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Abstract
Introduction. The research aimed to study the intensity of arm swing exercise (ASE) with different tempi of music-movement 
synchrony in untrained young adults and to investigate the effect of different music tempi on heart rate and oxygen consumption.
Methods. Participants were 30 healthy volunteers (15 males and 15 females), 20.67 ± 1.37 years and low-to-moderate physical 
activity. They performed ASE synchronised with music at a tempo of 60 and 140 bpm with a random sequence. They were meas-
ured for heart rate and oxygen consumption using a Quark SPiRo (CoSMEd) before and after the ASE for 6 minutes of each 
tempo. They rested for at least 15 minutes between music tempi during the ASE. The intensity of ASE with music-movement 
synchrony of each tempo was calculated as a percentage of maximum heart rate (%HRmax) and percentage maximum oxygen 
consumption (%Vo2max).
Results. The %HRmax of all participants post-ASE at 60 and 140 bpm were 58.64 ± 8.82 and 60.12 ± 8.95%, respectively. The 
%Vo2max of all participants post-ASE at 60 and 140 bpm were 38.65 ± 11.36 and 40.17 ± 10.71%, respectively. There was no signifi-
cant difference in HR and Vo2 of ASE between music tempi.
Conclusions. The ASE with music-movement synchrony at 60 and 140 bpm is a low-intensity aerobic exercise, so is a suitable 
choice for people with low physical activity. Furthermore, the faster tempo did not significantly alter the intensity, therefore, we 
recommend selecting the slower music tempo at 60 bpm to avoid repetitive shoulder joint injury.
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Introduction

People around the world have tended to decrease their 
physical activity since the CoVid-19 pandemic, especially 
during the lockdown period [1, 2]. Physical inactivity affects 
the immune system, respiratory system, cardiovascular sys-
tem, and musculoskeletal system [3]. Hence, the arm swing 
exercise, an exercise requiring less equipment, may be a suit-
able candidate for home-based exercise to increase physical 
activity. The arm swing exercise (ASE) originated in China and 
is a light-intensity aerobic exercise with 16–19% of maximum 
oxygen consumption [4]. it is evidently suitable for the elderly 
to mitigate the risk of cardiovascular diseases [5–7]. The 
exercise guideline for individuals with cardiovascular disease 
is low-to-moderate intensity, approximately 50–85% of maxi-
mum heart rate [8]. The intensity of ASE is determined by the 
number of arm swing repetitions in one minute [4, 7]. For 
individuals who must supervise the intensity, the rhythm of 
the arm swing is controlled by a metronome. The rhythm of 
ASE in experimental studies ranges from 60 to 90 beats per 
minute [4–7, 9, 10]. However, it is not attractive to do the regu-
lar ASE with a metronome. instead, the rhythm of the music 
can motivate and encourage individuals to do the ASE regu-
larly. Previous studies found that exercise with music demon-
strated a significantly increased energy expenditure and heart 
rate compared to the group without music [11, 12]. However, 

there is a lack of evidence to investigate whether the intensity 
of the ASE synchronises with the rhythm of the music.

Therefore, the objective of the present study was to deter-
mine the intensity of arm swing exercise with rhythmic music 
at 60 and 140 bpm on oxygen consumption and heart rate 
in untrained young adults and to investigate the effect of dif-
ferent music tempi on the heart rate and oxygen consumption.

Subjects and methods

Study design and participants

A total of 30 participants were recruited for this study. 
The inclusion criteria were: (1) Healthy and with no underly-
ing diseases (15 males and 15 females), (2) Young adults 
(18–23 years old), and (3) Normal body mass index (BMi = 
18.5–22.9 kg/m2). We applied the alternative weight status 
classification according to the Regional office for the West-
ern Pacific (WPRo) standard for Asian populations [13]. The 
physical activity of the study participants was assessed as 
low- moderate using the Baecke habitual physical activity 
questionnaire [14]. They possessed normal shoulder range 
of motion and no musculoskeletal or cardiovascular disorders 
that would limit the performance of an arm swing exercise. 
However, if they were unable to swing their arms at a speed 
of at least 80% of 60 and 140 bpm or had shoulder pain, they 
were excluded from this study.
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Sample size calculation

A statistical formula for comparing the mean of two inde-
pendent groups was applied to calculate the sample size 
using the G*Power software. The decision was made to re-
quire 80% power with a significance level of 0.05. The pre-
vious study reported that the power of the test was 1.54 [4], 
therefore the total sample size was 16. However, this study 
recruited 30 participants according to the Central Limit Theo-
rem, as the objective of this study was to compare the cardio-
pulmonary response between two differences in musical 
rhythm speed. Therefore, a large enough sample size was 
important for the internal validity [15].

Procedures and instruments

Before the test, the participants were asked to avoid vigor-
ous exercise and caffeine. They should sleep at least 6 hours 
the night before the testing, and if the females were menstru-
ating, the test was postponed. The researcher measured the 
shoulder joint’s range of motion for an arm swing exercise 
using a goniometer. The range of motion for the shoulder joint 
during an arm swing exercise was 30° forward and 60° back-
ward. Participants were trained to perform ASE with musical 
rhythm at 60 and 140 bpm before the test, to be able to syn-
chronize with the beat. in the rehearsal session, they were 
instructed to stand with their feet shoulder width apart (Fig-
ure 1). Then, they were instructed to stand with their feet 
shoulder width apart and relax their arms, forearms, and hands 
in the pronation position (Figure 1). Their trunk was to be kept 
straight while relaxing the head and neck. The toes were 
pushed down against the floor. After that, they swung both 
arms forward to 30° and backward to 60° continuously for 
6 minutes (Figure 1). The arms movement was synchronized 
with the music starting at a predetermined tempo, which was 
tested with a metronome at 60 and 140 bpm, with the order 
randomised for each participant.

Before the commencement of this study, all recruited 
participants were thoroughly informed about the overall pro-
cess. They were asked to do a 5-minute warm-up exercise. 
Ten electrodes were placed on the participant’s chest wall 
for monitoring via electrocardiography (ECG). The partici-
pants also wore a face mask that was connected to a gas 

analyser machine (Quark SPiRo, CoSMEd, italy) to assess 
oxygen consumption. The heart rate and oxygen consumption 
were recorded before performing the arm swing exercise in 
a standing position. After finishing the arm swing exercise, 
the heart rate and oxygen consumption were immediately re-
corded again. Then, the participants were asked to cool down 
for 5 minutes and rest for 15 minutes. Finally, they performed 
the arm swing exercise again at the other tempo.

data and statistical analysis

All statistical analyses were performed with SPSS ver-
sion 25 (iBM, Armonk, NY, USA). The Shapiro-Wilk test was 
applied to examine the normal distribution of the data. data 
were shown in mean ± SD and number (%). The maximum 
heart rate was calculated by Tanaka’s formula (Equation 1) 
[16]. The maximum oxygen consumption of each participant 
was calculated by Equation 2 [17]. The percentage of maxi-
mum heart rate and the percentage of oxygen consumption 
for all participants were calculated by multiplying the maximum 
heart rate and the maximum oxygen consumption with the 
post-ASE heart rate and oxygen consumption for each tempo, 
respectively. The two-sample t-test was used to examine the 
differences in heart rate pre- and post-arm swing exercise 
between 60 bpm and 140 bpm. The two-sample t-test was 
also applied to investigate differences in %HRmax and %Vo2max 
post-arm swing exercise between the females and males. 
The Mann-Whitney test was used to examine differences in 
oxygen consumption pre- and post-arm swing exercise be-
tween 60 bpm and 140 bpm. A value of p < 0.05 was consid-
ered as significant.

Maximum heart rate = 208 – 0.7 · age     (1)

Maximum oxygen consumption =  
= 15.3 · (maximum heart rate) / (resting heart rate)    (2)

Ethical approval
The research related to human use has complied with all 

the relevant national regulations and institutional policies, 
has followed the tenets of the declaration of Helsinki, and has 
been approved by the Ethics committee of Walailak Univer-
sity (approval No.: 56/059).

Figure 1. Crossover design in this study

ASE
at tempo 120 bpmArm swing exercise (ASE)

Starting position

ASE
at tempo 60 bpm1. Rehearsal session of ASE

2. Randomisation of tempo 3. 15-minute wash out
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Informed consent
informed consent has been obtained from all individuals 

included in this study.

Results

Basic data on the profiles of the participants are shown 
in Table 1. All of them were healthy and there were no limita-
tions for the arm swing exercise. There were 30 participants 
(15 males and 15 females) in this study. There was no signifi-
cant difference in age, BMi, or resting heart rate between the 
males and females. However, weight, height, and Vo2 during 
standing demonstrated a significant difference between the 
males and females (p < 0.05).

Heart rate and oxygen consumption

The heart rate (HR) and oxygen consumption (Vo2) of the 
participants in pre- and post-arm swing exercise (ASE) con-
ditions with music-movement synchrony at tempos 60 bpm 
and 140 bpm are shown in Figure 2. There was no statisti-
cally significant difference in their resting heart rates and oxy-
gen consumption during standing before the arm swing ex-
ercises at 60 and 140 bpm. After they performed the arm swing 
exercises for 6 minutes, their heart rate increased to 113.30 
± 17.10 bpm when they swung their arms at 60 bpm. After 

swinging their arms at 140 bpm, their heart rate increased 
to 116.50 ± 17.14 bpm. There was no statistically significant 
difference in heart rate between arm swings at 60 and 140 bpm. 
Their oxygen consumption after performing the arm swing 
exercise also demonstrated no significant differences be-
tween tempi. Their oxygen consumption increased to 12.43 ± 
3.13 ml/kg/min when they swung their arms at 60 bpm and 
12.92 ± 2.87 ml/kg/min at 140 bpm.

Percent maximal heart rate and percent maximal 
oxygen consumption

The mean, maximum, and minimum percentage maximal 
heart rate (%HRmax) and percentage maximum oxygen con-
sumption (%Vo2max) of the total, female, male post-arm swing 
exercise with music-movement synchrony at 60 bpm and 
140 bpm are shown in Table 2 and Figures 3 and 4. The %HRmax 
of all participants of ASE with music at 60 bpm was lower 
than at 140 bpm with 58.64 ± 8.82 and 60.12 ± 8.95%, re-
spectively. There was no significant difference in %HRmax be-
tween the females and males. The %Vo2max of all participants 
of ASE with music at 60 bpm and 140 bpm were 38.65 ± 11.36 
and 40.17 ± 10.71%, respectively. The %Vo2max of the males 
post-ASE with music at both tempi were significantly higher 
than the %Vo2max of the females.

Table 1. Basic profile of participants

Characteristics
Total (n = 30)  
(mean ± SD)

Females (n = 15)  
(mean ± SD)

Males (n = 15)  
(mean ± SD)

p-value

Age (years) 20.67 ± 1.37 20.47 ± 1.36 20.87 ± 1.41 0.435

Weight (kg) 57.37 ± 6.53 52.92 ± 3.76 61.8 2 ± 5.64 < 0.001*

Height (cm) 165.00 ± 7.71 159.30 ± 4.50 170.70 ± 5.69 < 0.001*

BMi (kg/m2) 20.95 ± 1.35 20.86 ± 1.31 21.03 ± 1.44 0.734

Resting heart rate (beats/min) 91.70 ± 11.40 90.13 ± 10.75 93.27 ± 12.18 0.461

oxygen consumption during standing  
(ml/kg/min)

7.74 ± 1.77 6.75 ± 1.53 8.80 ± 1.39 < 0.001*

* significant difference between females and males (p < 0.05)

Figure 2. (A) Comparison of heart rate (HR) of participants during arm swing exercise (ASE) between music-movement synchrony  
at 60 bpm and 140 bpm using two-sample t-test (p  0.05) and (B) comparison of oxygen consumption (Vo2) of participants  

during arm swing exercise (ASE) between music-movement synchrony at 60 bpm and 140 bpm using Mann-Whitney test (p  0.05)
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HR – heart rate * significant difference between females and males (p < 0.05) 
Vo2 – oxygen consumption ns – no significant difference between females and males

Figure 4. Comparison of percent maximal heart rate (%HRmax) (A) and percent maximal oxygen consumption (%Vo2max) (B) between  
female and male post-arm swing exercise with music-movement synchrony at 60 bpm and 140 bpm using two-sample t-test

HR – heart rate, Vo2 – oxygen consumption 
ns – no significant difference between ASE at 60 bpm and 140 bpm

Figure 3. Mean, maximum, and minimum of percent maximal heart rate 
(%HRmax) and percent maximal oxygen consumption (%Vo2max) of participants 
post-arm swing exercise with music-movement synchrony at 60 bpm  
and 140 bpm

Table 2. Mean, maximum, and minimum of percentage maximum heart rate (%HRmax) and percentage maximum oxygen consumption 
(%Vo2max) of total, female, male post-arm swing exercise with music-movement synchrony at 60 bpm and 140 bpm

Variables

Music tempo at 60 bpm Music tempo at 140 bpm

Total 
(n = 30)

Females  
(n = 15)

Males
(n = 15)

Total 
(n = 30)

Females  
(n = 15)

Males 
(n = 15)

Mean of %HRmax (mean ± SD) 58.64 (8.82) 59.04 (10.12) 58.23 (7.63) 60.12 (8.95) 60.28 (10.19) 59.95 (7.87)

Maximum of %HRmax 77.36 77.36 67.50 80.48 80.48 69.06

Minimum of %HRmax 39.18 39.18 42.63 36.60 36.60 41.60

Mean of %Vo2max (mean ± SD) 38.65 (11.36) 32.37 (5.94) 44.94 (12.15) 40.17 (10.71) 35.37 (8.58) 44.98 (10.71)

Maximum of %Vo2max 68.52 40.86 68.52 63.48 48.78 63.48

Minimum of %Vo2max 22.93 24.32 22.93 21.60 21.60 26.76

Discussion

The current study investigated the intensity of arm swing 
exercise synchronised with different music tempi in untrained 
individuals with low-to-moderate physical activity levels. All 
were healthy and there was no limitation for the arm swing 
exercise. As they were sedentary individuals, their resting 
heart rate was in the high range (91.70 ± 11.40 bpm). We found 
that some participants were outliers, with heart rates higher 
than 100 bpm. The mean total resting heart rate was 87.02 ± 
8.33 bpm after the outliers were removed. The oxygen con-

sumption during standing was 7.74 ±  1.77 ml/kg/minute, 
therefore the resting Vo2 of the participants was high when 
compared to healthy young adults. The probable reason is 
the standing position of measuring the Vo2 in this study. 
Barkley and Penko in 2009 [18] reported that the resting Vo2 
in the supine position was 3.7 (0.4) ml/kg/min, while the Vo2 
while playing a video game in a sitting position was 4.7 (0.8) 
ml/kg/min.

The intensity of ASE with both music tempi was 58–60% 
of the maximal heart rate and 38–40% of maximal oxygen 
consumption in untrained young adults. According to ACSM’s 
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guideline for exercise testing and prescription [19], our study 
demonstrated a percentage of maximal heart rate in the range 
of light intensity. Previous studies illustrated a low intensity 
of ASE, as the %HRmax ranged between 44 and 60% [4, 6, 
7, 9, 10]. interestingly, the %HRmax and %Vo2max in the young 
adults in the current study performing ASE with the music 
tempo at 60 bpm were higher than those performing ASE 
with the metronome tempo set at 60 bpm from the previous 
study [4]. The previous study demonstrated that %HRmax and 
%Vo2max were 47.99% and 19.12%, respectively.

improvements in sports performance have been linked to 
music [20–22]. improved mood, arousal management, disso-
ciation, and a reduced feeling of effort are all benefits of music 
in the exercise and sports setting. Furthermore, listening to 
music while participating in sports might help to focus atten-
tion and divert it from exhaustion and discomfort [11, 20–22]. 
Previous studies demonstrated that exercising with music 
increased the heart rate and exercise duration [11, 12, 26]. 
Music can motivate young adults to exercise for longer pe-
riods of time, which is a stress reliever. The mechanism of 
music remains unclear, however, there is evidence to support 
that music influences the cognitive, sensory motor, and psy-
cho-emotional systems to aid in the synchronisation of repet-
itive movement patterns during exercise [27, 28]. Nonetheless, 
the effect of music may be specific to the type of exercise. 
Listening to music while performing the Wingate anaerobic 
test did not increase anaerobic performance in people over 
the age of 18, according to a systematic review and meta-
analysis [29]. Therefore, the value and health benefits of music 
cannot be overstated, with robust experimental research 
needing to be done to explain the effect of music on the in-
tensity of exercise.

This study shows the intensity of ASE in female and male 
young adults (Table 2 and Figure 4). Although there was no 
significant difference between the females’ and males’ %HRmax 
of ASE in both tempi, the males’ %Vo2max demonstrated sig-
nificance higher than the females’ %Vo2max. According to pre-
vious studies, the exercise capacity in males is higher than 
in females [30–32]. The current study found a significant dif-
ference in weight, height and Vo2 during standing between 
the males and females. The previous study demonstrated 
that the sex difference affected aerobic capacity. one of the 
main explanations was differences in BMi and body fat. in the 
current study, no significant difference was found in BMi be-
tween the males and females, however, this study did not 
measure the body fat.

The different speeds of the tempo synchronised during 
ASE showed no significant difference in exercise intensity. 
The previous study also found that an increasing number of 
arm swings did not alter the target heart rate [33]. Even though 
the ASE did not cause adverse effects [7, 9, 10], the high-
speed tempo may increase the risk of repetitive injury to the 
shoulder joint. Therefore, we recommend selecting the pre-
ferred music tempo synchronised with ASE in the range of 
60–140 bpm.

Limitations

There were limitations to the current study. First, we used 
a single group research design to investigate the intensity 
of ASE with musical synchrony. Therefore, the true effects of 
ASE with musical synchrony could not be determined. To con-
firm these results, a randomised controlled study should be 
undertaken. Second, this study did not measure the body fat. 
Therefore, the further study should take into account the 
body fat, since it may affect the exercise capacity. The last 

limitation is the small sample size, which might introduce 
a bias in interpretation, especially when comparing the heart 
rate and oxygen consumption between the females and males. 
Therefore, more comprehensive future studies with larger 
samples are recommended to verify the impacts of confound-
ing factors on arm swing exercise before any firm conclusions 
can be drawn.

Conclusions

Arm swing exercises are low-intensity aerobic exercises 
that can increase cardiovascular function and gas exchange. 
They may be a candidate for home-based exercise in home 
isolation during the pandemic of CoVid-19 for healthy sed-
entary young adults. in addition, ASE with music makes it 
more relaxing and motivating to exercise. Furthermore, the 
faster tempo did not significantly alter the intensity of aerobic 
exercises, therefore, we recommend selecting the slower mu-
sic tempo at 60 bpm to avoid repetitive shoulder joint inju-
ries and to prevent shoulder instability.

This exercise is a feasible activity in young adults and 
further study is strongly recommended as a possible exer-
cise practiced in older but healthy persons in order to imple-
ment a standard guideline of the physical arm swing exercise 
for all age groups in the future.

Acknowledgements
The study was supported by a partial grant from Walailak 

University. The authors acknowledge the study participants 
for contributing their time, effort, and dedication.

Disclosure statement
No author has any financial interest or received any finan-

cial benefit from this research.

Conflict of interest
The authors state no conflict of interest.

References
1. Tavolacci MP, Wouters E, van de Velde S, Buffel V, dé-

chelotte P, van Hal G, et al. The impact of covid-19 lock-
down on health behaviors among students of a French 
university. int J Environ Res Public Health. 2021;18(8): 
4346; doi:10.3390/ijerph18084346.

2. dunton GF, Wang Sd, do B, Courtney J. Early effects of 
the CoVid-19 pandemic on physical activity locations 
and behaviors in adults living in the United States. Prev 
Med Rep. 2020;20:101241; doi: 10.1016/j.pmedr.2020. 
101241.

3. Woods JA, Hutchinson NT, Powers SK, Roberts Wo, 
Gomez-Cabrera MC, Radak Z, et al. The CoVid-19 pan-
demic and physical activity. Sport Med Health Sci. 2020; 
2(2):55–64; doi: 10.1016/j.smhs.2020.05.006.

4. Siengluecha A, intarakamhang P, Senakham T. The in-
tensity levels of the synchronous arm swing exercise in 
sitting and standing positions: a study in healthy sub-
jects. J Thai Rehabil Med. 2008;18(3):90–97.

5. Leelayuwat N, Tunkumnerdthai o, donsom M, Pun-
yaek N, Manimanakorn A, Kukongviriyapan U, et al. An 
alternative exercise and its beneficial effects on glycaemic 
control and oxidative stress in subjects with type 2 dia-
betes. diabetes Res Clin Pract. 2008;82(2):168–171; doi: 
10.1016/j.diabres.2008.08.010.

6. Tunkamnerdthai o, Auvichayapat P, donsom M, Leela-
yuwat N. improvement of pulmonary function with arm 
swing exercise in patients with type 2 diabetes. J Phys 
Ther Sci. 2015;27(3):649–654; doi: 10.1589/jpts.27.649.



S. Cetthakrikul, J. Nawarat, V. Nissapatorn, M.L. Pereira, C. Rungruangbaiyok 
Intensity of arm swing exercise with music-movement synchrony in untrained young adults

69

 
Physiother Quart 2023, 31(4) 

7. Prasertsri P, Singsanan S, Chonanant C, Boonla o, Tron-
gtosak P. Effects of arm swing exercise training on cardi-
ac autonomic modulation, cardiovascular risk factors, and 
electrolytes in persons aged 60–80 years with prehyper-
tension: a randomized controlled trial. J Exerc Sci Fit. 
2019;17(2):47–54; doi: 10.1016/j.jesf.2018.11.002.

8. Gonçalves C, Raimundo A, Abreu A, Bravo J. Exercise 
intensity in patients with cardiovascular diseases: sys-
tematic review with meta-analysis. int J Environ Res Pub-
lic Health. 2021;18(7):3574; doi: 10.3390/ijerph18073574.

9. Prasertsri P, Boonla o, Phoemsapthawee J, Leelayu-
wat N. Comparative effects of arm swing and leg cycling 
exercise on exercise capacity and cardiac autonomic 
activity of sedentary young adults. J Exerc Physiol on-
line. 2017;20(3):53–65.

10. Xiao Z, Eungpinichpong W, Wang X, Chatchawan U, 
Hu Y. immediate effects of arm swing exercise therapy 
on shoulder range of motion and forward head posture: 
a pilot study in young adults. int J Geomate. 2020;18(67): 
188–194; doi: 10.21660/2020.67.5545.

11. Clark iN, Baker FA, Taylor NF. The modulating effects of 
music listening on health-related exercise and physical 
activity in adults: a systematic review and narrative syn-
thesis. Nord J Music Ther. 2016;25(1):76–104; doi: 
10.1080/08098131.2015.1008558.

12. Thakare AE, Mehrotra R, Singh A. Effect of music tempo 
on exercise performance and heart rate among young 
adults. int J Physiol Pathophysiol Pharmacol. 2017;9(2): 
35–39.

13. World Health organization, Regional office for the West-
ern Pacific (WPRo). international Association for the 
Study of obesity, international obesity Task Force. The 
Asia-Pacific Perspective: Redefining obesity and its treat-
ment. Sydney: Health Communications Australia Pty Ltd; 
2000.

14. Baecke JA, Burema J, Frijters JE. A short questionnaire 
for the measurement of habitual physical activity in epi-
demiological studies. Am J Clin Nutr. 1982;36(5):936–942; 
doi: 10.1093/ajcn/36.5.936.

15. Portney LG, Watkins MP. Foundations of clinical re-
search: Applications to practice. Harlow: Pearson Edu-
cation; 2014. 

16. Tanaka H, Monahan Kd, Seals dR. Age-predicted maxi-
mal heart rate revisited. J Am Coll Cardiol. 2001;37(1): 
153–156; doi: 10.1016/s0735-1097(00)01054-8.

17. Uth N, Sørensen H, overgaard K, Pedersen PK. Estima-
tion of Vo2max from the ratio between HRmax and HRrest – 
the heart rate ratio method. Eur J Appl Physiol. 2004; 
91(1):111–115; doi: 10.1007/s00421-003-0988-y. 

18. Barkley JE, Penko AL. Physiologic responses, perceived 
exertion, and hedonics of playing a physical interactive 
video game relative to a sedentary alternative and tread-
mill walking in adults. J Exerc Physiol online. 2009;12(3): 
12–22.

19. Swain dP. ACSM’s Resource Manual for Guidelines 
for Exercise Testing and Prescription. Baltimore: Wolt-
ers Kluwer Health/Lippincott Williams & Wilkins; 2014.

20. Centala J, Pogorel C, Pummill SW, Malek MH. Listening 
to fast-tempo music delays the onset of neuromuscular 
fatigue. J Strength Cond Res. 2020;34(3):617–622; doi: 
10.1519/JSC.0000000000003417.

21. Terry PC, Karageorghis Ci, Saha AM, d’Auria S. Ef-
fects of synchronous music on treadmill running among 
elite triathletes. J Sci Med Sport. 2012;15(1):52–57; doi: 
10.1016/j.jsams.2011.06.003.

22. Karageorghis Ci, Priest dL. Music in the exercise do-
main: a review and synthesis (Part i). int Rev Sport Exerc 

Psychol. 2012;5(1):44–66; doi: 10.1080/1750984X.2011. 
631026.

23. Woo JS, derleth C, Stratton JR, Levy WC. The influence 
of age, gender, and training on exercise efficiency. J Am 
Coll Cardiol. 2006;47(5):1049–1057; doi: 10.1016/j.jacc. 
2005.09.066.

24. oydanich M, Babici d, Zhang J, Rynecki N, Vatner dE, 
Vatner SF. Mechanisms of sex differences in exercise ca-
pacity. Am J Physiol Regul integr Comp Physiol. 2019; 
316(6):832–838; doi: 10.1152/ajpregu.00394.2018.

25. Macagnan FE, Feoli AMP, Russomano T. Acute physi-
cal effort increases sympathovagal balance responses 
to autonomic stimulation in metabolic syndrome. 
Metab Syndr Relat disord. 2019;17(1):67–74; doi: 
10.1089/met.2018.0065.

26. Cohen S, Paradis C, LeMura L. The effects of contin-
gent monetary reinforcement and music on exercise in 
college students. J Sport Behav. 2007;30(2):146–160.

27. Burger B, Thompson MR, Luck G, Saarikallio S, Toivi-
ainen P. influences of rhythm- and timbre-related musical 
features on characteristics of music-induced movement. 
Front Psychol. 2013;4:183; doi: 10.3389/fpsyg.2013.00183.

28. Phillips-Silver J, Trainor LJ. Hearing what the body feels: 
auditory encoding of rhythmic movement. Cognition. 
2007;105(3):533–546; doi: 10.1016/j.cognition.2006.11. 
006.

29. Castañeda-Babarro A, Marqués-Jiménez d, Calleja-
González J, Viribay A, León-Guereño P, Mielgo-Ayuso J. 
Effect of listening to music on Wingate anaerobic test 
performance. A systematic review and meta-analysis. 
int J Environ Res Public Health. 2020;17(12):4564; doi: 
10.3390/ijerph17124564.

30. Sparling PB, Cureton KJ. Biological determinants of the 
sex difference in 12-min run performance. Med Sci Sports 
Exerc. 1983;15(3):218–223.

31. Sharma HB, Kailashiya J. Gender difference in aerobic 
capacity and the contribution by body composition and 
haemoglobin concentration: a study in young indian na-
tional hockey players. J Clin diagn Res. 2016;10(11):9–
13; doi: 10.7860/JCdR/2016/20873.8831.

32. Cureton K, Bishop P, Hutchinson P, Newland H, Vick-
ery S, Zwiren L. Sex difference in maximal oxygen up-
take. Effect of equating haemoglobin concentration. Eur 
J Appl Physiol occup Physiol. 1986;54(6):656–660; doi: 
10.1007/BF00943356.

33. Churproong S, Khampirat B, Ratanajaipan P, Tattathong-
kom P. The effect of the arm swing on the heart rate of 
non-athletes. J Med Assoc Thai. 2015;98(Suppl 4):79–86.

https://doi.org/10.1016/s0735-1097(00)01054-8
https://doi.org/10.1007/s00421-003-0988-y
https://doi.org/10.1519/jsc.0000000000003417
https://doi.org/10.1016/j.jsams.2011.06.003
https://doi.org/10.1016/j.cognition.2006.11.006
https://doi.org/10.1016/j.cognition.2006.11.006

