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Abstract: Background: Both listening to music during warm-up and consuming caffeine
before exercise have been independently shown to enhance athletic performance. However,
the potential synergistic effects of combining these strategies remain largely unexplored. To
date, only two studies have reported additional benefits to combining music during warm-
up with a caffeine dose of 3 mg/kg on taekwondo-specific performance tasks. However,
these studies did not evaluate whether this combination produces additive or synergistic
effects on other types of sports performance. The present study aimed to assess the effects
of listening to music alone or combined with caffeine intake on performance in the Wingate
anaerobic test (WAnNT) in physically active subjects. Methods: Twenty-four physically
active male participants took part in this randomized, double-blind, crossover experiment.
Participants underwent WANT performance evaluations under three conditions: (i) no
intervention (control; CON); (ii) music plus placebo (Mus + PLA), involving the intake of a
placebo (maltodextrin) 60 min prior and self-selected high-tempo music during warm-up;
and (iii) music plus caffeine (Mus + CAF), involving the intake of 3 mg/kg of caffeine
60 min prior and self-selected high-tempo music during warm-up. Under all conditions,
participants wore the same Bluetooth headphones (with or without music), performed a
10 min standardized warm-up, and completed the 30 s WANT with a load of 7.5% of their
body weight on a calibrated ergometer. Power output was recorded at a frequency of 1 Hz
throughout the exercise. The Feeling Scale was assessed both before and after the exercise
test, while heart rate (HR) and the rating of perceived exertion (RPE) were measured imme-
diately following the exercise. Results: Mus + PLA and Mus + CAF significantly improved
peak power, mean power, and total work compared with CON (p < 0.05). Furthermore,
peak power was higher in Mus + CAF than in Mus + PLA (p = 0.01). Post-exercise HR and
RPE showed no significant differences across conditions (p > 0.05). Regarding the Feeling
Scale (FS) before exercise, the Mus + PLA and Mus + CAF conditions showed significantly
higher scores than CON (p < 0.05), while no differences were found after exercise. The
perceived fitness metrics displayed no significant differences among conditions (p > 0.05),
except for self-perceived power, which was higher in Mus + CAF than in CON (p = 0.03).
Conclusions: Self-selected music during warm-up, either alone or combined with caffeine,
significantly enhanced several WANT performance metrics, including peak power, mean
power, and total work. Remarkably, combining music with caffeine further improved peak
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power and increased self-perceived power compared with music alone. While listening to
self-selected music during warm-up provided measurable benefits on anaerobic exercise
performance, the combination of music and caffeine demonstrated additive effects, making
it the optimal strategy for maximizing anaerobic performance.

Keywords: ergogenic aid; music; caffeine supplementation; exercise performance

1. Introduction

Anaerobic capacity is a critical component of athletic performance, contributing not
only to short bursts of high-intensity exercise [1] but also to the sprint phases during
endurance competitions [2]. In recent years, sports science practitioners have proposed
numerous strategies for improving anaerobic performance, including those related to psy-
chological interventions [3,4], nutritional supplementation [5,6], and physical training,
with a particular focus on warm-up techniques aimed at enhancing performance [7,8]. De-
spite differing mechanisms of action, these strategies share the common goal of enhancing
anaerobic performance when implemented shortly before the onset of exercise.

The targeted manipulation of psychological factors, such as motivation, focus, and
arousal levels, in the minutes leading up to exercise can significantly enhance sports perfor-
mance [9]. In this context, the use of music before or during exercise as a tool for emotional
expression and psychological conditioning has garnered significant attention and research
interest [10]. Specifically, the potential benefits of listening to music in an exercise context
have been associated with improved mood, regulation of arousal, enhanced motivation,
reduced perception of exertion, and increased physiological efficiency [11-14]. A recent
meta-analysis encompassing 139 studies highlighted that music significantly enhances
exercise performance [10]. Additionally, a separate review demonstrated that music can
improve handgrip strength and performance in the Wingate anaerobic test (WAnT) [15].
The enhancement of exercise performance through music is notably influenced by various
moderating factors, including the music’s intensity, tempo, and type, the timing of its use
(before or during exercise), and an individual’s personal music preferences [16-19]. Two
studies by Ballmann et al. found that muscular anaerobic performance and motivation for
exercise could be improved under preferred music conditions [20,21]. However, further
research is needed to identify the optimal scenarios for maximizing anaerobic performance
with music before exercise. Given that listening to music during competitions is typically
prohibited for clear safety and performance reasons [22], using pre-exercise music during
the preparation period may offer a more practical and effective strategy for enhancing
anaerobic performance.

Beyond psychological strategies like music, physiological interventions can be equally
critical to optimizing performance. In recent years, sports nutrition has garnered significant
attention as a critical factor influencing athletic performance [23]. In particular, caffeine
(CAF) has been widely used in athletic competition [24,25] due to its status as one of the
most popular psychoactive substances in the world [26]. Many studies have investigated
the ergogenic effects of caffeine in various exercise situations [27-29]. To be specific,
caffeine enhances performance by blocking adenosine receptors, which reduces fatigue
perception and stimulates the central nervous system. This stimulation triggers the release
of neurotransmitters such as catecholamines, dopamine, and acetylcholine, creating a
combined effect that delays fatigue and boosts performance [30-33]. Additionally, caffeine
may enhance sarcoplasmic reticulum calcium release, increase sodium—potassium pump
activity, and improve excitation—contraction coupling, which collectively contributes to
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increased motor unit recruitment [34]. However, some of these latter effects are observed
only with very high doses of caffeine, often in the range of supraphysiological levels.
The broad range of caffeine’s mechanistic actions makes it ergogenic for both aerobic and
anaerobic exercise performance, regardless of exercise duration [35]. Additionally, a meta-
analysis by Grgic et al. [36] found that caffeine intake significantly increased the mean
power output (+3%) and peak power output (+4%) in the lower-body WAnNT.

Numerous meta-analyses have confirmed that anaerobic performance can be improved
through either caffeine supplementation or listening to music independently [14,36], but
only two studies have suggested that further potentiation of exercise performance can be
obtained by a caffeine and music combination [37,38]. Delleli et al. [37] recently investigated
the isolated and combined effects of listening to music and caffeine intake on taekwondo-
specific performance tasks. Their study revealed that combining music during warm-up
with a caffeine dose of 3 mg/kg significantly enhanced taekwondo-specific agility, perfor-
mance in the 10 s Frequency Speed Kick Test (FSKT), and overall FSKT-specific abilities in
taekwondo athletes, outperforming the effects of music and caffeine alone. Furthermore,
this music + caffeine approach also produced more favorable psychological responses, in-
cluding higher scores on sensory scales and lower ratings of perceived exertion (RPEs) [37].
Another study examined the effects of warm-up music combined with a low dose (3 mg/kg)
of caffeine on female taekwondo athletes” performance and psychophysiological responses
during simulated combat. These findings suggest that combining caffeine with warm-up
music enhances both physical performance and psychological state more effectively than
either strategy alone [38]. However, both insightful studies are the only ones of their kind,
and they did not determine whether the combination of caffeine and music produces an
additive or synergistic effect on other types of anaerobic exercise performance.

Thus, the purpose of this research was to evaluate how self-selected music listening
during warm-up, either by itself or in conjunction with caffeine consumption, affected the
WANT performance of physically active participants. We hypothesized that a synergistic
effect might be achieved by combining the self-selected music with caffeine intake, i.e.,
listening to music and consuming caffeine in combination would result in a better ergogenic
effect on WANT performance compared with listening to music alone.

2. Methods
2.1. Participants

A randomized, double-blind, crossover study was carried out at Beijing Sport Uni-
versity (BSU). Because gender may have an impact on the ergogenic effects of caffeine,
only male individuals were taken into consideration [39]. Additionally, only participants
who used less than 50 mg/d of caffeine per day were included in order to account for
variations in caffeine tolerance for individual responses [40]. Specific inclusion criteria
for subjects were as follows: (i) no neuromusculoskeletal disorders; (ii) at least 3 years
of training experience in high-intensity exercise; and (iii) being in a health condition that
would allow them to complete the experimental tests. Participants were excluded from the
experiment if they reported (i) smoking, (ii) alcohol consumption, (iii) caffeine allergy, and
(iv) the presence of diseases and abnormalities of the ear or hearing.

Of the 24 males who met the inclusion and exclusion criteria, 23 successfully completed
all tests in a randomized, crossover design. The anthropometric characteristics of the
subjects are shown in Table 1. All participants were informed about the objectives of
the experiment with potential risks before signing a written informed consent form. The
study protocol was conducted in accordance with the ethical and moral standards of the
Declaration of Helsinki and was approved by the Human Research Ethics Committee of
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Beijing Sport University (Ethics Committee No. 2023225H), and it was registered at ISRCTN
(registration number ISRCTN10555501).

Table 1. Anthropometric characteristics of the individuals.

Variables Mean £+ SD
Age (year) 21.00 £ 1.62
Body height (cm) 181.43 £+ 4.64
Body weight (kg) 76.09 £ 7.17
BMI (kg/m?) 23.08 4 1.47

Note: Data are presented as means & SDs. BMI = body mass index.

2.2. Study Design

Over a period of around three weeks, participants attended three experimental sessions
and one familiarization session. To account for any lingering effects of the treatments,
there was a week between each experimental session. The familiarization session was
conducted prior to the formal experiment and included taking basic physical measurements,
acquainting participants with the overall experimental procedure, and providing details
about the WANT. Each subject’s bicycle seat height was recorded for use in subsequent
trials. On this familiarization day, the researcher recorded each subject’s self-selected
music (3-6 tracks, totaling approximately 10 min) and created a personalized playlist
labeled with the subject’s name to be played during the warm-up phase of the experimental
trials. Then, three experimental trials were conducted in random order, with each subject’s
experimental order being the result of a random assignment generated online via https:
/ /www.random.org/. All tests were administered by trained researchers, and the same
personnel supervised all testing sessions.

The following were the three research conditions: (i) Control group (CON): participants
arrived at the laboratory and did not receive any nutritional supplementation, sat still
for 60 min, and then performed a 10 min music-free warm-up on a Wingate power bike.
(ii) Music + placebo (Mus + PLA): ingestion of 200 mg of placebo 60 min before exercise,
followed by the same warm-up protocol as in CON but distinguished by the sequential
playing of the self-selected music recorded during the familiarization session. (iii) Music
+ caffeine (Mus + CAF): ingestion of 3 mg/kg of caffeine 60 min before exercise followed
by the same warm-up and music intervention protocol as in Mus + PLA. Under all three
conditions, the warm-up was followed by the 30 s WANT. Under all conditions, the subjects
wore the same Bluetooth headphones (with or without music playing) for 10 min of
warm-up. Each athlete was required to select their favorite music. The chosen music was
accepted for use under the music condition as long as its tempo was > 120 bpm to ensure
that the music was inherently stimulating [37]. The primary outcomes of this trial were
power parameters derived from the WANT, with secondary outcomes of post-exercise heart
rate (HR), RPE, Feeling Scales [41], blinding efficiency, and incidence of side effects. The
experimental design is detailed in Figure 1.
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Figure 1. Experimental design. min = minute.

2.3. Experimental Protocol

Ninety minutes before the commencement of the workout, the individuals in the
experimental trials reported at the laboratory. For CON, no capsule supplementation or
music intervention was given, and participants sat still and rested for 60 min. As in CON,
participants in Music + PLA and Music + CAF received a pill containing either 200 mg of a
placebo or 3 mg/kg of caffeine. They were then instructed to sit still and relax for 60 min.
The capsules were identical in appearance, and ingestion was accompanied by 100 mL of
water. The exercise was initiated 60 min after capsule intake to allow near-to-peak blood
caffeine concentration during the WANT [42]. The placebo capsule contained 200 mg of
maltodextrin (My Protein, Manchester, UK). In the caffeine capsule, anhydrous caffeine
powder was used (Nutricost, Vineyard, UT, USA), and the ISSN position on caffeine led to
the selection of 3 mg/kg of caffeine [35].

Participants were given a standardized warm-up regimen following the 60 min rest
period. Participants pedaled against 20% x 0.075 kg/body weight load for 10 min of
warm-up cycling with or without musical intervention, with a controlled speed of 75 r/min.
Then, they performed the WANT on a Monark power cycle ergometer (Ergomedic 894E;
Vansbro, Sweden). For this test, the participant was loaded with 7.5% of their own body
weight and asked to ride at a maximum pedaling speed for 30 s. A researcher supervised
the subject’s seated position at all times during the test. During all tests, the researcher
used standardized words and actions to encourage the subjects. The fatigue index (FI) was
calculated according to a formula from a previous study [43]. The researchers were blinded
to the condition of the subjects’ participation during the measurement and analysis of the
data.

Immediately after the WANT, the HR was measured by having a researcher place a
heart rate sensor on the participant’s chest (H9; Polar Electro Oy, Kempele, Finland). Then,
the researcher queried participants about the RPE by using the Borg scale (6-20) [44].
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The participants completed several questionnaires at different time points. Five min-
utes after the test, the participants were asked to complete the first questionnaire, which
used a 0-9 point scale, with 0 being the lowest quantity of the item and 9 denoting the
maximum, and to rate their impressions of power, endurance, and exhaustion through-
out the Wingate test [45]. The Feeling Scale [41,46] was administered both prior to and
immediately following the WANT. In addition, 24 h following exercise testing, participants
answered a second questionnaire that used a yes/no scale to gauge how the intervention
affected their quality of sleep, anxiety levels, and any other discomforts [47]. Lastly, the
Bang Index, which was determined by looking at how participants answered the question,
“What kind of supplement do you think you received today?” was used to evaluate how
well the blinding technique performed. The available options were caffeine, placebo, or I
don’t know”.

Each test session was scheduled from 8 to 12 am to minimize bias from circadian
rhythm disruptions linked to supplement consumption. Subjects were encouraged to
maintain the same dietary and sleep habits throughout the study, and all participants were
instructed to avoid any form of strenuous exercise for 48 h prior to each test session, to
avoid alcohol for the duration of the study as well as the intake of any source of caffeine or
additional exercise ergogenic supplements such as creatine, taurine, and other substances.
Each subject was provided with a list of caffeine-containing beverages or foods prior to the
start of the experiment to control caffeine intake [6].

2.4. Analysis of Statistics

Mean =+ standard deviation (SD) are used to display all data. The dataset’s normality
was assessed by using the Shapiro-Wilk test. One-way repeated measures analysis of
variance (ANOVA; 1 x 3; CON, Mus + PLA, and Music + CAF) was used to compare
differences in Wingate performance outcomes, post-exercise HR, and other variables with
normal distribution. When a significant main intervention effect of ANOVA was detected,
post hoc comparisons with Bonferroni correction were performed. Effect sizes (ESs) for
pairwise comparison were calculated with Cohen’s d and interpreted as follows: trivial
(0-0.2), small (0.2-0.5), moderate (0.5-0.8), and large (>0.8). For non-normally distributed
data, the Friedman test was used, followed by a post hoc test using the Dunn’s test.
The Bang Index was used to check the validity of the blinded caffeine intake procedure
implementation [48]. All statistical analyses were performed by using SPSS 26.0 (SPSS, Inc.,
Chicago, IL, USA) and GraphPad Prism 9.0 (GraphPad, San Diego, CA, USA) software,
with the significance level set to p < 0.05.

3. Results
3.1. Wingate Anaerobic Test Performance, Heart Rate, and Ratings of Perceived Exertion

WART performance variables for the three conditions are shown in Table 2 and Figure 2.
The intervention had a significant effect on peak power, mean power, and total work
(p < 0.05). Post hoc comparisons utilizing Bonferroni correction indicated improved peak
power, mean power, and total work under the Mus + PLA and Mus + CAF conditions
relative to CON (p < 0.05), with average improvements of 6.29% and 14.56%, respectively,
for Mus + PLA and Mus + CAF in peak power. No significant differences were observed
between Mus + PLA and Mus + CAF in mean power or total work (p > 0.05). However, the
percentage improvement under the Mus + CAF condition was greater than under the Mus
+ PLA condition, with increases of 7.13% vs. 5.88% for mean power and 7.51% vs. 5.89%
for total work. Pairwise comparisons further showed that Mus + CAF achieved signifi-
cantly higher peak power than Mus + PLA (MD: 73.44 W, 95% CI: 13.77 to 133.1, p = 0.01,
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ES = 0.50). Additionally, no significant differences were observed among the three condi-
tions in fatigue index, heart rate, or ratings of perceived exertion (Figure 2).

Table 2. Effects of self-selected music combined with placebo (Mus + PLA) or caffeine supple-
mentation (Mus + CAF) on Wingate anaerobic test (WAnT) performance, heart rate, and ratings of
perceived exertion in physically active subjects compared with a control condition without music or
caffeine (CON).

Variable (Units) CON Mus + PLA Mus + CAF p F
PP (W) 888.08 + 133.20 943.95 £ 139.25 * 1017.39 & 155.23 *** # <0.001 14.38
MP (W) 621.11 + 75.55 657.65 £ 64.55 *** 665.41 £ 66.54 *** <0.001 15.44
TW (]) 17,822.43 + 2232.28 18,871.13 + 1828.08 ***  19,160.08 £ 1960.68 *** <0.001 13.36

FI (%) 61.39 + 10.57 63.12 £ 8.69 64.70 + 8.10 0.44 -

RPE (arbitrary units) 17.30 £1.29 17.52 £ 0.85 17.74 £ 0.81 0.37 -
HR (bpm) 184.35 £+ 8.09 185.04 + 8.46 185.86 + 8.69 0.278 1.27

Note: Data are presented as means + SDs. PP = peak power; MP = mean power; TW = total work; FI = fatigue
index; RPE = rating of perceived exertion; HR = heart rate; CON = control; Mus = music; PLA = placebo;
CAF = caffeine. * = p < 0.05 for Mus + CAF or Mus + PLA compared with CON; *** = p < 0.001 for Mus + CAF or
Mus + PLA compared with CON; #= p < 0.05 for Mus + CAF compared with Mus + PLA.
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Figure 2. Effects of self-selected music combined with placebo (Mus + PLA) or caffeine supplementa-
tion (Mus + CAF) on Wingate anaerobic test (WANT) performance, heart rate, and ratings of perceived
exertion (RPEs) in physically active subjects compared with a control condition without music or
caffeine (CON). (A) peak power; (B) mean power; (C) total work; (D) fatigue index; (E) heart rate;
(F) RPE. ns = no statistical difference, * = p < 0.05, and *** = p < 0.001 compared with other conditions.

3.2. Feeling Scale

The results of the Feeling Scale for the three conditions are shown in Table 3 and
Figure 3. There was a main effect of the intervention on FS-before (p < 0.001). Post hoc
analysis revealed that FS-before scores were significantly higher under the Mus + PLA
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condition compared with CON (rank sum difference = —18.50, p = 0.02) and under the Mus
+ CAF condition compared with CON (rank sum difference = —28.00, p < 0.001). However,
no significant difference was observed between the Mus + PLA and Mus + CAF conditions
(rank sum difference = —9.500, p = 0.48). For FS—-after, no significant differences were found
among conditions (p = 0.67).

Table 3. Effects of self-selected music combined with placebo (Mus + PLA) or with caffeine supple-
mentation (Mus + CAF) on the Feeling Scale before and after the Wingate anaerobic test (WAnT) in
physically active subjects compared with a control condition without music or caffeine (CON).

Variable (Units) CON Mus + PLA Mus + CAF P F
FS-before (arbitrary units) 0.96 + 1.02 221 +1.28* 2.74 + 1.25*** <0.001 -~
FS-after (arbitrary units) —2.09 + 1.04 —2.52 +0.90 —2.39 +1.27 0.67 -

Note: The data are expressed as means 4 SDs. FS = Feeling Scale; CON = control; Mus = music; PLA = placebo;
CAF = caffeine. * = p < 0.05 for Mus + CAF or Mus + PLA compared with CON; *** = p < 0.001 for Mus + CAF or
Mus + PLA compared with CON.
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Figure 3. Effects of self-selected music combined with placebo (Mus + PLA) or caffeine supplementa-
tion (Mus + CAF) on the Feeling Scale measured before and after the Wingate anaerobic test (WAnT)
in physically active subjects compared with a control condition without music or caffeine (CON).
(A) Feeling Scale ratings before the WANT; (B) Feeling Scale ratings after the WAnT. ns = no statistical
difference, * = p < 0.05, and *** = p < 0.001 compared with other conditions.

3.3. Perceived Fitness, Side Effects, and Blinding Efficacy

Table 4 shows the incidence of adverse effects both immediately after exercise and
24 h later, as well as subjective experiences of power, endurance, and fatigue following
exercise in the three circumstances. In these respects, a significant main effect was observed
for the self-reported perceived power values among the three conditions (p = 0.036). Post
hoc comparisons revealed that participants under the Music + CAF condition reported
significantly higher perceived power values compared with the CON condition (p = 0.025),
while no statistically significant differences were observed between the other pairwise
comparisons (p > 0.05). Additionally, no statistically significant differences among the
three conditions were found in any of the other variables (p > 0.05). Just nine individuals
under the Music + CAF condition correctly recognized that they had consumed caffeine
(Bang Index = 0.09), whereas only eight participants correctly guessed that they ingested a
placebo under the Music + PLA condition (Bang Index = 0.04). The observation that the
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right estimate was less than the ratio of chance indicates that the blinding of participants to
supplement use was well carried out.

Table 4. Ratings of perceived fitness following the Wingate anaerobic test, as well as the prevalence of
side effects immediately and 24 h post-test under three conditions: self-selected music combined with
placebo (Mus + PLA), self-selected music combined with caffeine supplementation (Mus + CAF), and
a control condition without music or caffeine (CON).

CON Mus + PLA Mus + CAF for24 h
Items (Units) p for After 7
Just After 24 h After Just After 24 h After Just After 24 h After After
Power (érbltrary 5.09 + 2.30 . 5.83 + 1.30 . 6.43 £1.73 o 0.036 _
units) ¥
Endurance 470 +231 — 517 £ 1.70 — 5.52 + 1.90 — 0.661 —
(arbitrary units)
Fatigue (.arbltrary 6.30 -+ 1.99 . 6.70 + 2.01 . 6.57 & 1.93 _ 0.615 _
units)
Al?dommal /gut 49 4% 13% 9% 17% 13% 0.882 0.607
discomfort (%)
MuSdioj‘)’re“ess 57% 65% 52% 70% 70% 78% 0.338 0.584
Increased urine 0% 0% 0% 9% 9% 17% 0.135 0.091
output (%)
Headache (0/0) 0% 17% 4% 229%, 0% 22% 0.368 0.882
Anxiety or0 0% 4% 0% 13% 9% 17% 0.135 0.311
nervousness (%)
Insomnia (%) _ 8% _ 13% — 22% — 0.459

Note: The data are expressed as means 4 SDs for continuous variables and as percentages (%) for binary
categorical variables related to side effects. CON = control; Mus = music; PLA = placebo; CAF = caffeine.
* =p <0.05 for Mus + CAF or Mus + PLA compared with CON.

4. Discussion

Our findings indicate that both self-selected music combined with placebo
(Mus + PLA) and self-selected music combined with caffeine (Mus + CAF) significantly
enhance anaerobic performance, as evidenced by improved peak power, mean power,
and total work in the Wingate anaerobic test (WANnT) compared with the control (CON)
condition. Interestingly, the Mus + CAF condition demonstrated a significant improvement
in peak power over the Mus + PLA condition, although no statistical differences were
observed in mean power or total work between these two interventions. Caffeine or placebo
intake combined with self-selected music was associated with an increased Feeling Scale
compared with the CON condition. Nevertheless, subjective feelings of power were higher
under the Mus + CAF condition, emphasizing again the potential interaction of caffeine and
music on self-reported exercise experiences before exercise. Lastly, no significant differences
in ratings of perceived exertion, heart rate, or fatigue index were observed across the three
conditions, indicating that in all trials, the participants exerted at their maximum level but
with better performance values in the combination of music and caffeine. Collectively, all
this information suggests that the combination of caffeine intake and music before anerobic
exercise may be an effective strategy to enhance performance.

Music preference and music tempo have been shown to benefit athletes to varying
degrees during exercise [10,49]. Research on preferred music has shown [20] that during the
first three bench press repetitions, mean speed and peak power were higher when listening
to preferred music than non-preferred music. Preferred music has also been shown to
result in significantly improved time trial performance, including higher relative power
and shorter trial times for rowing, whereas there was no significant improvement with non-
preferred music [50]. While these studies support that preferred music promotes power and
athletic performance, some of the studies have also found no significant differences between
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preferred and non-preferred music at the level of athletic performance, which warrants
further research [21,51]. One study [21] investigated the effects of listening to preferred
versus non-preferred music during three sets of 15 s Wingate anaerobic tests, performed
with 2 min rest intervals between sets. The study, which used music with an average tempo
of 128 & 31 bpm, found that while preferred music did not significantly enhance exercise
performance compared with non-preferred music, it did increase motivation and reduce
perceived exertion. It is worth noting that although the average tempo was 128 bpm, the
preferred music for some subjects fell into the low- or medium-tempo category (<120 bpm).
Low- or medium-tempo music appears to have a weaker effect on sports performance
compared with high-tempo music (>120 bpm) [10].

We found that the Mus + PLA condition significantly improved anaerobic performance
compared with the control group, which may be attributed to increased subjective feelings
of energy or vitality. The properties of music, such as high-tempo and preferred music, are
thought to modulate increases in arousal with concomitant increases in performance [52,53].
Additionally, listening to music can cause changes in physiological factors [54]; for example,
it has been demonstrated that music has been shown to increase adrenaline levels during
exercise [55], which may ultimately affect muscle activation and metabolic responses
during subsequent exercise. Meanwhile, listening to preferred music has been shown to
improve pain tolerance [56]. Preferred music has a greater ability to shift attention from
the discomfort of movement to external musical stimuli, which can reduce the RPE [57].
In the present study, listening to preferred high-tempo music also had a positive effect
on subjective feeling, which may promote anaerobic exercise capacity, even though the
mechanism of correlation has not yet been demonstrated.

We found that combining self-selected music with caffeine enhanced peak power
more effectively than combining it with a placebo. In our study, there was a statistically
significant difference in peak power between the Mus + CAF and Mus + PLA conditions.
A meta-analysis of studies about the effect of caffeine on anaerobic cycling performance
indicated that CAF increases anaerobic capacity during Wingate tests despite variations in
study specifics [36]. The current study provides novel information, as it suggests for the
first time that the effect of CAF on anaerobic performance can even be amplified with music
listening during warm-up. The mechanisms involved may be varied; specifically, CAF acts
as a powerful central nervous system stimulant [30,58], increases neuromuscular recruit-
ment [59], and enhances muscle contraction [60]. In this context, it is possible that music
interacted with caffeine’s mechanisms of action in Mus + CAF by enhancing dopamine
release [61], thereby boosting motivation and readiness for exertion before exercise.

Although the values in the Feeling Scale were not statistically different between the
Mus + CAF and Mus + PLA conditions before exercise (and both were different from
CON; see Figure 3), the Mus + CAF condition was the condition with higher values in the
Feeling Scale, reflecting enhanced subjective feelings just before the onset of the all-out
exercise test. A study has shown that listening to exciting music during a warm-up in-
creases catecholamines [54], which may ultimately influence an individual’s self-feeling,
subsequent muscle activation, and metabolic responses during exercise. Additionally, due
to CAF-induced dopamine neurotransmitter release, this likely led to a positive effect on an
individual’s mood [62], which further adds to the increased neural recruitment of muscles
and power facilitated by high-tempo music. In addition, caffeine’s effects on neurotrans-
mitter release, including dopamine and catecholamines, interact with the neuromuscular
system to enhance motor output and potentially reduce perceived exertion during exer-
cise [63]. Similarly, high-tempo music modulates hormonal responses, including plasma
epinephrine, which influences both psychological states and physical performance [55].
These mechanisms highlight the synergistic interaction between caffeine and music in
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positively influencing neural and hormonal pathways, enhancing readiness and motivation
before exercise. The physiological, neurological, and psychological mechanisms underlying
the effects of caffeine and music on muscle contraction likely involve complex interactions.
For instance, caffeine’s role as a central nervous system stimulant is thought to contribute
to increased motor unit recruitment and muscle contraction [27]. Similarly, music, particu-
larly high-tempo and preferred music, has been suggested to elevate catecholamine levels,
potentially enhancing arousal, which may synergize with the neuromuscular activation
facilitated by caffeine [49]. However, it is important to note that these mechanisms were
not directly measured in this study and remain speculative based on the prior literature. To
date, only studies on taekwondo [37,38] have shown that CAF combined with high-tempo
warm-up music can improve parameters and psychological states related to exercise perfor-
mance. Although taekwondo differs from Wingate testing in terms of movement patterns
and duration, the findings of these studies, along with the outcomes of our study, support
the notion that the combination of music and caffeine provides an ergogenic effect prior
to exercise.

Given that the Wingate test is highly relevant to other anaerobic-based sports events,
the results presented in this study are particularly relevant to athletes involved in high-
power-output activities [64]. From a practical perspective, integrating moderate caffeine
intake around 1 h before exercise with high-tempo, preferred music during warm-up may
serve as an effective, low-cost approach to maximize power output and motivation in
short-duration, high-intensity events. Coaches and researchers should tailor pre-exercise
strategies based on athletes’ individual preferences and caffeine tolerance to achieve opti-
mal results. These findings can guide practical strategies for athletes and coaches aiming to
enhance performance in anaerobic sports. Furthermore, the observed synergy between mu-
sic and caffeine suggests that combining psychological and physiological interventions may
yield greater benefits than either approach alone, offering new perspectives on performance
enhancement through sports nutrition and psychology. Importantly, as with the previous
study [43], our research found no significant side effects associated with 3 mg/kg caffeine
intake. In line with these findings, a relatively small dose, such as 3 mg/kg, taken in the
morning or midday, has been shown to have low incidence of side effects [45]. Nevertheless,
several drawbacks of the present study warrant discussion to enhance the comprehension
of the findings” extent.

First, the psychological measures used in this study were limited. Additionally,
physiological markers such as blood lactate levels were not assessed. The relationship
between blood lactate concentration and the combined effects of caffeine and music is an
area of interest. Caffeine has been shown to reduce perceived exertion and delay the onset
of fatigue during submaximal-intensity exercise [34]. However, caffeine intake increases
blood lactate concentration, a metabolic marker that reflects caffeine’s ability to enhance
glycolytic pathways, following all-out exercise trials, ultimately contributing to improved
performance [65]. Additionally, music’s role in enhancing focus and reducing discomfort
may indirectly influence lactate clearance rates [66]. So, future investigations are needed
to determine if the combination of caffeine and music produces greater blood lactate
concentrations, suggesting a combined effect of both treatments on enhanced glycolytic
activity. Fast-twitch muscle fibers, which are primarily involved in anaerobic efforts, may
benefit from the combined effects of music and caffeine, as both stimuli promote enhanced
activation and recovery. This is because fast-twitch fibers primarily rely on anaerobic
glycolysis for energy production, making them more responsive to interventions that
enhance glycolytic pathways. Additionally, fast-twitch fibers are more sensitive to high-
frequency motor neuron firing, making them potentially more receptive to caffeine and
music interventions than slow-twitch fibers. Another potential limitation of this study is
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the lack of a separate “caffeine-only” condition (caffeine [+] + music [—]). Without this
condition, we are unable to ascertain whether music and caffeine have an additive or
synergistic effect under the Mus + CAF condition. Finally, while this study used a low
dose of caffeine (3 mg/kg) with no reported serious side effects, it is crucial to address the
potential risks of excessive caffeine intake in athletes, especially with doses of caffeine over
6 mg/kg, as these doses increase the prevalence and magnitude of side effects [67]. The
overconsumption of caffeine can lead to adverse effects such as dehydration, anxiety, and
disrupted sleep patterns, which may impair recovery and overall performance [35]. Future
research should focus on establishing safe and effective strategies for caffeine use in athletic
populations, particularly when combined with complementary interventions like music to
maximize performance benefits while minimizing risks. Identifying the minimal ergogenic
dose of caffeine is crucial to delivering a performance-enhancing effect while minimizing
the likelihood of adverse side effects.

In general, even if this study offers insightful information, the results should be
evaluated in light of the limitations of the current experimental setup, especially in light
of the absence of post-exercise physiological measures and specific settings. By assessing
more physiological and psychological factors and adding additional conditions, future
research might improve our knowledge of how caffeine and music affect performance.

5. Conclusions

This study demonstrates that listening to a list of self-selected music during warm-
up may be an effective strategy to enhance acute anaerobic performance, as evidenced
by increased power output and total work in the Wingate test. The addition of caffeine
amplified the benefits of music by further improving peak power and subjective perceptions
of power, with no reported adverse effects. These findings suggest that the integration
of listening to high-tempo, self-selected music with caffeine is a promising approach to
optimizing anaerobic-based performance. As a practical application, athletes and coaches
of anaerobic-based sports can incorporate self-selected music during warm-up protocols
combined with a moderate caffeine dose (e.g., 3 mg/kg) to enhance anaerobic performance.
These strategies, when combined, may improve pre-exercise mood and perceived readiness.
However, further research is needed to investigate the broader applicability of this strategy,
particularly in other sports events (e.g., endurance-based exercise activities) and among
female athletes.

Author Contributions: Conceptualization, B.Q., ZW., ].D.C. and C.L; methodology, B.Q., Z.W., ].D.C.
and C.L.; investigation, B.Q., ZW., Y.Z,, Y.C,, PD., KL, ].D.C. and C.L.; writing—original draft, B.Q.,
ZW.,Y.Z.,YC,PD,KL.,].D.C. and C.L.; writing—review and editing, B.Q., ZW., Y.Z,, Y.C, PD.,
KL, ]J.D.C. and C.L; supervision, ].D.C. and C.L.; project administration, ].D.C. and C.L. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted according to the guidelines of the
Declaration of Helsinki and was approved by the Sports Science Experiment Ethics Committee of
Beijing Sport University (2023225H, 9 October 2023).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data supporting the findings of this study can be requested from the
corresponding author (C.L.) upon reasonable justification. The data are not publicly available due to
privacy concerns related to the inclusion of sensitive personal information.

Conflicts of Interest: The authors declare no conflicts of interest.



Nutrients 2025, 17, 351 13 of 15

References

1.  Losnegard, T.; Myklebust, H.; Hallén, J. Anaerobic capacity as a determinant of performance in sprint skiing. Med. Sci. Sports
Exerc. 2012, 44, 673-681. [CrossRef] [PubMed]

2. Noordhof, D.A.; Skiba, P.F.; de Koning, J.J. Determining anaerobic capacity in sporting activities. Int. |. Sports Physiol. Perform.
2013, 8, 475-482. [CrossRef] [PubMed]

3.  Loizou, G.; Karageorghis, C.I. Effects of psychological priming, video, and music on anaerobic exercise performance. Scand. |.
Med. Sci. Sports 2015, 25, 909-920. [CrossRef]

4. Atan, T. Effect of music on anaerobic exercise performance. Biol. Sport. 2013, 30, 35-39. [CrossRef] [PubMed]

5. Lara, B.; Salinero, ].].; Girdldez-Costas, V.; Del Coso, J. Similar ergogenic effect of caffeine on anaerobic performance in men and
women athletes. Eur. J. Nutr. 2021, 60, 4107—4114. [CrossRef]

6. Jodra, P; Lago-Rodriguez, A.; Sdnchez-Oliver, A.].; Lopez-Samanes, A.; Pérez-Lépez, A.; Veiga-Herreros, P.; San Juan, A.F;
Dominguez, R. Effects of caffeine supplementation on physical performance and mood dimensions in elite and trained-recreational
athletes. J. Int. Soc. Sports Nutr. 2020, 17, 2. [CrossRef] [PubMed]

7. Doma, K,; Leicht, A.S.; Schumann, M.; Nagata, A.; Senzaki, K.; Woods, C.E. Postactivation potentiation effect of overloaded
cycling on subsequent cycling Wingate performance. J. Sports Med. Phys. Fit. 2019, 59, 217-222. [CrossRef] [PubMed]

8.  Ktenidis, C.K.; Margaritelis, N.V.; Cherouveim, E.D.; Stergiopoulos, D.C.; Malliou, V.J.; Geladas, N.D.; Nikolaidis, M.G.; Paschalis,
V. Priming exercise increases Wingate cycling peak power output. Eur. J. Sport. Sci. 2021, 21, 705-713. [CrossRef] [PubMed]

9. Brown, D.J.; Fletcher, D. Effects of Psychological and Psychosocial Interventions on Sport Performance: A Meta-Analysis. Sports
Med. 2017, 47,77-99. [CrossRef]

10. Terry, P.C.; Karageorghis, C.I.; Curran, M.L.; Martin, O.V.; Parsons-Smith, R.L. Effects of music in exercise and sport: A meta-
analytic review. Psychol. Bull. 2020, 146, 91-117. [CrossRef] [PubMed]

11. Zhang, S.; Yang, J.; Tao, X.; Du, L.; Li, X.; Lv, Y;; Hou, X.; Yu, L. Listening to Self-Selected Music during Warm-Up Improves
Anaerobic Performance through Enhancement of the Excitability of the Cerebral Cortex. Appl. Sci. 2023, 13, 7180. [CrossRef]

12.  Stork, M.].; Kwan, M.Y.; Gibala, M.].; Martin Ginis, K.A. Music enhances performance and perceived enjoyment of sprint interval
exercise. Med. Sci. Sports Exerc. 2015, 47, 1052-1060. [CrossRef] [PubMed]

13. Terry, P.C.; Karageorghis, C.I. Psychophysical effects of music in sport and exercise: An update on theory, research and application.
In Proceedings of the 2006 Joint Conference of the Australian Psychological Society and New Zealand Psychological Society,
Auckland, New Zealand, 26-30 September 2006; pp. 415-419.

14. Castafieda-Babarro, A.; Marqués-Jiménez, D.; Calleja-Gonzalez, ].; Viribay, A.; Leén-Guerefio, P.; Mielgo-Ayuso, J. Effect of
Listening to Music on Wingate Anaerobic Test Performance. A Systematic Review and Meta-Analysis. Int. |. Environ. Res. Public
Health 2020, 17, 4564. [CrossRef] [PubMed]

15.  Smirmaul, B.P. Effect of pre-task music on sports or exercise performance. |. Sports Med. Phys. Fit. 2017, 57, 976-984. [CrossRef]

16. Wu,],; Zhang, L.; Yang, H.; Lu, C.; Jiang, L.; Chen, Y. The Effect of Music Tempo on Fatigue Perception at Different Exercise
Intensities. Int. . Environ. Res. Public Health 2022, 19, 3869. [CrossRef] [PubMed]

17.  Nakamura, PM.; Pereira, G.; Papini, C.B.; Nakamura, FY.; Kokubun, E. Effects of preferred and nonpreferred music on continuous
cycling exercise performance. Percept. Mot. Ski. 2010, 110, 257-264. [CrossRef] [PubMed]

18. Copeland, B.L.; Franks, B.D. Effects of types and intensities of background music on treadmill endurance. J. Sports Med. Phys. Fit.
1991, 31, 100-103.

19. Feiss, R.; Kostrna, J.; Scruggs, ].W.; Pangelinan, M.; Tenenbaum, G. Effects of music tempo on perceived exertion, attention, affect,
heart rate, and performance during isometric strength exercise. J. Sports Sci. 2021, 39, 161-169. [CrossRef] [PubMed]

20. Ballmann, C.G.; McCullum, M.J.; Rogers, R.R.; Marshall, M.R.; Williams, T.D. Effects of Preferred vs. Nonpreferred Music on
Resistance Exercise Performance. J. Strength Cond. Res. 2021, 35, 1650-1655. [CrossRef]

21. Ballmann, C.G.; Maynard, D.J.; Lafoon, Z.N.; Marshall, M.R.; Williams, T.D.; Rogers, R.R. Effects of Listening to Preferred versus
Non-Preferred Music on Repeated Wingate Anaerobic Test Performance. Sports 2019, 7, 185. [CrossRef]

22.  Chtourou, H.; Jarraya, M.; Aloui, A.; Hammouda, O.; Souissi, N. The effects of music during warm-up on anaerobic performances
of young sprinters. Sci. Sports 2012, 27, e85-e88. [CrossRef]

23.  Close, G.L.; Hamilton, D.L.; Philp, A.; Burke, L.M.; Morton, ].P. New strategies in sport nutrition to increase exercise performance.
Free Radic. Biol. Med. 2016, 98, 144-158. [CrossRef] [PubMed]

24. Aguilar-Navarro, M.; Mufioz, G.; Salinero, J.J.; Mufoz-Guerra, J.; Fernandez-Alvarez, M.; Plata, M.D.M.; Del Coso, J. Urine
Caffeine Concentration in Doping Control Samples from 2004 to 2015. Nutrients 2019, 11, 286. [CrossRef] [PubMed]

25.  Del Coso, J.; Munoz, G.; Muioz-Guerra, ]. Prevalence of caffeine use in elite athletes following its removal from the World
Anti-Doping Agency list of banned substances. Appl. Physiol. Nutr. Metab. 2011, 36, 555-561. [CrossRef] [PubMed]

26. Cappelletti, S.; Piacentino, D.; Sani, G.; Aromatario, M. Caffeine: Cognitive and physical performance enhancer or psychoactive

drug? Curr. Neuropharmacol. 2015, 13, 71-88. [CrossRef]


https://doi.org/10.1249/MSS.0b013e3182388684
https://www.ncbi.nlm.nih.gov/pubmed/21952633
https://doi.org/10.1123/ijspp.8.5.475
https://www.ncbi.nlm.nih.gov/pubmed/24026759
https://doi.org/10.1111/sms.12391
https://doi.org/10.5604/20831862.1029819
https://www.ncbi.nlm.nih.gov/pubmed/24744463
https://doi.org/10.1007/s00394-021-02510-6
https://doi.org/10.1186/s12970-019-0332-5
https://www.ncbi.nlm.nih.gov/pubmed/31900166
https://doi.org/10.23736/S0022-4707.18.08134-3
https://www.ncbi.nlm.nih.gov/pubmed/29308849
https://doi.org/10.1080/17461391.2020.1765026
https://www.ncbi.nlm.nih.gov/pubmed/32449458
https://doi.org/10.1007/s40279-016-0552-7
https://doi.org/10.1037/bul0000216
https://www.ncbi.nlm.nih.gov/pubmed/31804098
https://doi.org/10.3390/app13127180
https://doi.org/10.1249/MSS.0000000000000494
https://www.ncbi.nlm.nih.gov/pubmed/25202850
https://doi.org/10.3390/ijerph17124564
https://www.ncbi.nlm.nih.gov/pubmed/32599941
https://doi.org/10.23736/S0022-4707.16.06411-2
https://doi.org/10.3390/ijerph19073869
https://www.ncbi.nlm.nih.gov/pubmed/35409552
https://doi.org/10.2466/pms.110.1.257-264
https://www.ncbi.nlm.nih.gov/pubmed/20391890
https://doi.org/10.1080/02640414.2020.1809974
https://www.ncbi.nlm.nih.gov/pubmed/32865471
https://doi.org/10.1519/JSC.0000000000002981
https://doi.org/10.3390/sports7080185
https://doi.org/10.1016/j.scispo.2012.02.006
https://doi.org/10.1016/j.freeradbiomed.2016.01.016
https://www.ncbi.nlm.nih.gov/pubmed/26855422
https://doi.org/10.3390/nu11020286
https://www.ncbi.nlm.nih.gov/pubmed/30699902
https://doi.org/10.1139/h11-052
https://www.ncbi.nlm.nih.gov/pubmed/21854160
https://doi.org/10.2174/1570159X13666141210215655

Nutrients 2025, 17, 351 14 of 15

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Wang, Z.; Qiu, B.; Gao, J.; Del Coso, J. Effects of Caffeine Intake on Endurance Running Performance and Time to Exhaustion: A
Systematic Review and Meta-Analysis. Nutrients 2022, 15, 148. [CrossRef] [PubMed]

Grgic, J.; Grgic, I; Pickering, C.; Schoenfeld, B.J.; Bishop, D.J.; Pedisic, Z. Wake up and smell the coffee: Caffeine supplementation
and exercise performance-an umbrella review of 21 published meta-analyses. Br. J. Sports Med. 2020, 54, 681-688. [CrossRef]
[PubMed]

Giréldez-Costas, V.; Del Coso, J.; Mafias, A.; Salinero, J.J. The Long Way to Establish the Ergogenic Effect of Caffeine on Strength
Performance: An Overview Review. Nutrients 2023, 15, 1178. [CrossRef] [PubMed]

Graham, T.E. Caffeine and exercise: Metabolism, endurance and performance. Sports Med. 2001, 31, 785-807. [CrossRef]

Davis, ].M.; Zhao, Z.; Stock, H.S.; Mehl, K.A.; Buggy, ].; Hand, G.A. Central nervous system effects of caffeine and adenosine on
fatigue. Am. J. Physiol. Regul. Integr. Comp. Physiol. 2003, 284, R399-R404. [CrossRef] [PubMed]

Jones, G. Caffeine and other sympathomimetic stimulants: Modes of action and effects on sports performance. Essays Biochem.
2008, 44, 109-123. [CrossRef] [PubMed]

Daly, ].W.; Shi, D.; Nikodijevic, O.; Jacobson, K.A. The role of adenosine receptors in the central action of caffeine. Pharmacopsy-
choecologia 1994, 7, 201-213.

Davis, J.; Green, ].M. Caffeine and anaerobic performance: Ergogenic value and mechanisms of action. Sports Med. 2009, 39,
813-832. [CrossRef] [PubMed]

Guest, N.S.; VanDusseldorp, T.A.; Nelson, M.T.; Grgic, J.; Schoenfeld, B.].; Jenkins, N.D.M.; Arent, S.M.; Antonio, J.; Stout, J.R,;
Trexler, E.T.; et al. International society of sports nutrition position stand: Caffeine and exercise performance. J. Int. Soc. Sports
Nutr. 2021, 18, 1. [CrossRef] [PubMed]

Grgic, J. Caffeine ingestion enhances Wingate performance: A meta-analysis. Eur. J. Sport. Sci. 2018, 18, 219-225. [CrossRef]
[PubMed]

Delleli, S.; Ouergui, I.; Messaoudi, H.; Ballmann, C.G.; Ardigo, L.P.; Chtourou, H. Effects of caffeine consumption combined with
listening to music during warm-up on taekwondo physical performance, perceived exertion and psychological aspects. PLoS
ONE 2023, 18, €0292498. [CrossRef] [PubMed]

Delleli, S.; Ouergui, I.; Messaoudi, H.; Bridge, C.; Ardigo, L.P.; Chtourou, H. Warm-up music and low-dose caffeine enhance the
activity profile and psychophysiological responses during simulated combat in female taeckwondo athletes. Sci. Rep. 2024, 14,
14302. [CrossRef] [PubMed]

Mielgo-Ayuso, J.; Marques-Jiménez, D.; Refoyo, I.; Del Coso, J.; Leén-Guerefio, P.; Calleja-Gonzélez, J. Effect of Caffeine
Supplementation on Sports Performance Based on Differences Between Sexes: A Systematic Review. Nutrients 2019, 11, 2313.
[CrossRef] [PubMed]

Filip, A.; Wilk, M.; Krzysztofik, M.; Del Coso, J. Inconsistency in the Ergogenic Effect of Caffeine in Athletes Who Regularly
Consume Caffeine: Is It Due to the Disparity in the Criteria That Defines Habitual Caffeine Intake? Nutrients 2020, 12, 1087.
[CrossRef] [PubMed]

Hardy, C.J.; Rejeski, W.J. Not what, but how one feels: The measurement of affect during exercise. J. Sport Exerc. Psychol. 1989, 11,
304-317. [CrossRef]

Magkos, E; Kavouras, S.A. Caffeine use in sports, pharmacokinetics in man, and cellular mechanisms of action. Crit. Rev. Food
Sci. Nutr. 2005, 45, 535-562. [CrossRef] [PubMed]

Zhang, Y.; Diao, P; Wang, J.; Li, S.; Fan, Q.; Han, Y,; Liang, Y.; Wang, Z.; Del Coso, J. The Effect of Post-Activation Potentiation
Enhancement Alone or in Combination with Caffeine on Anaerobic Performance in Boxers: A Double-Blind, Randomized
Crossover Study. Nutrients 2024, 16, 235. [CrossRef]

Borg, G. Subjective effort and physical activities. Scand. J. Rehabil. Med. 1978, 6, 108-113.

Lara, B.; Ruiz-Vicente, D.; Areces, F.; Abian-Vicén, J.; Salinero, J.J.; Gonzalez-Milldn, C.; Gallo-Salazar, C.; Del Coso, J. Acute
consumption of a caffeinated energy drink enhances aspects of performance in sprint swimmers. Br. . Nutr. 2015, 114, 908-914.
[CrossRef]

Khcharem, A.; Souissi, M.; Atheymen, R.; Souissi, W.; Sahnoun, Z. Acute caffeine ingestion improves 3-km run performance,
cognitive function, and psychological state of young recreational runners. Pharmacol. Biochem. Behav. 2021, 207,173219. [CrossRef]
Varillas-Delgado, D.; Aguilar-Navarro, M.; Mufoz, A.; Lépez-Samanés, A; Ruiz-Moreno, C.; Posada-Ayala, M.; Amaro-Gahete,
EJ.; Del Coso, ].; Gutiérrez-Hellin, J. Effect of 3 and 6 mg/kg of caffeine on fat oxidation during exercise in healthy active females.
Biol. Sport. 2023, 40, 827-834. [CrossRef] [PubMed]

Giraldez-Costas, V.; Aguilar-Navarro, M.; Gonzalez-Garcia, J.; Del Coso, J.; Salinero, ].J. Acute caffeine supplementation enhances
several aspects of shot put performance in trained athletes. J. Int. Soc. Sports Nutr. 2022, 19, 366-380. [CrossRef] [PubMed]
Ballmann, C.G. The Influence of Music Preference on Exercise Responses and Performance: A Review. J. Funct. Morphol. Kinesiol.
2021, 6, 33. [CrossRef]

Karow, M.C.; Rogers, R.R.; Pederson, ].A.; Williams, T.D.; Marshall, M.R.; Ballmann, C.G. Effects of Preferred and Nonpreferred
Warm-Up Music on Exercise Performance. Percept. Mot. Ski. 2020, 127, 912-924. [CrossRef] [PubMed]


https://doi.org/10.3390/nu15010148
https://www.ncbi.nlm.nih.gov/pubmed/36615805
https://doi.org/10.1136/bjsports-2018-100278
https://www.ncbi.nlm.nih.gov/pubmed/30926628
https://doi.org/10.3390/nu15051178
https://www.ncbi.nlm.nih.gov/pubmed/36904177
https://doi.org/10.2165/00007256-200131110-00002
https://doi.org/10.1152/ajpregu.00386.2002
https://www.ncbi.nlm.nih.gov/pubmed/12399249
https://doi.org/10.1042/bse0440109
https://www.ncbi.nlm.nih.gov/pubmed/18384286
https://doi.org/10.2165/11317770-000000000-00000
https://www.ncbi.nlm.nih.gov/pubmed/19757860
https://doi.org/10.1186/s12970-020-00383-4
https://www.ncbi.nlm.nih.gov/pubmed/33388079
https://doi.org/10.1080/17461391.2017.1394371
https://www.ncbi.nlm.nih.gov/pubmed/29087785
https://doi.org/10.1371/journal.pone.0292498
https://www.ncbi.nlm.nih.gov/pubmed/37871019
https://doi.org/10.1038/s41598-024-64880-1
https://www.ncbi.nlm.nih.gov/pubmed/38906894
https://doi.org/10.3390/nu11102313
https://www.ncbi.nlm.nih.gov/pubmed/31574901
https://doi.org/10.3390/nu12041087
https://www.ncbi.nlm.nih.gov/pubmed/32326386
https://doi.org/10.1123/jsep.11.3.304
https://doi.org/10.1080/1040-830491379245
https://www.ncbi.nlm.nih.gov/pubmed/16371327
https://doi.org/10.3390/nu16020235
https://doi.org/10.1017/S0007114515002573
https://doi.org/10.1016/j.pbb.2021.173219
https://doi.org/10.5114/biolsport.2023.121321
https://www.ncbi.nlm.nih.gov/pubmed/37398977
https://doi.org/10.1080/15502783.2022.2096415
https://www.ncbi.nlm.nih.gov/pubmed/35813843
https://doi.org/10.3390/jfmk6020033
https://doi.org/10.1177/0031512520928244
https://www.ncbi.nlm.nih.gov/pubmed/32493179

Nutrients 2025, 17, 351 15 of 15

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Cole, Z.; Maeda, H. Effects of Listening to Preferential Music on Sex Differences in Endurance Running Performance. Percept.
Mot. Ski. 2015, 121, 390-398. [CrossRef] [PubMed]

Bishop, D.T.; Wright, M.].; Karageorghis, C.I. Tempo and intensity of pre-task music modulate neural activity during reactive task
performance. Psychol. Music. 2014, 42, 714-727. [CrossRef]

Biagini, M.S.; Brown, L.E.; Coburn, ].W.; Judelson, D.A.; Statler, T.A.; Bottaro, M.; Tran, T.T.; Longo, N.A. Effects of self-selected
music on strength, explosiveness, and mood. J. Strength. Cond. Res. 2012, 26, 1934-1938. [CrossRef] [PubMed]

Yamashita, S.; Iwai, K.; Akimoto, T.; Sugawara, J.; Kono, I. Effects of music during exercise on RPE, heart rate and the autonomic
nervous system. J. Sports Med. Phys. Fit. 2006, 46, 425-430.

Yamamoto, T.; Ohkuwa, T.; Itoh, H.; Kitoh, M.; Terasawa, J.; Tsuda, T.; Kitagawa, S.; Sato, Y. Effects of pre-exercise listening to
slow and fast rhythm music on supramaximal cycle performance and selected metabolic variables. Arch. Physiol. Biochem. 2003,
111, 211-214. [CrossRef] [PubMed]

Mitchell, L.A.; MacDonald, R.A.; Brodie, E.E. A comparison of the effects of preferred music, arithmetic and humour on cold
pressor pain. Eur. |. Pain 2006, 10, 343-351. [CrossRef] [PubMed]

Dyrlund, A.K.; Wininger, S.R. The effects of music preference and exercise intensity on psychological variables. . Music. Ther.
2008, 45, 114-134. [CrossRef]

McLellan, T.M.; Caldwell, J.A.; Lieberman, H.R. A review of caffeine’s effects on cognitive, physical and occupational performance.
Neurosci. Biobehav. Rev. 2016, 71, 294-312. [CrossRef]

San Juan, A.F,; Lopez-Samanes, A Jodra, P; Valenzuela, PL.; Rueda, J.; Veiga-Herreros, P.; Pérez-Lopez, A.; Dominguez, R.
Caffeine Supplementation Improves Anaerobic Performance and Neuromuscular Efficiency and Fatigue in Olympic-Level Boxers.
Nutrients 2019, 11, 2120. [CrossRef]

Scapec, B.; Grgic, J.; Varovic, D.; Mikulic, P. Caffeine, but not paracetamol (acetaminophen), enhances muscular endurance,
strength, and power. |. Int. Soc. Sports Nutr. 2024, 21, 2400513. [CrossRef] [PubMed]

Salimpoor, V.N.; Benovoy, M.; Larcher, K.; Dagher, A.; Zatorre, R.J. Anatomically distinct dopamine release during anticipation
and experience of peak emotion to music. Nat. Neurosci. 2011, 14, 257-262. [CrossRef] [PubMed]

Duncan, M.J.; Oxford, S.W. The effect of caffeine ingestion on mood state and bench press performance to failure. J. Strength Cond.
Res. 2011, 25, 178-185. [CrossRef] [PubMed]

Yun, H.; Lu, B,; Su, W,; Wang, ].; Zheng, J.; Wang, J.; Wang, Z.; Li, Y.; Sun, Y.; Liu, C. Combined effects of Rhodiola rosea and
caffeine supplementation on aerobic endurance and muscle explosiveness: A synergistic approach. Front. Nutr. 2024, 11, 1335950.
[CrossRef] [PubMed]

Bar-Or, O. The Wingate anaerobic test. An update on methodology, reliability and validity. Sports Med. 1987, 4, 381-394. [CrossRef]
Ruiz-Moreno, C.; Gutiérrez-Hellin, J.; Lara, B.; Del Coso, J. Effect of caffeine on muscle oxygen saturation during short-term
all-out exercise: A double-blind randomized crossover study. Eur. J. Nutr. 2022, 61, 3109-3117. [CrossRef] [PubMed]

Jebabli, N.; Ben Aabderrahman, A.; Boullosa, D.; Chtourou, H.; Ouerghi, N.; Rhibi, F.; Govindasamy, K.; Saeidi, A.; Clark, C.C.T.;
Granacher, U.; et al. Listening to music during a repeated sprint test improves performance and psychophysiological responses
in healthy and physically active male adults. BMC Sports Sci. Med. Rehabil. 2023, 15, 21. [CrossRef] [PubMed]

de Souza, ]J.G.; Del Coso, J.; Fonseca, FS.; Silva, B.V.C.; de Souza, D.B.; da Silva Gianoni, R.L.; Filip-Stachnik, A.; Serrao, J.C.;
Claudino, J.G. Risk or benefit? Side effects of caffeine supplementation in sport: A systematic review. Eur. . Nutr. 2022, 61,
3823-3834. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.2466/06.PMS.121c20x9
https://www.ncbi.nlm.nih.gov/pubmed/26447745
https://doi.org/10.1177/0305735613490595
https://doi.org/10.1519/JSC.0b013e318237e7b3
https://www.ncbi.nlm.nih.gov/pubmed/22033366
https://doi.org/10.1076/apab.111.3.211.23464
https://www.ncbi.nlm.nih.gov/pubmed/14972741
https://doi.org/10.1016/j.ejpain.2005.03.005
https://www.ncbi.nlm.nih.gov/pubmed/15878297
https://doi.org/10.1093/jmt/45.2.114
https://doi.org/10.1016/j.neubiorev.2016.09.001
https://doi.org/10.3390/nu11092120
https://doi.org/10.1080/15502783.2024.2400513
https://www.ncbi.nlm.nih.gov/pubmed/39246027
https://doi.org/10.1038/nn.2726
https://www.ncbi.nlm.nih.gov/pubmed/21217764
https://doi.org/10.1519/JSC.0b013e318201bddb
https://www.ncbi.nlm.nih.gov/pubmed/21157384
https://doi.org/10.3389/fnut.2024.1335950
https://www.ncbi.nlm.nih.gov/pubmed/38544753
https://doi.org/10.2165/00007256-198704060-00001
https://doi.org/10.1007/s00394-022-02875-2
https://www.ncbi.nlm.nih.gov/pubmed/35366092
https://doi.org/10.1186/s13102-023-00619-1
https://www.ncbi.nlm.nih.gov/pubmed/36810282
https://doi.org/10.1007/s00394-022-02874-3

	Introduction 
	Methods 
	Participants 
	Study Design 
	Experimental Protocol 
	Analysis of Statistics 

	Results 
	Wingate Anaerobic Test Performance, Heart Rate, and Ratings of Perceived Exertion 
	Feeling Scale 
	Perceived Fitness, Side Effects, and Blinding Efficacy 

	Discussion 
	Conclusions 
	References

