetic parameters of heart rate
variability, although not statistically significant [24].
Regarding the psychological outcomes, significantly
greater anxiolytic effects in the music group compared
to the control arm were found in three studies [9, 18,
23]. Kunikullaya et al. reported a reduction of anxiety
in both the intervention and control group, indicat-
ing that both lifestyle modification and music inter-
vention have anxiety relieving effects in patients with
hypertension [24]. Furthermore, although psycholog-
ical outcomes were not statistically significant in six
studies [11, 25, 26, 28, 30, 35], two studies reported
that the music intervention had a calming effect on
and was highly appreciated by the patients during the
procedure [11, 25].

However, due to the high methodological hetero-
geneity mentioned above, it was difficult to compare
the study results in general. A statistical meta-analysis
was, therefore, considered as inappropriate and was
not performed.

Results of subgroup analyses

The studies were classified into subgroups by gender,
age, cardiovascular diseases/interventions or cardiac
surgical procedures, time of the music intervention,
selection of music, setting, region, study duration and
type of music. For each of these subgroup analyses,
only the findings of those 11 studies with higher qual-
ity were summarized [9, 11, 18, 23-28, 30, 35].

The detailed results of the subgroup analyses are
presented in Table 3. Due to the small number of
studies of comparatively higher quality in each sub-
group, no relevant information could be derived to
answer the questions regarding choice of music, time
of music intervention, patient group and gender-spe-
cific differences.

Discussion

According to the CONSORT statement and the risk of
bias assessment, the overall quality of the studies was
perceived as medium to low. An analysis of the studies
with higher quality, defined as publications that ful-
filled more than 50% of the aspects in the CONSORT
statement and were assessed with a high RoB in three
or less categories, revealed that most of the publica-
tions could not demonstrate any statistically signifi-
cant changes in the physiological and psychological
parameters. Some studies, however, showed a de-
creasing trend in heart rate or blood pressure in the
music group [18, 23, 27], or reported that the music
was positively accepted by the patients in the inter-
vention group [11, 25] indicating that there still might
be an effect which was not significant due to low sta-
tistical power; however, the great methodological va-
riety and the small number of included studies led to
difficulties in comparing the study results in general.
In order to verify the significant findings of individual
experiments, such as the anxiolytic or blood pressure-
reducing effects of music [18, 23, 35], further studies
of high quality are needed.

Besides low statistical power, the study duration
could be another important aspect that accounts for
the predominantly insignificant results. Whether the
length and number of music interventions have an

796  Effect of music on patients with cardiovascular diseases and during cardiovascular interventions

@ Springer



review article

Selective reporting (reporting hias)

. Random sequence generation (selection bias)

Abd-Elshafy etal. 2015

-

Aghaie etal. 2014

-~
-

= | @ | @ | Anocation concealment (selection bias)

Argstatter et al. 2006

-

® | ® | ® | @ | ncomplete outcome data (athrition hias)

Bally et al. 2003

0|0
S

"
~

Barnason etal. 1995

~
)

Bekiroglu etal. 2013

Bufium et al. 2006

Cadigan et al. 2001

Caoetal 2015

Chan 2007

-

Chang etal. 2011

2100000
)

Elliott et al. 1994

. . . . . . -~ . . . . . . Blinding of outcome assessment (detection hias) - objective outcomes

Forooghy etal. 2015

-

Harel 2001

-

Hatem et al. 2006

v | @
5000 -
OO0 00O ® 0 000 OO0 OO0 O OO0 O 00O O OO O O O 0 9 ®| o|oierencesinte care received (performance bias)

Heidari etal. 2015

Kunikullaya et al. 2015

~ 0 ®

Ng etal. 2016

Nilsson 2009a

Nilsson 2009b

0000

Nilsson et al. 2009

Rejeh etal. 2016

~ 00 0|e
.g.

Ripley etal. 2014

Sendelbach et al. 2006

90 00 e e e e e 60060 o0 o0
-

Sundaretal. 2015

Taylor-Piliae etal. 2002

'~
-

Teng et al. 2007

0o
-~

Tokeretal. 2017

00 ® 0 ® 0000 O 0O 0O 0 0O 0 00O O O0CD O O O O O 0 9 ®| ®,)slndngoouomeassessment (detection bias) - subjective outcomes

~ 90 e e e
~

White 1992

Fig. 3 Risk of bias summary: authors’ judgements about risk
of bias item for each included study; green encircled +: low
risk; red encircled —: high risk; yellow encircled ?: unclear risk

impact on the cardiovascular system remained unan-
swered as only nine of the included 29 studies with
more than one single music intervention or a music
exposure longer than 1h were found [12, 13, 16, 19, 24,
31, 32, 34, 35]. It is possible that the effect of music
arises only after a certain period of time. The long-
term effect should thus be examined in more detail
when exploring the influence of music on chronic car-
diovascular diseases; however, a single application of
music as a therapeutic agent may be sufficient when
the focus is on the (acute) effect in the context of car-
diovascular examinations and/or interventions.

Another aspect that needs to be discussed is the
way music is applied. The patients listened to music
via headphones [8-13, 15-25, 29, 31, 33-36], speak-
ers [14, 28] or music pillows [26, 27, 30] in the in-
cluded studies. The advantage of headphones is that
the participants are not distracted by the noise from
medical devices. On the other hand, the question
arises whether prerecorded music has a different im-
pact than live music. Thus, it would be interesting
to measure the changes in cardiovascular parame-
ters in patients who listen to music which is per-
formed live using an instrument. The implementa-
tion of such a music intervention during cardiovascu-
lar procedures could pose a challenge, though. To our
knowledge, this has not been investigated in previous
studies.

Furthermore, it is crucial to consider the type of
music. The music applied in the studies included
Turkish [13, 35], Indian [24], classical [19, 22, 34, 36]
and relaxing music [10, 18, 21, 26-28, 30, 32] as well
as nature-based sounds [9, 23, 29]. A clear description
of the musical structures was only found in ten stud-
ies [18, 21-23, 26-28, 31, 34, 36]. Different cultural
backgrounds, early experiences and generational in-
fluences by which personal preferences for a certain
type of music is shaped must be taken into consid-
eration. Listening to one’s favorite music can trigger
different changes in the human body in comparison
to unfamiliar melodies that could implicate a lower
patient adherence, reducing the possible therapeutic
effects of music. For instance, in two of the included
studies it was reported that patients withdrew from
the intervention for dislike of the preselected music
(17, 21]. On the other hand, Chang et al. found that
a higher music preference was associated with lower
posttest anxiety [18]. Preexisting moods and different
personalities pose further challenges to the selection
of the appropriate music. In addition, a general dis-
tinction must also be made between ergotropic and
trophotropic types of music. It can be reasonably as-
sumed that relaxing music has a calming effect during
cardiac catheterization (directly or indirectly through
anxiolytic processes) and therefore leads to reductions
of blood pressure and/or heart rate. On the other
hand, encouraging rhythms could facilitate faster mo-
bilization e.g. after myocardial infarction [37]; how-
ever, since none of the studies to our knowledge has
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Table 3 Results of the subgroup analyses in detail

Gender:
female vs. male

Age: newborns/
children vs. adults

Cardiovascular
diseases vs.
cardiovascular
interventions vs.
cardiac surgical
procedures

Time of the music
intervention:
preprocedural vs.
periprocedural vs.
postprocedural

Selection of mu-
sic:
patient-selected
vS. investigator-
selected

Setting:
inpatient vs.
outpatient

Two studies investigated gender-specific differences of music intervention.

Nilsson et al. did not show any significant results nor gender-specific differences in the music group vs. control [28].

Kunikullaya et al. [24] demonstrated significantly increased parasympathetic and lower sympathetic parameters (heart rate variability) in
males of group 1 (music intervention + lifestyle modification) and group 2 (lifestyle modification only) and females of group 2.

The only two studies in newborns/children did not fulfill the defined criteria for studies of comparatively higher quality [8, 22].

Eleven studies in adults were assessed with higher quality (compared to the other included studies) [9, 11, 18, 23-28, 30, 35]. Ten of
them comprising 1054 patients did not show any significant changes in cardiovascular outcomes in the music group compared to the con-
trol group [9, 11, 18, 23-28, 30]. A significant reduction of blood pressure in the experimental group vs. control was only demonstrated in
one study [35]. Kunikullaya et al. reported significant reductions of blood pressure in both group 1 (music intervention + lifestyle modifica-
tion) and group 2 (lifestyle modification only) [24].

A significant reduction of anxiety in the music group vs. control was reported in three studies [9, 18, 23]. Kunikullaya et al. observed

a significant reduction of anxiety in both the intervention and control group [24].

Cardiovascular diseases: only two studies of higher quality [24, 35] than the remaining four studies [13, 16, 32, 34] on patients suffering
from hypertension were included. While Toker et al. found significant reductions of blood pressure in the music group vs. control [35],
Kunikullaya et al. reported significant reductions of blood pressure in both the intervention and control group [24].

Additionally, an anxiolytic effect was reported in both the experimental group and the control arm in the study by Kunikullaya et al. [24].
The only two studies in patients with myocardial infarction [36] or unstable angina [19] did not fulfill the defined criteria for studies of
comparatively higher quality.

Cardiovascular interventions: the four studies of higher quality [11, 18, 28, 30] than the remaining eight studies [10, 14, 15, 17, 20, 21,
29, 33] on patients undergoing coronary angiography did not demonstrate any significant changes in cardiovascular outcomes in the
music group vs. control. Only Chang et al. observed an anxiolytic effect in the music group vs. control [18].

Cardiac surgical procedures: Four studies of higher quality [9, 23, 26, 27] than the remaining four studies [8, 12, 22, 31] on patients
undergoing cardiac surgical procedures were identified. The findings concerning cardiovascular outcomes were not significant. In two
studies, a significant reduction of anxiety in the music group vs. control was reported [9, 23].

Preprocedural music intervention: Chang et al. [18] represented the only study with higher methodological quality than the other four
studies [14, 21, 29, 33] that performed preprocedural music interventions. No significant results concerning cardiovascular outcomes
were found. With respect to the psychological endpoints, a significant reduction of anxiety in the music group vs. control was reported
[18].

Periprocedural music intervention: two studies with higher quality [9, 28] than the remaining three trials [10, 17, 20] on patients listening
to music during cardiovascular interventions or cardiac surgical procedures were identified. The findings concerning cardiovascular pa-
rameters were not significant in both studies [9, 28]; however, Aghaie et al. reported significantly lower anxiety and agitation levels in the
music group compared to the control arm [9].

Postprocedural music intervention: three of seven studies [12, 15, 22, 23, 26, 27, 31] that performed postprocedural music interventions
were of comparatively higher quality [23, 26, 27]. No significant changes in cardiovascular parameters were reported in any of these three
studies. Regarding psychological outcomes, only Heidari et al. showed a significant reduction of anxiety in the music group vs. control
[23].

Bally et al. presented the only study that applied music before, during and after coronary angiography [11]. The results were not signifi-
cant.

Overall, two studies that performed preprocedural and periprocedural music interventions were identified [25, 30]. Both studies were of
comparatively higher quality and did not report any significant results.

One study with periprocedural and postprocedural music intervention was found [8]; however, the publication did not fulfill the defined
criteria for studies of comparatively higher quality.

Patient-selected music: in nine studies [8, 9, 11, 12, 14, 17, 18, 29, 33], the patients were allowed to choose the music according to their
preferences, from which three trials were of comparatively higher quality [9, 11, 18]. In all studies the results of cardiovascular outcomes
were not significant [9, 11, 18]. Anxiolytic effects in the music group vs. control were observed in two studies [9, 18].
Investigator-selected music: eight studies of higher quality [23-28, 30, 35] than the remaining 12 studies [10, 13, 15, 16, 19-22, 31,

32, 34, 36] with investigator-selected music were identified. Six of the eight studies of comparatively higher quality did not show any
significant changes in cardiovascular outcomes between the music group and the control [23, 25-28, 30]. Toker et al. found significant
reductions of blood pressure in the music group vs. control [35], while Kunikullaya et al. reported similar findings in both the intervention
and control group [24].

A significant reduction of anxiety in the music group vs. control was reported by Heidari et al. [23], whereas Kunikullaya et al. observed
significant anxiolytic effects in both the intervention and control group [24].

Inpatient setting: 26 studies [8—12, 14-23, 25-33, 35, 36] were carried out in an inpatient setting, from which ten studies were of com-
paratively higher quality [9, 11, 18, 23, 25-28, 30, 35]. A significant reduction of blood pressure was only reported in one study [35]. The
remaining nine studies did not demonstrate any significant results concerning cardiovascular outcomes [9, 11, 18, 23, 25-28, 30].
Anxiolytic effects in the music group vs. control were observed in only three studies [9, 18, 23].

Outpatient setting: Kunikullaya et al. [24] presented the only study with higher quality compared to the remaining two studies [13, 34] that
was conducted in an outpatient setting. Significant reductions of blood pressure and psychological outcome parameters were observed in
both the experimental and control group.

made such distinctions, no conclusions could be de-
rived.

There are several studies that specifically investi-
gated the effect of different styles of music on the
cardiovascular system, mostly in healthy volunteers.
Trappe and Voit conducted a randomized controlled
trial with 120 healthy subjects who listened to music
by Wolfgang Amadeus Mozart, Johann Strauss Jr. and

ABBA [38]. Reductions of blood pressure and heart
rate were reported when listening to Mozart or Strauss
whereas the music by ABBA did not lead to any signif-
icant results. In the study by Bernardi et al. 24 healthy
subjects were included and exposed to different styles
of music [39]. A crescendo in music was associated
with vasoconstriction and an increase in heart rate
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Table 3 (Continued)

Region:

Europe vs. Asia
vs. America vs.
Africa vs. Aus-

tralia

Study duration:
one single music
intervention vs.
several music
therapy sessions
vs. intervention/
follow-up > one
week

Type of music:
Indian vs. Turkish
vs. Classical vs.
Relaxing music
vs. Nature-based
sounds

Europe: three of four studies [10, 26—28] that were published in Europe were of comparatively higher quality [26—28]. The results of
primary endpoints were not significant in all three studies. The only significant results were reported by Nilsson in 2009, showing a higher
Pa0> level in the music group vs. control [27]. The changes of oxytocin (increase in the music group, decrease in the control group) were
statistically significant between the groups, but not over time in the subjects of each group.

In a previous study by Nilsson in the same year, an initially lower blood cortisol level in the music group vs. control, 30 min after the music
intervention, was reported [26]; however, the value proved to be nonsignificant after another 30 min.

Asia: 12 studies were conducted in Asia [9, 13, 16-18, 20, 23, 24, 29, 32, 34, 35] from which five studies were of comparatively higher
quality [9, 18, 23, 24, 35]. A significant reduction of blood pressure in the experimental group vs. control was only demonstrated in one
study [35]. Kunikullaya et al. reported similar findings in both the intervention and control group [24].

Chang et al. and Heidari et al. only observed an anxiolytic effect in the music group vs. control [18, 23].

America: three of 11 studies [11, 12, 14, 15, 21, 22, 25, 30, 31, 33, 36] that were published in America were of comparatively higher
quality [11, 25, 30]. In all three studies the results were not statistically significant.

The studies in Africa [8] and Australia [19] did not fulfill the defined criteria for studies of comparatively higher quality.

One single music intervention: nine studies of higher quality compared to the remaining 11 studies [8—11, 14, 15, 17, 18, 20-23, 25-30,
33, 36] that performed one single music intervention were identified [9, 11, 18, 23, 25-28, 30]. None of the nine studies reported any
significant changes in cardiovascular outcomes.

Anxiolytic effects were demonstrated in three studies [9, 18, 23].

Intervention/follow-up > one week: Kunikullaya et al. reported the only study which conducted the music intervention for three months,
thereby representing the longest study duration [24]. Significant reductions of blood pressure and psychological outcome parameters were
observed in both the experimental and control group.

Toker et al. presented the only study that was conducted over one week [35]. Significant reductions of blood pressure in the music group
vs. control were reported. The remaining outcomes (anxiety, respiratory rate, [fetal] heart rate) were nonsignificant.

The studies with more than one music therapy session [12, 19, 31, 32] or a study duration of exactly four weeks [13, 16, 34] did not fulfill
the defined criteria for studies of comparatively higher quality.

Indian music: Kunikullaya et al. presented the only study that played Indian raga bhimpalas [24]. Significant reductions of blood pressure
and psychological outcome parameters were observed in both the experimental and control group.

Turkish music: two studies were identified [13, 35] that played Turkish music, from which only one publication fulfilled the defined criteria
for studies of comparatively higher quality [35]. Significant reductions of blood pressure in the music group vs. control were reported while
the remaining outcomes (anxiety, respiratory rate, [fetal] heart rate) remained nonsignificant.

Relaxing music: eight studies that exposed the patients to relaxing music were identified [10, 18, 21, 26-28, 30, 32]. Five of these eight
studies were of comparatively higher quality and did not report any significant changes in cardiovascular outcomes [18, 26—28, 30]. An
anxiolytic effect was only documented by Chang et al. [18].

Nature-based sounds: overall, three studies applied nature-based sounds as the music intervention [9, 23, 29]. Two of them were as-
sessed with comparatively higher quality and showed a significant reduction of psychological outcome parameters [9, 23].

The results concerning hemodynamic variables were not significant in both studies.
The studies that used classical music [19, 22, 34, 36] did not fulfill the defined criteria for studies of comparatively higher quality.

whilst uniform music induced vasodilatation and re-
ductions of heart rate and blood pressure.

It can be concluded that the great variety of mu-
sic with its complex elements which trigger different
effects poses a great challenge to selecting the “right”
music and that the fact that only ten studies provided
a clear description of the music applied explains the
difficulties in identifying homogeneous comparable
trials. Therefore, an interdisciplinary cooperation be-
tween music therapists/musicologists and physicians
is necessary. On 1 July 2009, the Austrian government
officially recognized the music therapy profession by
passing the Music Therapy Law [40], supporting the
importance of incorporating musical specialists with
their expertise into the studies.

Finally, it is important to underline that only studies
which primarily investigated the cardiovascular sys-
tem were included. Several literature reviews con-
cluded that music might lead to a reduction of anxiety
and pain [41-46]. Similar findings were reported in
three of the included studies [9, 18, 23]. Therefore, it
can be hypothesized that the focus of therapeutic ef-
fects of music is not on the cardiovascular system, but
on psychological parameters; however, these effects
might account for the subsequent changes in cardio-
vascular parameters.

Implications for further research

To minimize performance and detection bias, blind-
ing is necessary. Headphones should be used for the
experiments as they not only minimize the noise and
distraction from outside, but also allow the blinding of
the investigators and study participants during an in-
tervention with the patient under general anesthesia
or intubated patients in the intensive care unit who
are not aware of the music played. This would there-
fore allow an objective analysis of the subconscious
effects of music. Additionally, physiological changes
are continuously measured in these settings and can
be directly documented, thereby minimizing detec-
tion bias. In the case that double blinding is not pos-
sible, single blinded studies should still be preferred.

A further interesting field of investigation would be
to examine patients with cardiac arrhythmia as nowa-
days arrhythmias can be easily detected by wearables,
loop recorders or a 24-h electrocardiogram [47]. Pa-
tients could be continuously monitored on an outpa-
tient basis to investigate the influence of music on
the occurrence of atrial fibrillation or other types of
arrhythmia.

As the influence of music is modified by personal
preferences, it would be interesting to perform stud-
ies on newborns who might not have yet developed
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personal tastes and thus could provide information
that helps us to discern biological from cultural ef-
fects. Since it is presumed that music might only
have an effect on cardiovascular diseases when ap-
plied with a certain regularity and length, future stud-
ies should also consider performing a series of music
interventions with several follow-up sessions; how-
ever, as mentioned earlier, these questions regarding
the choice of music as well as the length and number
of music sessions should rather be discussed with mu-
sic therapists/musicologists and documented in the
study protocol. Moreover, the cooperation with music
specialists helps defining and including a clear classi-
fication of the music style in the study protocol. This
would result in more homogeneous studies and en-
able meta-analyses.

Finally, a careful and precise documentation of the
patient’s medical history and the music interventions
can minimize confounders, such as underlying dis-
eases and medication administered; however, obtain-
ing a statistically significant number of homogeneous
patients for an interindividual comparison indeed
poses a great challenge. Focusing on the analysis
of intraindividual changes over several music inter-
ventions can be perceived as a further approach to
investigating music and its efficacy as an adjuvant
therapy in medicine.

Limitations

One limitation is that only publications in English or
German were searched. Another limitation involves
the issue that only studies with receptive music in-
tervention were included. Music therapy that incor-
porates active participation of the patient by singing,
dancing, clapping and musical improvisation has not
been explored in the present review. It is conceivable,
though, that active music therapy induces greater ef-
fects compared to the passive form since a close con-
nection between music and movement has been de-
scribed in the literature [48].

Moreover, the number of analyzed studies was rel-
atively low, mostly explained by the strict inclusion
criteria. In addition, the number of comparable find-
ings was further reduced due to high methodological
heterogeneity among the studies. Thus, generalizabil-
ity of the trial results remains unclear.

Conclusion

This review included 29 studies with 2579 patients.
An extensive full text and subgroup analysis as well as
a precise quality assessment revealed that currently
no definite effect of receptive music intervention on
the cardiovascular system can be verified; however,
it cannot be ruled out that music during medical in-
terventions for instance can contribute to a relief of
anxiety and tension by reducing the stress response of
the autonomic nervous system. The world of music

and its connection to medicine remains an interesting
topic. Further research is needed to assess music as
an inexpensive and easy applicable form of therapy.
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