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NEUROLOGY

Relationship between Autonomic Nervous Function and High-
Resolution Music Box Audio 
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ABSTRACT
Objective: Music makes the expansion of the range of the attention and concentration of the attention. The quality of digital 

high-resolution audio has increased since 2010.
Design: A clinical study.
Materials and Methods: The present study used a spectral analysis of heart rate variability (HRV) to determine the effects of 

high-resolution audio on the autonomic nervous function.
Results: The sympathetic and parasympathetic nervous function was activated more by high-resolution than high-cut audio. 
Conclusions: The effects of high-resolution audio on the activation of attention and concentration in relaxed humans are 

excellent. 
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INTRODUCTION

There is much good influence of music from the viewpoint of the 
music therapy. Music brings joy and relaxation to people, particularly 
when they are stressed. The quality of high-resolution audio is excellent 
in terms of both the frequency of electromagnetic radiation (Hz) and 
resolution1-4). The high-resolution audio contents are rich in human inau-
dible components > 20 kHz and is > 16 bits1,3-8). The physiology of 
high-resolution audio and its effect on brain function have been investi-
gated, and the notion that humans cannot perceive audio > 20 kHz is 
generally accepted. In the operation and rehabilitation room, we use the 
background music. Sympathetic nervous system activities were 
decreased with music. When rehabilitation is done, classical music is 
expected additional effect on rehabilitation. It is known that it has vari-
ous effect of music1,2-6). Research on the action to the body of music has 
already begun in the 19th century5-10). It has already been known in the 
19th century that metabolic increase, the muscle power increase with 
music. Music changes blood pressure, breathe, the pulse, and various 
sense thresholds1,7,10-19). Music brings a change in the autonomic nerve 

function such as a metabolism, perspiration, blood pressure, pulse. 
Music influences endocrine system and the muscle energy. Music brings 
the change and the conversion of the behavior. Music gives the stimulus 
to the intellectual and fantastic side. Music does the change of the feel-
ing to uplifting or sedative, Music influences a mentality side and a 
physiology side. Then the music therapy is used as a relaxation tech-
nique1,2-6). At present, the music is being used for the daily life and the 
clinical spot. For example, music is used to sleep comfortably. Music is 
sometimes used to ease a strain before examination. In the clinical spot, 
music is used a rehabilitation room. However, there is a little objective 
research to show the effect of the quality of digital high-resolution 
audio. We have done the development of the device which evaluates 
stress strength and the degree of relaxation objectively by analyzing an 
autonomic nervous function. 

MATERIALS  AND  METHODS

The study content and method were explained in detail to 27 
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healthy subjects (female, n = 11; male, n = 16; age, 27.9 ± 5.8 years 
old), all of whom provided written consent to participate in the study. 
The study proceeded in accordance with the ethical principles estab-
lished in the Declaration of Helsinki. 

The high-resolution audio melody was part of the musical, 
"HALKA" (written by Stanislaw Moniuszko in Poland) played on a vin-
tage Polyphone music box (orgel) made in Germany over 100 years ago 
and recorded using a B & K 4939-A-011 and B & K PULSE recording 
microphone with 192 kHz sampling and 24-bit high-resolution record-
ing. The high-cut audio comprised what remained after removing > 
20-kHz sound from the high-resolution audio using a low-pass filter. 

The subjects listened to the audio while seated in a chair placed at 
one point of a triangle facing bilateral JBL Project K2-S9500 main 
speakers positioned at the other two points of the triangle. The main 
speakers included fixed Pioneer PT-R100 1.2 m-tall super twitter speak-
ers that replay audio located close to the ears of the subjects. The sound 
was generated at 65 - 70 dB when the audio was played. We investigat-
ed under a controlled physical condition and living environment. The 
room temperature and humidity were 26℃ and 65%. 

The subjects rested on the chair for four minutes without audio, and 
then listened to high-cut audio for three minutes followed by accelera-
tion plethysmography (APG) for last one minute and rested for two 
minutes without audio. Then they listened to high-resolution audio for 
three minutes followed by APG for last one minute and rested on the 
chair for two minutes without audio. Then they listened to high-resolu-
tion audio for three minutes followed by APG for last one minute and 
rested for two minutes without audio. Then they listened to high-cut 
audio for three minutes followed by APG for one minute. 

HRV was determined in all subjects using spectral analysis. We 
used an Artett C pulsimeter (U-Medica, Osaka, Japan) with the sensor 
positioned on the ventral tip of the index finger2-4,6-11). The low frequency 
(LF) and high frequency (HF) component powers, the LF/HF ratio and 
the coefficient of variation of a-a intervals (CVaa %) were determined. 
Data are presented as means ± SD. The reliability of the results was 
assessed using Student's t-test. Probability values of ≤ 0.05 were regard-
ed as being statistically significant in all tests. All data were statistically 
analyzed using SPSS 18.0J software (SPSS Japan Inc., Tokyo, Japan). 

RESULTS

 The LF component powers originate from various sympathetic and 
vagal mechanisms. The LF component powers were significantly higher 
while listening to high-resolution than high-cut audio (1153.8 ± 1297.4, 
1649.5 ± 1500.5 vs. 726.4 ± 809.5, 993.2 ± 796.5 ms2, p = 0.044, p = 
0.035, respectively) (Fig. 1). The HF component powers are vagally 
mediated and did not significantly differ between high-resolution and 
high-cut audio (538.4 ± 389.4, 712.1 ± 588.0 vs. 627.6 ± 506.3, 694.5 ± 
624.5 ms2, p = 0.100, p = 0.839, respectively). The LF/HF ratio is con-
sidered to represent sympathetic activity. The LF/HF ratio was signifi-
cantly higher while listening to high-resolution than high-cut audio 
(3.622 ± 3.413, 3.355 ± 3.240 vs. 2.341 ± 2.485, 1.899 ± 1.598, p = 

0.033, p = 0.036, respectively) (Fig. 2). The CVaa did not significantly 
differ between high-resolution and high-cut audio (5.301 ± 1.658, 5.698 
± 2.026 vs. 4.754 ± 2.262, 5.057 ± 1.441 %, p = 0.107, p = 0.098, 
respectively). 

DISCUSSION

The cortex might produce local psychological and emotional activi-
ty in the brain during audio stimulation. Such psychological activity 
affects the autonomic nervous center, hypothalamus and peripheral 
autonomic activity. Therefore, the psychological activity of the brain 
can be determined from peripheral autonomic activity2-4,6,7). The mea-
surement of autonomic functions is considered to be useful as objective 
biomarkers of psychological stressor. APG, venous oxygenation index 
and width of peripheral vein is useful for objective evaluation of psy-
chological stress and relaxation. 

An autoregressive approach to spectral analysis of HRV provides 
non-invasive indices of the sympathetic and parasympathetic func-
tions1,2,8). We have used spectral analysis to evaluate cardio-autonomic 
function, and the effects of, psychological stressors, circadian rhythms 
and classical music. The HF component powers decreases and LF/HF 
increases after psychological stressor. The LF component powers and 
LF/HF decreased after enjoying classic music. Here, we described spec-
tral analysis of the effect of high-resolution audio on the function of the 
autonomic nervous function. The results showed that classical music 
played at high-resolution significantly activated both sympathetic and 
parasympathetic functions.

High-resolution audio significantly activates the sympathetic ner-
vous system without hyper-activation, because both the sympathetic and 
parasympathetic functions are activated. This situation appears to be 
both relaxing and adequately stressful. High-resolution audio appears to 
generate beneficial concentration and attention in the cortex of the 
brain.

Brain activation with high-resolution audio has been investigated 
using positron emission tomography and electroencephalogram 
(EEG)1-4,6-11). High-resolution audio rendering of the sound of a natural 
stream increases α waves on EEG and reduces sweat caused by stress. 
Music-box sounds containing high-resolution audio also exert beneficial 
effects on physiological functions determined by EEG and blood flow in 
the brain.

α2 and β1 wave band power significantly increased with high-reso-
lution audio music box sound with close eyes1,7-11). Increasing of wake-
fulness was occurred with high-resolution audio music box sound1,12). 
This situation appears to be both relaxing and adequately activation of 
brain. There are a lot of studies of hypersonic effect of high-resolution 
audio2-9). The physiology of high-resolution audio and its effect on brain 
function have been investigated, and the notion that humans cannot per-
ceive audio > 20 kHz is generally accepted2-4,6-11,). High-resolution music 
box audio consists of a series of slow, rhythmic, continuous graceful 
music, with rich in human inaudible components > 20 kHz and is > 16 
bits. The effects of high-resolution audio on the activation of attention 
and concentration in relaxed humans are excellent. Further study is 

Figure 1. Comparison of the LF component powers while listening 
to hi-resolution and hi-cut audio. The LF component powers 
were significantly higher while listening to high-resolution than high-
cut audio (1153.8 ± 1297.4, 1649.5 ± 1500.5 vs. 726.4 ± 809.5, 993.2 ± 
796.5 ms2, p = 0.044, p = 0.035, respectively).

Figure 2. Comparison of the LF/HF ratio while listening to 
hi-resolution and hi-cut audio. The LF/HF ratio was signifi-
cantly higher while listening to high-resolution than high-cut audio 
(3.622 ± 3.413, 3.355 ± 3.240 vs. 2.341 ± 2.485, 1.899 ± 1.598, p = 
0.033, p = 0.036, respectively).
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needed to confirm these findings. 
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