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Caffeinated energy drinks are commonly taken to improve exercise
performance, but there are few studies on the influence of different doses
on an athlete’'s performance. We conducted a double-blind, randomized,
counter-balanced, and crossover research study to examine the effects of
low caffeinated energy drink (Low ED) or high caffeinated energy drink (High
ED) supplement on the performance, haematological response, and oxidative
stress in triathletes. Twelve male participants underwent three testing sessions
separated by weekly intervals, consisting of sprint triathlon training (0.75 km
swim, 20 km cycle, and 5 km run). Before and during the trials, participants were
randomly provided with either placebo (PLA) group, Low ED group, or High ED
group. Exercise performance in the High ED group decreased significantly
compared with the PLA and Low ED groups (p < 0.05). However, participants in
the Low ED group also experienced an improved performance (p = 0.054).
Analysis of variance revealed no differences among the three groups in cortisol
and testosterone levels, or the Borg Rating of Perceived Exertion score (p > 0.5).
Furthermore, superoxide dismutase (SOD) was reduced with exercise and were
lowest in the High ED group. However, compared with PLA, a significant
decrease of thiobarbituric acid reactive substances (TBARS) was observed in
Low ED and High ED groups (p < 0.05). This indicates that caffeinated energy
drink consumption may improve performance and reduce oxidative stress in
sprint triathlon athletes. However, individual differences should be considered
when supplementing with caffeinated energy drinks to decrease side effects.
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Introduction

A triathlon, which combines phases of swimming, cycling,
and running, is one of the main long-distance races in the world.
The full distance is the most famous triathlon. However, shorter
triathlon competitions, such as the Olympic triathlon or sprint
triathlon, have become more popular because it allows amateur
and recreational athletes to participate (Jeukendrup et al., 2005).
It is a strenuous competition that requires high energy
expenditure and generates high physical and metabolic stress
(Knez et al., 2007). Therefore, several athletes take energy drink
supplements during training (Potgieter et al., 2018). However,
the effect for sprint triathlon is still not clearly.

Energy drinks are commonly taken to improve exercise
performance not only among professional athletes, but also
among other sports people (Hoffman et al., 2007; Chester and
Wojek, 2008; Petroczi et al, 2008). Depending on the
composition of the energy drinks, some are more commonly
used by endurance athletes, while others are more suitable for
strength athletes. The most common supplement is caffeine.
Caffeine is an effective ergogenic agent, which can delay the
time to fatigue during endurance sports (Southward et al., 2018;
Shen et al., 2019). Many studies have shown that caffeine affects
endurance performance but has no effect on anaerobic
performance (Hoffman et al,, 2007; Hogervorst et al., 2008;
Woolf et al., 2009; Southward et al., 2018). A study showed
that 89% of the athletes participating in the Triathlon World
Championships admitted that they planned to use caffeine
supplements before the competition (Desbrow and Leveritt,
2006). Caffeine supplementation has been shown to improve
the swimming performance of triathlon athletes during
competition (Potgieter et al., 2018).

The triathlon combines periods of prolonged exercise and
high intensity which results in muscle fatigue and damage
(Bertola et al., 2014). Exercise has been reported to result in
leucocytosis (Peake et al., 2017), and for caffeinated energy
drink consumption seem to have further augmented these
(Phillips 2014; Stopa et al, 2020).
Testosterone and cortisol are indicators of anabolism and

responses et al,
catabolism in endurance exercise, are usually measured to
assess the stress imposed by exercise (Anderson et al., 2016;
Vaamonde et al., 2021). Exercise-induced oxidative stress
increases muscle fatigue and damages muscle function
(Koechlin et al., 2004; Aguiar et al., 2008). Under aerobic
the
generation increases.

endurance stress, reactive radical oxygen species

starts when the
the
production of reactive radical oxygen species (Ji, 1999). The

Oxidative stress

antioxidant system does not adapt to excessive
enzymes such as superoxide dismutase (SOD), catalase (CAT),
and glutathione peroxidase (GSH-Px), and non-enzymatic
substances such as reduced glutathione (GSH), which can
prevent exercise-induced oxidative stress (Pinho et al,

2006). It is important to identify approaches that reduce
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exercise-induced oxidative stress and help improve exercise
performance. Elderberry, anserine and caffeine may have an
antioxidant effect and protect cells from oxidative damage
(Abdel-Hady et al., 2015; Alkhatib et al., 2020; Liu et al., 2022).

Furthermore, most studies only discuss the influence of the
same doses of caffeine on an athlete’s performance (Ganio et al.,
2009; Southward et al., 2018; Shen et al., 2019). However, the
effects of caffeine on the human body vary drastically between
individuals (Turley and Gerst, 2006; Nehlig, 2018; Potgieter et al.,
2018; Durkalec-Michalski et al., 2019). Therefore, the purpose of
this study was to examine the effects of varied doses of caffeinated
energy drink supplementation on oxidative stress and
performance in sprint triathletes. We make a hypothesis that
it would be distinct in different dosage of caffeinated energy

drink.

Materials and methods
Participants

Twelve male triathletes (height, 171.8 + 1.5 cm; weight,
63.5 + 2.3 kg; age, 20.8 + 0.4 years) all voluntarily agreed to
take the digitally provided, anonymous, online survey to enrol in
this study. The inclusion criteria required that participants were
healthy male collegiate triathletes. The exclusion criteria were:
(Jeukendrup et al.,, 2005): taking any medicines; (Knez et al.,
2007) any health problems that may have been exacerbated by
caffeine; (Potgieter et al., 2018) habitual caffeine consume The
procedures and purpose of the study, including the right to freely
withdraw, were explained to the participants and their informed
consent was obtained. This study was approved by Institutional
Review Board of Taipei University (IRB-2021-021). All
participants were adults who matched the requirements for
this research and had no health or drug related problems.

Experimental design

This study followed a double-blind, randomized, counter-
balanced, and crossover design. Three identical sprint triathlon
tests (0.75 km swim, 20 km cycle, and 5 km run) were performed.
Swimming is in indoor 50 m swimming pool, cycling is on
stationary bicycle, and running in outdoor 400m field.
Experimental trials began at the same time for 3 days, with
each testing session separated by 1week. The weather
conditions of the three experimental days are similar.

Participants were randomly assigned to a placebo (PLA)
group, low-dosage caffeinated energy drink (Low ED) group,
or high-dosage caffeinated energy drink (High ED) group by an
external researcher. Supplement is given to the participants in an
opaque cup by another researcher. Participants were provided
the caffeinated energy drink supplement or PLA 1 h before the
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PLA: Purple grape juice drink
Low ED: Energy drink
High ED: Energy drink

PLA: Purple grape juice drink
Low ED: Purple grape juice drink
High ED: Energy drink

Time (min) | 30
baseline
RPE:
Blood samples: T
FIGURE 1

Study protocol and interventions.

test and during transitions (swim — cycle). Participants began
warm-ups 30 min before the test.

Supplement intervention

Each participant ingested either caffeinated energy drink
supplement or PLA. The supplement is commercially marked
as Energy Drink (Power Probiotics, Taiwan). Each supplement
consisted of 300 ml water mixed with 3 g of the Energy Drink
powder, which contained 111 mg of caffeine and 674 mg of
another energy matrix (144 mg anserine, 200 mg of elderberry,
and 330 mg vitamins-minerals mixed). It contains 8.6 kilocalorie
(kcal) of energy. PLA was the same volume of purple grape juice
drink. Both drinks were matched to be similar in taste and
appearance.

In the PLA group, participants ingested the PLA at baseline
and during transition between tests (from swimming to cycling).
The Low ED group ingested the caffeinated energy drink
supplement at baseline and ingested PLA during the
transitions. The High ED group ingested the caffeinated
energy drink supplement at baseline and again during
transitions (Figure 1). The dosage of High ED is twice than
the Low ED. The caffeine dosage in Low ED is 111 mg, and in
High ED is 222 mg. There are 8.6 kcal in Low ED, and for High
ED is 17.2 kcal.

Dietary and exercise standardisation

Meals and training were selected individually by the
participants as usual, but were approved by the researchers.
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Participants were instructed to eat the same diet provided 2 h
before each trial, and were asked to disclose the use of any
performance-enhancing supplements or drugs. Only participants
who were not using any ergogenic supplements were included in
the study. In order to exclude confounding effects of caffeine
withdrawal symptoms, participants were required to abstain
from caffeine or caffeine-containing products, and to not
perform any strenuous exercise 48 h prior to the experiment.

Sample and data collection

On the experiment day, participants finished their lunch
2 h before arrival. Blood samples were collected by registered
phlebotomists before baseline and 5 min after finishing the
exercise. Times to complete all race stages were recorded. The
Borg Rating of Perceived Exertion (RPE, 1-10 scale) was
used to determine the immediate RPE score during sprint
triathlon.

To obtain plasma or serum, the blood samples with 5 ml
collected into blood sampling tubes with or without ethylene
diamine tetraacetic acid (EDTA), respectively, were centrifuged
at 3000 rpm at 4°C for 10 min and then stored at —80°C until
analysis. Full blood counts were obtained using automated
haemocytometry (UniCel DxH900, Beckman Coulter”,
America). Thiobarbituric acid reactive substances (TBARS),
SOD, and CAT were measured using an enzyme-linked
immunosorbent assay (ELISA) kit (Cayman Chemical, Ann
Arbor, MI, United States); cortisol and testosterone levels
were also measured using an ELISA kit (IBL®, Minneapolis,
MN, America). GSH and oxidized glutathione (GSSG) were
estimated using Glutathione fluorometric assay kit (BioVision,
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Sprint triathlon performance with placebo (PLA), low-dosage energy drink (Low ED) group and high-dosage energy drink (High ED)
group. *Significant difference compare with PLA and Low ED (p < 0.05). Values are expressed as mean + SE.
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Individual sprint triathlon performance with placebo (PLA) vs. low-dosage energy drink (Low ED) group (A) and placebo (PLA) vs. high-dosage
energy drink (High ED) group (B). Note that y-axes differ, as they were adapted for best spread of data.

Milpitas, CA, United States) and an ELISA plate reader (Infinite
M200Pro, Tecan Group Ltd., Mannedorf, Switzerland).

Statistical analysis

The evaluations were analysed using the one-way analysis of
variance and repeated measurement tests. In the event of a
significant main effect, post-hoc comparisons were conducted
using the Tukey’s test. Statistical significance was set at p < 0.05.
Data are expressed as mean + standard error. Effect sizes
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(Cohen’s d) were reported where appropriate. Parametric
effect sizes were defined as large (d > 0.8), moderate (0.5-0.8),
and small (<0.5) (Cohen, 2013).

Results

Completion times were significantly increased in the High
ED group compared with the PLA and Low ED groups, which
indicated that the exercise performance decreased
significantly. (4394 + 315 vs. 4266 + 2665, p = 0.03; 4394 +
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FIGURE 4

Sprint triathlon performance for nine subjects with placebo
(PLA) and low-dosage energy drink (Low ED) group. (Except three
subjects who may overdose). Values are expressed as mean + SE.

RPE

PLA

Low ED High ED
FIGURE 5

RPE before and after sprint triathlon with placebo (PLA), low-
dosage energy drink (Low ED) group and high-dosage energy
drink (High ED) group. Values are expressed as mean + SE.
#Significant difference compare with pre and post (p < 0.05).
Values are expressed as mean + SE.

315 vs. 4233 + 2655, p = 0.03). There was no difference in
the PLA and Low ED
supplementation groups (Figure 2).

completion times between

Figure 3 shows the total time of individual performances by
group of different caffeinated energy drink dosages. Low ED
supplementation was associated with triathlon performance
improvements in 75% (9/12) of athletes; however, only 25%
(3/12) of athletes in the High ED supplementation group saw
improvement in their performance. Compared with other

studies, in relation to the demonstrated ergogenic effect, the
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performance of most athletes improved after ingesting the
caffeinated energy drink supplement.

In a subsequent analysis, we focused on the participants in
the Low ED group who may not have experienced an overdosage
of components in the caffeinated energy drink supplementation.
These nine participants were compared with the PLA groups.
The performance of these athletes seems to show significant
improvement with Low ED group, compared with the PLA group
(p = 0.054; effect size = 0.4) (Figure 4).

The RPE of the athletes increased after exercise in all groups,
but thereafter remained similar at all time points in all groups
(Figure 5). Exercise resulted in significant increase of testosterone
and cortisol (p < 0.05), however, there was no significant
difference in cortisol or testosterone levels in the PLA group
versus the Low ED and High ED groups (Figure 6). Exercise
caused an elevation in white blood cells, specifically the
neutrophils; the elevation was greater in the High ED group
as compared to the other two groups. After exercise,
mononuclear cell level and red blood cell count increased in
all groups, bud the increase in red blood cell count in caffeinated
energy drink consumption group was lesser than in the PLA
group (Table 1).

Regarding oxidative stress (Table 2), CAT levels were similar
in all groups. SOD levels were reduced with exercise and were
lowest in athletes in the High ED group. TBARS levels increased
after exercise in all groups; however, caffeinated energy drink
supplementation caused a significant decrease in TBARS levels,
irrespective of dosage. There were no significant differences in
GSH, GSSG, or GSH/GSSG levels among the PLA group and Low
or High ED groups.

Discussion

The main finding of the study was that in comparison to the
placebo and Low ED groups, the High ED group showed
significant increase in completion times. In the Low ED
group, 75% of athletes had improved performance, whereas in
the High ED group 75% of athletes showed a lower performance.
The most commonly used ingredient in energy drinks is caffeine.
The ergogenic effect of caffeine on endurance exercise has been
extensively demonstrated (Bell et al., 1998; Bridge and Jones,
2006; Desbrow and Leveritt, 2006; Meeusen et al., 2013; Glaister
et al, 2016; Christensen et al., 2017; Potgieter et al., 2018).
However, excessive intake of caffeine may reduce performance
(Mora-Rodriguez and Pallarés, 2014).

In a descriptive cross-sectional study, Desbrow and
Leveritt found that intake of an average caffeine dose of
3.8 = 3mg/kg by an athlete during a triathlon had very
minor side effects (Desbrow and Leveritt, 2007). Another
study showed that the ergogenic effects of caffeine ingestion
on neuromuscular performance differ when ingestion is at
different time points. Caffeine intake in the afternoon was not
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Testosterone (ng/ml)

FIGURE 6
Serum testosterone (A) and cortisol (B) in triathlon with placebo (PLA), low-dosage energy drink (Low ED) group and high-dosage energy drink
(High ED) group at baseline and immediately after sprint triathlon Values are expressed as mean + SE. *Significant difference compare with pre and
post (p < 0.05) in PLA, Low ED and High ED group. Values are expressed as mean + SE.
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TABLE 1 Hematological parameters with placebo (PLA), low-dosage caffeinated energy drink (Low ED) group and high-dosage caffeinated energy
drink (High ED) group before and after participation in a sprint triathlon. *Significant difference at p < 0.05.

PLA Low ED High ED Main effect pvs. L pvs.H Lvs. H
Mean + SE F P p-value (Cohen’s d)
White blood cell (10°cells/ul)
Pre 59+03 59+04 59+03 0.0 1.00
Post 10.7 £ 0.5 11.8 £ 0.6 133 + 1.1 3.8 0.04* p=0.11 p = 0.02*(0.6) p =0.07
AWBC 48 £ 0.6 59 %05 74+ 1.1 4.0 0.03* p =0.09 p = 0.02*(0.9) p =0.06
Neutrophils(%)
Pre 60.0 £ 2.1 60.1 £2.2 592+ 19 0.1 091
Post 703 £2.2 734 + 25 745+ 3.2 1.8 0.19
ANEU 102 £ 1.9 132 + 25 153 £ 3.2 0.9 0.41
Lymphocytes(%)
Pre 275+ 1.6 29.1 £ 2.0 286 + 1.4 0.5 0.63
Post 208 £ 1.8 19.0 £ 2.0 18.0 £ 2.4 1.12 0.34
ALYM -6.7 £ 1.8 -10.1 £ 2.5 -10.7 £ 2.9 1.0 0.39
MONO(%)
Pre 7.9 0.7 7.1+ 0.8 8.0 +0.8 0.5 0.61
Post 6.1 +04 55+ 0.7 51+0.7 1.6 0.23
AMONO -1.8 £ 0.6 -1.6 £ 0.4 -2.8 £0.5 1.7 0.20
Red Blood Cell(10°cells/pl)
Pre 51+0.1 51+0.1 51+0.1 1.3 0.30
Post 54 +0.1 53 +0.1 54+ 0.1 0.2 0.84
ARBC 0.3 + 0.04 0.2 £ 0.04 0.2 +0.03 2.6 0.10

only reported to have little effect on neuromuscular
performance, but also increased the rate of negative side-

effects (Mora-Rodriguez et al., 2015).

Frontiers in Physiology

The International Society of Sports Nutrition summarized

that caffeine is effective for enhancing sports performance in

trained athletes, when consumed in low-to-moderate dosages

06

frontiersin.org


https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2022.999811

Wang et al.

10.3389/fphys.2022.999811

TABLE 2 Oxidation stress response with placebo (PLA), low-dosage caffeinated energy drink (Low ED) group and high-dosage caffeinated energy
drink (High ED) group before and after participation in a sprint triathlon. *Significant difference at p < 0.05.

PLA Low ED High ED Main effect pvs. L pvs.H Lvs.H

Mean + SE F P p-value (Cohen’s d)

SOD (U/ml)
Pre 2103 2103 21203 0.0 0.96
Post 1.8 + 02 17 £03 1.6 03 41 0.03* p =012 p =0.02*(0.2) p =0.024(0.2)
p-value p =0.01* p=0.01* p = 0.00*

Catalase (nmol/min/ml)
Pre 46.8 3.8 448 +18 49.0 £7.3 0.19 0.83
Post 68.6 4.2 63.5 £ 3.9 63.7 £27 17 0.20
p-value p = 0.00* p = 0.00* p =0.03*

TBARS (uM)
Pre 72+ 16 102 + 1.6 13.0 + 3.8 15 0.25
Post 132+ 4 59+ 06 6.0 £ 0.8 3.8 0.04* p = 0.04*(0.8) p = 0.03*(0.7) p =046
p-value p = 0.07 p = 0.02* p = 0.03*

GSH (pg/ml)
Pre 118 + 1.4 121 £ 1.1 132 + 17 0.44 0.65
Post 134 + 1.6 138 + 1.9 13.0 + 23 0.14 0.87
p-value p =019 p=013 p =045

GSSG (pg/ml)
Pre 181.3 £ 20.3 1943 + 134 184.1 £ 105 03 0.76
Post 184.5 + 187 183.1 + 122 186.5 + 13.1 0.0 0.98
p-value p =043 p =020 p =044

GSH/GSSG(ug/ml)
Pre 0.08 £ 0.02 0.06 = 0.01 0.07 £ 0.01 0.7 0.50
Post 0.08 = 0.01 0.08 £ 0.01 0.07 £ 0.01 03 0.76
p-value p =045 p=0.10 p =048
(3-6 mg/kg) (Campbell et al., 2013). Other studies have shown some athletes in this study deteriorated or did not improve.
similar results (Potgieter et al., 2018; Durkalec-Michalski et al., CYP1A2 is responsible for over 90% of caffeine clearance. The
2019). In our study, the average body weight of the participants large interindividual variability in the activity of
was 63.5 = 2.3 kg, and the athletes from the High ED group CYP1A2 influences the disposition of caffeine. The activity
consumed 222 mg of caffeine. Although this seems to be a lower of CYP1A2 in the South Asian population is especially lower
dose than reported, it still caused an overdose of caffeine in many than that of other people (Nehlig, 2018). A meta-analysis
of the athletes. According to Figures 3, 4, we suggest that the demonstrated that people possessing a fast caffeine
remaining participants, who showed no improvement, may also metabolism could tolerate a higher coffee intake, especially
have experienced an overdosage of components in the caffeinated in males, younger age groups, and individuals of Caucasian
energy drink supplementation. A similar dose of caffeine was ethnicity (Denden et al., 2016). It also showed that mainly the
taken in another study on energy drinks, and the cycling cytochrome P450 family 1, subfamily Al-A2 (CYPIAI-
performance also did not improve (Phillips et al, 2014). CYP1A2) has been implicated in caffeine metabolism. This
However, only a single dose was taken in these studies, they suggests that for some people even low doses of caffeine may
cannot consider whether it was caused by excessive caffeine. lead to side effects. In addition to, gene types can also lead to

The reason for this difference from other researches in different side effects (Salinero et al., 2017; Grgic et al., 2020).

results may involve inter-individual and ethnic differences in Therefore, individual differences should be considered when
caffeine metabolism. The participants in our study are from consuming caffeinated energy drinks containing caffeine in
Asia, which may be one of the reasons why the performance of future studies.
Frontiers in Physiology 07 frontiersin.org
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Except for caffeine in energy drinks, for other substances, until
now, almost no study shows that other energy matrix (674 mg of
anserine, elderberry, vitamins, and minerals) in the caffeinated
energy drink we used can cause side effects. And there is a big
difference in caffeine content but little difference energy between the
two group. Therefore, we infer that excessive caffeine may be the
reason why some athletes’ performance did not improve. However,
because our study lacked a caffeine control group, we cannot be sure
whether the reduced performance observed were caused by excessive
caffeine. In addition to, our participants are only males. These are
research limitation of our study.

Exercise increases red and white cell counts and induces
delayed-onset leukocytosis due to neutrophilia (Wang et al,
2003).
activation might

Exercise-induced mobilization  and
be

(Kawamura et al, 2018). We found a greater increase in

neutrophil
associated with muscle damage
leukocyte levels in the High ED group than in the PLA group,
especially for neutrophils. This may be due to the synergic effect
of caffeine (Bassini-Cameron et al., 2007), caffeine-induced
increase in adrenaline could be responsible for the higher
increase in neutrophil (Tauler et al.,, 2013).

However, another research study suggested that caffeine can
affect the bone marrow directly or through the central nervous
system, causing an increased release of neutrophils
(Ramanaviciene et al, 2004). Their results showed that
caffeine may enhance the mobilization and activation of
neutrophils during exercise.

In our study, testosterone levels in the athletes did not differ
among the PLA group and the Low and High ED groups.
Inconsistent with other research studies (Potgieter et al, 2018),
our data showed that testosterone levels increased after the sprint
distance triathlon. This may be due to measurement of values at
different completion times. An earlier study found an increase in
serum testosterone during the first 3 h of exercise and a decrease
thereafter, regardless of the type of exercise (running or walking)
(Guglielmini et al,, 1984). Another study evaluated two types of
athletes (middle-distance and prolonged marathon runners) during
an exercise duration of 40 min, and found a progressive increase in
testosterone levels during the final phases of a prolonged marathon
(Vuorimaa et al., 2008). This phenomenon was also corroborated by
a steady increase during the last two phases of the Ironman (cycling
and running) (Vaamonde et al,, 2021). Our findings are similar to
most studies in the field (Elloumi et al., 2008; Balthazar et al., 2012),
which have demonstrated an increase in cortisol secretion after
exercise, and no differences between the group that consumed the
caffeinated energy drink supplement and the PLA group.

The present study also reported a significant effect on oxidation
stress on sprint triathlon after consumption of the energy drink; an
increase in catalase and a decrease in SOD levels was observed after the
sprint triathlon. Several studies have shown that different exercise
modalities
exercises) result in different changes of SOD levels (Canale et al,
2014; Park and Kwak, 2016; Souissi et al, 2020). In our study, SOD

(aerobic, anaerobic, intermittent, and continuous
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levels showed a greater reduction in the High ED group compared to
the PLA and Low ED groups. Intense exercises have been shown to
increase TBARS levels; however, a reduction in TBARS levels was
observed with caffeinated energy drink supplementation, in our study.
This may be due to the antioxidant effect of the caffeinated energy drink.
Apart from caffeine, the additional ingredients in the energy drink used
in our study included elderberry and anserine. All the three ingredients
can reduce oxidation stress. The use of caffeine as an antioxidant has
been demonstrated in some studies (Abdel-Hady et al,, 2015; Salicio
etal, 2017). Caffeine can scavenge free radicals (Afify et al., 2011; Leén-
Carmona and Galano, 2011; Costa et al., 2018; Petrucci et al., 2018),
which can help decrease oxidative stress for athletes (Tiwari et al.,, 2014).
In addition, the strong antioxidant property of elderberries is related to
their phenolic compounds content, particularly flavonoids (Netzel et al.,
2005; Tacopini et al, 2008; Goud and Prasad, 2020). Protective
antioxidant mechanisms of anserine have also been demonstrated in
some research studies (Alkhatib et al, 2020; Wu, 2020). In our study,
antioxidant levels were not increased. We, therefore, infer that the
caffeinated energy drink used in our study may reduce oxidative
damage in athletes by scavenging free radicals.

Conclusion

Caffeinated energy drinks consumed in the inappropriate
dosage may impair the exercise performance of sprint triathletes,
irrespective of oxidative damage. Therefore, individual
differences may be necessary to consider when consuming
caffeinated energy drink supplementation to prevent side
effects due to excessive intake of caffeine or other ingredients.

However, it needs more researches to confirm.

Data availability statement

The original contributions presented in the study are
the further
inquiries can be directed to the corresponding author.

included in article/supplementary —material,

Ethics statement

The studies involving human participants were reviewed and
approved by University of Taipei Institutional Review Board,
Taiwan (Approval date: 25 February 2022, Approval code: IRB-
2021-021). The patients/participants provided their written
informed consent to participate in this study.

Author contributions

J-PW developed the study design and manuscript concept,
analyzed the data, and wrote the full manuscript; C-CW and

frontiersin.org


https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2022.999811

Wang et al.

Y-DP collected the data and participated in data analysis;
C-WH participated in developing the study design and
revising the manuscript; H-YW and C-HH participated in
critical editing of the manuscript; Y-FL designed the study,
coordinated data collection, participated in data analysis, and
writing the manuscript; Y-HH made an equal contribution. All
authors have read and approved the final version of the
manuscript.

Acknowledgments

The authors are grateful to Pin-Chia Pan and Wei-Chin
Tseng for technical assistance, and for all study volunteer
participants.

References

Abdel-Hady, H., Nasef, N., Shabaan, A. E., and Nour, I. (2015). Caffeine therapy
in preterm infants. World J. Clin. Pediatr. 4 (4), 81-93. Epub 2015/11/14. doi:10.
5409/wjcp.v4.i4.81

Afify, A. E-M. M., Shalaby, E. A., and El-Beltagi, H. S. (2011). Antioxidant activity
of aqueous extracts of different caffeine products. . Med. Plants Res. 5 (20),
5071-5078.

Aguiar, A. S, Tuon, T., Albuquerque, M. M,, Rocha, G. S., Speck, A. E., Aratjo,
J. C., et al. (2008). The exercise redox paradigm in the down’s syndrome:
Improvements in motor function and increases in blood oxidative status in
young adults. J. Neural Transm. 115 (12), 1643-1650. doi:10.1007/s00702-008-
0120-x

Alkhatib, A., Feng, W-H., Huang, Y-J., Kuo, C-H., and Hou, C-W. (2020).
Anserine reverses exercise-induced oxidative stress and preserves cellular
homeostasis in healthy men. Nutrients 12 (4), 1146. doi:10.3390/nu12041146

Anderson, T., Lane, A. R, and Hackney, A. C. (2016). Cortisol and testosterone
dynamics following exhaustive endurance exercise. Eur. J. Appl. Physiol. 116 (8),
1503-1509. Epub 2016/06/06. doi:10.1007/s00421-016-3406-y

Balthazar, C. H., Garcia, M. C., and Spadari-Bratfisch, R. C. (2012). Salivary
concentrations of cortisol and testosterone and prediction of performance in a
professional triathlon competition. Stress 15 (5), 495-502. Epub 2011/12/02. doi:10.
3109/10253890.2011.642033

Bassini-Cameron, A., Sweet, E., Bottino, A., Bittar, C., Veiga, C., and Cameron, L.
C. (2007). Effect of caffeine supplementation on haematological and biochemical
variables in elite soccer players under physical stress conditions. Br. J. Sports Med.
41 (8), 523-530. ; discussion 30. Epub 2007/05/03. doi:10.1136/bjsm.2007.035147

Bell, D. G, Jacobs, L., and Zamecnik, J. (1998). Effects of caffeine, ephedrine and
their combination on time to exhaustion during high-intensity exercise. Eur. J. Appl.
Physiol. Occup. Physiol. 77 (5), 427-433. Epub 1998/04/30. doi:10.1007/
5004210050355

Bertola, I. P, Sartori, R. P., Corréa, D. G., Zotz, T. G. G., and Gomes, A. R. S.
(2014). Profile of injures prevalence in athletes who participated in sesc triathlon
caiobd-2011. Acta Ortop. Bras. 22, 191-196. doi:10.1590/1413-78522014220400895

Bridge, C. A., and Jones, M. A. (2006). The effect of caffeine ingestion on 8 Km
run performance in a field setting. J. Sports Sci. 24 (4), 433-439. Epub 2006/02/24.
doi:10.1080/02640410500231496

Campbell, B., Wilborn, C., La Bounty, P., Taylor, L., Nelson, M. T., Greenwood,
M, et al. (2013). International society of sports nutrition position stand: Energy
drinks. J. Int. Soc. Sports Nutr. 10 (1), 1. Epub 2013/01/04. doi:10.1186/1550-2783-
10-1

Canale, R. E,, Farney, T. M., McCarthy, C. G., and Bloomer, R. J. (2014). Influence
of acute exercise of varying intensity and duration on postprandial oxidative stress.
Eur. J. Appl. Physiol. 114 (9), 1913-1924. Epub 2014/06/09. doi:10.1007/s00421-
014-2912-z

Chester, N., and Wojek, N. (2008). Caffeine consumption amongst British
athletes following changes to the 2004 wada prohibited list. Int. J. Sports Med.
29 (06), 524-528. doi:10.1055/s-2007-989231

Frontiers in Physiology

10.3389/fphys.2022.999811

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Christensen, P. M., Shirai, Y., Ritz, C., and Nordsborg, N. B. (2017). Caffeine and
bicarbonate for speed. A meta-analysis of legal supplements potential for improving
intense endurance exercise performance. Front. Physiol. 8, 240. Epub 2017/05/26.
doi:10.3389/fphys.2017.00240

Cohen, J. (2013). Statistical power analysis for the behavioral Sciences. New York:
Academic Press.

Costa, JdS., Ramos, RdS., Costa, KdS. L., Brasil, DdS. B., Silva, C. H. TdPd,
Ferreira, E. F. B, et al. (2018). An in silico study of the antioxidant ability for two
caffeine analogs using molecular docking and quantum chemical methods.
Molecules 23 (11), 2801. doi:10.3390/molecules23112801

Denden, S., Bouden, B., Haj Khelil, A., Ben Chibani, J., and Hamdaoui, M. H.
(2016). Gender and ethnicity modify the association between the
Cypla2 Rs762551 polymorphism and habitual coffee intake: Evidence from a
meta-analysis. Genet. Mol. Res. 15 (2). Epub 2016/05/14. doi:10.4238/gmr.15027487

Desbrow, B., and Leveritt, M. (2006). Awareness and use of caffeine by athletes
competing at the 2005 ironman triathlon World Championships. Int. J. Sport Nutr.
Exerc. Metab. 16 (5), 545-558. doi:10.1123/ijsnem.16.5.545

Desbrow, B., and Leveritt, M. (2007). Well-trained endurance athletes’
knowledge, insight, and experience of caffeine use. Int. J. Sport Nutr. Exerc.
Metab. 17 (4), 328-339. Epub 2007/10/27. doi:10.1123/ijsnem.17.4.328

Durkalec-Michalski, K., Nowaczyk, P. M., Gléwka, N., and Grygiel, A. (2019).
Dose-dependent effect of caffeine supplementation on judo-specific performance
and training activity: A randomized placebo-controlled crossover trial. J. Int. Soc.
Sports Nutr. 16 (1), 38. Epub 2019/09/07. doi:10.1186/s12970-019-0305-8

Elloumi, M., Ben Ounis, O., Tabka, Z., Van Praagh, E., Michaux, O., and Lac, G.
(2008). Psychoendocrine and physical performance responses in male Tunisian
rugby players during an international competitive season. Aggress. Behav. 34 (6),
623-632. Epub 2008/07/16. doi:10.1002/ab.20276

Ganio, M. S,, Klau, J. F., Casa, D. J., Armstrong, L. E., and Maresh, C. M. (2009).
Effect of caffeine on sport-specific endurance performance: A systematic Review.
J. Strength Cond. Res. 23 (1), 315-324. Epub 2008/12/17. doi:10.1519/]JSC.
0b013e31818b979a

Glaister, M., Williams, B. H., Muniz-Pumares, D., Balsalobre-Fernandez, C., and
Foley, P. (2016). The effects of caffeine supplementation on physiological responses
to submaximal exercise in endurance-trained men. PLoS One 11 (8), e0161375.
Epub 2016/08/18. doi:10.1371/journal.pone.0161375

Goud, N. S., and Prasad, G. (2020). Antioxidant, antimicrobial activity and total
phenol and flavonoids analysis of Sambucus nigra (elderberry). Int. J. Curr. Pharm.
Res. 12, 35-37. doi:10.22159/ijcpr.2020v12i1.36829

Grgic, J., Pickering, C., Bishop, D. J., Schoenfeld, B. J., Mikulic, P., and Pedisic, Z.
(2020). Cypla2 genotype and acute effects of caffeine on resistance exercise,
jumping, and sprinting performance. J. Int. Soc. Sports Nutr. 17 (1), 21. Epub
2020/04/17. doi:10.1186/s12970-020-00349-6

Guglielmini, C., Paolini, A. R, and Conconi, F. (1984). Variations of serum
testosterone concentrations after physical exercises of different duration. Int.
J. Sports Med. 5 (5), 246-249. Epub 1984/10/01. doi:10.1055/s-2008-1025914

frontiersin.org


https://doi.org/10.5409/wjcp.v4.i4.81
https://doi.org/10.5409/wjcp.v4.i4.81
https://doi.org/10.1007/s00702-008-0120-x
https://doi.org/10.1007/s00702-008-0120-x
https://doi.org/10.3390/nu12041146
https://doi.org/10.1007/s00421-016-3406-y
https://doi.org/10.3109/10253890.2011.642033
https://doi.org/10.3109/10253890.2011.642033
https://doi.org/10.1136/bjsm.2007.035147
https://doi.org/10.1007/s004210050355
https://doi.org/10.1007/s004210050355
https://doi.org/10.1590/1413-78522014220400895
https://doi.org/10.1080/02640410500231496
https://doi.org/10.1186/1550-2783-10-1
https://doi.org/10.1186/1550-2783-10-1
https://doi.org/10.1007/s00421-014-2912-z
https://doi.org/10.1007/s00421-014-2912-z
https://doi.org/10.1055/s-2007-989231
https://doi.org/10.3389/fphys.2017.00240
https://doi.org/10.3390/molecules23112801
https://doi.org/10.4238/gmr.15027487
https://doi.org/10.1123/ijsnem.16.5.545
https://doi.org/10.1123/ijsnem.17.4.328
https://doi.org/10.1186/s12970-019-0305-8
https://doi.org/10.1002/ab.20276
https://doi.org/10.1519/JSC.0b013e31818b979a
https://doi.org/10.1519/JSC.0b013e31818b979a
https://doi.org/10.1371/journal.pone.0161375
https://doi.org/10.22159/ijcpr.2020v12i1.36829
https://doi.org/10.1186/s12970-020-00349-6
https://doi.org/10.1055/s-2008-1025914
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2022.999811

Wang et al.

Hoffman, J. R., Kang, J., Ratamess, N. A., Jennings, P. F., Mangine, G. T., and
Faigenbaum, A. D. (2007). Effect of nutritionally enriched coffee consumption on
aerobic and anaerobic exercise performance. J. Strength Cond. Res. 21 (2), 456-459.
doi:10.1519/R-20326.1

Hogervorst, E., Bandelow, S., Schmitt, J., Jentjens, R., Oliveira, M., Allgrove, J.,
et al. (2008). Caffeine improves physical and cognitive performance during
exhaustive exercise. Med. Sci. Sports Exerc. 40 (10), 1841-1851. doi:10.1249/
MSS.0b013e31817bb8b7

Tacopini, P., Baldi, M., Storchi, P., and Sebastiani, L. (2008). Catechin, epicatechin,
quercetin, rutin and resveratrol in red grape: Content, in vitro antioxidant activity and
interactions. J. Food Compos. Analysis 21 (8), 589-598. doi:10.1016/j.jfca.2008.03.011

Jeukendrup, A. E., Jentjens, R. L., and Moseley, L. (2005). Nutritional
considerations in triathlon. Sports Med. 35 (2), 163-181. doi:10.2165/00007256-
200535020-00005

Ji, L. L. (1999). Antioxidants and oxidative stress in exercise. Proc. Soc. Exp. Biol.
Med. 222 (3), 283-292. doi:10.1046/j.1525-1373.1999.d01-145.x

Kawamura, T., Suzuki, K., Takahashi, M., Tomari, M., Hara, R., Gando, Y., et al.
(2018). Involvement of neutrophil dynamics and function in exercise-induced
muscle damage and delayed-onset muscle soreness: Effect of hydrogen bath.
Antioxidants 7 (10), 127. doi:10.3390/antiox7100127

Knez, W. L., Jenkins, D. G., and Coombes, . S. (2007). Oxidative stress in half and
full ironman triathletes. Med. Sci. Sports Exerc. 39 (2), 283-288. d0i:10.1249/01.mss.
0000246999.09718.0c

Koechlin, C., Couillard, A., Simar, D., Cristol, J. P., Bellet, H., Hayot, M., et al.
(2004). Does oxidative stress alter quadriceps endurance in chronic obstructive
pulmonary disease? Am. J. Respir. Crit. Care Med. 169 (9), 1022-1027. doi:10.1164/
rcem.200310-14650C

Le6n-Carmona, J. R., and Galano, A. (2011). Is caffeine a good scavenger of
oxygenated free radicals? J. Phys. Chem. B 115 (15), 4538-4546. doi:10.1021/
p201383y

Liu, D, He, X. Q, Wu, D. T, Li, H. B,, Feng, Y. B,, Zou, L, et al. (2022). Elderberry
(Sambucus nigra L): Bioactive compounds, health functions, and applications. J. Agric.
Food Chem. 70 (14), 4202-4220. Epub 2022/03/30. doi:10.1021/acs.jafc.2c00010

Meeusen, R., Roelands, B., and Spriet, L. L. (2013). Caffeine, exercise and the
brain. Nestle Nutr. Inst. Workshop Ser. 76, 1-12. Epub 2013/08/01. doi:10.1159/
000350223

Mora-Rodriguez, R., Pallarés, J. G., Lopez-Gullén, J. M., Lopez-Samanes, A.,
Fernandez-Elias, V. E., and Ortega, J. F. (2015). Improvements on neuromuscular
performance with caffeine ingestion depend on the time-of-day. J. Sci. Med. Sport 18
(3), 338-342. Epub 2014/05/13. doi:10.1016/j.jsams.2014.04.010

Mora-Rodriguez, R., and Pallarés, J. G. (2014). Performance outcomes and
unwanted side effects associated with energy drinks. Nutr. Rev. 72 (1), 108-120.
Epub 2014/10/09. doi:10.1111/nure.12132

Nehlig, A. (2018). Interindividual differences in caffeine metabolism and factors
driving caffeine consumption. Pharmacol. Rev. 70 (2), 384-411. Epub 2018/03/09.
doi:10.1124/pr.117.014407

Netzel, M., Strass, G., Herbst, M., Dietrich, H., Bitsch, R., Bitsch, L., et al. (2005).
The excretion and biological antioxidant activity of elderberry antioxidants in
healthy humans. Food Res. Int. 38 (8-9), 905-910. doi:10.1016/j.foodres.2005.03.010

Park, S-Y., and Kwak, Y-S. (2016). Impact of aerobic and anaerobic exercise
training on oxidative stress and antioxidant defense in athletes. J. Exerc. Rehabil. 12
(2), 113-117. doi:10.12965/jer.1632598.299

Peake, J. M., Neubauer, O., Walsh, N. P., and Simpson, R. J. (2017). Recovery of
the immune system after exercise. J. Appl. Physiol. 122 (5), 1077-1087. Epub 2016/
12/03. doi:10.1152/japplphysiol.00622.2016

Petroczi, A., Naughton, D. P., Pearce, G., Bailey, R, Bloodworth, A., and
McNamee, M. (2008). Nutritional supplement use by elite young UK athletes:
Fallacies of advice regarding efficacy. J. Int. Soc. Sports Nutr. 5 (1), 22-28. doi:10.
1186/1550-2783-5-22

Petrucci, R., Zollo, G., Curulli, A., and Marrosu, G. (2018). A new insight into the
oxidative mechanism of caffeine and related methylxanthines in aprotic medium:
May caffeine Be really considered as an antioxidant? Biochim. Biophys. Acta. Gen.
Subj. 1862 (8), 1781-1789. doi:10.1016/j.bbagen.2018.05.011

Phillips, M. D., Rola, K. S., Christensen, K. V., Ross, ]. W., and Mitchell, J. B.
(2014). Preexercise energy drink consumption does not improve endurance cycling

Frontiers in Physiology

10

10.3389/fphys.2022.999811

performance but increases lactate, monocyte, and interleukin-6 response. J. Strength
Cond. Res. 28 (5), 1443-1453. Epub 2013/11/01. d0i:10.1519/js¢.0000000000000275

Pinho, R. A., Andrades, M. E., Oliveira, M. R, Pirola, A. C., Zago, M. S,, Silveira, P.
C., et al. (2006). Imbalance in sod/cat activities in rat skeletal muscles submitted to
treadmill training exercise. Cell. Biol. Int. 30 (10), 848-853. doi:10.1016/j.cellbi.
2006.03.011

Potgieter, S., Wright, H. H., and Smith, C. (2018). Caffeine improves triathlon
performance: A field study in males and females. Int. J. Sport Nutr. Exerc. Metab. 28
(3), 228-237. Epub 2018/01/19. doi:10.1123/ijsnem.2017-0165

Ramanaviciene, A., Acaite, J., and Ramanavicius, A. (2004). Chronic caffeine
intake affects lysozyme activity and immune cells in mice. J. Pharm. Pharmacol. 56
(5), 671-676. Epub 2004/05/15. doi:10.1211/0022357023268

Salicio, V. M. M., Fett, C. A, Salicio, M. A., Brandio, C., Stoppiglia, L. F., Fett, W.
C. R, et al. (2017). The effect of caffeine supplementation on trained individuals
subjected to maximal treadmill test. Afr. J. Tradit. Complement. Altern. Med. 14 (1),
16-23. Epub 2017/05/10. doi:10.21010/ajtcam.v14i1.3

Salinero, J. J., Lara, B., Ruiz-Vicente, D., Areces, F., Puente-Torres, C., Gallo-
Salazar, C., et al. (2017). Cypla2 genotype variations do not modify the benefits and
drawbacks of caffeine during exercise: A pilot study. Nutrients 9 (3), E269. Epub
2017/03/14. doi:10.3390/n1u9030269

Shen, J. G., Brooks, M. B., Cincotta, J., and Manjourides, J. D. (2019). Establishing
a relationship between the effect of caffeine and duration of endurance athletic time
trial events: A systematic Review and meta-analysis. J. Sci. Med. Sport 22 (2),
232-238. Epub 2018/09/02. doi:10.1016/j.jsams.2018.07.022

Souissi, W., Bouzid, M. A, Farjallah, M. A., Ben Mahmoud, L., Boudaya, M.,
Engel, F. A, et al. (2020). Effect of different running exercise modalities on post-
exercise oxidative stress markers in trained athletes. Int. J. Environ. Res. Public
Health 17 (10), 3729. doi:10.3390/ijerph17103729

Southward, K., Rutherfurd-Markwick, K. J., and Ali, A. (2018). The effect of acute
caffeine ingestion on endurance performance: A systematic Review and meta-
analysis. Sports Med. 48 (8), 1913-1928. Epub 2018/06/08. doi:10.1007/s40279-018-
0939-8

Stopa, M., Lobacz, M., Niemczyk, M., Rudowska, K., Radko, A., Mikunda, A.,
et al. (2020). Influence of energy drinks on acute hemodynamic parameters in
young healthy adults: A randomized double-blind placebo-controlled crossover
pilot study. Kardiol. Pol. 78 (4), 335-337. Epub 2020/03/14. doi:10.33963/kp.15231

Tauler, P., Martinez, S., Moreno, C., Monjo, M., Martinez, P., and Aguil6, A.
(2013). Effects of caffeine on the inflammatory response induced by a 15-km run
competition. Med. Sci. Sports Exerc. 45 (7), 1269-1276. Epub 2013/01/10. doi:10.
1249/MSS.0b013e3182857c8a

Tiwari, K. K., Chu, C., Couroucli, X., Moorthy, B., and Lingappan, K. (2014).
Differential concentration-specific effects of caffeine on cell viability, oxidative
stress, and cell cycle in pulmonary oxygen toxicity in vitro. Biochem. Biophys. Res.
Commun. 450 (4), 1345-1350. Epub 2014/07/06. doi:10.1016/j.bbrc.2014.06.132

Turley, K. R, and Gerst, J. W. (2006). Effects of caffeine on physiological
responses to exercise in young boys and girls. Med. Sci. Sports Exerc. 38 (3),
520-526. Epub 2006/03/17. doi:10.1249/01.mss.0000191189.40436.73

Vaamonde, D., Garcfa-Manso, J. M., Algar-Santacruz, C., Abbasi, A. A,
Sarmiento, S., and Valverde-Esteve, T. (2021). Behaviour of salivary testosterone
and cortisol in men during an Ironman Triathlon. Eur. J. Sport Sci. 22, 1335-1342.
Epub 2021/07/15. doi:10.1080/17461391.2021.1955011

Vuorimaa, T., Ahotupa, M., Hakkinen, K., and Vasankari, T. (2008). Different
hormonal response to continuous and intermittent exercise in middle-distance and
marathon runners. Scand. J. Med. Sci. Sports 18 (5), 565-572. Epub 2008/01/23.
doi:10.1111/j.1600-0838.2007.00733.x

Wang, J. S., Chow, S. E.,, and Chen, J. K. (2003). Strenuous, acute exercise affects
reciprocal modulation of platelet and polymorphonuclear leukocyte activities under
shear flow in men. J. Thromb. Haemost. 1 (9), 2031-2037. Epub 2003/08/28. doi:10.
1046/j.1538-7836.2003.00350.x

Woolf, K., Bidwell, W. K., and Carlson, A. G. (2009). Effect of caffeine as an
ergogenic aid during anaerobic exercise performance in caffeine naive collegiate
football players. J. Strength Cond. Res. 23 (5), 1363-1369. doi:10.1519/JSC.
0b013e3181b3393b

Wu, G. (2020). Important roles of dietary taurine, creatine, carnosine, anserine
and 4-hydroxyproline in human nutrition and health. Amino Acids 52 (3), 329-360.
Epub 2020/02/20. doi:10.1007/s00726-020-02823-6

frontiersin.org


https://doi.org/10.1519/R-20326.1
https://doi.org/10.1249/MSS.0b013e31817bb8b7
https://doi.org/10.1249/MSS.0b013e31817bb8b7
https://doi.org/10.1016/j.jfca.2008.03.011
https://doi.org/10.2165/00007256-200535020-00005
https://doi.org/10.2165/00007256-200535020-00005
https://doi.org/10.1046/j.1525-1373.1999.d01-145.x
https://doi.org/10.3390/antiox7100127
https://doi.org/10.1249/01.mss.0000246999.09718.0c
https://doi.org/10.1249/01.mss.0000246999.09718.0c
https://doi.org/10.1164/rccm.200310-1465OC
https://doi.org/10.1164/rccm.200310-1465OC
https://doi.org/10.1021/jp201383y
https://doi.org/10.1021/jp201383y
https://doi.org/10.1021/acs.jafc.2c00010
https://doi.org/10.1159/000350223
https://doi.org/10.1159/000350223
https://doi.org/10.1016/j.jsams.2014.04.010
https://doi.org/10.1111/nure.12132
https://doi.org/10.1124/pr.117.014407
https://doi.org/10.1016/j.foodres.2005.03.010
https://doi.org/10.12965/jer.1632598.299
https://doi.org/10.1152/japplphysiol.00622.2016
https://doi.org/10.1186/1550-2783-5-22
https://doi.org/10.1186/1550-2783-5-22
https://doi.org/10.1016/j.bbagen.2018.05.011
https://doi.org/10.1519/jsc.0000000000000275
https://doi.org/10.1016/j.cellbi.2006.03.011
https://doi.org/10.1016/j.cellbi.2006.03.011
https://doi.org/10.1123/ijsnem.2017-0165
https://doi.org/10.1211/0022357023268
https://doi.org/10.21010/ajtcam.v14i1.3
https://doi.org/10.3390/nu9030269
https://doi.org/10.1016/j.jsams.2018.07.022
https://doi.org/10.3390/ijerph17103729
https://doi.org/10.1007/s40279-018-0939-8
https://doi.org/10.1007/s40279-018-0939-8
https://doi.org/10.33963/kp.15231
https://doi.org/10.1249/MSS.0b013e3182857c8a
https://doi.org/10.1249/MSS.0b013e3182857c8a
https://doi.org/10.1016/j.bbrc.2014.06.132
https://doi.org/10.1249/01.mss.0000191189.40436.73
https://doi.org/10.1080/17461391.2021.1955011
https://doi.org/10.1111/j.1600-0838.2007.00733.x
https://doi.org/10.1046/j.1538-7836.2003.00350.x
https://doi.org/10.1046/j.1538-7836.2003.00350.x
https://doi.org/10.1519/JSC.0b013e3181b3393b
https://doi.org/10.1519/JSC.0b013e3181b3393b
https://doi.org/10.1007/s00726-020-02823-6
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2022.999811

	Dose caffeinated energy drink is a consideration issue for endurance performance
	Introduction
	Materials and methods
	Participants
	Experimental design
	Supplement intervention
	Dietary and exercise standardisation
	Sample and data collection
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


