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Abstract: The influence of music stimulation on heartbeat fluctuation was determined. Subjects
were 10 healthy males aged from 22 to 23. The music used was a Japanese pop song entitled
“Kujira-12” sung by the group Judy and Mary. The heartbeat was measured for 5 min without any
stimulation, then for 5 min while being stimulated by hearing the song, and finally, for 5 min with no
simulation. The heart rate was unchanged, but LF/HF decreased significantly during stimulation (LF
and HF denote the low frequency component and the high frequency component of the power spectra
of heartbeat fluctuations, respectively). This suggested that the stimulation suppressed the activity of
the sympathetic nervous system during stimulation. LF was increased significantly after stimulation.
This suggested that the mental stress decreased after stimulation. The stimulation by the music used in
the experiment seemed to be helpful for music therapy.
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1. Introduction

Recently, it was found that application of music
therapy is efficacious for a number of nervous diseases.
The music therapy field is interdisciplinary, because it
includes not only nervous disease therapy, but also
psychology, nursing, welfare and education and
research on biomedical effects from music therapy has
been actively undertaken'?. In 2001, an academic
society for music therapy was established in Japan.

In today’s modern society, increasing mental stress,
anxiety and fear make the autonomic nervous system
become off balance, resulting in lifestyle-related
diseases. Most of these diseases are derived from an
excessively activated sympathetic nervous system. In
order to treat mibyo (a situation between healthiness and
having a disease, i.e. a pre-symptomatic state)
accompanying an indefinite complaint, it is important to
decrease the action of the sympathetic nervous system,
and increase the action of the parasympathetic nervous
system. In this respect, music therapy is efficacious. It
was recently found that Mozart’s music has abundant
effective sound characteristics for this purpose”. Since
effective music therapy helps rest the mind and body, it
is considered that the music therapy is a simple and
useful tool to treat mibyo. The success of the therapy,
however, depends on the music type as it has been
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reported that hard rock music increases the activity level
of the sympathetic nervous system?.

The purpose of this study was to determine
changes in the low frequency component LF and the
high frequency component HF' of the power spectra of
heartbeat fluctuations, when subjects were stimulated
by listening to a Japanese pop song, “Kujira-12” sung
by the group Judy and Mary. The HF is dominated by
the parasympathetic nervous system and its value is
decreased when activities of the parasympathetic
nervous system are lowered by problems in the
autonomic nervous system. The LF is controlled by
both the parasympathetic and sympathetic nervous
systems. Both HF and LF are decreased by mental
stress. Also, HF/LF ratios are increased with increasing
activities of the sympathetic nervous system*®.

2. Experimental

The pulse (heartbeat) of the left wrist was measured
with a sampling rate of 0.01s using a heartbeat sensor
(TK-701T, Nihon Koden Co. Japan). The output signal
from the sensor was amplified by an amplifier
(AB601G Nihon Koden Co. Japan) and fed into a
personal computer through a GPIB and saved. The
measurement was begun just after the subject was
seated in a chair and was in a stable state mentally and
physically. The heartbeat was measured for 5 min
without being stimulated by the music, then for 5 min
while being stimulated, and finally, 5 min with no music
simulation. The control experiment was carried out in
the same protocol as the stimulation experiment
described above, without music stimulation. The subject
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put on headphones hooked up to a CD player which was
controlled by one of the experimenters. The subjects in
the experiment were 10 healthy males aged from 22 to

23. The room temperature was kept constant at 24°C.

3. Time-Series Analysis of Heartbeat Intervals

Each time interval (a-a interval) between a pulse
peak and its subsequent pulse peak was obtained from
the measured heartbeat data; then time-series data of a-a
intervals were obtained. Re-sampling with 100Hz was
done for the time series data of a-a intervals by the
linear interpolation technique”. The average value
calculated from the time series data of a-a intervals
(re-sampled with 100Hz) was subtracted from the same
time series data of a-a intervals. Power spectra (the
relationship between power and frequency) for the time
series data of a-a intervals were calculated by the DFT
(Discrete Fourier Transform) method adopting the
Hamming window. The HF component was determined
by calculating the area from 0.15Hz to 0.45Hz in the
power spectra. Likewise, the LF component was
determined from 0.05Hz to 0.15Hz".

4. Results and discussion

In the discussion below, the periods before
stimulation, during stimulation and after stimulation are
denoted as 7, T 4 and 7 ,, respectively, each of these
are 5 min as described above.

4.1 Heartbeat

Before stimulation, heartbeat P of the subjects
individually varied from about 40/min at the minimum
to 60/min at the maximum. Therefore, changing rates Ry
and R, as defined by egs.(1) and (2) were used to
discuss changes in P values.

P,-P,
R=d b, 1
=" @
P -P
R =—2_"% 2
== @

Here, P, P4 and P, denote average values of
heartbeats during ty, 74, and < ,, respectively. Firstly,
Ryand R, for each subject were derived. Then, average
values Ry(ave) and R,(ave)of these and S.E.M. (standard
error of mean) for the 10 subjects were obtained. These
are shown in Fig.1 for the control and the stimulation
experiments. The t-test values showed no significant
difference between the control and the stimulation
experiments for both Ry(ave) and R,(ave), as shown in
this figure. This suggested that the music stimulation
adopted in this experiment did not induce any
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significant changes in heartbeat.
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Fig.1 Rj(ave) and R,(ave) £ S.EM. for
stimulation and control experiments

4.2 LF, HF and LF/HF

Changing rates Ly L, Hy H, F, and F,as defined
by egs.(3) to (8) were used to discuss changes in LF, HF
and LF/HF values.

LF,-LF,
L;y=—4d- "% 3
d IF, ©)
I, =LFa—LFb’ 4)
LF,
HF, — HF,
H, =—"4d b 5
d HFb > ( )
H, = M, (6)
HF,
F = (LF/HF), = (LF | HF), o
(LF | HF),
p _(LF/HF),~(LF | HF), ®

. (LF | HF),

Here, LF,, LFyand LF, mean average values of LF
during t v, T 4 and 7 ,, respectively. HF,, HFy and HF,
mean average values of HF during t,, 74 and 7,
respectively. (LF/HF), (LF/HF)4 and (LF/HF), mean
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average values of LF/HF during t y, t 4 and 7 ,,
respectively.

Firstly, values given by eqs.(3)-(8) for each subject
were calculated. Then, average values of these and
S.EM. for the 10 subjects were obtained. These are
summarized in Tables I-III for the control and the
stimulation experiments and are graphed in Figs.2-4. As
shown in Table I (Fig.2), L, increased significantly
(p<0.05). There was a slight tendency that L, also
increased, although it was not statistically significant.
As shown in Table III (Fig.4), F; decreased significantly
(p<0.005). There was a slight tendency that F, also
decreased, although it was not statistically significant.

Table I Average values of Lj and L, for the
stimulation and control experiments

Average | SSEM. | t-test
L4 (stimulation) 0.104 | 0.0753
NS
Ly (control) -0.00771 | 0.0268
L, (stimulation) 0.213 | 0.0893
p<0.05
L, (control) 0.0237 | 0.0381

Table II Average values of Hy and H, for the
stimulation and control experiments

Average | S.EM. t-test
Hj (stimulation) 0.00406 0.0533
Hy (control) 0.0337 0.0276 e
H, (stimulation) 0.114 0.0717
H, (control) 0.0636 0.0667 e

Table III Average values of F;, and F, for the
stimulation and control experiments

Average | S.EM. | t-test
Fy(stimulation) | -0.0299 | 0.0186
p<0.005
F4(control) 0.0863 | 0.0230
F, (stimulation) -0.0023 | 0.0505
NS
F, (control) 0.0931 | 0.0390

The increase of L,, i.e. increase of LF during t ,
meant that the stress level was decreased*® during 7 ,.
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)

The same could be said about 7 4, although it was not
statistically significant. The decrease of Fy, i.e. decrease

of LF/HF during t 4 meant that the sympathetic nervous
activity was suppressed”® during 7 4. The same could

be said about 7 ,, although it was not statistically
significant.
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Fig.3 Average values =S.E.M. for H; and H,
for stimulation and control experiments
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Fig.4 Average values *£S.E.M. for F; and 7,

for stimulation and control experiments

As for a possible mechanism to explain the
experiment results, it was considered that the music
stimulated the auditory hair cells (the organ of Corti),
which sent excitatory signals (depending on the music)
to the medulla oblongata, midbrain, and finally
hypothalamic area functioning as a high order nervous
center for autonomic nervous activities, resulting in the
changes in the heartbeat fluctuation as described above.

5. Conclusion

In this experiment, changes in heartbeat were
measured before, during and after stimulation from
listening to a pop song, “Kujira-12” recorded by the
group Judy and Mary. Changes in heart rate, HF, LF and
LF/HF were derived. The heart rate was unchanged and
Fy decreased significantly during t 4. This suggested
that the stimulation suppressed activity of the
sympathetic nervous system during stimulation. There
was a similar decreasing tendency for F,, although it
was not statistically significant.

L, increased significantly during t ,. This suggested
that mental stress was decreased after stimulation. There
was a similar increasing tendency for L,, although it
was not statistically significant.

It was suggested that stimulation by this music
suppressed the sympathetic nervous system activity and
enhanced the parasympathetic nervous system activity,
and this music stimulation seemed to be helpful for
music therapy.
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