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Abstract: Among the different anthropogenic stimuli humans are exposed to, the psychological
and cardiovascular effects of auditory stimuli are less understood. This study aims to explore
the possible range of change after a single session of auditory stimulation with three different
"Modes’ of musical stimuli (MS) on anxiety, biomarkers of stress, and cardiovascular parameters
among healthy young individuals. In this randomized control trial, 140 healthy young adults, aged
18-30 years, were randomly assigned to three MS groups (Mode/Raga Miyan ki Todi, Malkauns,
and Puriya) and one control group (natural sounds). The outcome measurements of the State-Trait
Anxiety Inventory, salivary alpha-amylase (sAA), salivary cortisol (sCort), blood pressure, and
heart rate variability (HRV) were collected at three time points: before (M1), during (M2), and
after the intervention (M3). State anxiety was reduced significantly with raga Puriya (p = 0.018),
followed by raga Malkauns and raga Miyan Ki Todi. All the groups showed a significant reduction
in sAA. Raga Miyan ki Todi and Puriya caused an arousal effect (as evidenced by HRV) during the
intervention and significant relaxation after the intervention (both p < 0.005). Raga Malkauns and
the control group had a sustained rise in parasympathetic activity over 30 min. Future studies
should try to use other modes and features to develop a better scientific foundation for the use of
Indian music in medicine.

Keywords: Indian music; heart rate variability; stress; anxiety; STAI state anxiety; trait anxiety;
blood pressure; melodic modes
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1. Introduction

The seven main functions of music are summarized to be background entertain-
ment, recall of memories, diversion, emotion regulation, self-regulation, self-reflection,
and social bonding. This umbrella review of the health effects of participation in
performing arts, including music participation, reported positive effects in five do-
mains (auditory, cognitive, immune system, self-reported health/wellbeing, and social
functioning) [1]. Though music is predominantly used as a form of entertainment the
use of music for attaining health benefits dates back over centuries, probably since the
Paleolithic period [2]. Music Therapy is defined as the evidence-based use of music as
an intervention as per the individual needs of the patient, be it physical, emotional,
cognitive, or social, as per the American Music Therapy Association [3]. It is seen that
music, when used as an intervention, affects health [4,5] through different processes,
which are yet to be well understood. Mechanisms put forth include the impact on
the nervous system, the limbic system, [6] the autonomic nervous system [7], as well
as synchronization of the body’s natural rhythms (for example, heart rate or respira-
tory rate) with the rhythm of the music [1,2,8]. Music is a safe, inexpensive, easily
administered intervention that can be used for anxiety reduction and has proven to be
beneficial in various diseases that include cardiovascular, neurological and oncological
diseases, as reviewed in [9,10].

The relaxation effects of music on stress, anxiety, and lowering of the neurohu-
moral markers have been evaluated in several research works [11-18]. Active music
intervention has proven to be beneficial in people afflicted with post-traumatic stress
disorder [19,20]. Young people report that music can help them relax and often have
a collection of favorite ‘tunes’ that they listen to when they feel stressed out [15,21].
In a cross-sectional study, we observed a significant drop in state anxiety after listen-
ing to Indian music [22], and in another follow-up study, we observed a significant
reduction in state and trait anxiety after 3 months of Indian music intervention on
100 pre-hypertensives and hypertensives [23]. Recent meta-analysis reports show that
music is efficient in reducing anxiety levels [24,25], though some emphasized the need
for additional research to endorse the same [26]. Among the physiological measurements
that can be correlated with anxiety and stress are the cardiovascular parameters such
as blood pressure (BP) and autonomic functions (that control the heart). Music-based
interventions have largely been carried out on patients with hypertension [23,27-31]
studying cardiovascular effects or perioperative conditions [25,32-35] studying anxiety.
Listening to sedative music decreased heart rate (HR) and BP and was shown to work as
effectively as benzodiazepines in reducing BP [36].

Heart rate variability (HRV) is a marker of cardiac autonomic functions [37] and
has also been commonly investigated in music intervention studies [38]. Several studies
reported decreased HRYV, indicating physiological relaxation [33,39-42], while some
reported no change [43], and a few others showed an increase in HRV on listening
to music (arousal effect) [40,44]. The overall effect also depends on the mood [21],
preferences [45], tempo, genre, and various other factors [40], for example, listening to
preferred music caused increase in sympathetic activity, regardless of the type of music
(calming or stimulating) [46]. It is important to understand the genre and features of the
music used in a study before interpreting the HRV findings. It may also be observed that
there is evidence of music’s varied effects on stress, anxiety, the cardiovascular system
(BP and HRV), and the mechanisms behind it. Although a subjective reduction in stress
levels was recorded, objective measurements [47,48] or psychophysiological signals have
not always shown the same [49,50]. A systematic review and meta-analysis also failed
to establish a cause-effect relationship between the intervention and BP reduction [51].
It is thus important to have both subjective and objective measurements during music
intervention to draw reasonable conclusions.

Among the music features, works on the effect of listening to different modes/melodic
scales to elicit the difference in physiological effects, if any, are very few. Among
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the different genres, very little literature is available on Indian music as a scientific
intervention, despite the rich repertoire of modes in this genre, for producing relaxation
effects or health benefits [22,52-56]. Indian music is broadly classified into Hindustani
and Carnatic music, each having its system of modes (called ragas). Ancient literature
on Indian music (Gandharva Veda, a part of the Sama Veda and ‘Raga Chikitsa’ manuscript)
mentions various modes that have health benefits [23,57,58]. A ‘raga’ (melodic mode)
is a set of musical notes presented in an orderly manner to generate a melody out of
the same and has the “effect of coloring the hearts of men” [22,52,58,59]. Each melodic
mode is said to induce a specific emotion (called ‘rasa’) [58,60,61]. Scientific studies
that have analyzed emotions after listening to Indian classical music have observed
that the tonality of the scale is an important factor that determines the emotions
perceived [52,54,55]. To the best of our knowledge, not many studies have included
behavioral parameters with physiological measurements while listening to different
modes of Indian music.

With this purview, this study tried to elucidate the effects of listening to Indian
classical music on different behavioral and physiological parameters among young
healthy individuals. Music is a complex stimulus that unfolds over time, it is important
to understand the effect of systematically combined musical features during an average
duration of listening. Our specific hypothesis was that distinct cardiovascular and
behavioral responses would be associated with passive listening to each specific auditory
stimulus, the response being specific to the melodic mode. For this, we chose three Indian
modes (ragas—Puriya, Malkauns, and Miyan ki Todi). The primary outcome measure was
to evaluate the state and trait anxiety levels, biomarkers of stress, blood pressure, and
autonomic functions (HRV) after short-term listening to pre-recorded music in each of
the three modes mentioned above.

2. Materials and Methods
2.1. Study Design

A prospective, parallel-group, triple-blinded, randomized controlled trial was con-
ducted with an experimental study design, with a sample of 140, randomized into 4 groups,
A to D, with a sample of 35 participants in each group. The four acoustic stimuli (stored as
.mp3 files) were coded by a person uninvolved in the current study as A, B, C, and D, to be
used as respective group interventions.

2.2. Ethical Approvals

The study protocol was approved by the institutional scientific committee on human
research and ethical review board (Reference: MSRMC/EC/2017, dated: 25 July 2017).
The study period ranged from 2019 to 2021 (June 2019—first recruitment and February
2021—Ilast recruitment). The data presented here were taken from a larger experiment (full
trial protocol: NCT03790462 on clinicaltrials.gov.in). The research was conducted following
the Declaration of Helsinki guidelines [62].

2.3. The Basis for Sample Size

After music intervention, the State-Trait Anxiety Inventory-6 (STAI-6) anxiety scores
changed from 33.3 (23.341.7) to 30 (2040), respectively (Median [interquartile range—IQR]),
in a previous study [63]. Using these data, considering the minimum difference of 4 units in
the STAI score before and after the intervention, with an effect size of 0.7, power of 85%, and
an alpha error of 5%, the sample size was calculated to be 35 in each group.

2.4. Recruitment

The study participants were recruited from a group of educational institutions in the
city of Bengaluru, Karnataka, India. Healthy Indian individuals aged 18-30 years were
invited to participate in the study via an open call for participants for the study posted
online (social media) and notice board advertisements across the institutions. Given the
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objectives of the study, to avoid cultural familiarity differences, only Indians were invited
to participate in this study. Participants who responded to the call were sent an online
questionnaire via Google forms.

2.5. Inclusion and Exclusion Criteria

Inclusion criteria were participants volunteering for the study, aged 18-30 years, of
either gender and medically and surgically healthy individuals (initially self-reported—
based on the online questionnaire and later confirmed on visiting the lab). The participants
had to be non-smokers and non-alcoholics. Participants on any medication (based on drug
intake history, drugs known to affect the BP or autonomic status of the individual) were
excluded from the study. Pregnancy and body mass index (BMI) > 30 kg/m? were the other
exclusion criteria.

2.6. Baseline Demographic Data Recording

A web-based questionnaire (Google forms) was designed and implemented for this
study. This questionnaire contained details such as a unique identification number for
each subject, subject’s name, gender, socio-demographic details, education background,
drug history, present report or history of non-communicable diseases if any, and family
history of non-communicable disorders, and smoking and alcohol history. A question-
naire containing details inquiring about the participants’ preference for any type of
music and previous experience with music (instrumental or vocal training) was also
included. After screening >300 individuals who responded to the call, 166 completed
the Google form. Following the collection of data online, the participants were invited
for further data collection in the lab. Out of 166 participants who answered the online
questionnaire, 154 participants reported to the lab. The principal investigator (PI) and
Co-PI enrolled participants in the study.

2.7. Randomization

The total sample size (n = 140) was randomized into 4 groups using a simple random-
ization technique where the random numbers were computer-generated using MS Excel
(4 sets of 35 each). The numbers generated were kept in a sealed, opaque envelope which
was opened by the research assistant after the baseline assessment of each participant who
assigned them to each of the four groups (Consort diagram Figure 1).

2.8. Interventions

Three groups (A, B, C) received one of the ragas/modes as an acoustic intervention,
while the fourth group (Group D/control arm) received natural sounds as an acoustic
stimulus (all audio clips were coded as A, B, C, and D by a person uninvolved in the study).

2.8.1. Music Intervention

Ten-minute, tailor-made instrumental renditions of 3 modes were digitally pre-recorded
and played via headphones [64] connected to a laptop, at a uniform volume (50%). Group
A received raga Miyan ki Todi, group B received raga Malkauns, and group C received raga
Puriya [Table 1]. These modes were chosen based on the criterium of having beneficial
cardiovascular effects as per ancient music literature [23,57,61,65]. The music was tuned to
be at a frequency of 329.63 Hz (the tonic or “Sa” at Pitch E). Details about each mode used
and the notes can be found in the Supplementary File (S). The start and end time of the
music was marked using an event marker in the software.
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Figure 1. Consort diagram of participant recruitment, distribution, and follow-up.

We instructed the participants to listen to this with eyes closed, and minds relaxed,
for the duration it was played. The music was recorded by an eminent musician in India
(exclusively for the present study) with the drone (fanpura) in tonic in the background and
flute/Bansuri playing the respective alaap in the above-mentioned scales. A specific rhyth-
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mic structure or tempo was not there for this musical piece, and percussion instruments
were avoided. The ‘Bansuri’ is a flute in India made from a single hollow shaft of bamboo
with six or seven finger holes, held horizontally while playing [66]. As there was very little
literature available on the most relaxing or soothing instrument, we chose bansuri for this
study based on common instruments used commercially to produce relaxing music tapes.
Instrumental music helped us avoid percussion (tempo) [67-74], lyrics, and the emotions
or semantic processing due to them, and thus the music had minimal pitch dynamics,
contrasts, and rhythm in it.

Table 1. The three chosen Indian melodic modes, the names of the notes in Hindustani music, and
Western scale equivalents.

Svara/Note Hindustani Name Staff Note Western Scale Interval Name

Raga Miyan ki Todi (Scale A) (heptatonic, G appears in descent)

S Shadja C Perfect unison
r Komal Rishab Db Minor second
g Komal Gandhar Eb Minor third
M Tivra Madhyam F# Augmented fourth
P Pancham G Perfect fifth
d Komal Dhaivat Ab Minor sixth
N Shuddha Nishad B Major seventh
Raga Malkauns (Scale B) Ascent and descent same—pentatonic
S Shadja C Perfect unison
g Komal Gandhar Eb Minor third
m Shuddha Madhyam F Perfect fourth
d Komal Dhaivat Ab Minor sixth
n Komal Nishad Bb Minor seventh
Raga Puriya (Scale C) C, Db, E, Gb, G, A/Ab, B (hexatonic)
S Shadja C Perfect unison
r Komal Rishab Db Minor second
G Shuddha Gandhar E Major third
M Tivra Madhyam F# Augmented fourth
D Shuddha Dhaivat A Major sixth
N Shuddha Nishad B Major seventh

2.8.2. Control Group Intervention

The control group (Group D) did not receive any music intervention, but since the
complete recording lasted for 30 min duration, it was possible for the participants to feel
sleepy (sleep is anxiolytic, which would alter the current objective). Thus, natural sounds
(birds chirping and flowing river) were played for 10 s duration once every 2 min in the
middle ten min (during intervention); a total of 50 s in the middle ten minutes. This also
ensured uniformity of intervention between the groups.

2.9. First Visit to the Lab

Before visiting the lab, all participants were instructed to come after overnight fast-
ing, with a light breakfast, to abstain from tea and coffee about 2 h before the recording,
and abstain from exhaustive exercise, for the preceding 24 h. Female participants were
asked to visit the lab during the follicular phase of their menstrual cycle. The study
protocol and the rights to withdraw their participation from the study were explained
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to the participants, after which written informed consent to participate in the study
was obtained. A general health check-up was done for all participants. The BMI was
calculated, and BP was measured twice. The healthy cardiovascular system of the vol-
unteers was defined by measuring BP, which confirmed their non-hypertensive state,
and by measuring baseline HR, which confirmed their non-tachycardiac state. Nor-
motensives were included as per inclusion criteria (excluded n = 10; Baseline systolic
BP—SBP > 120 mm Hg). Healthy participants (n = 144) were recruited (Consort diagram
Figure 1). Though 10.4% of participants were current alcoholics, their baseline BP was
within the normal range and were included in the study after being instructed to abstain
from smoking/alcohol 24 h before the recording.

2.10. Second Visit to the Lab

All the recordings were carried out between 09:00 and 11:00 a.m. in an isolated
room at a stable temperature between 20 and 22 °C, in a noise-free atmosphere. After
the participants responded to the STAI Form Y (between 0 to 5 min—T5, explained
further), they were asked to relax in the supine position for 10 min before the tests,
with their eyes closed. Participants were carefully monitored to ensure there were no
significant respiratory or postural changes during the session. During this time (first
5 min), electrocardiogram (ECG) electrodes in lead II were applied, similar to previous
studies [64], headphones were adjusted, and comfort with the pre-set volume (50%
on laptop) was tested. The BP cuff was tied to the left arm of the participant and a
reading was taken so that the participant understands the process of automatic cuff
inflation and deflation. At the end of the first 10 min the baseline BP was recorded, and
the protocol was begun. At the beginning of the protocol, one saliva oral swab was
inserted into the participants’ mouths, kept sublingually. The first 10 min of baseline
ECG recording commenced. At the end of 10 min (M1), digital measurement of BP (SBP,
diastolic BP—DBP, and HR) was done (recorded as pre-intervention readings) and saliva
samples were taken. This was repeated at 20 (M2) and 30 (M3) minutes later (see Figure 2
for the process of recording). After the 30 min protocol, the participants were asked to
complete the STAI Form-Y (between 35-40 min—T35), recorded as post-intervention
STAI scores, and rate the valence of intervention on a 10-point visual analog scale (VAS).
All saliva swabs were stored at 4 °C until centrifugation. The saliva samples were then
centrifuged at 3000 rpm for 15 min and supernatant saliva was stored at —80 °C until
further analysis within 1 h of saliva collection. Pre, during, and post-intervention data
analysis of BP, HRV, STAI and salivary stress markers (salivary cortisol—sCort and
salivary alpha-amylase—sAA (ELISA)) was done.

2.11. Behavioral Measures
Measurement of Anxiety

The State-Trait Anxiety Inventory (STAI) (Form Y) for adults is a validated question-
naire [75] implemented in the current study, as explained in [22]. Briefly, participants
had to respond to 40 questions by rating themselves on a four-point Likert scale (1—Not
at all, 2—Somewhat, 3—Moderately so, 4—Very much so), resulting in a range of possi-
ble scores between 20 to 80 on both the State and Trait subscales [75]. It differentiates
between the temporary condition of “State anxiety” (feeling at the moment, in Form Y 1)
and the more general and long-standing quality of “Trait anxiety” (feeling in general,
in Form Y 2) [75,76]. The STAI has demonstrated good internal consistency (average
as >0.89) and test-retest reliability (average r % 0.88) at multiple time intervals. The
reliability of the STAI in patients with an anxiety disorder is found to be between 0.87 and
0.93 [77,78]. One of the STAI forms in group D had more than 3 missing values and was
thus not included for further analysis.
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Time in minutes

2.12. Physiological Parameters
Saliva for Biomarkers of Stress

To measure free cortisol levels, which reflects hypothalamic-pituitary—adrenal sys-
tem (HPA) activity, and salivary alpha-amylase (sAA), which indicates the activity of the
sympathetic-adrenal-medullary system (SAM) [79-81], saliva was collected using the
SalivaBio Oral Swab (Salimetrics LLC, State College, PA, USA) every 10 min (Figure 2).
Salivary alpha-amylase was assessed using a Salimetrics Salivary Alpha-Amylase Assay
Kit (Salimetrics LLC, State College, PA, USA), following the manufacturer’s guidelines.
Results were expressed in U/mL. The intra-assay precision coefficient of variation (%)
was 2.5-7.2%, and the inter-assay precision was 3.6-5.8%. Salivary levels of cortisol
were assessed using the Expanded Range High Sensitivity Salivary Cortisol Enzyme Im-
munoassay Kit (Salimetrics LLC, State College, PA, USA), following the manufacturer’s
guidelines. Results were expressed in pg/dL. The intra-assay coefficient of variation
was 5.5-5.68%, and the inter-assay coefficient of variation was 6.3-6.7%.
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Figure 2. Study protocol; T5, T10, T20, T30, T35 is the time in minutes; STAI—State-Trait Anxiety In-
ventory; BP—Blood pressure; HRV—Heart rate variability; ECG—Electrocardiogram; sAA—Salivary
Alpha-amylase; sCort—Salivary Cortisol.

2.13. Cardiovascular Parameters
2.13.1. Blood Pressure (BP) and Heart Rate (HR)

A standardized digital BP monitor was used (Omron HEM-7130-L, OMRON Health-
care Manufacturing Vietnam Co., Ltd., Sourced from Haryana, India) to measure BP [82].
The measurements of SBP (in mm of Hg), DBP (mm Hg), and HR in beats per minute were
noted once every 10 min (Figure 2).

2.13.2. Electrocardiogram Recording and Heart Rate Variability Analysis

The Electrocardiogram (ECG) was recorded in Lead II (sample rate of 1000 Hz) for
ten minutes as this is twice the minimum window required for HRV analysis. The data
were recorded using Power lab 15 T LabChart Pro 8 software (ADInstruments, Sydney,
Australia) and analyzed as described in [37]. Analysis of HRV was done by the same
investigator to avoid sources of error. The HRV parameters analyzed using fast Fourier
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transformation (FFT size: 1024) were SDNN—the standard deviation of NN intervals,
RMSSD—root square of the mean squared difference of successive NNs, NN50—number of
pairs of successive NNs that differ by more than 50 ms, pNN50—the proportion of NN50
divided by the total number of NNs, spectral components such as Very Low-Frequency
(VLF), Low-Frequency (LF), and High-Frequency (HF) components in absolute values of
power (ms?) and normalized units (nu), and LF/HE. Pre (M1), during (M2), and post-
intervention (M2) parameters of HRV (as an average of a minimum of 5 min of recording,
during each condition) were analyzed. During analysis, one of the HRV readings was not
saved in group A and one in group D was too noisy, and they were thus not analyzed and
were deleted from further processing.

2.14. Statistical Analysis

Analysis was conducted at three levels: (1) group-wise (within and between) behav-
ioral analysis of anxiety scores and stress markers, (2) group-wise (within and between)
analysis of cardiovascular responses, and (3) regression analysis to investigate the re-
lationship between the acoustic stimulus used and the cardiovascular and behavioral
responses. Data were analyzed using SPSS software version 18.0 software (SPSS Inc.
Released 2009. IBM SPSS Inc., Chicago, IL, USA). The continuous variables were an-
alyzed using descriptive statistics such as mean and SD or median and interquartile
range as per skewness of data. The qualitative/categorical variables were analyzed
using frequency and percentage. The normality of the BP and HRV data was checked by
applying the Kolmogorov—-Smirnov Test. The categorical variables were tested for differ-
ences in proportion using the Chi-Square test of significance. Pre- and post-intervention
data analysis of state and trait anxiety scores were compared using Wilcoxon’s signed-
rank test. The Independent t-test was used to compare the differences between the
groups. Baseline comparisons were carried out using a one-way analysis of variance
(ANOVA). BP, HRV, and salivary parameters were compared across different groups
pre, during, and post-intervention using repeated measures of ANOVA (RM-ANOVA).
The HRV parameter’s absolute levels and log-transformed levels were compared using
RM-ANOVA with sphericity assumption. Further, a two-way RM-ANOVA analysis was
done to inspect the interaction between the intervention group and time. Analysis of
covariance (ANCOVA) was used to assess the effect of various covariates, viz., age, age
groups, gender, smoking, alcoholism, involvement in mind-body relaxation techniques,
physical activity, and music training, on the change in STAI, BP, and HRV parameters
over time. Apart from tabulation, data were also depicted graphically using box plots
and line diagrams. A two-tailed p-value < 0.05 was considered statistically significant at
a 5% level of significance.

3. Results
3.1. Sociodemographic Data

The sociodemographic data showed that the groups were comparable (Table 2), except
for their educational status. There were more graduate students in the music intervention
groups compared to the control groups (p < 0.001). About 30 to 45% of participants were
trained in music, but the distribution of participants across the groups was comparable.
Participants were predominantly trained in Indian music, with more than 70% trained for
more than a year. About 85% of participants considered themselves familiar with or experts
in Indian classical music (Supplementary File Table S1).
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Table 2. Sociodemographic characteristics of participants.

Variables Group A Group B Group C Group D p-Value
Sample N =37 (%) N =36 (%) N = 36 (%) N =35 (%)
Age (Years)
<=18 9(24.3) 5(13.9) 6(16.7) 4(11.4)
19-21 18 (48.6) 18 (50.0) 15 (41.7) 19 (54.3)
22-24 8 (21.6) 11 (30.6) 11 (30.6) 4(11.4) 0171
>=25 2 (5.4) 2 (5.6) 4(11.1) 8 (22.9)
Age (years) Mean, SD 20.54,2.5 20.75,2.5 21.11,2.6 21.26,3.0 0.646
Gender
Female 29 (78.4) 20 (55.6) 24 (66.7) 25 (71.4)
Male 8 (21.6) 16 (44.4) 12 (33.3) 10 (28.6) 0.202
Education
High school/Intermediate 16 (43.2) 7 (19.4) 16 (44.4) 29 (82.9)
Graduate/Postgraduate 21 (56.8) 29 (80.6) 20 (55.6) 6(17.1) <0.001
Marital status
Married 36 (97.3) 35(97.2) 35 (97.2) 33 (94.3)
Single 127) 1(2.8) 1(2.8) 2(5.7) 0.875
Diet
Vegetarian 14 (37.8) 11 (30.6) 7 (19.4) 16 (45.7) 0112
Non-vegetarian 23 (62.2) 25 (69.4) 29 (80.6) 19 (54.3) :
BMI (kg/m?) Mean, SD 23.17,3.96 22,96, 4.71 22.16,3.47 22.47,4.10 0.714
Music Training—Yes—N (%) 17 (45.9) 14 (38.9) 11 (30.6) 12 (34.3) 0.562

Note: N is the number of participants in each group; All the values of the two groups are in absolute values
and parenthesis contain percentages; a p-Value of <0.05 is considered significant; P calculated using Chi-square
test/Fisher exact test; Mean age and BMI comparison was done using ANOVA.

3.2. Behavioral Analysis
STAI

Pre-intervention levels of the state and trait score (T5), across the groups, were
comparable (for state, F(3, 138) = 0.170, p = 0.917; and for trait, F(3, 138) = 0.811, p = 0.490).
Comparison of state anxiety STAI scores between all three music intervention groups
showed statistical significance (reduction) within the group. The maximum reduction
in state score was with raga Puriya (mead difference—md = 3.94, p = 0.018), the next
being raga Malkauns (md = 3.83, p = 0.057), followed by raga Miyan ki Todi (md = 2.35,
p = 0.054). The reduction in the control group was mild, md being 0.32 (statistically
not significant) (Table 3, Figure 3a,b). Between the groups, there was no significant
difference in the T35 state score (p = 0.696). On comparison of the difference in means of
pre—post values between the groups, there was no significant difference in state score
(p =0.319). A comparison of trait anxiety scores showed that group C (raga Puriya) had
a statistically significant increase in trait score (increase by 2.33 mean level, p = 0.011)
(Table 3, Figure 3c,d). Between the groups, the T35 trait score was not significant
(p = 0.660). There was no significant difference in the pre—post values of trait scores
between the groups (p = 0.634). On multivariate analysis, none of the confounding
variables seemed to affect the change in STAI scores (both state and trait).

3.3. Physiological Parameters
Biomarkers of Stress

Pre-intervention levels of sAA and sCort (M1), across the groups, were comparable
(for sAA, P, F(3, 127) = 1.421, p = 0.240; for sCort, F(3, 126) = 0.197, p = 0.898). Mean
sCort levels reduced maximally in the control group (F = 12.34, p < 0.0001). Mean sAA
levels reduced in all four groups significantly at M2, after which the levels increased
slightly more than baseline levels. The drop in sAA was maximal at M2 with raga Puriya
(F =67.01, p < 0.0001), which increased at M3 to a level higher than within the group
baseline and in comparison with other groups (Figure 3e,f; post hoc analysis in the
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Supplementary File, Table 52). The visual analog score and corresponding state scores
did not vary significantly across groups (Figure 3g,h).
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Figure 3. (a,b) Comparison of state score on STAI-Y1; (c,d) Trait score on STAI-Y1; (e) Salivary stress
markers—Cortisol in pug/dL, (f) Alpha-amylase in U/mL, (g) VAS (valence rating), and (h) change in
state anxiety score with VAS scoring—among the four groups at different time points (T5 is 5 min
before the protocol began, and T35 is 35 min after the protocol or 5 min after the protocol was
completed). Note: *: p < 0.05, **: p < 0.01, ** p < 0.001.
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Table 3. Comparison of pre and post-intervention STAI scores between four groups.

Quartiles
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Note: p value < 0.05 was considered significant, calculated using paired t-test.

3.4. Cardiovascular Parameters
3.4.1. Blood Pressure and Heart Rate

Pre-intervention levels of BP and HR (M1 levels), across the groups, were compa-
rable (for SBF, F(3, 139) = 0.463, p = 0.708; for DBP, F(3, 139) = 1.053, p = 0.371; for HR,
F(3,139) = 0.417, p = 0.741). On RM-ANOVA analysis of the intervention effects, no signifi-
cant differences were observed in SBP and DBP in any of the groups (Figure 4, explanation
elaborated in Supplementary Text S4). Heart rate increased with raga Miyan ki Todi inter-
vention and reduced below baseline levels at M3 (F = 3.645, p = 0.031), with maximum
difference seen between M2 and M3 (mean difference = 3.351 drops, p = 0.073) (detailed in
Supplementary File, Table S3a,b). It may be observed that, in line with the STAI state
anxiety, SBP and HR reduced maximally with Raga Puriya.

On multivariate analysis, it was found that age and physical activity had a signif-
icant effect on change in the mean SBP. There was a statistically significant effect of
age group on SBP, F (1, 132) = 5.572, p = 0.020, and involvement in physical activity
on SBP, F (1, 132) = 4.664, p = 0.033. However, the percentage of variation in SBP that
could be explained by the independent variables mentioned in the table was only 10%
(R Squared = 0.107). On gender-wise and subgroup analysis based on involvement in
physical activity, no significant differences were observed in BP or HR levels. The par-
ticular age group of 22-24 years old showed a significant effect (F = 3.308, p = 0.043),
based on time (i.e., M1 vs. M2 vs. M3 SBP levels); however, group-wise means difference
was statistically not significant. On comparison of DBP levels based on age groups, we
observed that participants aged 18 years showed significant changes in DBP based on
time (F = 7.337, p = 0.002) and interaction effect (time and group, F = 2.773, p = 0.024). A
subgroup analysis based on training in music failed to show significant differences in
BP or HR.
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3.4.2. Heart Rate Variability

All pre-intervention HRV parameters across the groups were comparable (all HRV
parameters had p > 0.05, data in Tables S4 and S5, Supplementary File), except for VLF
ms? (high in group C and low in group A, F (3, 138) = 2.878, p = 0.038). The comparison
of intervention was done using RM-ANOVA (for actual values and statistics, see the
Supplementary File, Tables S4-56).

Time-Domain Parameters of Heart Rate Variability

There was a continuous rise in mean NN among the music intervention groups
through the 30-min protocol, but in the control group, the change was minimal at M3
(last 10 min, after intervention). Post hoc comparisons revealed a significant rise from M1
(first ten minutes before intervention) to M3 mean NN with raga Miyan ki Todi (difference
of 22.67 ms; p < 0.001), raga Malkauns (difference of 33.15; p < 0.001), and raga Puriya
(difference of 23.46; p = 0.01). Group listening to Raga Malkauns (difference of 24.78;
p < 0.001) and the control group (difference was 18.74; p < 0.001) had a significant rise
from M1 to M2 (min ten minutes, during intervention) (Figure 5a,b). The mean HR
change was statistically significant in all the groups, with results inverse to that of mean
NN. The maximal significant change was with raga Malkauns, where HR reduced by a
value of 2.05 bpm (p < 0.001) from M1 to M2 and 2.86 bpm (p < 0.001) from M1 to M3. The
next maximal significant change was observed with raga Puriya, with a drop of 1.92 bpm
(p = 0.01), and raga Miyan ki Todi, with a drop of 1.79 bpm (p = 0.01) from M1 to M3.
The control group had a significant drop from M1 to M2 by about 1.7 bpm (p < 0.001)
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(Table 54, Figure 5¢,d). The SDNN change was significant in all the groups. The maximal
significant change in SDNN was with Puriya, where SDNN increased by 12.24 ms
(p < 0.001), followed by raga Miyan ki Todi, where the level of the rise was 10.03 ms
(p < 0.001) from M2 to M3. A significant M1 to M3 SDNN increase was seen with raga
Malkauns (difference of 7.19; p = 0.05) and the control group (difference of 9.51; p < 0.001)
(Figure 5e,f). The mean RMSSD, similar to SDNN, reduced during M2 with Puriya and
raga Miyan ki Todi, but increased beyond baseline during M3; the change was statistically
significant in both these groups. The maximal significant change in RMSSD was with
Puriya, where the RMSSD increased by 9.70 ms (p = 0.06), and Raga Miyan ki Todi, where
the level of the rise was 9.49 ms (p = 0.04) from M2 to M3. In the control group, the
RMSSD increased significantly from M1 to M3 (7.97 units (p = 0.03)) and M2 to M3
(4.36 units (p = 0.04)). Group B did not show a significant change in RMSSD (Figure 5g,h).
The pNN50 (%) between M1 and M3 was statistically significant only with raga Puriya
(Figure 5i,j; Table 54, Supplementary File).

Frequency-Domain Parameters of Heart Rate Variability

In line with the findings of time-domain HRV parameters, TP reduced during M2
with raga Miyan ki Todi and raga Puriya, and increased beyond baseline levels at M3, while
in groups B (raga Malkauns) and D (control), TP continuously increased. The maximal
significant change in TP (ms?) was with Puriya, where TP increased by 2211.1 units
(p = 0.04), followed by raga Miyan ki Todi, where the level of the rise was 1597.1 units
(p =0.01) from M2 to M3. A significant TP increase was seen from M1 to M3 with raga
Miyan ki Todi (difference of 1414.3; p = 0.01) and raga Malkauns (difference of 1379.9;
p = 0.03) [Figure 6a,b]. There was a significant difference in mean VLF power (ms?) with
raga Malkauns and raga Puriya (p = 0.013 and 0.007, respectively). The power spectrum
of HRV in the VLF range reduced significantly at M2 (by 459.96 units; p = 0.05) and
tended to increase at M3 (by 652.62 units; p = 0.03) with raga Puriya. VLF change was
also significant, with raga Malkauns showing a continuous rise in VLF power, the M1 to
M3 difference being statistically significant (630.87 units change; p = 0.03) (Figure 6¢,d).
Like SDNN, RMSSD, TP, the LF in ms? also reduced during M2 with raga Miyan ki
Todi and raga Puriya and increased beyond baseline levels at M3. In that, the change
between M2 to M3 was statistically significant with raga Miyan ki Todi (rise by 551.22 units;
p = 0.04), while the change between M1 and M3 was significant with raga Puriya (rise
of 457.38 units; p = 0.01) (Figure 6e,f). The LF (nu) reduced significantly only with raga
Miyan ki Todi (p = 0.014) and increased beyond baseline levels post-intervention (pairwise
comparison of M2 to M3, 4.26 units; p = 0.03) (Figure 6g,h). A significant rise was seen
in HF (ms?) only in the control group (p = 0.041) (Figure 6i,j). There was a significant
change in the LF/HF ratio observed only with raga Miyan ki Todi (p = 0.028), wherein
the LF/HF ratio reduced slightly during the intervention and later increased beyond
baseline levels post-intervention (Figure 6k,l; Table S5, Supplementary File).

On univariate analysis of HRV parameters, none of the confounding factors (based
on questionnaire data) were found to be associated with the change in the HRV pa-
rameters, except VLF ms?. Alcoholism history seemed to affect the VLF ms? differ-
ence: F(1,131) = 4.844, p = 0.029 (log-converted VLF ms? difference F(1, 131) = 7.880,
p =0.006). It was observed that there was a significant effect of time (M1, M2, M3) on
participants who were non-alcoholics (F = 11.315, p < 0.0001), compared to alcoholics.
Group-wise, no difference was observed. However, the percentage of variation in VLF
ms? that could be explained by the independent variables (Supplementary Table S6)
was only 9-10%.
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Figure 5. Comparison of Time domain parameters of HRV among the four groups at different time
points (M1, M2, M3 is the measurement of HRV pre-intervention (T10), during the intervention
(T20), and post-intervention (T30)). (a,b) Mean NN interval in ms; (c,d) Mean HR (bpm); (e,f) SDNN
in ms; (g,h) RMSSD; (i,j) Percentage of NN50 in %. Note: * p < 0.05, ** p < 0.01, *** p < 0.001.
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4. Discussion

In this study, we assessed the effect of passive listening to three different acoustic
stimuli (Indian classical music modes) on the cardiovascular electrophysiological effects
and subjective behavioral responses (anxiety and stress) among normal healthy individuals
and compared them with a control group listening to natural sounds. Three different
modes/ragas of Indian classical music used as interventions were Miyan ki Todi for group
A, Malkauns for group B, and Puriya for group C. Those in the control arm (group D)
relaxed for 30 min while listening to intermittent natural sounds for a very short duration.
Sociodemographically, the groups matched, except for educational status, with more
graduates or postgraduates in the three intervention groups compared to the control group.
All groups matched based on their musical training as well.

4.1. Behavioral Analysis
Anxiety

As listening to music can initiate a multitude of cognitive processes in the brain [83],
it might be assumed that music also influences stress-related cognitive processes and,
as a consequence, physiological responses [12]. Anxiety was measured in the current
study using a standard validated State-Trait Anxiety Inventory (STAI) Form Y. The
three intervention groups showed a significant drop in state anxiety, while the control
group had an insignificant mild drop. The maximum reduction in the state score was
with raga Puriya, followed by raga Malkauns and raga Miyan Ki Todi. This reduction in
state anxiety indicated a relaxation response to listening to music. In contrast, trait
anxiety increased in all four groups, which could be due to chance or the boredom that
set in after answering multiple questions (trait anxiety formed the last 20 questions). A
shorter version of the STAI might have been a better tool to assess the trait anxiety after
30-40 min of the protocol. Furthermore, a reduction in trait anxiety might occur after
a few weeks or months of music intervention, as we observed previously among pre-
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hypertensives after listening to raga Bhimpalas for 15 min a day, for a minimum of 5 days
a week, followed up after 3 months duration [23,38]. In comparison, the three other
modes (raga Ahir Bhairav, Raga Kaunsi Kanada, and Raga Bhimpalas) reduced the state
anxiety levels, with raga Kaunsi Kanada causing maximal reduction [22]. The current
study’s findings are similar to this, wherein any music intervention reduced anxiety
levels, but the level of reduction depended on the melodic mode and, probably, its
features. A reduction in anxiety after listening to music is the most consistent finding
reported in field studies with patients [84-86] and laboratory-based studies [15,84,85].
Music may be a way to help young people reduce negative emotions [15]. Another
study suggested listening to relaxing music (based on the music rating scale); in par-
ticular, classical music led the listener to experience positive emotions (STAI-Y and
Relaxation Rating Scale) and an increase in parasympathetic nervous system arousal
(physiological assessment of HR, respiration, and skin conductance) [15].

4.2. Biomarkers of Stress

In the current study, we observed that the mean sCort levels reduced in all three mu-
sic intervention groups during the intervention, but maximally in the control group,
which was statistically significant. This is similar to previous research that found lower
sCort in the music group when compared to the control groups, but the levels were
lowest when participants listened to the sound of rippling water (used as an acoustic
control condition) [12]. In the current study, the control group received natural sounds
for about 50 s in the mid ten min, indicating that natural sounds have a higher impact
on cortisol levels. Several studies have documented either no change or a drop in
sCort levels either after listening to music or passive listening to music during a stress
task [87-90]. A decrease in serum cortisol levels was found to be better among men
compared to women upon listening to music by Mozart and Strauss [91]. A recent
study also observed that the listening environment mattered for this change in cortisol
levels or emotions, in that, the cortisol levels were generally lower at home than in the
laboratory, though it reduced both in home and lab settings after listening to music [92].
In the current study, the mean sAA levels reduced in all four groups significantly during
the intervention, after which the levels increased slightly more than baseline levels. Post
hoc analysis showed a significant maximal drop in sAA with raga Malkauns, followed
by raga Miyan Ki Todi and then raga Puriya. The rise post-intervention was maximal
with raga Malkauns, followed by raga Miyan Ki Todi and raga Puriya. This observation is
in line with the HRV changes during and post-intervention, where Malkauns exhibited
a parasympathetic response during the intervention, while Miyan Ki Todi and Puriya
showed sympathetic responses. A study observed an association between sAA and
music-induced arousal, with energizing music increasing and relaxing music decreasing
sAA. They proposed that the best effect of music was recorded when participants lis-
tened to the music with the intent of ‘relaxation’, which might lead to reduced sAA and
sCort levels [47]. In addition to this, another study revealed that listening to Tibetan
music before surgery reduced the state score and sAA levels, while in the control group
(who wore headphones with no sounds), the state score remained unchanged and the
sAA level increased [93].

4.3. Cardiovascular Parameters
4.3.1. Blood Pressure

The changes in SBP and DBP were insignificant in all the groups of the present study:.
A large change in BP was not expected, as all individuals were healthy, aged 18 to 30 years
in the current study. Subtle differences in BP were observed in the music intervention
groups compared to the control group and also between different modes. Most music-based
research has used music as an intervention among hypertensives [23,31], or during or after
stressful tasks [94], with very few among healthy individuals in the absence of a task. A
meta-analysis showed that music therapy, which is a more intensive intervention than the
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present study, led to a significant reduction in SBP, DBP, and HR compared to those who did
not receive music therapy [29]. Thus, with a longer duration of listening, across multiple
days or sessions, differences in SBP and DBP would be evident. Self-selected sedative
music induced both aroused and sedative emotions and a slight but significant increase
in HR [95]. In the present study, participants were not given a choice to select their music,
or their preference was not taken into account during the planning of the intervention. In
addition, continuous monitoring of BP fluctuations might have aided us to obtain more
conclusive results.

4.3.2. Heart Rate Variability

In the present study, we found that the mean NN interval increased and the mean
HR reduced significantly in all four groups. The maximal significant change in HR was
with raga Malkauns. When looking at the time and frequency-domain measurements
we observed that raga Miyan ki Todi (group A) and Puriya (group C) caused arousal
effects in the form of a drop of SDNN, RMSSD, TP (ms?), VLF (ms?), LF (ms?), and
HF (ms?) during the intervention, with significant relaxation after the intervention was
stopped. SDNN and RMSSD are strong indicators of parasympathetic activity [37,96].
This shows that raga Miyan ki Todi and Puriya caused sympathetic arousal during music
while increasing the parasympathetic response after the music has stopped. This seems
similar to previous studies showing increased sympathetic activity, regardless of the type
of music (calming or stimulating) [46,97], and a classic paper by Bernardi et al., where a
pause after playing music for 2 min exhibited the maximal relaxation response [40]. In
contrast, the raga Malkauns results went hand-in-hand with the control group, wherein
a sustained increase in parasympathetic response was observed over 30 min. These
findings are partly in sync with the BP results quoted above, suggesting that the changes
observed between the cardiovascular and the autonomic system were in parallel. A
recent review observed that, out of 29 randomized trials and pre to post-intervention
studies, 26 studies suggested a significant positive impact of music on HRV [50]. In
a study where raga Malkauns was used as an intervention in different forms (vocal
rendition, sitar recital, and Rabindra sangeet), Rabindra sangeet had the most relaxing
effect. In addition, alaap delivered at a fast tempo increased excitement, while, like the
current study, alaap at a slow tempo resulted in calming the mood [56]. Unlike in the
current study, meditative music has been shown to reduce state anxiety and HR, and
increase the HF norm of HRV [98]. These results also confirm the importance of analysis
of temporal changes in physiological parameters when using music as an intervention,
as the music unfolds over time [99]. Other studies on HRV using music intervention have
been detailed before in [38,50]. Regarding the mechanism behind the effect of auditory
stimulation and cardiac autonomic regulation, it was hypothesized that pleasurable
songs induce dopamine release in the striatal system, which is involved in autonomic
regulation, and this topic has been well-reviewed in [100].

4.4. Future Directions

The current study used a triple-blinded, randomized control trial design and showed
that listening to three different Indian modes caused behavioral and cardiovascular modi-
fications among healthy adults. This is the first study of its kind to focus on how Indian
melodies may alter physiological measures related to stress, arousal, and anxiety. Clini-
cally, this study promotes the idea of the use of music, and particular modes, to facilitate
relaxation, prevent cardiovascular disease, and provide an alternative treatment strategy.
Future studies may find it beneficial to expand the present findings to other melodies,
provide longer periods of music listening, and more closely investigate in both males and
females how reproductive steroid hormones may play a role in the physiological measures
assessed. It would also be interesting to investigate factors related to perception and
emotion, such as personality and music preferences, in future work. Further analysis of
the musical features and the components (e.g., temporal analysis of note/tonal variations,
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pitch, tempo, dynamics, contrast) of the music used may enhance our understanding of the
physiological effects.

5. Conclusions

Among the different relaxation therapies known to us, music is an important
modality, as it is an easy-to-follow, easy-to-use, inexpensive mode of relaxation. This
study provides evidence that listening to music for just 10 min can have an acute
reduction in anxiety and improvement in cardiovascular parameters, depending on
the mode. Future studies may try to elucidate the role of music after intervention over
a longer duration or a few months of intervention, as done in [1,2]. Though all three
modes (ragas) reduced state anxiety scores, raga Puriya caused a maximal reduction in
state anxiety scores, followed by Malkauns and Miyan ki Todi. Cardiovascular effects
went in hand with the behavioral recordings, in that raga Puriya and raga Miyan ki Todi
produced an arousal effect during music intervention but caused significant relaxation
after the intervention was stopped. In contrast, raga Malkauns reduced state anxiety,
significantly increased the mean NN interval, and reduced HR. This proves that lis-
tening to music, in general, cannot be said to produce a relaxation effect; rather, the
timing of the effect, the notes/tones present in the music given and the combination
of notes (modes) as a whole that produces a particular effect. Future studies need to
emphasize the health benefits of various aspects of different acoustic stimuli, including
other types and genres of music, and establish solid evidence for the usage of the same
in different medical disorders.
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