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Abstract

Background: Daily life entails having to cope with many stressful situations. Although stress-
related reactions could sometimes provoke impairments in physiological processes due to the
frequency of exposure or the stress burden of the event, physiological recovery after coping with
stressors is highly implied in the aversive consequences of stress. Objective: To analyze the effects of
listening to relaxing music (generated by the Melomics computer system) on the cardiovascular
recovery and subjective feelings of anxiety after undergoing an acute-stress episode. Methods: A
double-blind randomized controlled trial was conducted in healthy adults (N = 24; M = 23.05 years,
SD = 2.97). Participants reported their levels of psychiatric symptomatology and anxiety and were
then exposed to a stress induction protocol. Afterwards, they underwent a period of recovery where
they would be exposed to either a relaxing music track or to silence, depending on a random
assignation. Heart-derived functioning and self-reported anxiety were monitored throughout the study
stages. Results: All the participants showed stress-related reactions throughout the study stages, as it
was showed for the study outcomes. Regarding the effect of listening to music, participants who
listened to relaxing music during the recovery stage showed higher levels of sample entropy than
controls, highlighting a large effect size on this difference (n2pariar = .59). Conclusions: Relaxing
music promotes more adaptive emotional regulation after coping with an acutely stressful event. This
study aims to shed light about the actual effects of music interventions, and encourage the use of
music-based interventions on health services.

Keywords: stress, music, relaxing music, heart rate variability, entropy.
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Acute Stress Recovery through Listening to Melomics Relaxing Music:
A Randomized Controlled Trial

Stress is present in daily life as a product of today’s technological society (Gerber & Piihse,
2009; Yehuda, 2011) and is becoming a health-related trouble. The consequences of stress lead to
more significant adverse effects over time (Kudielka & Wiist, 2010; Thoits, 2010). For that reason,
stress is also considered a determinant factor implied in health outcomes (World Health Organization,
WHO, 2010). This construct is defined as a physiological process that arises when an event is
appraised to have high perceived demands and the individual considers his or her own coping
resources as insufficient (Kyrou & Tsigos, 2009; Lazarus & Folkman, 1984; Lundberg, 2006).
Interestingly, this process is also associated with effective environmental adjustment. Thus, when a
stressful event must be coped with, an organism tends to react in order to optimize the adjustment (for
a review, see Foley & Kirschbaum, 2010; Steptoe, Hamer, & Chida, 2007). These reactions usually
fade out in few minutes, bouncing back physiological basal levels (Chida & Hamer, 2008;
Kirschbaum, Pirke, & Hellhammer, 1993).

However, the adjustment after stressful situations can involve some paradoxical
consequences. It is, therefore, necessary to distinguish between coping with acute stress and chronic
stress responses. Acute stress reactions allow the organism to cope with specific stressful events.
These reactions are adaptive and are often exhibited around the stressor. In turn, the chronic stress
response that arises when coping with stressful events remains recurrent over time (Smyth, Zawadzki,
& Gerin, 2013). Cumulative effects of coping with stressful events recurrently encourage that the
organism react against daily situations as those that would be stressful. Additionally, these effects
may lead to chronic alterations in physiological processes that are maladaptive in daily contexts. As
evidence of this, chronic stress responses have strongly been associated to a wide range of diseases
and mortality (Chida & Hamer, 2008; Chida & Steptoe, 2010). Additionally, chronic stress-derived
effects could result in affecting cognitive functions and provoking psychiatric disorders (Chida,
Hamer, & Steptoe, 2008; Chida, Hamer, Wardle, & Steptoe, 2013; Oei, Everaerd, Elzinga, van Well,

& Bermond, 2006).
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The relationship between acute and chronic stress, on the surface, seems like an obvious one,
but turns out to be more complex of a connection than scientists thought. Thus, it seems that
cardiovascular recovery after coping with stressors is highly implied within this relation.
Cardiovascular recovery consists of heart-derived functioning returning to regular levels; in other
words, the basal functioning, as it was prior to the experience of stress. In this regard, different studies
have highlighted that when recovery is impaired, some cardiovascular parameters do not show proper
levels of resting functioning. Some studies have highlighted that there are important relations between
inefficient cardiovascular recovery and chronic stress (Chatkoff, Maier, & Klein, 2010; Pieper &
Brosschot, 2005). The imbalance between the autonomous system paths could also be causing
significant impact on the recovery (Steptoe & Kivimaki, 2012; Thayer & Lane, 2009).

Due to the aversive consequences of an impaired cardiovascular recovery, several strategies
have been used in order to achieve better adjustment after coping with a stressor (Nyklicek,
Mommersteeg, van Beugen, Ramakers, & van Boxtel, 2013; Varvogli & Darviri, 2011). These
strategies have been applied in informal contexts as well as part of experimental trials. In this regard,
the Trier Social Stress Test (TSST; Kirschbaum, 2010; Kirschbaum et al., 1993) seems to be a
suitable protocol within laboratory settings. It basically consists of introducing a performance
situation conceptualized as highly uncontrollable, challenging, and threatening; and then
incorporating a mental effort task in order to maintain the stress-induced reactions (de la Torre-Luque,
Diaz-Piedra, del Pino-Sedefio, Gonzélez-Garcia, & Buela-Casal, 2012).

Regarding interventions for stress recovery, it is noteworthy that listening to music has been
tested in order to clarify the effects derived from its use. Music has extensively been applied for
therapeutic purposes in the context of relaxation and stress coping (to review some useful guidelines
of application, see Brandes, 2009; Grocke & Wigram, 2007). Many benefits have been observed after
that application considering different health-related outcomes, such as pain, negative mood and
depression, agitation, etc. (Bradt & Dileo, 2009; Deshmukh, Sarvaiya, Seethalakshmi, & Nayak,
2009; Ghetti, 2012; Haslbeck, 2014; Zhang et al., 2012). In terms of stress-derived reactions, it has
been suggested that listening to music could promote healthier levels of recovery. Keeping this in

mind, relaxing music melodies may be the most appropriate music-based stimuli for achieving this
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goal, due to their structural features which have been associated to stress and anxiety reductions, for
instance slow tempo, low pitches and regular rhythmic patterns (Elliott, Polman, & McGregor, 2011;
Pelletier, 2004). Accordingly, studies on listening to relaxing music have supported this suggestion
within laboratory settings (Chafin, Roy, Gerin, & Christenfeld, 2004; Chuang, Han, Li, & Young,
2010;Hatta & Nakumara, 1991; Knight & Rickard, 2001; Thoma, La Marca, Brénnimann, Finkel,
Ehlert, & Nater, 2013).

This study aims to shed light about the true effects of an intervention based on listening to
relaxing music. In this case, it proposes to analyze the effects of this treatment on the cardiovascular
recovery after the exposure to a stressor. It explored the influence of this relaxing music intervention
through time domain, frequency domain, and nonlinear heart-derived parameters, in order to obtain a
more integrative perspective about health-promoting effects. Moreover, it aims to study the effect of
this intervention on the subjective perception of stress and anxiety. All the hypotheses in this study are
tested within a laboratory setting through the implementation of a stress induction paradigm.

Methods

Participants

The study sample was composed of healthy undergraduates, with ages ranging from 18 to 35
years old. None of them suffered from any psychiatric disease, auditory impairment, or organic
iliness, which could affect the cardiovascular system.

The participants were recruited according to some inclusion and exclusion criteria. The
inclusion criteria were being an undergraduate student of the University of Granada; being from 18 to
35 years old; having a body mass index (BMI) lower than 30 kg/m?; and having read, accepted, and
signed the consent informed document. The exclusion criteria were being an undergraduate in
psychology; having some academic or amateur musical education; having a menstrual period at the
time of the test; being an elite athlete; suffering from a diagnosed psychopathology according to
DSM-IV-TR (American Psychiatric Association, APA, 2000) criteria; or suffering from
psychopathological clinical distress according to the Global Severity Index (GSI) from the Brief
Symptom Inventory (BSI; Derogatis & Melisaratos, 1983).

Other exclusion criteria were the presence of high levels of trait anxiety assessed by the State-
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Trait Anxiety Inventory-Trait (STAI-T) scale, according to the Spanish version of this test (TEA
Ediciones, 1994), which means a score in the STAI-T scale > 37.97 and 45.09 for men and women,
respectively; having being diagnosed with an organic disease; engaging in usual practice of
meditation within the last month, for at least 4 days per week; the experience of a traumatic event
within the last month; and being a usual consumer of illicit drugs and/or any mood-altering
medication, which could affect the cardiovascular and the hypothalamus-pituitary-adrenals (HPA)
systems.

Sample size and power analysis.

A priori sample size estimation was conducted considering a medium effect size (d = .5) of
relaxing music on recovery outcomes. A confidence level of a = .05 and power of 13 = .8 were kept.
A between-stage correlation of .3 was assumed. The sample size was estimated for visualizing an
interaction effect GroupxTime of measurement, within a model of repeated-measure analysis of
variance. As a result, calculations stated that the sample should be made up of 20 to 24 participants.
This estimation was obtained by following the guidelines of Maxwell and Delaney (2004).

Instruments

Questionnaires.

We used STAI-T (Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983; Spanish version
from TEA editions, 1994) to assess how usual an individual responds showing anxiety in a concrete
situation (state) or generally (trait). Each scale consists of 20 questions and is based on a 4-point
Likert scale. The Cronbach’s alpha reliability coefficients are between .87 < o < .93 for the scales.

In addition, a screening interview was used to obtain some relevant information about the
participants and make decisions about the selection criteria; this screening interview contained items
to measure variables to control.

The study also utilized the Brief Symptom Inventory (BSI; Derogatis & Melisaratos, 1983;
Spanish version by Ruipérez, Ibafiez, Lorente, Moro, & Ortet, 2001). This is a 53-item self-report
instrument used to assess psychopathological symptoms (Somatization, Obsessive-Compulsive,
Interpersonal Sensitivity, Depression, Anxiety, Hostility, Phobic anxiety, Paranoid ideation and

Psychoticism) within the last 30 days, scored by a 4-point Likert scale. BSI provides three composite



Running head: ACUTE STRESS RECOVERY AND RELAXING MUSIC 8

scores to reflect the distress derived from symptomatology (the GSI, the Positive symptom distress
index and the Positive symptom total). We used the GSI in this study because it is the best indicator of
the symptomatic distress currently experienced by an individual (Derogatis & Melisaratos, 1983). The
Cronbach’s alpha reliability coefficient of the BSI Spanish version is between .74 < o < .88.

As part of the stress induction task, the Paced Auditory Serial Addition Test (PASAT;
Gronwall, 1977; Tombaugh, 2006) was used. This test has three series of sets of individual numbers
distributed along 61 trials. In this study, only the first series of numbers were used. This instrument is
considered valid to induce stress-related reactions as it has been demonstrated in several studies (de la
Torre-Luque et al., 2012; Mathias, Stanford, & Houston, 2004).

To assess musical preferences, the Musical Styles Questionnaire (MSQ; Megias & Rodriguez,
2002) was used, which consists of 24 items with a Likert scale. It has a 7-factor factorial structure and
the reliability of this MSQ version in the study sample was in the range .53 < a < .85.

At the end of the experimental session, the Trial Status Questionnaire was applied to each
participant to assess the level of knowledge that they had about the real objectives of the study. This
allowed for evaluating the level of participants’ blinding. This questionnaire was made up of three
items, two of them were distractors (participants responded to them but those responses were not
taken into account for analyses) and the last one was related to the study objectives. This item was
responded by ticking in one option among four possibilities. Each option was referred to a potential
study aim, but only one of them was the real study aim.

Apparatus.

The equipment used were two comfortable armchairs, a folding screen, a table, an
environmental sound level meter PCE-222, a video camera (IP RIMAX model 7100), three laptops
(one of them was a Packard Bell PEW91, and the other two were MacBook Pro 10.6.8s), and a
relaxing music tune. The software used to conduct the experimental sessions were Debut Video
Capture v. 1.64, BlingClock, TeamViewer, Microsoft Excel 2010, and Microsoft PowerPoint 2010.

The psychophysiological functioning was recorded by using the Somté PSG v2 system
(Compumedics Limited, Abbotsford, Australia) with the ProFusion PSG 3 Lite v. 3.3 software. We

obtained electrocardiographic activity from self-adhering silver electrodes placed on the participant
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chest at a 2-channel setting. Electrocardiographic channels had a low band pass filter of 100 Hz.
Cardiographic data were sampled at 256 Hz and were collected for offline processing. To analyse the
cardiovascular activity, Kubios HRV 2.1 (Tarvainen, Niskanen, Lipponen, Ranta-aho, & Karjalainen,
2009) was employed.

Additionally, these devices were utilized in our study: a pair of HP Headset H2500 earphones,
an iPod®, iTunes 10, and Google Docs, as well as the e-mail and dissemination network of the
University of Granada.

Design

A double-blind randomized controlled trial was conducted. The independent variable (I1V)
was designed as a between-subject factor, labelled as relaxing music and was composed of two levels
(music/no music). Participants who were assigned to the music condition were exposed to 15 minutes
of listening to relaxing music. Thus, a relaxing tune was composed and synthesized by Melomics
computer system (Sanchez, Moreno, Albarracin, Fernadndez, & Vico, 2013; see also
http://geb.uma.es/melomics). Otherwise, the participants who were exposed to the non-music
condition were played a 15-minute track of silence.

Melomics allows applying tailored music medicine interventions in function to specific
therapeutic targets and preferences. The tune used in this study was composed following the
recommendations of 10 expert musicians and keeping the features that scientific literature has pointed
at inducing relaxing feelings (Bradt & Dileo, 2009; Elliott et al., 2011; Vastfjall, Juslin, & Hartig,
2012; Yamamoto, Naga, & Shimizu, 2007): slow tempo (up to 52-54 beats per minute), low tone,
highly predictable melody, lack of dissonances; string and wind instruments. This melody was
endorsed as relaxing by the expert musicians aforementioned once this was created, and a sample of
general population (Benitez et al., 2013).

The process of creating and validating the relaxing music was based on mixed protocols,
combined quantitative and qualitative methods. First, a focus group protocol was used in order to
obtain expert knowledge on what features and combination among those should show a music tune to
be relaxing. Thus, each expert musician stated their combination of features. Moreover, two more

combinations were obtained from the agreement among musicians after discussion sessions. Melodies
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derived from all these combinations were then composed by means of the Melomics computer system.
Afterwards, the musicians assessed each melody in order to obtain an agreement on which one was
the most relaxing. As a result, a tune was selected. Finally, this melody was assessed by non-musician
people in order to investigate if it was perceived as relaxing for general population, ratifying the
musician appraisals. This tune can be listened to on this webpage:
https://soundcloud.com/rafael-caparros/melomics-stress-paradigm-music-tune

Moreover, its score can be explored on this webpage:

https://drive.google.com/file/d/0B1p220CQILR-amlUnpCamptQIE/view?usp=sharing

Several subjective and objective dependent variables (DV) were assessed. The objective
dependent variables were derived from the cardiovascular functioning (see Physiological processing
and analysis section). Moreover, the level of anxiety measured with the state scale of the STAI-T was
analysed as subjective measure.

The controlled variables were the age and gender of participants, the body mass index, and
the level of psychopathology; the intake of caffeine and tobacco; the consumption of oral
contraceptives; some lifestyle features as the sport practice and the participants’ preferred music
genres, the environmental features of the experimental room (lighting; temperature, set at 21 °C
degrees; and the environmental noise, always kept below 60 dB).

The ethical committee for human research of the University of Granada, reference code
201302400000726, approved this research.

Procedure

Firstly, the recruitment of the sample was done through a web page and by distributing
advertisements among the students of the University of Granada. In order to ensure blindness for the
purpose of this study, in the search for potential participants, the research was labelled “Musical
Emotions.” As compensation to participate, participants had the opportunity to enter a raffle for
electronic devices. Thus, after an initial contact, the potential participant had to fulfil the screening
interview and questionnaires (BSI and the trait version of the STAI-T) through the web page.
Additionally, the MSQ was also administered.

Once researchers ascertained the participants’ adequacy to selection criteria, a numerical code
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was designated to each of them. These codes were matched then to an experimental condition
randomly at a 1:1 ratio by means of an Excel RAND function (Microsoft Excel, 2010). A third
researcher conducted this task. Afterwards, this researcher stored the experimental music tracks on an
iPod, taking into account this randomized matching. According to this, if the code of a participant was
matched the experimental condition, the Melomics relaxing music track was recorded; otherwise (the
code was matched the control condition), the track consisted of silence. This allowed for maintaining
the blindness of the rest of researchers (implementers) because this third researcher did not take part
into the implementation of protocols throughout the experimental sessions.

Afterwards, each participant was referred to a laboratory session where they participated in an
application of a version of the TSST to induce stress-related responses; and had the chance to have a
recovery period after the paradigm exposure. It incorporates some adaptations in order to optimize the
laboratory resources and experimental environments.

Thus, when the participant arrived at the laboratory, the informed consent had to be read and
signed. Afterwards, the participant entered the experimental room and once there, the researcher
reminded the relevant information about the study and the physiological recording system was put on.
After that, the researcher requested the participant to sit down on a comfortable armchair. At this
moment, the researcher left the experimental room and the basal cardiovascular functioning was
recorded for 6 minutes, while the participant was seated. Later, the participant fulfilled the state
version of the STAIT-T questionnaire by using a laptop located in the experimental room.

Subsequently, the stress-induction paradigm (TSST maodified version; see de la Torre-Luque
et al., 2012) was implemented by using the laptop.

This protocol included offering a collaborative position within a research group (a research
student fellowship supervised by a senior researcher) in which the participant had to carry out some
tasks of low difficulty. This simulated situation aimed the participant noticing great benefits and
relatively low assignments. The only requirement of the position was to perform a 5-minute
presentation, stressing the main strengths that this participant could provide to this position. This task
would be evaluated in order to make a decision about the job selection. Part of the project required

that the participants introduced themselves standing up in front of an IP camera (exposition stage).
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The participant could also watch his/her performance on the laptop screen and the time spent by a
countdown application. Prior to the presentation, the participant had a 3-minute period to prepare it
(the so-called, anticipatory stage).

After the exposition stage, the participant had to complete a task that required mental effort.
The first part of the PASAT was thereby administered through the laptop. Once this had been
accomplished, the participant was asked to fulfill the state version of the STAI-T again.

Then, the 16-minute recovery stage began. At this moment, the researcher went back to the
experimental room and gave the participant the pair of earphones and the iPod® device with the
randomly assigned track. This researcher did not know which track the device contained. Afterwards,
the participant seated on the armchair again and the researcher instructed them to listen to the tracks
on the devices. While the participants had the earphones on, none of the researchers stayed in the
experimental room.

As the final task, each participant had to refill out the state version of the STAI-T. Then, the
physiological recording system was removed. Finally, the participant filled out the Trial Status
Questionnaire.

When all the participants had gone through the experimental session, an e-mail was sent to
them, exposing the true aims of the study, and the results of the device raffle were published.

Physiological processing and analysis.

Heart-derived functioning was monitored along the experimental session. A low-pass filter of
100 Hz was applied prior to processing the signal. Then, default filters of the analysis software
removed the DC drift from the time series.

The electrocardiographic data obtained was segmented, depending on TSST protocol, in
consecutive non-overlapped time periods. The heart-derived indexes of 3 experimental stages were
analyzed: the 6-minute baseline (the first minute was discarded due to control the experimental
reactivity effects), the 5-minute exposition stage, considered as the main stressful period within the
induction; and the 15-minute recovery stage (the first minute was discarded as well).

Heart-derived parameters were processed following the rules proposed by the European

Society of Cardiology and the North American Society of Pacing and Electrophysiology (1996). Thus,
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time domain, frequency domain, and nonlinear indexes were calculated. As time domain measures, it
studied the mean interval between two successive R peaks (mean RR). This parameter allows
calculating the heart rate, or the amount of heart beats per minute. The root mean square of the
successive differences (RMSSD) was also calculated. The RMSSD is the square root of the mean of
the sum of the squares of differences between adjacent RR intervals and constitute a measure of linear
variability between heartbeats. On the other hand, frequency domain parameters allow extracting
information related to the energy or the power of the RR time series. For this domain, it studied the
amount of frequencies in the low-band spectrum (frequencies between .04 and .15 Hz), high-band
(frequencies between .15 and .40 Hz), and the balance between the potency in both the obtained bands
by a ratio. These power bands have been associated with sympathetic/parasympathetic balance
implied in the regulation of emotional responses (for a review, see Thayer & Lane, 2009).

Finally, a nonlinear-based parameter of cardiovascular functioning was studied: the sample
entropy (SampEn). This is a measure of the chaotic regularity and complexity (Bornas, 2009). This
measure allows knowing what new information an organic system displays over time. Large values of
SampEn indicate high irregularity/complexity over time (Richman & Moorman, 2000). SampEn is
estimated as the negative natural logarithm of the conditional probability that a data (C) with length N
having repeated itself in a sequence of m points, remain similar for m + 1 (see Equation 1). Hence,
three parameters are needed to calculate SampEn: the length of the time series (N), the length of the
sequences to be compared (m); and the level of tolerance (r) accepted by which the sequences can be

compared.

SampEn (m,r,N) = -In[C™(r) / C™(r)] (Equation 1)

These measures were calculated by using Kubios HRV 2.1 (Tarvainen et al., 2009).
Frequency domain indexes were normalized by using a log-linear scale.

Data Analysis

Descriptive statistical analyses were performed using the Mann-Whitney U test for scalar

variables; for nominal and ordinal variables, the %2 independence test was used.
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Keeping in mind the assumptions that at least one variable was associated with the criterion,
or would cause a direct effect on it, it was determined whether or not any psychopathological variable
should be included as a covariate (Miller & Chapman, 2001). The other assumption was that a
variable should be considered as a covariate if between-group significant differences did derive from
it. However, none of the relevant variables registered in this study satisfied these conditions (p > .05).
The analyses were therefore conducted by using independent analyses of variance (ANOVA).

Independent ANOVAS were conducted in relation to each of the dependent variables
throughout the stages of the experimental session. Analyses considered three temporary stages:
baseline, exposition stage (as most stressful stage within the protocol), and recovery. Bonferroni post
hoc tests were used to explore differences on criteria between pairs of stages. Additionally, the
Greenhouse-Geisser correction was applied when homoscedasticity assumption was not satisfied.
Furthermore, effect size estimations were calculated by using n2umia Statistic (Fritz, Morris, &
Richler, 2012). The analyses were conducted by using Statistics IBM SPSS v. 20.

Results

One hundred and twenty-six individuals filled out the questionnaires that composed the
screening stage. Although, 24 of these were incorporated as participants into this study (see Figure 1),
however, due to illegible recordings, three participants were excluded. Hence, data from 21
participants was included into the analyses. Twenty-four percent of these participants were male. The
sample mean age was 23.05 years (SD = 2.97) and the BMI was 23.23 kg/m? (SD = 3.22). Most of the
sample did not smoke (81.80% of the participants); and more than half of the participants usually took
coffee or other caffeinated drinks (59.1% and 58.2% of the participants, male and female,
respectively). None of the participants were undergoing pharmacological treatments that could affect
the cardiovascular or HPA system; however, 35% of the sample was taking birth control pills. Most of
the participants reported that they had no knowledge about the actual study purposes: 69.30% of the

participants ticked in the distraction-based options on the Trial Status Questionnaire.

(Insert Figure 1 here)
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Regarding the psychological symptomatology, all participants showed non-clinical levels in
all BSI factors, even considering the levels of trait anxiety according with the trait version of the
STAI (M = 22.45; SD = 12.07). None experienced any traumatic event in the last month prior to the
study.

Table 1 displays the levels of the different sociodemographic variables, as well as lifestyle
and psychopathological features according to the group assignment. There were no statistically

significant differences between experimental groups in relation to these relevant factors.

(Insert Table 1 here)

Stress Induction and Recovery

Table 2 shows the descriptive and contrast-based statistics, related to cardiovascular
functioning. It is noteworthy that some significant differences were observed in relation to time
domain measures, as well as frequency domain parameters. Concretely, main effects were detected for
the average interval between successive RR peaks (p < .001), showing higher levels along the baseline
and recovery stages than during the exposition-induced stage. In relation to frequency domain
parameters, significant main effects were also found for low-band and high-band potency (p < .05, for
both measures). Thus, opposite profiles were observed for these parameters throughout the study
stages. As expected, the potency of low-band spectrum was lower along the baseline and recovery
phases, but greater within the high-band spectrum; otherwise, low potency was observed for high
frequency (HF) band and high potency for low frequency (LF) band. No significant interaction effects

were found.

(Insert Table 2 here)

Regarding heart-derived sample entropy, a statistically significant main effect was found

considering the stages of the experimental session, with F (2, 26) = 18.78, p < .001; n2partia = .59.
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Thus, the higher levels of sample entropy were observed along the baseline and recovery stages, and
the lower levels along the exposition stage. Additionally, an interaction phasexgroup effect was also
found taking into account the sample entropy, with F (2, 26) = 3.69, p < .04; n2pariar = .22. This effect
revealed that there were differences between groups when the sample entropy is considered within the
recovery stage. The participants of the experimental group therefore showed greater levels of sample
entropy than the controls. This means that more complex heart-derived series were shown for
participants who listened to the relaxing music. Sample entropy patterns are attached in Figure 2.
Finally, the subjective perception of anxiety was analyzed through the state version of STAL.
The ANOVA used for this purpose revealed a main effect taking into account the stages of the
experimental session. This effect was supported by the statistics F (2, 38) = 3.33, p < .05; N2partial =
.15. However, no interaction phasexgroup effect was detected in relation to this criterion. These
results suggest that there were differences among study stages but not according to the treatment
application. Higher levels of self-reported states of anxiety were therefore observed to all participants
after the stress induction (M = 18.19; SD = 7.65), in comparison to the baseline (M= 16.24; SD =

6.65) and the recovery measurements (M = 16.71; SD = 8.08).

(Insert Figure 2 here).

Discussion

This study aimed to analyze the effects of relaxing music on the recovery after the exposure
to an acute stressor. A further aim was to explore these effects regarding different systems of response
(physiological-based reactions and self-reports). In order to test these effects, a randomized controlled
trial was conducted. That implied to display a laboratory setting procedure. Protocols derived from
these controlled settings ensure greater levels of internal validity to determine the actual effects of the
studied intervention (Levine & Parkinson, 1994).

Regarding the study objectives, it is noteworthy that significant effects were found when the

relaxing music intervention was applied and sample entropy was considered. However, no effects
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were shown to be of significance when other dependent variables were analyzed. These results
support that participants who were exposed to the relaxing music intervention after the stress
induction showed higher levels of sample entropy—or adjustment to context—than the control-group
participants; nonetheless, no other between-group differences showed up in either physiological
parameters or subjective reports.

With respect to the study aims, it should be highlighted that the stress induction protocol led
participants to display significant stress-related responses, as were shown by the changes in heart rate
and heart-derived spectral power parameters. Additionally, changes in sample entropy were also
observed throughout the study stages, as other studies have found (Melillo, Bracale, & Pecchia, 2011).
Moreover, when participants were exposed to the stress induction protocol, they displayed higher
heart rate and higher influence of heart-derived low-band power. This power is often associated with
the action of the sympathetic autonomous system (for a review, see Thayer & Lane, 2009). The action
of parasympathetic activity and typical relaxation responses was denoted by the high-frequency power
which was decremented in the assessed stress-induction stage. Levels of self-reported state anxiety
were aligned to the tendencies observed on the physiological parameters.

In relation to sample entropy, findings from this study revealed that the stress induction
resulted in lower levels of this parameter when the stress induction was ongoing. However, a
significant between-group effect was visualised in the recovery period. Interestingly, participants who
listened to the relaxing music during this stage showed significantly higher levels of sample entropy
than controls. Entropy allows quantifying how a system incorporates new information over time
(Guastello, 2011; Shelhamer, 2007; Yassouridis, Ludwig, Steiger, & Leisch, 2012). In other words, a
biological system tends to organize itself by a more chaotic semblance over time. Despite the negative
implications that could be expected from this chaotic appearance, systems with higher complexity are
often considered to be better adjusted to the context because they become more flexible to
environmental demands (Bornas, 2009). Regarding the field of anxiety and stress, it is noteworthy that
when a biological system is stressed or affected by an anxiety disorder, it often shows lower levels of
entropy (Balle, Tortella-Feliu, & Bornas, 2013; Williamon, Aufegger, Wasley, Looney, & Mandic,

2013). Likewise, when a treatment leads to ameliorating the effects of the anxiety disorders, it can be
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seen that the levels of entropy increase (Bornas et al., 2007; Vlemincx, Vigo, Vansteenwegen, van
den Bergh, & van Diest, 2013). In this current study, it was observed that participants who were
exposed to the relaxing music intervention showed greater sample entropy than controls. This result
supports that the music can contribute to improve the adjustment to the daily context after facing with
an acute stressor.

On the other hand, this study did not find significant differences regarding other parameters to
study physiological heart-derived responses and subjective reports. It is important to point out that
results derived from this study agree with those provided from other trials in the same conditions
(Chafin et al., 2004; Thoma et al., 2013). Other studies that analysed the effect of music after
exposure to a stressor concluded that there are no differences between groups when different heart-
derived parameters are explored. However, it is easier to detect some changes when other parameters
are assessed, such as blood pressure or hormonal fluctuations (Bradt & Dileo, 2009; Khalfa, Bella,
Roy, Peretz, & Lupien, 2003). For that reason, some authors recommend to use other indexes when
heart rate variability is studied (Friedman, 2007; Thayer & Lane, 2009; Yassouridis et al., 2013).
Thus, nonlinear parameters would provide another perspective to explain the actual effect of different
interventions on heart-derived functioning, even in the field of music medicine.

To sum up, relaxing music can improve the adjustment to context after experiencing a daily
stressor by means of promoting cardiac flexibility. That is supported by changes observed in the
sample entropy, a nonlinear-based measure. The traditional heart-derived measures (heart rate,
RMSSD, among others) are influenced by a great amount of variables such as respiratory pace,
postural changes, and so on. These variables may turn into imprecise and may also hide the true
effects of music medicine on cardiovascular system. Besides, these measures do not allow us
observing the complex and rich nature of the heart beating in depth (see Bornas et al., 2007). For these
reasons, specialists on heart system studies strongly recommend that nonlinear measures are
incorporated (European Society of Cardiology and the North American Society of Pacing and
Electrophysiology, 1996; Thayer & Lane, 2009). In this study, participants who listened to relaxing
music after the exposure to a stress induction protocol showed higher levels of sample entropy than

those in the control group. Emotional contagion mechanisms might be involved within these effects
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(Juslin & Vistfjéll, 2008): individuals who listen to the music perceive the “emotional expression”
that this stimulus transmits and, then, “mimic” this expression inwards. Relaxing music pursues to
engage participant on feeling its emotional expression leading to greater flexibility in terms of
contextual adjustment and recovering daily levels of heart-derived functioning faster, subsequently.

These results stem from an empirical trial with robust controls, such as those typical of
randomized controlled trials in laboratory setting. Additionally, the current study includes an
innovative framework that aims to clarify the effects that derive from a music-based intervention to
regulate affective states just after the stressor is faced.

As a limitation, this study had a slightly small sample size. Although, the assumptions needed
for conducting the suited data analyses were satisfactory (Maxwell & Delaney, 2004). We plan to
incorporate more participants in order to test these study hypotheses with a more representative
sample in the future. On the other hand, the stress experience was partially approached due to the
absence of measures derived from other physiological systems (i.e., endocrine system) which are
involved in stress-related responses and contextual adjustment. For that reason, future research should
analyze this type of intervention by integrating measures derived from different systems of response.

In conclusion, many people have pointed out that listening to music is their preferred strategy
to regulate their own mood and affect regarding the management of difficult or stressful daily events
(Dibben & Williamson, 2007; Haake, 2011; Vastfjall et al., 2012). Melomics relaxing music can
contribute to improve the flexibility when coping with these situations through emotional contagion-
based mechanisms leading to healthier contextual adjustment. Additionally, listening to relaxing
music can be implemented in varying contexts and no side effects have been described after its
application. Findings derived from this study can encourage tailored-music interventions, as
Melomics system can deliver, to be incorporated into health services in order to improve the quality of
life and wellbeing of persons who suffer from organic and psychological illnesses, and exhibit high
levels of anxiety.
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Tables and Figures
Table 1

Sociodemographic, lifestyle, and psychopathological features of sample.

Experimental groups

Control Relaxing music Contrast
Sociodemographics
Age (years) 2250 (3.22) 23.70 (2.31) 43.50
Gender (% males) 25 30 .07
BMI (kg/m?) 22.99 (2.96) 23.52 (3.66) 55.00
Lifestyle features
Tobacco consumption (% smokers) 25 10 .82
Cigarettes/day 7 (5.20) 10 (0) 1.00
Coffee intake (cup/day) 1.73 (.65) 2.57 (.98) 18.50
Other caffeinated drinks (cup/day) 1.92 (.79) 2.10 (.88) 52.50
Sport practice (% practitioners) 75 60 57
Frequency of practice (days) 1.64 (1.43) 1.89 (2.03) 47.00
Preferred music styles
African-American music 6.78 (3.53) 9.50 (4.37) 16.00
Latin and Spanish music 3(2.34) 4.33 (2.80) 20.00
Hard rock and related music 8.11 (3.41) 6.50 (4.59) 18.00
Pop and soft music 8.67 (2.45) 7.67 (3.08) 21.00
Rebellious music 4.56 (2.92) 5.83 (2.14) 19.50
Dance music 2.22 (2.99) 4.83 (2.48) 16.00
Regional and folk music 3.22 (2.11) 4.33 (2.34) 18.00
Psychopathology
GSI’ 75 (.52) 46 (.25) 32.50
PSDI' 1.48 (.36) 1.41 (.33) 41.00
PST* 24.36 (12.58) 17 (8.55) 28.00
Trait version of STAI 21.91 (11.92) 20.25 (10.35) 40.50

Note. Each variable attaches the correspondent unit of measure between brackets.

Quantitative variables are represented by the average and standard deviation (between brackets). Categorical
variables are expressed by the percentage of cases.

Contrast tests were calculated by using the statistics U (for quantitative variables) and y? (for categorical
variables). For all contrasts, p > .05.

T Categories that compose this variable refer to the factors of the MSQ.

* Second-order factors of Brief Symptom Inventory (BSI): GSI=Global Severity Index; PST= Positive Symptom
Total; PSDI=Positive Symptom Distress Index.
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Table 2
Cardiovascular functioning throughout the study stages.
Study stages Npartial
Baseline Exposition Recovery F
Time domain parameters
Mean RR 791.65 673.82 871.13 (155.01) 22.33*** .61
(126.22) (82.50)
RMSSD 44.41 (18.04) 125.64 381.65 (1264.10) .65 .04
(255.78)
Frequency domain parameters
LF 1.67 (.11) 1.81 (.11) 1.71 (14) 10.37*** 43
HF 1.50 (.13) 1.25 (.36) 1.39 (.22) 3.42% 20
Ratio LF/HF 1.08 (.57) 3.98 (5.06) 4.85 (14.35) 48 .05

Note. The Mean RR is expressed in ms. LF refers to the potency in low frequency band; HF refers to the

potency in high frequency band.

It was found post hoc differences for all variables with significant main effects. The differences were between
baseline and exposition stages; and post hoc differences between exposition and recovery stages (p < .05, for

both cases).
*p<.05; ** p<.01;, ***p<.001.
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Figure 1

Study CONSORT flow diagram.
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Figure 2

Sample entropy throughout the stages of the experimental session.
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Note. Figure A shows the mean of sample entropy throughout the experimental session stages. Figure B displays the mean of sample entropy between study groups in the

recovery stage.

Confidence interval at 95% level is represented in the figures by the error bars attached.



