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Abstract: Music influences many physiological parameters, including some cardiovascular (CV)
control indices. The complexity and heterogeneity of musical stimuli, the integrated response within
the brain and the limited availability of quantitative methods for non-invasive assessment of the
autonomic function are the main reasons for the scarcity of studies about the impact of music on
CV control. This study aims to investigate the effects of listening to algorithmic music on the CV
regulation of healthy subjects by means of the spectral analysis of heart period, approximated as
the time distance between two consecutive R-wave peaks (RR), and systolic arterial pressure (SAP)
variability. We studied 10 healthy volunteers (age 39 ± 6 years, 5 females) both while supine (REST)
and during passive orthostatism (TILT). Activating and relaxing algorithmic music tracks were
used to produce possible contrasting effects. At baseline, the group featured normal indices of CV
sympathovagal modulation both at REST and during TILT. Compared to baseline, at REST, listening
to both musical stimuli did not affect time and frequency domain markers of both SAP and RR, except
for a significant increase in mean RR. A physiological TILT response was maintained while listening
to both musical tracks in terms of time and frequency domain markers, compared to baseline, an
increase in mean RR was again observed. In healthy subjects featuring a normal CV neural profile
at baseline, algorithmic music reduced the heart rate, a potentially favorable effect. The innovative
music approach of this study encourages further research, as in the presence of several diseases, such
as ischemic heart disease, hypertension, and heart failure, a standardized musical stimulation could
play a therapeutic role.

Keywords: cardiovascular neural control; heart rate variability; arterial pressure variability;
baroreflex; music listening; algorithmic music; Melomics-Health

1. Introduction

The therapeutic use of music in its different forms is the subject of several studies
in clinical and non-clinical fields [1–9]. However, the therapeutic applications of music
require further scientific investigation aimed at validating the results and at standardizing
the stimuli. Standardization is necessary to limit the heterogeneous individual responses
to music listening and to relate specific musical parameters/structures to potential specific
effects. In particular, standardization circumvents the cultural dimension of the musical
listening experience avoiding references to precise musical styles, but also to biographical
or personal aspects of the listener. In this direction, an algorithmic musical approach could
be helpful in standardizing musical stimuli with the aim of obtaining reproducible and
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effective clinical outcomes. Music is associated with activity changes in brain structures
known to involve several pathways, including the transmission of information into the
cardiac nerve plexus, involving the autonomic and endocrine pathways, blood pressure
and blood gases regulatory systems [10]. The influence of music on the autonomic cardio-
vascular (CV) parameters has been widely documented [2–4,8,11]. It is not clear whether
different types of music or sound may produce different effects, or rather which specific
effect corresponds to a particular musical stimulus. Thus, it is difficult to make musical
choices to achieve specific outcomes. It is even harder to hypothesize clear therapeutic
applications. Thus, a straightforward answer to the above queries is not easily available.
First, the complexity and heterogeneity of musical structures [12], second, the broad inter-
action of music itself within the brain, the limbic, the paralimbic system, and the autonomic
nervous system (ANS) [13], lastly, the limited availability of noninvasive approaches for
the evaluation of the autonomic function [14] are the main issues to overcome. Few stud-
ies [3] have documented some controversial effects of musical listening on ANS when
evaluated noninvasively via the heart rate variability analysis. These inconsistent findings
could derive from the type of used musical stimuli, in particular the presence of emotional
contents [3,15], the recipient’s personal musical taste, and the great methodological het-
erogeneity [3]. In the field of the therapeutic use of music, algorithmic music is composed
using an algorithm based on predefined structures/parameters that the music therapist
chooses to pursue therapeutic purposes. This has already been tested in patients with
dementia, mood imbalance and in subjects with work-related stress [5,8,16].

In the present protocol, music was created with the specific goal of producing con-
trasting effects (activation/excitement versus relaxation/quiescence), based on specific
sound parameters [12]. Autonomic response was assessed via time and frequency domain
markers derived from beat-to-beat series of heart period, approximated as the time distance
between two consecutive R-wave peaks (RR), and systolic arterial pressure (SAP). The
autonomic state was evaluated during supine condition (REST) and head-up tilting test
(TILT), i.e., a passive postural maneuver that causes cardiac sympathetic activation and
vagal withdrawal to cope with postural hydrostatic changes. The impact of algorithmic
music in these conditions has never been tested. Thus, our study aims to assess the effects
of listening to algorithmic music on the CV neural regulation of healthy subjects by means
of the spectral analysis of RR and SAP variability both at REST and during TILT.

2. Methods
2.1. Study Population

Ten healthy volunteers (age 39 ± 6 years, 5 females) were enrolled at IRCCS Istituti
Clinici Scientifici Maugeri in Milan. The sample size was derived from previous studies
assessing CV indices in young healthy subjects during rest and orthostasis [16,17]. At
the screening assessment, a detailed interview and complete physical examination were
performed. Inclusion criteria were: (i) healthy status; (ii) age between 30 and 50 years.
Exclusion criteria were: (i) any cardiovascular, respiratory, metabolic or acute disease;
(ii) any current pharmacological therapy known to influence the CV neural control; (iii) al-
cohol consumption >24 g/day (>250 mL of wine, >660 mL of beer, >80 mL of spirits);
(iv) moderate to heavy smoking (>8 cigarettes daily).

2.2. Algorithmic Music Approach

The sound-musical stimuli used for this study were composed utilizing the algorithm
Melomics-Health [12,18,19]. This way of composing music gives the possibility to define
the design of music, setting the conditions for its therapeutic use. The music can be com-
posed based on specific sound parameters and appropriate musical structures, in order to
achieve the therapeutic goals. One of the advantages of this technology is precisely given
by the possibility of adapting/shaping the music according to the therapeutic objective,
leaving the algorithm to produce it. This approach has been recently supported as a novel
therapeutic tool [12,19]. Accordingly, in this study, the algorithm Melomics-Health pro-
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duced “songs” with either activating or relaxing content to verify whether the sympathetic
and the parasympathetic branches of the ANS would be elicited in a manner similar to the
motor system [20]. For this purpose, the tempo, musical values and melodic characteristics
of the songs were predefined. For the activating algorithmic music track (Track1, example
in Supplementary Materials), high frequency, high density, short values and short rhyth-
mic/melodic variations were used to capture the subject’s attention, activating him/her on
a psycho-physical level. On the contrary, for the relaxing algorithmic music tracks (Track2,
example in Supplementary Materials), low frequency, low density, long values and long
rhythmic/melodic variations were used to deactivate the subject [20]. Each piece of music
varies the pitches of the sounds (they are all melodic lines, in fact), but each maintains
its structure unchanged (activating or relaxing, depending on the case). Each sequence
of songs was made of two pieces, one for cello and one for clarinet, each lasting 3 min.
The final tracks had no references to specific styles or tonal rules; therefore, they could not
be associated with existing musical pieces. This allowed the potential effect to be traced
back mainly to the musical structure and parameters rather than to their cultural impact.
All enrolled subjects were asked to listen to the tracks with their eyes closed as much as
possible, wearing Bluetooth headphones.

2.3. Experimental Protocol

All the subjects were studied in the morning, after a good night sleep, in a quiet room.
They were asked to avoid alcoholic or caffeinated beverages in the 12 h preceding the
test. Subjects were equipped to acquire the electrocardiogram (ECG, modified lead II),
respiration (via a thoracic belt—Marazza, Monza, Italy) and non-invasive beat-to-beat AP,
via a photopletismographic device (Finometer Midi, Finapress Medical System). The arm
was fixed at the level of the heart to optimize the AP measurements. Signals were sampled
at 500 Hz. The timeline of the protocol is shown in Figure 1.
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Figure 1. Track1, activating algorithmic music; Track2, relaxing algorithmic music; Rand., randomized; REST, supine
condition; TILT, passive head-up tilting test; min., minutes; REC, Recovery Time.

After 10 min in supine rest to allow stabilization, the signals were continuously ac-
quired during basal conditions (B), i.e., without any stimulus, but the orthostatic challenge,
listening to Track1 and listening to Track2. The two sessions were randomized. Each ses-
sion lasted 12 min: 6 min with the subject lying supine (REST) and 6 min during head-up
tilt test at 70◦ (TILT). A recovery period of 10 min was performed in the supine position
without any interference between one session and another, in order to restore baseline
signal conditions.

This study was conducted in accordance with the rules of the Declaration of Helsinki
of 1995, revised in 2013, and was approved by the local Ethics Committee (IRCCS Istituti
Clinici Scientifici Maugeri Ethics Committee; approval number 2335CE, date of approval
10.09.2019). Each enrolled subject signed a written informed consent.
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2.4. Cardiovascular Neural Control Assessment

The CV neural control was assessed using the analysis of the RR interval variability,
the AP variability and the cardiac baroreflex sensitivity (cBRS).

The RR interval was approximated as the temporal distance between two consecutive
R-wave peaks detected on the ECG signal. An automated algorithm detected the QRS
complexes imposing a threshold on the first derivative of the ECG signal and fixed the
R peaks by means of parabolic interpolation. From the AP signal, systolic AP (SAP) and
diastolic AP (DAP) beat-to-beat time series were derived. SAP values were derived as the
maximum of the AP signal inside each considered RR interval. DAP values were derived as
the minimum of the AP signal inside each considered RR interval. The detection of R peaks,
DAP and SAP values were visually checked and manually corrected in case of misdetection.
In presence of artifacts or ectopic beats, parabolic interpolation was performed, paying
attention to never exceed 5% of the total time series.

For each experimental session (B, Track1, Track2), selections of 300 consecutive and
synchronized values of RR, SAP and DAP time series were selected at REST and TILT
for further analysis, in accordance with the rules for short-term variability analysis [21].
After linear detrending of the series, the mean of RR, SAP and DAP series (µRR, µSAP,
µDAP, respectively) were calculated and expressed in ms and mmHg. The variance of
RR and SAP series were calculated as well (σ2

RR and σ2
SAP, respectively) and expressed

in ms2 and mmHg2. Parametric power spectral analysis was performed on the RR and
SAP time series to assess the CV neural control. The RR and SAP series were modelized
by an autoregressive model, whose order was chosen according to Akaike criteria and
decomposed into power spectral components. The power spectral components were
classified as low frequency (LF) or high frequency (HF), if their central frequency dropped
in the LF (0.04–0.15 Hz) or HF (0.15–0.4 Hz) band, respectively [21]. The sum of the
absolute power of LF or HF power spectral components of RR series were labeled as
LFa,RR and HFa,RR, respectively, and expressed in ms2. LFa,RR and HFa,RR were also
expressed in normalized units and labeled as LFnu,RR and HFnu,RR, respectively. LFnu,RR
and HFnu,RR were obtained by dividing LFa,RR and HFa,RR, respectively, by the total
variance diminished by the power of the very low frequency band (below 0.4 Hz) and then
multiplying the results by 100. HFa,RR and HFnu,RR were considered as markers of the vagal
modulation directed to the sinus node [14], while LFa,RR and LFnu,RR as indices providing
some information about the sympathetic modulation directed to the sinus node [17,22]. The
ratio between LFa,RR and HFa,RR was also calculated and labeled as LF/HF. As to the SAP
series, the sum of the absolute power of the LF power spectral components was labeled as
LFSAP, expressed in mmHg2, and taken as an index of the sympathetic modulation directed
to the vessels [22].

We estimated the cBRS by means of the sequence method [23,24]. The method is based
on the search of sequences of baroreflex origin over the RR and SAP series. A sequence
was defined when the simultaneous increase or decrease of both RR and SAP for four
consecutive heart beats occurred. The slope of the regression line over each found sequence
was calculated and subsequently averaged over all sequences. This average was taken as
an index of the cBRS and expressed in ms/mmHg.

All RR and SAP variability parameters are summarized in Table 1.

Table 1. RR and SAP variability parameters.

µRR [ms] Mean of the RR intervals [21]

σ2
RR [ms2] Variance of the RR intervals [21]

LFa,RR [ms2]
Absolute power of RR series in the low frequency band (LF, 0.04–0.15 Hz),
index of cardiac sympathetic modulation [17,22]

LFnu,RR [nu] Normalized power of RR series in the LF band, index of cardiac
sympathetic modulation [17,22]
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Table 1. Cont.

HFa,RR [ms2]
Absolute power of RR in the high frequency band (HF, 0.15–0.4 Hz), index
of cardiac vagal modulation [14,21]

HFnu,RR [nu] Absolute power of RR in the high frequency band, index of cardiac vagal
modulation [14,21]

LF/HF Index of cardiac sympathovagal balance [21]

µSAP [mmHg] Mean of the SAP values [21,22]

µDAP [mmHg] Mean of the DAP values [21,22]

σ2
SAP [mmHg2] Variance of the SAP [21,22]

LFSAP [mmHg2]
Absolute power of SAP series in the low frequency band (LF, 0.04–0.15 Hz),
index of vascular sympathetic modulation [21,22]

cBRS [ms/mmHg] Cardiac baroreflex sensitivity [23,24]

2.5. Statistical Analysis

Two-way repeated measures analysis via Wilcoxon signed rank test was applied to test
the difference between the CV control indices in the two experimental conditions (i.e., REST
and TILT) during the three different experimental sessions (B, Track1, Track2). The level
of significance of each pairwise comparison was lowered according to the total number
of tests (i.e., 6) to deal with the multiple comparison issue. A p < 0.05 was considered
as significant. Data are expressed as mean ± standard deviation. The statistical analysis
was carried out using the statistical program Sigmaplot (Systat Software, Chiacago, IL,
USA, version 11.0).

3. Results

All the enrolled subjects completed the protocol without symptoms. Table 2 summa-
rizes the main characteristics of the population.

Table 2. Demographic and clinical features of the enrolled population.

Age, years 39.2 ± 6.4
Gender, males/females 5/5
BMI, kg/m2 22.6 ± 1.4
BMI males, kg/m2 23.4 ± 1.3
BMI females, kg/m2 21.8 ± 1.1
Sleep per night, hours 6.1 ± 1.0
Occasional smoking, n (%) 2 (20)
Regular physical exercise, n (%) 8 (80)
Physical exercise, hours/week 4.4 ± 2.4
Regular social activities, n (%) 8 (80)
Social activities, hours/week 7.1 ± 4.4

Data are presented as mean ± standard deviation or number (percentage).

A representative example of RR and SAP series for each experimental phase is shown
in Figure 2.

The results of the RR variability analysis for each experimental session (namely B,
Track1 and Track2, in REST and TILT) are summarized in Figure 3.
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Figure 3. Results of the RR variability analysis in the healthy subjects while supine (REST) and during 70◦ head-up tilt
test (TILT) in normal condition (B) and while listening activating (Track1) and relaxing (Track2) algorithmic music. RR,
RR interval; µRR, RR mean (a); σ2

RR, RR variance (b); LF, low frequency; LFa,RR, absolute power of RR in the LF band (c);
LFnu,RR, normalized power of RR in the LF band (d); HF, high frequency; HFa,RR, absolute power of RR in the HF band (e);
HFnu,RR, normalized power of RR in the HF band (f). Data are expressed as mean ± standard deviation. § indicates p < 0.05
REST vs. TILT. * Indicates B vs. Track1 and vs. Track2.

In B, all subjects were characterized by normal µRR (corresponding to a HR of
71 ± 8 bpm at REST and 85 ± 10 bpm during TILT), as well as normal indices of car-
diac sympathovagal balance, in both REST and TILT. Physiologically, from REST to TILT,
µRR decreased, the indices of vagal modulation directed to the sinus node, i.e., HFa,RR and
HFnu,RR, also decreased, while the indices of cardiac sympathetic activity, i.e., LFa,RR and
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LFnu,RR, increased. Accordingly, the LF/HF was 2.90 ± 1.15 and 5.39 ± 5.82 in REST and
TILT, respectively.

Compared to B, both Track1 and Track2 determined an increase of µRR at REST,
(corresponding to a HR of 71 ± 8 bpm at REST and 67 ± 8 bpm during Track1 and
69 ± 9 bpm during Track2), without modifying σ2

RR, the sympathetic or vagal indices,
including the LF/HF (2.47 ± 2.07 for Track1 and 5.42 ± 6.75 for Track2). Of notice, also the
respiratory rate remained unchanged (Figure 4).

J. Pers. Med. 2021, 11, 1084 7 of 12 
 

 

In B, all subjects were characterized by normal μRR (corresponding to a HR of 71 ± 8 
bpm at REST and 85 ± 10 bpm during TILT), as well as normal indices of cardiac sympa-
thovagal balance, in both REST and TILT. Physiologically, from REST to TILT, μRR de-
creased, the indices of vagal modulation directed to the sinus node, i.e., HFa,RR and HFnu,RR, 
also decreased, while the indices of cardiac sympathetic activity, i.e., LFa,RR and LFnu,RR, 
increased. Accordingly, the LF/HF was 2.90 ± 1.15 and 5.39 ± 5.82 in REST and TILT, re-
spectively. 

Compared to B, both Track1 and Track2 determined an increase of μRR at REST, (cor-
responding to a HR of 71 ± 8 bpm at REST and 67 ± 8 bpm during Track1 and 69 ± 9 bpm 
during Track2), without modifying σ2RR, the sympathetic or vagal indices, including the 
LF/HF (2.47 ± 2.07 for Track1 and 5.42 ± 6.75 for Track2). Of notice, also the respiratory 
rate remained unchanged (Figure 4). 

 
Figure 4. Results of the respiratory rate estimation in the healthy subjects while supine (REST) and 
during 70° head-up tilt test (TILT) in normal condition (B) and while listening to Track1 (activating 
algorithmic music) and Track2 (relaxing algorithmic music). Data are expressed as mean ± standard 
deviation. 

Similar to B, TILT during Track1 and Track2 induced a decrease of μRR, of HFa,RR and 
HFnu,RR, and an increase of LFnu,RR and LF/HF (8.27 ± 3.44 for Track1 and 13.46 ± 9.88 for 
Track2). There were no differences between each TILT phase in the three experimental 
conditions. 

Table 3 shows the results of the AP variability analysis. All subjects showed μSAP and 
μDAP within normal range in B, both at REST and TILT. 

Table 3. Results of the arterial pressure variability analysis. 

 B Track1 Track2 
 REST TILT REST TILT REST TILT 

μSAP, mmHg 119 ± 8 116 ± 10 112 ± 16 115 ± 9 113 ± 8 110 ± 15 
μDAP, mmHg 76 ± 11 77 ± 12 72 ± 14 77 ± 12 74 ± 8 76 ± 7 
σ2SAP, mmHg2 23.7 ± 15.9 38.6 ± 26.7 36.9 ± 33.6 31.1 ± 18.9 22.9 ± 13.5 32.1 ± 20.3 

LFSAP, 
mmHg2 0.91 ± 1.05 2.88 ± 3.09 § 0.66 ± 0.33 3.42 ± 4.19 § 0.75 ± 0.52 2.82 ± 2.75 § 

Results of the arterial pressure variability analysis in the healthy subjects while supine (REST) and 
during 70° head-up tilt test (TILT) in normal condition (B) and while listening to activating 
(Track1) and relaxing (Track2) algorithmic music. SAP, systolic arterial pressure; DAP, diastolic 
arterial pressure; μSAP, SAP mean; μDAP, DAP mean; σ2SAP, SAP variance; LF, low frequency; LFSAP, 
absolute power of SAP in the LF band. Data are expressed as mean ± standard deviation. § indi-
cates p < 0.05 REST vs. TILT. 

LFSAP, an index of the sympathetic modulation directed to the vessels, increased dur-
ing TILT, while σ2SAP remained unchanged, as it occurs in normal subjects. Compared to 
B, both Track1 and Track2 had no effects on μSAP, μDAP, σ2SAP, and LFSAP. Similarly, TILT 

Figure 4. Results of the respiratory rate estimation in the healthy subjects while supine (REST) and
during 70◦ head-up tilt test (TILT) in normal condition (B) and while listening to Track1 (activat-
ing algorithmic music) and Track2 (relaxing algorithmic music). Data are expressed as mean ±
standard deviation.

Similar to B, TILT during Track1 and Track2 induced a decrease of µRR, of HFa,RR and
HFnu,RR, and an increase of LFnu,RR and LF/HF (8.27 ± 3.44 for Track1 and 13.46 ± 9.88
for Track2). There were no differences between each TILT phase in the three experimen-
tal conditions.

Table 3 shows the results of the AP variability analysis. All subjects showed µSAP and
µDAP within normal range in B, both at REST and TILT.

Table 3. Results of the arterial pressure variability analysis.

B Track1 Track2

REST TILT REST TILT REST TILT

µSAP, mmHg 119 ± 8 116 ± 10 112 ± 16 115 ± 9 113 ± 8 110 ± 15
µDAP, mmHg 76 ± 11 77 ± 12 72 ± 14 77 ± 12 74 ± 8 76 ± 7
σ2

SAP, mmHg2 23.7 ± 15.9 38.6 ± 26.7 36.9 ± 33.6 31.1 ± 18.9 22.9 ± 13.5 32.1 ± 20.3
LFSAP, mmHg2 0.91 ± 1.05 2.88 ± 3.09 § 0.66 ± 0.33 3.42 ± 4.19 § 0.75 ± 0.52 2.82 ± 2.75 §

Results of the arterial pressure variability analysis in the healthy subjects while supine (REST) and during 70◦ head-up tilt test (TILT) in
normal condition (B) and while listening to activating (Track1) and relaxing (Track2) algorithmic music. SAP, systolic arterial pressure; DAP,
diastolic arterial pressure; µSAP, SAP mean; µDAP, DAP mean; σ2

SAP, SAP variance; LF, low frequency; LFSAP, absolute power of SAP in the
LF band. Data are expressed as mean ± standard deviation. § indicates p < 0.05 REST vs. TILT.

LFSAP, an index of the sympathetic modulation directed to the vessels, increased
during TILT, while σ2

SAP remained unchanged, as it occurs in normal subjects. Compared
to B, both Track1 and Track2 had no effects on µSAP, µDAP, σ2

SAP, and LFSAP. Similarly,
TILT induced an increase of LFSAP, during both Track1 and Track2, while µSAP, µDAP, and
σ2

SAP remained unchanged.
Finally, the analysis of the three different recovery periods did not show any signifi-

cant result.
Figure 5 shows the results of the cBRS. Consistent with the above results, the cBRS

was within normal values in B and was not affected by either Track1 or Track2. It decreased
from REST to TILT in B, as well as in Track1 and Track2 sessions.
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4. Discussion

In the present study, a group of healthy subjects underwent an experimental protocol
to evaluate their CV neural profile at baseline and in response to algorithmic music listening,
consisting of an activating and a relaxing song in a randomized order.

The striking finding is that, compared to baseline, listening to both algorithmic music
tracks, composed with activating or relaxing purposes, induced a significant decrease of
HR at REST, without affecting AP, breathing rate, and the indices of CV neural modulation.
In several studies, it has been reported that music listening leading to emotional arousal
is associated with higher HR than listening to tranquilizing music [25–27]. In this study,
we observed that HR was similar while listening to Track1 and Track2. Indeed, the type
of musical stimulus per se utilized in this study could justify such desirable results. The
algorithmic music mainly focuses on musical structures and parameters (in relation to
therapeutic aims) [12] rather than aesthetic aspects or the emotional engagement, which is
considered one of the most important mechanisms involved in the modulation of the ANS
regulating HR [3].

Our results also showed that passive orthostatic challenge had a dominant effect on
both musical stimuli, as during TILT no differences between Track1 and Track2 were found.
In other words, the orthostatic stimulus elicited a physiological response regardless of the
music listening.

Indeed, the physiological response to TILT consisted of an increase in HR, together
with the expected rise of sympathetic modulation directed to the heart and vessels, and
withdrawn of vagal modulation directed to the sinus node [14,17,21,22]. The three recovery
periods were characterized by similar HR, AP, and CV autonomic indices.

Therefore, in these healthy subjects featuring a normal CV neural profile at baseline,
musical stimulation, either Track1 or Track2, reduced HR, a potentially favorable effect,
independently from breathing rate and sympathovagal balance.

In fact, it is well known that a physiological lower HR in healthy populations is
associated with lower CV and all-cause mortality [28–30]. Similarly, among patients with
chronic coronary syndromes, heart failure or hypertension, lower HR is associated with
lower overall and CV mortality, and lower CV hospitalizations [31–33]. The conceivable
underlying mechanisms are multiple, from optimization of metabolic and myocardial
oxygen demand to lengthening of the coronary perfusion time and reduced cyclical stretch
of the large elastic arteries [34].

Pharmacological lowering of HR has long been recommended and employed with a
cardioprotective aim in several conditions [35,36]. However, drug induced bradycardia
often implies additional effects, including those on the CV neural regulation, that might
be disadvantageous in some conditions. As a relevant example, in hypertension, the
use of beta-blockers should be targeted based on the individual’s characteristics and the
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specific beta-blocker’s properties [37], although measuring HR and managing tachycardia
represents a major goal [35]. Again, ivabradine, which inhibits the funny current (If) in
sinoatrial nodal tissue without affecting cardiac inotropy or systemic vascular resistance can
be recommended in chronic coronary syndromes and heart failure [38]. In this perspective,
music listening might represent a non-pharmacological intervention aimed at improving
outcomes in both healthy and diseased persons.

Furthermore, additional different effects of music listening are conceivable in the case
of patients with abnormal CV nervous control. In fact, it is known that in pathological
conditions, some interventions may restore some sympathovagal control [39,40], that might
be due to the activation of afferent pathway projecting to the medulla oblongata influencing
both the sympathetic and parasympathetic branches with distinguishable features when
activating the different groups of fibers [41].

Interestingly, in the present study, algorithmic music had no effects on the respiratory
rate, thus the HR reduction was independent, unlike what has been demonstrated with
the rhythmic activity of music or other practices [42,43]. From this point of view, the use
of algorithmic music would allow a proper adjustment and tailoring of the sound stimuli
based on the underlying conditions on the one hand and therapeutic goals on the other [12].

It remains to be established which mechanisms may intervene in reducing HR during
listening to algorithmic music. It has been previously reported a decrease of HR in young
healthy subjects during physiological conditions without changes in cardiac ANS [44]. An
endocrine response could be involved, as it is known that music may lower serum cortisol
levels with inhibition of CV stress reaction even in the short-term [45,46].

Regardless of the underlying factors, mean HR, and even more nocturnal HR, is
associated with increased mortality in several cardiac conditions, and algorithmic music
may exert favorable preventive and therapeutic effects.

Limitations

This study analyzed the acute effect of music listening for a short lapse of time.
Chronic and/or repeated exposure to music listening might produce more noticeable
effects, perhaps highlighting the differences between activating and relaxing stimuli.

The sample size was limited; therefore, it prevents us from having strong results. For
the same reason, we did not analyze the data along the lines of gender and sex. However,
as these variables are known to influence the CV responses to external stimuli [42,47],
future studies are advocated. In addition to gender, several parameters such as age of the
participants or the duration of the baseline period could potentially affect the physiological
responses [48,49].

5. Conclusions

It is widely accepted that music has therapeutic effects in many neurodegenerative
and psychiatric diseases and stress-related disorders [5,8]. Effects on the cardiovascular
system [2–6,11,15] have also been described; however, the results of studies on this topic
are often inconsistent. Therefore, there is pressing need for systematic high-quality research
on the effects of music on the heart in both healthy individuals and patients.

In this study, on a small group of healthy subjects, both the relaxing and activating
algorithmic music decreased the HR, without supposedly changing the cardiac sympa-
thovagal balance, arterial blood pressure, vascular sympathetic modulation, baroreflex
sensitivity, and the response to the orthostatic challenge, that were all physiological at
baseline in this study population. Importantly, no kind of music, neither the activating nor
the relaxing one, produced negative effects. Still, some music-induced effects on an already
normal ANS might be difficult to detect. Otherwise, different results could be found in
patients, in which music could determine a rebalancing of an altered cardiovascular neural
profile, for example in the elderly, in neurodegenerative and CV diseases [19,48]. In other
words, while music would slightly interfere with a healthy subject’s heart, still lowering
the HR in a beneficial way, in patients with a reduced variability of the overall HR or in
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healthy subjects under particular conditions, such as stress [19] or aging [48], the music
could play a more incisive and favorable role.

In this perspective, this study represents an absolute novelty introducing an innovative
and standardized music approach based on tailored musical patterns with therapeutic
goals. This approach creates considerable potential in the use of musical listening aimed
at the care and health of individuals and opens the door to further studies on different
categories of patients.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jpm11111084/s1, Audio S1: algorithmic music Track1, Audio S2: algorithmic music Track2.

Author Contributions: A.R., B.D.M., G.G., L.A.D.V. conceived the study; A.R., B.D.M., G.G., L.A.D.V.
designed the study and drafted the manuscript; B.D.M., F.P., G.G., M.G., C.I. conducted the research
and collected the data; B.D.M., F.P. analyzed the data; B.D.M., A.R., L.A.D.V., A.P. revised the
manuscript; All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was approved by the local Ethics Committee
(IRCCS Istituti Clinici Scientifici Maugeri Ethics Committee; approval number 2335CE, date of
approval 10.09.2019).

Informed Consent Statement: This study was conducted in accordance with the rules of the Decla-
ration of Helsinki of 1995, revised in 2013. Each enrolled subject signed a written informed consent.

Data Availability Statement: Data are available upon reasonable request to the corresponding author.

Acknowledgments: The authors would like to thank all the volunteers.

Conflicts of Interest: The authors declare no competing interests.

References
1. Raglio, A.; Oasi, O. Music and Health: What Interventions for what Results? Front. Psychol. 2015, 6, 230. [CrossRef] [PubMed]
2. Orini, M.; Al-Amodi, F.; Koelsch, S.; Bailon, R. The Effect of Emotional Valence on Ventricular Repolarization Dynamics is

Mediated by Heart Rate Variability: A Study of QT Variability and Music-Induced Emotions. Front. Physiol. 2019, 10, 1465.
[CrossRef] [PubMed]

3. Koelsch, S.; Jancke, L. Music and the Heart. Eur. Heart J. 2015, 36, 3043–3049. [CrossRef] [PubMed]
4. Loomba, R.S.; Arora, R.; Shah, P.H.; Chandrasekar, S.; Molnar, J. Effects of Music on Systolic Blood Pressure, Diastolic Blood

Pressure, and Heart Rate: A Meta-Analysis. Indian Heart J. 2012, 64, 309–313. [CrossRef]
5. Raglio, A.; Attardo, L.; Gontero, G.; Rollino, S.; Groppo, E.; Granieri, E. Effects of Music and Music Therapy on Mood in

Neurological Patients. World J. Psychiatry 2015, 5, 68–78. [CrossRef]
6. Sihvonen, A.J.; Sarkamo, T.; Leo, V.; Tervaniemi, M.; Altenmuller, E.; Soinila, S. Music-Based Interventions in Neurologi-cal

Rehabilitation. Lancet Neurol. 2017, 16, 648–660. [CrossRef]
7. Devlin, K.; Alshaikh, J.T.; Pantelyat, A. Music Therapy and Music-Based Interventions for Movement Disorders. Curr. Neurol.

Neurosci. Rep. 2019, 19, 83. [CrossRef]
8. Raglio, A.; Oasi, O.; Gianotti, M.; Manzoni, V.; Bolis, S.; Ubezio, M.C.; Gentile, S.; Villani, D.; Stramba-Badiale, M. Effects of Music

Therapy on Psychological Symptoms and Heart Rate Variability in Patients with Dementia. A Pilot Study. Curr. Aging Sci. 2010,
3, 242–246. [CrossRef]

9. Snowdon, C.T.; Zimmermann, E.; Altenmuller, E. Music Evolution and Neuroscience. Prog. Brain Res. 2015, 217, 17–34. [PubMed]
10. Koelsch, S.; Skouras, S. Functional Centrality of Amygdala, Striatum and Hypothalamus in a “Small-World” Network Underlying

Joy: An fMRI Study with Music. Hum. Brain Map. 2014, 35, 3485–3498. [CrossRef]
11. Okada, K.; Kurita, A.; Takase, B.; Otsuka, T.; Kodani, E.; Kusama, Y.; Atarashi, H.; Mizuno, K. Effects of Music Therapy on

Autonomic Nervous System Activity, Incidence of Heart Failure Events, and Plasma Cytokine and Catecholamine Levels in
Elderly Patients with Cerebrovascular Disease and Dementia. Int. Heart J. 2009, 50, 95–110. [CrossRef] [PubMed]

12. Raglio, A.; Vico, F. Music and Technology: The Curative Algorithm. Front. Psychol. 2017, 8, 2055. [CrossRef] [PubMed]
13. Menon, V.; Levitin, D.J. The Rewards of Music Listening: Response and Physiological Connectivity of the Mesolimbic System.

Neuroimage 2005, 28, 175–184. [CrossRef] [PubMed]
14. Malliani, A.; Pagani, M.; Lombardi, F.; Cerutti, S. Cardiovascular Neural Regulation Explored in the Frequency Domain.

Circulation 1991, 84, 482–492. [CrossRef] [PubMed]
15. Da Silva, S.A.; Guida, H.L.; Dos Santos Antonio, A.M.; de Abreu, L.C.; Monteiro, C.B.; Ferreira, C.; Ribeiro, V.F.; Barnabe, V.; Silva,

S.B.; Fonseca, F.L.; et al. Acute Auditory Stimulation with Different Styles of Music Influences Cardiac Autonomic Regulation in
Men. Int. Cardiovasc. Res. J. 2014, 8, 105–110. [PubMed]

https://www.mdpi.com/article/10.3390/jpm11111084/s1
https://www.mdpi.com/article/10.3390/jpm11111084/s1
http://doi.org/10.3389/fpsyg.2015.00230
http://www.ncbi.nlm.nih.gov/pubmed/25784891
http://doi.org/10.3389/fphys.2019.01465
http://www.ncbi.nlm.nih.gov/pubmed/31849711
http://doi.org/10.1093/eurheartj/ehv430
http://www.ncbi.nlm.nih.gov/pubmed/26354957
http://doi.org/10.1016/S0019-4832(12)60094-7
http://doi.org/10.5498/wjp.v5.i1.68
http://doi.org/10.1016/S1474-4422(17)30168-0
http://doi.org/10.1007/s11910-019-1005-0
http://doi.org/10.2174/1874609811003030242
http://www.ncbi.nlm.nih.gov/pubmed/25725908
http://doi.org/10.1002/hbm.22416
http://doi.org/10.1536/ihj.50.95
http://www.ncbi.nlm.nih.gov/pubmed/19246850
http://doi.org/10.3389/fpsyg.2017.02055
http://www.ncbi.nlm.nih.gov/pubmed/29250008
http://doi.org/10.1016/j.neuroimage.2005.05.053
http://www.ncbi.nlm.nih.gov/pubmed/16023376
http://doi.org/10.1161/01.CIR.84.2.482
http://www.ncbi.nlm.nih.gov/pubmed/1860193
http://www.ncbi.nlm.nih.gov/pubmed/25177673


J. Pers. Med. 2021, 11, 1084 11 of 12

16. Goswami, N.; Roessler, A.; Lackner, H.K.; Schneditz, D.; Grasser, E.; Hinghofer-Szalkay, H.G. Heart Rate and Stroke Volume
Response Patterns to Augmented Orthostatic Stress. Clin. Auton. Res. 2009, 19, 157–165. [CrossRef] [PubMed]

17. De Maria, B.; Bari, V.; Sgoifo, A.; Carnevali, L.; Cairo, B.; Vaini, E.; Catai, A.M.; de Medeiros Takahashi, A.C.; Dalla Vec-chia, L.A.;
Porta, A. Concomitant Evaluation of Heart Period and QT Interval Variability Spectral Markers to Typify Cardiac Control in
Humans and Rats. Front. Physiol. 2019, 10, 1478. [CrossRef]

18. Ball, P. Computer science: Algorithmic Rapture. Nature 2012, 488, 458. [CrossRef]
19. Raglio, A.; Bellandi, D.; Gianotti, M.; Zanacchi, E.; Gnesi, M.; Monti, M.C.; Montomoli, C.; Vico, F.; Imbriani, C.; Giorgi, I.; et al.

Daily Music Listening to Reduce Work-Related Stress: A Randomized Controlled Pilot Trial. J. Public Health 2020, 42, e81–e87.
[CrossRef]

20. Leman, M.; Moelants, D.; Varewyck, M.; Styns, F.; van Noorden, L.; Martens, J.P. Activating and Relaxing Music Entrains the
Speed of Beat Synchronized Walking. PLoS ONE 2013, 8, e67932.

21. Malik, M.; Bigger, J.T.; Camm, A.J.; Kleiger, R.E.; Malliani, A.; Moss, A.J.; Schwartz, P.J. Task Force of the European Society of
Cardiology and the North American Society of Pacing and Electrophysiology. Heart Rate Variability. Standards of Measurement,
Physiological Interpretation, and Clinical use. Eur. Heart J. 1996, 17, 354–381. [CrossRef]

22. Pagani, M.; Lombardi, F.; Guzzetti, S.; Rimoldi, O.; Furlan, R.; Pizzinelli, P.; Sandrone, G.; Malfatto, G.; Dell’Orto, S.; Pic-caluga, E.
Power Spectral Analysis of Heart Rate and Arterial Pressure Variabilities as a Marker of Sympatho-Vagal Interac-tion in Man and
Conscious Dog. Circ. Res. 1986, 59, 178–193. [CrossRef] [PubMed]

23. Bertinieri, G.; di Rienzo, M.; Cavallazzi, A.; Ferrari, A.U.; Pedotti, A.; Mancia, G. A New Approach to Analysis of the Arterial
Baroreflex. J. Hypertens. Suppl. 1985, 3, S79–S81.

24. De Maria, B.; Bari, V.; Ranucci, M.; Pistuddi, V.; Ranuzzi, G.; Takahashi, A.C.M.; Catai, A.M.; Dalla Vecchia, L.; Cerutti, S.; Porta,
A. Separating Arterial Pressure Increases and Decreases in Assessing Cardiac Baroreflex Sensitivity Via Sequence and Bivariate
Phase-Rectified Signal Averaging Techniques. Med. Biol. Eng. Comput. 2018, 56, 1241–1252. [CrossRef] [PubMed]

25. Bernardi, L.; Porta, C.; Sleight, P. Cardiovascular, Cerebrovascular, and Respiratory Changes Induced by Different Types of Music
in Musicians and Non-Musicians: The Importance of Silence. Heart 2006, 92, 445–452. [CrossRef] [PubMed]

26. Etzel, J.A.; Johnsen, E.L.; Dickerson, J.; Tranel, D.; Adolphs, R. Cardiovascular and Respiratory Responses during Musical Mood
Induction. Int. J. Psychophysiol. 2006, 61, 57–69. [CrossRef] [PubMed]

27. Nyklcek, I.; Thayer, J.F.; Van Doornen, L.J. Cardiorespiratory Differentiation of Musically-Induced Emotions. J. Psycho-Physiol.
1997, 11, 304–321.

28. Kannel, W.B.; Kannel, C.; Paffenbarger, R.S.; Cupples, L.A. Heart Rate and Cardiovascular Mortality: The Framingham Study.
Am. Heart J. 1987, 113, 1489–1494. [CrossRef]

29. Johansen, C.D.; Olsen, R.H.; Pedersen, L.R.; Kumarathurai, P.; Mouridsen, M.R.; Binici, Z.; Intzilakis, T.; Kober, L.; Sajadieh, A.
Resting, Night-Time, and 24 H Heart Rate as Markers of Cardiovascular Risk in Middle-Aged and Elderly Men and Women with
no Apparent Heart Disease. Eur. Heart J. 2013, 34, 1732–1739. [CrossRef] [PubMed]

30. Aune, D.; Sen, A.; o’Hartaigh, B.; Janszky, I.; Romundstad, P.R.; Tonstad, S.; Vatten, L.J. Resting Heart Rate and the Risk of
Cardiovascular Disease, Total Cancer, and all-Cause Mortality—A Systematic Review and Dose-Response Meta-Analysis of
Prospective Studies. Nutr. Metab. Cardiovasc. Dis. 2017, 27, 504–517. [CrossRef] [PubMed]

31. Bohm, M.; Reil, J.C.; Deedwania, P.; Kim, J.B.; Borer, J.S. Resting Heart Rate: Risk Indicator and Emerging Risk Factor in
Cardiovascular Disease. Am. J. Med. 2015, 128, 219–228. [CrossRef] [PubMed]

32. Tanna, M.S.; Messerli, F.H.; Bangalore, S. Stable Coronary Artery Disease: Are there Therapeutic Benefits of Heart Rate Lowering?
J. Hypertens. 2019, 37, 1112–1118. [CrossRef] [PubMed]

33. Reule, S.; Drawz, P.E. Heart Rate and Blood Pressure: Any Possible Implications for Management of Hypertension? Curr.
Hypertens. Rep. 2012, 14, 478–484. [CrossRef] [PubMed]

34. Fox, K.M.; Ferrari, R. Heart Rate: A Forgotten Link in Coronary Artery Disease? Nat. Rev. Cardiol. 2011, 8, 369–379. [CrossRef]
35. Palatini, P.; Rosei, E.A.; Casiglia, E.; Chalmers, J.; Ferrari, R.; Grassi, G.; Inoue, T.; Jelakovic, B.; Jensen, M.T.; Julius, S.; et al.

Management of the Hypertensive Patient with Elevated Heart Rate: Statement of the Second Consensus Conference En-dorsed
by the European Society of Hypertension. J. Hypertens. 2016, 34, 813–821. [CrossRef]

36. Levine, G.N.; Bates, E.R.; Bittl, J.A.; Brindis, R.G.; Fihn, S.D.; Fleisher, L.A.; Granger, C.B.; Lange, R.A.; Mack, M.J.; Mauri,
L.; et al. 2016 ACC/AHA Guideline Focused Update on Duration of Dual Antiplatelet Therapy in Patients with Coronary
Artery Disease: A Report of the American College of Cardiology/American Heart Association Task Force on Clinical Prac-tice
Guidelines: An Update of the 2011 ACCF/AHA/SCAI Guideline for Percutaneous Coronary Intervention, 2011 ACCF/AHA
Guideline for Coronary Artery Bypass Graft Surgery, 2012 ACC/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the
Diagnosis and Management of Patients with Stable Ischemic Heart Disease, 2013 ACCF/AHA Guideline for the Management of
ST-Elevation Myocardial Infarction, 2014 AHA/ACC Guideline for the Management of Patients with Non-ST-Elevation Acute
Coronary Syndromes, and 2014 ACC/AHA Guideline on Perioperative Cardiovascular Evaluation and Management of Patients
Undergoing Noncardiac Surgery. Circulation 2016, 134, e123–e155. [PubMed]

37. Mann, S.J. Redefining Beta-Blocker use in Hypertension: Selecting the Right Beta-Blocker and the Right Patient. J. Am. Soc.
Hypertens. 2017, 11, 54–65. [CrossRef] [PubMed]

38. Da Silva, R.M.F.L.; Borges, A.S.R.; Silva, N.P.; Resende, E.S.; Tse, G.; Liu, T.; Roever, L.; Biondi-Zoccai, G. How Heart Rate should
be Controlled in Patients with Atherosclerosis and Heart Failure. Curr. Atheroscler. Rep. 2018, 20, 54. [CrossRef] [PubMed]

http://doi.org/10.1007/s10286-009-0001-x
http://www.ncbi.nlm.nih.gov/pubmed/19271261
http://doi.org/10.3389/fphys.2019.01478
http://doi.org/10.1038/488458a
http://doi.org/10.1093/pubmed/fdz030
http://doi.org/10.1093/oxfordjournals.eurheartj.a014868
http://doi.org/10.1161/01.RES.59.2.178
http://www.ncbi.nlm.nih.gov/pubmed/2874900
http://doi.org/10.1007/s11517-017-1765-0
http://www.ncbi.nlm.nih.gov/pubmed/29235056
http://doi.org/10.1136/hrt.2005.064600
http://www.ncbi.nlm.nih.gov/pubmed/16199412
http://doi.org/10.1016/j.ijpsycho.2005.10.025
http://www.ncbi.nlm.nih.gov/pubmed/16460823
http://doi.org/10.1016/0002-8703(87)90666-1
http://doi.org/10.1093/eurheartj/ehs449
http://www.ncbi.nlm.nih.gov/pubmed/23306958
http://doi.org/10.1016/j.numecd.2017.04.004
http://www.ncbi.nlm.nih.gov/pubmed/28552551
http://doi.org/10.1016/j.amjmed.2014.09.016
http://www.ncbi.nlm.nih.gov/pubmed/25447617
http://doi.org/10.1097/HJH.0000000000002041
http://www.ncbi.nlm.nih.gov/pubmed/30676481
http://doi.org/10.1007/s11906-012-0306-3
http://www.ncbi.nlm.nih.gov/pubmed/22972532
http://doi.org/10.1038/nrcardio.2011.58
http://doi.org/10.1097/HJH.0000000000000865
http://www.ncbi.nlm.nih.gov/pubmed/27026020
http://doi.org/10.1016/j.jash.2016.11.007
http://www.ncbi.nlm.nih.gov/pubmed/28057444
http://doi.org/10.1007/s11883-018-0757-3
http://www.ncbi.nlm.nih.gov/pubmed/30225613


J. Pers. Med. 2021, 11, 1084 12 of 12

39. Dalla Vecchia, L.; Barbic, F.; Galli, A.; Pisacreta, M.; Gornati, R.; Porretta, T.; Porta, A.; Furlan, R. Favorable Effects of Ca-rotid
Endarterectomy on Baroreflex Sensitivity and Cardiovascular Neural Modulation: A 4-Month Follow-Up. Am. J. Physiol. Regul.
Integr. Comp. Physiol. 2013, 304, R1114–R1120. [CrossRef]

40. Barbic, F.; Galli, M.; Dalla Vecchia, L.; Canesi, M.; Cimolin, V.; Porta, A.; Bari, V.; Cerri, G.; Dipaola, F.; Bassani, T.; et al. Effects of
Mechanical Stimulation of the Feet on Gait and Cardiovascular Autonomic Control in Parkinson’s Disease. J. Appl. Physiol. 2014,
116, 495–503. [CrossRef] [PubMed]

41. Terui, N.; Koizumi, K. Responses of Cardiac Vagus and Sympathetic Nerves to Excitation of Somatic and Visceral Nerves. J.
Auton. Nerv. Syst. 1984, 10, 73–91. [CrossRef]

42. Bernardi, L.; Porta, C.; Casucci, G.; Balsamo, R.; Bernardi, N.F.; Fogari, R.; Sleight, P. Dynamic Interactions between Mu-sical,
Cardiovascular, and Cerebral Rhythms in Humans. Circulation 2009, 119, 3171–3180. [CrossRef] [PubMed]

43. Bernardi, L.; Sleight, P.; Bandinelli, G.; Cencetti, S.; Fattorini, L.; Wdowczyc-Szulc, J.; Lagi, A. Effect of Rosary Prayer and Yoga
Mantras on Autonomic Cardiovascular Rhythms: Comparative Study. BMJ 2001, 323, 1446–1449. [CrossRef] [PubMed]

44. Sasaki, K.; Haga, M.; Endo, Y.; Fujiwara, J.; Maruyama, R. Left Recumbent Position Decreases Heart Rate without Altera-tions
in Cardiac Autonomic Nervous System Activity in Healthy Young Adults. Tohoku J. Exp. Med. 2017, 241, 309–318. [CrossRef]
[PubMed]

45. Hu, R.F.; Jiang, X.Y.; Hegadoren, K.M.; Zhang, Y.H. Effects of Earplugs and Eye Masks Combined with Relaxing Music on Sleep,
Melatonin and Cortisol Levels in ICU Patients: A Randomized Controlled Trial. Crit. Care 2015, 19, 115. [CrossRef]

46. Hasanah, I.; Mulatsih, S.; Haryanti, F.; Haikal, Z. Effect of Music Therapy on Cortisol as a Stress Biomarker in Children Undergoing
IV-Line Insertion. J. Taibah Univ. Med. Sci. 2020, 15, 238–243. [CrossRef] [PubMed]

47. Evans, J.M.; Knapp, C.F.; Goswami, N. Artificial Gravity as a Countermeasure to the Cardiovascular Deconditioning of Spaceflight:
Gender Perspectives. Front. Physiol. 2018, 9, 716. [CrossRef] [PubMed]

48. Goswami, N. Falls and Fall-Prevention in Older Persons: Geriatrics Meets Spaceflight! Front. Physiol. 2017, 8, 603. [CrossRef]
[PubMed]

49. Goswami, N.; Blaber, A.P.; Hinghofer-Szalkay, H.; Convertino, V.A. Lower Body Negative Pressure: Physiological Ef-fects,
Applications, and Implementation. Physiol. Rev. 2019, 99, 807–851. [CrossRef] [PubMed]

http://doi.org/10.1152/ajpregu.00078.2013
http://doi.org/10.1152/japplphysiol.01160.2013
http://www.ncbi.nlm.nih.gov/pubmed/24436294
http://doi.org/10.1016/0165-1838(84)90047-X
http://doi.org/10.1161/CIRCULATIONAHA.108.806174
http://www.ncbi.nlm.nih.gov/pubmed/19569263
http://doi.org/10.1136/bmj.323.7327.1446
http://www.ncbi.nlm.nih.gov/pubmed/11751348
http://doi.org/10.1620/tjem.241.309
http://www.ncbi.nlm.nih.gov/pubmed/28442640
http://doi.org/10.1186/s13054-015-0855-3
http://doi.org/10.1016/j.jtumed.2020.03.007
http://www.ncbi.nlm.nih.gov/pubmed/32647520
http://doi.org/10.3389/fphys.2018.00716
http://www.ncbi.nlm.nih.gov/pubmed/30034341
http://doi.org/10.3389/fphys.2017.00603
http://www.ncbi.nlm.nih.gov/pubmed/29075195
http://doi.org/10.1152/physrev.00006.2018
http://www.ncbi.nlm.nih.gov/pubmed/30540225

	Introduction 
	Methods 
	Study Population 
	Algorithmic Music Approach 
	Experimental Protocol 
	Cardiovascular Neural Control Assessment 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

