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Abstract
Purpose: The present study attempted to explore the effects of different tempos of piano music on heart rate and autonomous
nervous system during the recovery period after high-intensity exercise. In addition, the study analyzed the in�uence of different
tempos on the recovery period of athletes to devise methods for accelerating fatigue recovery through piano music.

Method: A total of 57 college students majoring in physical education were selected as experimental subjects and were divided
into three groups, namely Lento group (n = 20), Moderato group (n = 20), and Allegretto group (n = 20; only 17 students completed
the experiment).

Results: Under the same high-intensity exercise regimen, the three groups did not differ signi�cantly in the body composition,
high-intensity exercise ability, and time-domain variation indices, namely heart rate (HR), Heart rate variability index parameters(P
> .05). The time-domain variation analysis in the recovery period revealed signi�cant differences in HR frequency domain indices
among the groups exposed to different rhythms (P < .05).

Conclusion: Moderate-tempo piano music was the most effective in facilitating HR and autonomic nervous system recovery
during the recovery period.

Background
Fatigue is a common physiological phenomenon observed in athletes. The mechanisms of fatigue in sports have been described
through various theories, such as energy exhaustion theory, protective inhibition theory, blockage theory, internal environment
stability disorder theory, and free radical theory1. According to the Pavlov school, exercise conducts nerve impulses to the cerebral
cortex, which leads to long-term excitation and increased energy consumption. Additionally, the body inhibits the cerebral cortex
for self-protection, which leads to exercise-induced fatigue2. The application of external intervention is conducive to fatigue
recovery, though exercise-induced fatigue can restore normal physical functions after a period of rest and adjustment3.

Heart rate (HR) variability re�ects the variation in the heartbeat cycle and can be used to analyze the successive heart cycle time
difference. HR is regulated by the autonomic nervous system (ANS). Consequently, HR variability is a noninvasive index that
quantitatively re�ects the dynamic balance of cardiovascular regulation by the ANS4. The ANS, a part of the peripheral efferent
nervous system, can regulate the activity of visceral and vascular smooth muscles, myocardium, and glands. The autonomic
nerve can be divided into sympathetic and parasympathetic nerves, which innervate the common internal organs. However, the
signals from these nerves are antagonistic. For most organs such as the heart, the sympathetic nerves excite the organs, whereas
the parasympathetic nerves excite and suppress the organs5.

According to studies, music and exercise affect the ANS activity5. Sympathetic activity and stimulation increase during sports,
which increases the HR, stroke volume output, and systemic vasoconstriction5, whereas exercise decreases the parasympathetic
activity, which increases the HR. However, the HR decreases rapidly after exercise6. Rapid HR recovery plays a crucial role in
preventing cardiac overwork after exercise. The decrease in the HR after exercise is mediated by the increased parasympathetic
activity and decreased sympathetic activity. Several studies have revealed that delayed activation of the parasympathetic nerve
after exercise may increase the risk of sudden cardiac death. Therefore, parasympathetic reactivation after exercise is a crucial
mechanism for protecting the heart of healthy individuals and patients7,8.

Music can effectively regulate the mood and ANS activity. Moreover, it serves as a potentially economical and safe interventional
and treatment method9. Studies have revealed that sedative music exerts dual effects of high subjective relaxation and low
tension in young adults. The relaxation effect of music can stimulate or strengthen the autonomic nerve balance and
parasympathetic innervation, thereby stabilizing the ANS state10. In a study, the group listening to high-speed music exhibited
stimulation in their parasympathetic activity more effectively than the control group exposed to a quiet environment11.

Thus, music can regulate the ANS activity after exercise. The body's acceptance of different music types might affect the
parasympathetic nervous system differently. For example, studies have analyzed this phenomenon by asking participants to
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listen to their favorite music. However, these studies did not consider the type and tempo of music. The music consists of various
components, such as melody, tempo, and harmony. Among these components, the tempo is the primary factor that causes
changes in the parasympathetic nervous system12,13. Although a few studies have already analyzed the effects of different
music tempos on the ANS activity after exercise, the current study attempted to verify whether different music tempos have a
related impact on the HR and HRV system during the recovery period after high-intensity exercise among athletes. The current
study also investigates the most effective music tempo for the recovery of ANS and HR after exercise to develop methods for
accelerating fatigue recovery.

Methods
Participants

The strati�ed cluster random sampling method was used to select 100 college students from a university in Hainan province as
the research objects to performed on the power bike and monitor the indexes of autonomic nervous system.In this
research,student selection was based on achievement test scores, 60 students with little difference in scores were selected as the
research subjects.Finally, we used one-way ANOVA test and adjusted the grouping to ensure that there was no signi�cant
difference in baseline characteristics between the groups. Thus, A total of 60 college students majoring in physical education
were selected as research subjects and were divided into three groups: Lento group (n = 20), Moderato group (n = 20), and
Allegretto group (n = 17).Three students could not complete the experiment due to some reasons in Allegretto group. The
experiment was performed after an inform consent form was signed by each participant to the study and con�rming that none of
the students had cardiovascular and other lethal diseases. The study was conducted in accordance with the Declaration of
Helsinki and approved by the Bioethics Commission of the Hainan Medical university. The fundamental physical characteristics
of each group are shown in Table 1.

Table 1
Basic physical characteristics of the participants

Subjects Age(yrs)

M(SD)

Height(cm)

M(SD)

Weight(kg)

M(SD)

BMI(kg/m²)

M(SD)

Iento(n=20) 22.20(1.77) 172.35(8.27) 72.38(15.92) 23.97(3.62)

Moderato(n=20) 23.80(2.93) 172.95(6.27) 69.11(11.23) 22.90(2.78)

Allegretto(n=17) 23.35(2.85) 172.26(8.58) 72.64(15.42) 24.40(3.62)

 

Research methods
 The body composition tester (model: inbody720, Manufacturing country: Korea) was used to analyze the body composition of

the participants. In addition, the HR variability index of the participants was measured before exercise by using the heart rate
variability measurement system UbpuseT (model: UbpuseT1; manufacturing country: South Korea).The heart rate variation of
each group was recorded and compared when the group was quiet.

 The power bike(model: EXCALIBUR; manufacturing country: South Korea)was adopted; load was set to 0.070kp/kg, with warm-
up at 60 watt/min speed for 120 s, and then pedaled at the maximum speed for 30 s. Anaerobic power indicators such as mean
power (MP), peak power (PP), and fatigue index (FI) were recorded.

Headphones (Sony WH-1000XM3, manufacturer: Japan) were put on immediately, and they listened to the piano repertoire of the
corresponding speed according to the group. Information on the selected repertoire is presented in Table 3.
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Table 2
Repertoire information

Repertoire name Approximate speed beat/minute Speed mark Length of time

Chopin Etude, Op.25, No.7 52 Lento 5 minutes 20 seconds

Schumann: Kinderszenen, Dreaming, Op.15 No.7 88 Moderato 3 minutes 10 seconds

Mozart Sonata in C Major, Movement III, K.330 108–126 Allegretto 5 minutes

 

We started to press the timer, and used UbpuseT1 to test the heart rate variability index at the same time. Besides, the heart rate
variability index was measured 1 minute later. The subjects were asked to listen to the music, lying on the prepared bed for 5
minutes. The heart rate variability index was measured again, and the test was �nished 6 minutes later; They kept the same
Repertoire and lied on the bed for 10 minutes, then the heart rate variability index was measured again, and the test was �nished
11 minutes later; The heart rate variability index was measured again at 15 minutes, and the test was completed after 16 minutes.
Besides, the heart rate variability index was measured in a sitting position when measuring the heart rate variability index.Table 4
Analysis of the HR variability index.

Table 3
Heart rate variability index parameters

Heart rate variability
index

De�nition Parameter meaning

HR (times/min) Average heart rate Re�ecting the average level of RR interval

SDNN (ms) Standard deviation of all normal adjacent
RR intervals

A relatively simple index to evaluate the activity of
autonomic nerves.

LF (ms2) Low-frequency power Re�ecting the activity of the sympathetic nerve.

HF (ms2) High-frequency power Re�ecting the activity of the parasympathetic nerve.

LFnorm (n.u.) LF/(LF+HF)*100 Directly re�ecting the changes of sympathetic
regulation.

HFnorm (n.u.) HF/(LF+HF)*100 Directly re�ecting the changes of parasympathetic
nerve regulation.

LF/HF Low-frequency power / high-frequency
power

The balance of sympathetic and parasympathetic
nerves

 
Note: The environment and time of this experiment were kept �xed, the laboratory temperature was maintained at 23℃, the
relative humidity was 65%, and the experiments were performed daily between 14:00–15:00 of the day to minimize the in�uence
of external factors on the results. The participants were prohibited from listening to other music, performing strenuous exercise, or
eating and drinking caffeinated food 3 h before the experiment. Additionally, the participants were prohibited from drinking
alcohol 48 h before the experiment. We controlled the test speed of the three people to be measured every day, and the volume
was uniformly adjusted to 60 decibels. The repertoire was set on the single-cycle mode and played continually. The data were
recorded and saved at the same time during the 0–16 min period.

Data analysis

SPSS2 version 22.0 was used for data processing, and the average value of the body characteristic parameters, including body
composition, was calculated Wingate test and HRV index of each group of data was worth the standard deviation. Repeated one-
way ANOVA was adopted to analyze differences in the body composition, Wingate index, and pre-exercise HRV indices among the
three groups. The differences in HRV indices among the three repertoire groups during the recovery period were analyzed using
repeated two-way ANOVA and test LSD. The hypothesis test standard for the determination of differences in parameters among
the groups was set as P < .05.
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Results

Analysis of differences in the body composition and Wingate Power
Bicycle indices among the groups

Table 4
Analysis of body composition differences among the groups

Indicators Lento (n = 20)

M(SD)

Moderato (n = 20)

M(SD)

Allegretto (n = 17)

M(SD)

F P

Muscle Mass(kg) 32.40(7.86) 31.58(6.61) 32.37(6.91) .082 .921

Body Fat Mass(kg) 14.82(5.40) 12.92(3.18) 15.81(7.16) 1.397 .256

BMI(kg/m²) 23.97(3.62) 22.90(2.78) 24.40(3.62) 1.015 .369

Percent Body Fat (%) 20.51(5.38) 18.97(4.66) 21.28(8.09) .699 .502

Waist-hip Ratio(%) 0.84(0.04) 0.83(0.04) 0.84(0.04) .942 .396

*P < .05.

 

Table 4 presents the body composition analysis results. The three groups exhibited no signi�cant difference in muscle mass,
body fat mass, BMI, percent body fat, and waist-hip ratio (P > .05). No signi�cant difference in the body composition among the
three groups provided a reasonable basis for explaining the analysis results by controlling variables.

Table 5
Analysis of the difference in Wingate Measurement Indices of Power Bicycle

Indicators Lento (n=20)

M(SD)

Moderato (n=20)

M(SD)

Allegretto (n=17)

M(SD)

F P

MP watt 535.75(170.15) 506.75(164.22) 522.29(143.52) .163 .850

Watt/kg 7.23(1.53) 7.18(1.56) 7.27(1.46) .018 .982

PP watt 901.60(304.98) 854.55(394.84) 870.35(267.23) .105 .900

watt/kg 11.96(3.03) 12.69(3.85) 11.85(2.41) .392 .677

FI   22.49(9.70) 24.78(13.36) 21.25(8.43) .512 .602

PPI sec 4.26(0.28) 4.21(0.24) 4.14(0.40) .669 .517

TW watt 16468.50(4885.61) 15202.50(4926.67) 15668.82(4305.73) .365 .696

MP: mean power, PP: peak power, MIP: minimum power, PPI: peak power in, FI: fatigue index, PW: peak power/weight, MW:
mean power/weight, TW: total work; *P < .05.

 

Table 5 presents the results of the analysis of differences in the Wingate measurement indices of power bicycle. No signi�cant
differences were observed in the relative and absolute values of the average strength and the maximum strength, fatigue index,
time of arrival of the maximum force, and real work among the three groups (P > .05). These results con�rmed that the difference
in high-intensity exercise ability and intensity among the three groups was nonsigni�cant.

Analysis of HRV time-domain parameters

Results of time-domain parameter analysis before exercise
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The results of the time-domain variability index analysis before exercise (shown in Table 6) indicated no signi�cant difference in
HR and SDNN index among the three groups (P > .05). In addition, the difference in the time-domain index of HRV among the
three groups before exercise was found to be non signi�cant.

Table 6
Analysis of time-domain variation index before exercise

Indicators Iento(n=20)

M(SD)

Moderato(n=20)

M(SD)

Allegretto(n=17)

M(SD)

F P

HR(bpm) 75.20(14.06) 74.90(12.36) 73.29(9.49) .126 .886

SDNN(ms) 76.75(41.42) 87.30(36.29) 63.39(33.95) 1.865 .165

*P < .05.

 

Results of time-domain variation index analysis in the recovery period
Table 7

Analysis of time-domain variation index during the recovery period
Indicators Heart rate

recovery
time(min)

Lento (n=20)

M(SD)

Moderato
(n=20)

M(SD)

Allegretto
(n=17)

M(SD)

contrast F P Post-
hoc

HR

(bpm)

0-1 168.13(1.50) 166.77(2.49) 167.15(2.42) Times 2020.27 .000  

5-6 106.00(8.80) 99.15(13.39) 98.24(10.61) Groups 5.548* .006 L>
M;L>A

10-11 103.85(9.35) 91.60(14.31) 94.06(11.50) Times*Groups 4.024 .023  

15-16 99.05(9.35) 88.40(12.64) 90.59(12.00)

SDNN(ms) 0-1 66.20(23.81) 49.05(17.04) 47.24(16.25) Times 10.709 .002  

5-6 27.03(24.15) 28.40(13.47) 26.00(17.53) Groups .060 .942 NS

10-11 24.70(26.57) 28.10(15.85) 32.12(25.33) Times*Groups 3.409 .040  

15-16 32.65(31.04) 41.90(28.28) 38.00(26.08)

*P < .05.L:Lento , M:Moderato , A:Allegretto

 
The time-domain variation analysis results (presented in Table 7) indicated statistically signi�cant differences in HR among the
three groups with different music tempos (P < .05). The result revealed that the HR recovery in the Moderato and Allegretto groups
was faster than that in the Lento group. HR recovery was the most prominent in the Moderato group (Figure 1). This �nding
suggested that listening to music at a moderate speed can most effectively facilitate HR recovery. Although no statistically
signi�cant difference was observed in SDNN among the three groups with different tempos (P > .05), the time-domain variation
index (shown in Figure 2) revealed that the SDNN values in the Moderato and Allegretto groups were more stable than that in the
Lento group. Additionally, the SDNN value in the Moderato group was high and stable. These �ndings indicated that listening to
Moderato piano music can help the ANS maintain a high self-regulation power and facilitate HR recovery during the recovery
period.

Analysis of the HRV frequency domain index

Results of HRV frequency domain index analysis before exercise
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Table 8
Results of HRV frequency domain index analysis before exercise

Indicators Lento (n=20)

M(SD)

Moderato (n=20)

M(SD)

Allegretto (n=17)

M(SD)

F P

LF (ms2) 7.25(1.05) 6.35(0.80) 6.43(0.66) 6.519* .003

HF (ms2) 6.50(1.10) 6.04(0.90) 5.83(0.84) 2.374 .103

LFnorm (n.u) 52.42(3.61) 51.30(3.59) 52.65(3.27) .816 .448

HFnorm (n.u.) 47.58(3.61) 48.70(3.59) 47.35(3.27) .816 .448

LF/HF 1.13(0.18) 1.07(0.15) 1.12(0.16) .953 .392

*P < .05.

 

The HRV frequency domain index analysis results before exercise are presented in Table 8. The three groups exhibited no
statistically signi�cant difference in HF, LFnorm, HFnorm, and LF/HF frequency domain indices (P > 0.05). However, the LF
frequency domain index differed signi�cantly among the groups (P < 0.05), and the high LF value indicated sympathetic
excitement and HR acceleration. Additionally, HR before exercise was found to vary signi�cantly among the groups (P > .05).
Thus, the frequency domain index state of HRV before exercise was higher than the standard level.

Results of HRV frequency domain index analysis in the convalescent
period
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Table 9
Analysis of HRV frequency domain indices in the convalescent period

Indicators Heart rate
recovery
time(min)

Iento(n=20)

M(SD)

Moderato(n=20)

M(SD)

Allegretto(n=17)

M(SD)

contrast F P Post-
hoc

LF(ms2) 0-1 6.31(1.85) 6.48(1.02) 5.76(1.46) Times 10.416 .000  

5-6 4.90(1.69) 5.27(1.79) 4.78(1.33) Groups 1.786 .177 NS

10-11 4.51(1.25) 5.40(1.57) 5.36(1.48) Times*Groups .927 .447  

15-16 5.49(1.01) 6.12(1.31) 5.79(1.57)

HF(ms2) 0-1 4.84(1.48) 5.45(0.92) 4.74(1.52) Times 9.486 .000  

5-6 3.85(1.77) 4.40(1.58) 3.84(1.28) Groups 3.483* .038 M>L

10-11 3.67(0.95) 4.63(1.02) 4.03(1.22) Times*Groups .893 .501  

15-16 4.29(0.94) 4.82(1.30) 5.06(1.14)

LFnorm(n.u.) 0-1 58.26(3.51) 54.10(3.53) 57.08(4.83) Times .670 .571  

5-6 55.12(6.50) 54.57(9.26) 56.03(6.62) Groups .560 .575 NS

10-11 54.82(6.47) 56.68(8.31) 57.49(4.26) Times*Groups 1.393 .220  

15-16 55.42(6.32) 56.31(4.08) 56.54(2.86)

HFnorm(n.u.) 0-1 41.64(3.58) 45.92(3.31) 43.39(4.96) Times .604 .613  

5-6 44.68(6.35) 45.47(9.24) 43.97(6.62) Groups .690 .374 NS

10-11 45.19(6.47) 43.15(8.34) 42.51(4.26) Times*Groups 1.647 .143  

15-16 44.51(6.31) 43.35(4.03) 43.46(2.86)

LF/HF 0-1 1.37(0.31) 1.20(0.17) 1.31(0.38) Times .910 .438  

5-6 1.45(0.71) 1.28(0.45) 1.33(0.42) Groups 1.119 .334 NS

10-11 1.26(0.33) 1.17(0.31) 1.36(0.26) Times*Groups 1.209 .304  

15-16 1.33(0.38) 1.31(0.23) 1.13(0.13)

*P < .05.L:Lento, M:Moderato, A:Allegretto

 

The HRV frequency domain index analysis results are presented in Table 9. The LF frequency domain indices were not found to
differ signi�cantly among the three groups exposed to varying rhythms during the recovery period (P > .05). With higher values of
LF and LFnorm, the athlete's sympathetic nerves excited more and the heartbeat was faster. The results indicate that the piano
music tempo cannot have a signi�cant effect on LF.

A statistically signi�cant difference was noted in the HF frequency domain index among different repertoire groups during the
recovery period (P < 0.05). However, no signi�cant difference was observed in the HFnorm frequency domain index among the
groups (P > 0.05).

The HF curve chart of frequency domain variation index is presented in Figure 3. The HF value in the Moderato group was found
to be higher than those in the Allegretto and Lento groups. Therefore, listening to music of Moderato speed can increase the
excitability of the parasympathetic nerve, decrease the HR, and calm the HR quickly after high-intensity exercise compared with
Allegretto and Lento tempos.
The line chart of the frequency domain variation index LF/HF is depicted in Figure 4. The LF/HF ratio in the Moderato group was
found to be smaller than those in the Allegretto and Lento groups, although no statistically signi�cant difference was observed in
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the frequency domain index of LF/HF (P > 0.05). Moderato speed tunes contributed to the recovery of the balance between
sympathetic and parasympathetic nerves after high-intensity exercise.

Discussion
In the present study, we found that under the same exercise intensity, the body composition, high-intensity exercise ability, time-
domain variation indices (HR and SDNN) before exercise, frequency domain indices (HF, LFnorm, HFnorm, LF/HF, and HRV index
of HRV) before exercise do not differ signi�cantly across different groups exposed to varying rhythms (P > .05). Studies have
con�rmed that the more excited the parasympathetic nerve (vagus nerve) is, the more acetylcholine it releases and the more it
acts on the M receptor on the myocardial surface, which effectively inhibits the myocardial excitement. In addition, the vagus
nerve can effectively inhibit the function of the sinoatrial node and cardiac electrical conduction, as well as reduce the HR14. The
external factors imposed during the recovery period were piano music of different tempos, which might be restricted by other
external factors. However, we maintained a constant temperature and humidity in the laboratory during experiments, and the time
of the experiment was set between 14:00 and 15:00 hours of the day. The three people were analyzed every day to reduce the
impact of external factors on the research results. Therefore, no signi�cant differences in physiology and motor ability among the
groups were evident. By analyzing time-domain variations in the recovery period, signi�cant differences were observed in the HR
among the groups exposed to different music tempos (P < 0.05). The analysis of the time-domain variation index, HR, revealed
that the HR recovery in the Moderato and Allegretto groups was faster than that in the Lento group, and the recovery in the
Moderato group was the most prominent. The �nding suggests that listening to the repertoire of Moderato speed is the most
effective means for enhancing HR recovery in the recovery period. However, no signi�cant difference was observed in SDNN
among the groups (P > .05). The index of time-domain variation revealed that the values of SDNN in the Moderato and Allegretto
groups were more stable than that in the Lento group, and the SDNN value in the Moderato group was the highest and most
stable. Thus, compared with the other two groups of piano music, listening to piano music with Moderato speed can help the ANS
in maintaining a high self-regulation force more e�ciently and accelerate the recovery of HR during the recovery period15–17. The
analysis of the HRV frequency domain index in the recovery period indicated that although the high values of LF and LFnorm
re�ect excited state of the sympathetic nerve, norepinephrine release at the end of the sympathetic nerve, enhancement of
myocardial activity, and acceleration of HR caused by β-adrenoceptor, the LF frequency domain index did not differ signi�cantly
among the piano music groups exposed to different tempos during the recovery period (P > 0.05). The tempo of the music did not
have a signi�cant effect on LF. Although the HFnorm frequency domain index did not differ signi�cantly among the groups (P >
0.05), a signi�cant difference was observed in the HF frequency domain index among different velocity curve groups during the
recovery period (P < 0.05), HF re�ected the activity of the parasympathetic nerve. The more excited the parasympathetic nerve
(vagus nerve) is, the more acetylcholine it releases at the end of the parasympathetic nerve, which acts on the muscarinic receptor
on the myocardium surface and inhibits the excitement of the myocardium18–21.In addition, the vagus nerve inhibits the function
of the sinoatrial node and cardiac electrical conduction and reduces the HR. The value of HF in the Moderato group was higher
than those in the Allegretto and Lento groups; therefore, listening to Moderato-speed music can increase parasympathetic
excitability, decrease HR, and calm HR quickly after high-intensity exercise compared with Allegretto and Lento tempos. The low-
frequency and high-frequency power ratio (LF/HF) re�ects the balance between the sympathetic and parasympathetic nerves22–

24. Although the LF/HF frequency domain index did not differ signi�cantly among the groups (P > 0.05), the line chart of the
average change of frequency domain variation index LF/HF in the recovery period indicated that the LF/HF ratio in the Moderato
group was smaller than those in the Allegretto and Lento groups.

Conclusions
The �ndings of this study indicate that after excluding external factors, the repertoire of Moderato speed contributes to restore the
balance between sympathetic and parasympathetic nerves after high-intensity exercise. Thus, moderate-tempo piano music can
be used to accelerate fatigue recovery after high-intensity exercise in any individual performing high-intensity exercise.
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Figures

Figure 1

The time-domain variation index HR in the recovery period
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Figure 2

The time-domain variation index SDNN in the recovery period

Figure 3

The time-domain variation index HF in the recovery period

Figure 4

The time-domain variation index LF/ HF in the recovery period


