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Listening to J.S. Bach’s “Brandenburg Concerto No. 4 in G 
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This study aimed to investigate the effects of listening to Wolfgang Amadeus Mozart’s “Sonata for two 
pianos in D major, K448” and Johann Sebastian Bach’s “Brandenburg concerto No. 4 in G major, 
BWV1049” on the heart rate, blood pressure, and autonomic nervous activity.  Seventeen healthy young 
adults were recruited as participants.  All participants underwent a 10-minute rest, a 10-minute load test, 
and a triplicate 8-minute music listening process.  Electrocardiograms were continuously measured from 
the measurement onset to completion.  Moreover, the high-frequency (HF) component was extracted from 
the heart rate variability analysis as a measure of the parasympathetic nervous activity and the ratio of low 
frequency (LF) to HF as a measure of the sympathetic nervous activity.  Blood pressure was also 
measured.  There was a significant decrease in the heart rate after listening to both K448 and BWV1049, 
as well as in the silence state.  Blood pressure did not significantly change in either case.  Further, the LF/
HF ratio significantly decreased after listening to BWV1049.  Nevertheless, HF did not change after 
listening to either music.  In conclusion, this study suggests that listening to K448 does not affect the heart 
rate, blood pressure, or autonomic nervous activity, whereas listening to BWV1049 may suppress the 
sympathetic nervous activity in healthy adults.
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Introduction
Music therapy is defined by the American Music 

Therapy Association as the means to try to recover, main-
tain, and increase the psychological and physical health of 
people by listening to music or playing an instrument for 
therapeutic purposes (Abrams 2010).  In the 1990s and 
thereafter, reports studying the possible effects of music 
therapy have been accumulated that cover a broad area such 
as physiological effects of music on heart rate (HR), blood 
pressure (BP), respiration, and temperature (Trappe 2010) 
or relief from cancer-related pain (Roy et al. 2008).  
Regarding the effects of music on autonomic nervous activ-
ity, Iwanaga et al. (2005) suggested that music-induced 
mood-relieving effects are accompanied by a predominance 
of the parasympathetic nervous activity.

Although various music genres are used in music ther-
apy, Mozart’s works are especially considered to have a 
relaxing effect (Paugam-Burtz and Mantz 2007) and good 

for prenatal care (Osuch et al. 2009).  Thus, the purported 
sound source of Mozart is being distributed as a commer-
cial product worldwide.  An attention to Mozart’s music 
was initially triggered by a report of Rauscher et al. (1993), 
in which healthy college students performed intelligence 
tests before and after listening to Wolfgang Amadeus 
Mozart’s Sonata for two pianos in D- major (K448).  The 
group member who listened to K448 accomplished signifi-
cantly higher test scores as compared to the member who 
listened to the text-reading or the member who took the rest 
in silence.  Although this report by Rauscher et al. (1993) 
was thereafter called a “Mozart effect,” there are reports 
that either support or reject Rauscher’s notion.  Newman et 
al. (1995) set out essentially similar experimental condi-
tions as those of Rauscher et al. (1993), but found no signif-
icant difference in intelligent test scores between K448-
listening, sentence reading-listening, and silence.  On the 
other hand, Rideout et al. (1998) reported that listening to 
either K448 or contemporary music led to a significant 
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increase in intelligence test scores in both groups of stu-
dents, arguing the Mozart’s effect as a common factor pres-
ent in music that contains fast-paced, high-register melo-
dies.  Furthermore, a third notion claims that Mozart’s 
music does not directly increase non-musical skills, but 
causes psychological arousal, and as a secondary effect may 
increase some performance ability (Thompson et al. 2001).  
Finally, Lin et al. (2013) reported that listening to K448 
induces the predominance of the parasympathetic nervous 
activity.  Therefore, Mozart’s music is generally considered 
to have a relaxation effect and bring a predominance of the 
parasympathetic nervous activity.  As a matter of fact, not 
only Mozart’s music, but also other baroque music includ-
ing Pachelbel’s Canon and Johan Sebastian Bach’s 
Brandenburg Concerto No. 4, G- major (BWV1049) are 
known to cause a predominance of the parasympathetic ner-
vous activity (da Silva et al. 2014b; Matney 2017).

Here, when interpreting music effects, we may better 
keep in mind protocols of examination that were used in the 
previous studies.  For example, in one study, participants 
were divided into three groups and each group member was 
exposed to either music, text-reading, or silence (Rauscher 
et al. 1993), whereas in the other study, participants were 
divided into two groups and each group member was 
exposed to either one genre of music or another very differ-
ent genre of music (da Silva et al. 2014a).  If taking these 
variations into consideration, some ambiguity still remains 
as to whether the so-called music effect is caused by music 
in general or by music in a particular genre, or by individual 
music.  In the present study on a music effect, we tried to 
compare two music that had been used in the previous stud-
ies, which made it possible to compare our result with the 
preceding results.  The music we chose are K448 and 
BWV1049 both of which belong to the same genre of clas-
sic.  Furthermore, in our study, each participant was 
exposed to both K448 and BWV1049 serially, an approach 
different from the previous studies.  Under this experimen-
tal condition, music effects were evaluated by simple physi-
ological parameters, not by psychological parameters.

Methods
Participants

This study enrolled 17 healthy Japanese university stu-
dents (11 females and 6 males) aged 20-40 years.  The age 
of participants enrolled in this study was not substantially 
different from that in the preceding studies using Mozart’s 
music (Rauscher et al. 1993; Roque et al. 2013; Nakajima 
et al. 2016).  Participants with the following conditions 
were excluded in the present study: past or current smok-
ing; any history of respiratory, cardiovascular, or auditory 
diseases, as well as hypertension, diabetes, neurological 
disorder; and treatment with drugs that might influence the 
autonomic nervous system.  All female participants had 
regular menstrual cycles; moreover, they were assessed 
when they were during the early follicular phases, which is 
within 10 days of the start of the menstrual cycle.  This was 

to avoid the influence of estrogen and progesterone levels 
on the heart rate variability (HRV) (Tenan et al. 2014; Bao 
et al. 2016).

The participants were asked to refrain from drinking 
alcohol and caffeinated beverages for at least 12 hours 
before data collection (Vaschillo et al. 2008).  Additionally, 
they were required to have 6 to 7 hours of sleep the night 
before, and to be fasting for more than 2 hours before the 
experiment.

All participants were informed of the objective and 
protocol of the study, and agreed to provide consent for par-
ticipating in the study.  This study was approved by the 
Ethics Committee of the Tohoku University Graduate 
School of Medicine (Approval No. 2018-1-288).

Mental workload
The outline of the experimental protocol is shown in 

Fig. 1.  Before listening to music, the participants were 
exposed to mental stress during the loading state.  They 
performed the reading-span-test (RST) as a mental work-
load test, which was comprised of double tasks such as 
reading sentences aloud and memorizing several words for 
10 minutes (Kondo and Osaka 2000; Endo and Osaka 
2012).  RST aimed to induce the sympathetic tone to 
reevaluate the Mozart effect on physiological parameters, 
especially the autonomic nervous activity after a state of 
mental stress.  In addition, the test was similar to an intelli-
gence test.  In the RST, several stimulus sentences were 
presented in a serial order during the reading phase.  The 
participants read the stimulus sentences and were required 
to remember a designated target word.  When a card con-
taining none of the stimulus sentences was presented, the 
participants were required to answer the target word within 
5 seconds.

Musical stimulation
After the mental workload was over, each participant 

listened to either W.A. Mozart’s Sonata for two Pianos, D- 
major, the 1st movement (K448) or J.S. Bach’s Brandenburg 
Concerto No. 4, G- major, the 1st movement (BWV1049) 
for 8 minutes or did not listen to any music and remained in 
silence.  The participants wore earphones (SONY 
MDR-EX250; Tokyo, Japan) connected to a personal com-
puter and were exposed to music at a sound level of 25% 
from the loudspeaker.  Similarly, the participants wore ear-
phones during the silence condition.

Experimental protocol 
Data was collected in an air-conditioned quiet labora-

tory [ambient temperature and humidity were 23.8 ± 1.6℃ 
and 46.0 ± 4.9%, respectively, mean ± standard error of the 
mean (SE)] between 9:00 and 17:00.  The daytime schedule 
was selected to minimize the effect of the circadian rhythm 
on the autonomic nervous system (Bilan et al. 2005; Becker 
et al. 2019).  The participants were seated on a chair and 
equipped with 4 electrocardiogram (ECG) electrodes 
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(RadarcircTM; Dainippon Pharmaceutical Co., Ltd., Osaka, 
Japan) on both sides of the anterior and lateral thoracic 
regions, as well as a digital sphygmomanometer (OMRON 
HEM-7420; Kyoto, Japan) on the right upper arm.  The par-
ticipants were instructed to relax with their eyes open and 
to avoid talking except when trying RST.

The participants were exposed to 3 different states 
serially as follows: a resting state for adapting to the experi-
mental environment, then a loading state, and finally a lis-
tening-to-music state (Fig. 1).  In detail, the participants 
first took a 10-minute rest for relaxation, and they were 
loaded by the RST for another 10 minutes.  After the RST, 
the participants wore a canal earphone, listened to either 
K448 or BWV1049, or were kept in silence for 8 minutes.  
A cycle of resting, loading and listening was repeated three 
times in all participants.  ECG was recorded for 94 minutes 
continuously, but the records from the first and last 5 min-
utes were excluded from the analysis.  BP was measured 
immediately before after the RST and after listening to 
music.  The respiratory rate was visually measured during 
the resting state.  A case of respiratory rate of < 9 breaths 
per minute was excluded from the analysis, since such a 
lower respiratory rate may induce alterations in the HRV 
(Sasaki and Maruyama 2014).

HRV analysis
The sampling frequency for ECG signals was 1,000 

Hz, and the data were analog-to-digital conversed and 
stored on a personal computer.  The peak of the R wave in 
the recorded ECG signal was identified, and the consecu-
tive R-R interval was measured.  Sinus pause and atrial or 
ventricular arrhythmia were deleted.

Power spectral analysis was performed off-line with 
continuous wavelet transformation using FlucletTM WT Ver 
4.0 (Dainippon Sumitomo Pharmaceutical Co., Ltd., Osaka, 
Japan).  We obtained the low-frequency (LF) and high-fre-

quency (HF) components as the area of the power spectral 
curve between 0.04 and 0.15 Hz and between 0.15 and 0.40 
Hz, respectively.  In this study, the ratio of LF over HF 
components (LF/HF) was used as an index of sympathetic 
nervous activity, whereas HF was used as an index of para-
sympathetic nervous activity (Karemaker 2017).  The reli-
ability of using the HRV in spectral analysis has been 
reported (Lehrer and Gevirtz 2014).

Statistical analysis
Data were analyzed using SPSS Statistics 24.0 (IBM 

Japan, Ltd., Tokyo, Japan).  The normal Gaussian distribu-
tion of the data was verified using the Shapiro-Wilk good-
ness-of-fit test (z value of > 1.0).  For parametric distribu-
tions, one-way repeated measures analysis of variance and 
multiple comparison tests were performed to compare each 
data.  Values were expressed as mean ± SE.  All p values 
were two-tailed with p < 0.05 being considered statistically 
significant.

Results
Characteristics of the participants

The age, height, weight, body mass index, and respira-
tory rate at the resting state of the 17 participants were 21.9 
± 0.4 years, 164.3 ± 2.5 cm, 58.6 ± 2.4 kg, 21.5 ± 2.5 kg/
m2, and 12.9 ± 1.0 breaths/min, respectively.  No one had a 
respiratory rate of < 9 breaths per minute.  All these values 
were within the standard range for healthy adults (Table 1).

Effects of listening to music on HR and BP
Among the three conditions of silence, K448, and 

BWV1049, HRs at resting were within a similar range as 
shown in Fig. 2 (69.5 ± 2.1, 69.9 ± 2.2, and 70.6 ± 1.8 bpm, 
respectively).  As expected, the RST-loading significantly 
increased HR to a similar extent in each condition (72.8 ± 
1.8 in the silence, 73.8 ± 1.9 in the K448, and 73.1 ± 1.7 

Fig. 1.  Experiment protocol.
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bpm in the BWV1049, respectively).  Listening to K448 or 
BWV1049 decreased HR to 70.0 ± 1.9 or 69.2 ± 1.8 bpm, 
respectively.  Reduction in HR from loading to listening 
was significant regardless of the type of music employed.  

Similarly, HR significantly returned to 69.2 ± 1.9 bpm 
under the silence condition.  Therefore, the reduction in HR 
was likely due to a mere release from loading stress and not 
necessarily due to the music’s effects.  On the other hand, 
not only the RST-loading state but also the listening to 
music state did not induce significant changes in systolic 
BP (SBP) as well as diastolic BP (DBP) (see Supplementary 
Fig. S1A, B).

Effects of listening to music on autonomic nervous activity
The LF/HF ratio is an index of the sympathetic ner-

vous activity, and the relevant data are presented in Fig. 3.  
In all 3 conditions of silence, K448, and BWV1049, the LF/
HF values at the RST-loading state increased as compared 
to those at the resting state.  However, statistically signifi-

Table 1.  Characteristics of participants.

Age (year) 21.9 ± 0.4
Men/Women 6/11
Height (cm) 164.3 ± 2.5
Weight (kg) 58.6 ± 2.4
BMI (kg/m2) 21.5 ± 2.5

Values are expressed as mean ± SE or 
number.
BMI, Body Mass Index.

Fig. 2.  Changes in heart rate (HR) following listening to music.
Variables are expressed as mean ± SE. There was no significant effect of listening to both music types.  **p < 0.01; 
***p < 0.001.

Fig. 3.  Changes in the ratio of low frequency to high frequency (LF/HF) following listening to music.
Variables are expressed as mean ± SE.  Only BWV1049 decreased the LF/HF ratio significantly after listening.  *p < 
0.05; **p < 0.01.  n.s., not significant.
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cant increases were only in the silence and BWV1049 con-
ditions.  As for the effect of listening, only BWV1049 
decreased the LF/HF ratio significantly, whereas the silence 
and K448 conditions did not affect the LF/HF ratio.  The 
values of LF/HF in the BWV1049 condition were 2.9 ± 0.7 
at the resting state, 4.2 ± 0.9 at the RST-loading state, and 
2.2 ± 0.6 at the listening state.

HF is an index of the parasympathetic nervous activ-
ity, and the relevant data are presented in Fig. 4.  Not only 
the RST-loading state but also the listening-to-music state 
did not induce any significant change in HF.

Discussion
The circulatory function is regulated by the balance 

between the sympathetic and parasympathetic nervous 
activities and is also influenced by respiration.  The HRV, a 
measurable indicator of the autonomic nervous activity, 
varies depending on age, respiration, sex hormones, and 
circadian rhythms (Sasaki and Maruyama 2014).  
Therefore, in this study, the participants’ age, respiratory 
rate, menstrual cycle, and the time of experiments were set 
as uniform as possible among the participants.

HR is generated by the spontaneous excitation of sinus 
nodes, which is regulated by the autonomic nervous activ-
ity.  Specifically, the sympathetic nervous system, if placed 
under psychological stress, increases HR (Azam et al. 
2016).  In this study, participants’ HR significantly 
increased during the RST, which confirmed that RST acted 
as loading stress on the sympathetic nervous activity.  When 
listening to music, one may unconsciously catch the rhythm 
of music and move their body in synchrony with the music 
(Henry et al. 2017).  Both K448 and BWV1049 were alle-
gro-specified (120-152 bpm) by their composers.  This 
speed is faster than the HR of healthy adults (70-80 bpm).  
If the HR is tuned to adjust to the speed and rhythm of 

music, HR, when listening to K448 or BWV1049, is 
expected to increase as compared to the HR observed under 
RST-loading (72.8-73.8 bpm).  Indeed, we found that HR 
rather decreased to 70.2 ± 1.9 bpm and 69.2 ± 1.8 bpm, 
when listening to K448 and BWV1049, respectively.  The 
silence condition also decreased the HR to a similar extent 
as music.  Therefore, the observed decrease in HR is not 
likely due to music and/or silence but due to relief from the 
RST-loading.

The psychosomatic stress also causes a predominance 
of the sympathetic nervous activity (von Rosenberg et al. 
2017).  Indeed, we observed that LF/HF, an index of the 
sympathetic nervous activity, showed an increasing ten-
dency at the RST-loading state (statistically significant at 
least in the silence and BWV1049 conditions).  Conversely, 
listening to music after a psychological loading leads to a 
predominance of the parasympathetic activity (Lee et al. 
2016).  However, in this study, there was no significant 
change in HF data, an index of the parasympathetic nervous 
activity, during resting, loading, and listening-to-music 
states.  Thus, there was no predominance of the parasympa-
thetic nervous activity when listening to either K448 or 
BWV1049.

Ferreira et al. (2015) reported that baroque and heavy 
metal music suppressed the sympathetic and parasympa-
thetic activities, respectively.  Suppression of the sympa-
thetic nervous activity by baroque music is reported by do 
Amaral et al. (2016) as well.  In this study, the LF/HF ratio 
was significantly decreased during listening to BWV1049, 
but not K448.  Therefore, listening to some particular kind 
of baroque music, BWV1049 in this case, may reduce the 
sympathetic nervous activity.  Since listening to classical 
music, in general, is reported to have a small impact on the 
autonomic nervous activity (Yagi et al. 2003; Hodges 
2009), our observation that BWV1049 significantly 

Fig. 4.  Changes in high frequency (HF) following listening to music.
Variables are expressed as mean ± SE. There was no significant effect of listening to both music types. n.s., not signifi-
cant.
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decreased the LF/HF ratio might perhaps be an exceptional 
situation or the specialty of BWV1049.

There are some limitations in this study.  We compared 
similar-sounding music clips and found that autonomic 
activity responded differently upon listening.  However, we 
were unable to elucidate the mechanisms responsible for 
this difference.  Moreover, this study could not evaluate 
musical preference because only two participants preferred 
classical music.  Future research should examine how dif-
ferences in musical structure or music preference affect 
changes in the autonomic nervous activity.  In addition, the 
autonomic nervous activity has sex differences: the sympa-
thetic nervous activity tends to be higher in males and the 
parasympathetic nervous activity in females.  In this study, 
we analyzed males and females together, because each 
sample size in both sexes was small.  There were no signifi-
cant changes in the LF/HF ratio from the listening of 
BWV1049 to resting, when statistically analyzed in either 
the female group (n = 11) or the male group (n = 6).  In 
addition, there was no significant difference in the response 
of the LF/HF ratio to the listening of K448 or BWV1049 
between the female group and the male group.

In conclusion, this study suggests that listening to 
K448 and BWV1049 does not affect the heart rate, blood 
pressure, or parasympathetic nervous activity; however, 
only listening to BWV1049 may suppress the sympathetic 
nervous activity in healthy adults.
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