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Abstract: Background: By using deceptive experimental designs, several investigations have observed
that trained individuals may increase their performance when told they were given caffeine, when in
fact they received a placebo (i.e., the placebo effect of caffeine). However, most of these investigations
on the placebo effect of caffeine used individuals with low caffeine consumption or did not report
habitual caffeine consumption, especially in studies analyzing resistance-based exercise. Hence,
it is unknown if habitual caffeine consumers benefit from the placebo effect of caffeine on exercise
performance. Thus, the aim of the present study was to analyze the placebo effect of caffeine on
maximal strength and strength-endurance performance during the bench press exercise (BP) in women
with mild—-moderate daily consumption of caffeine. Methods: Thirteen resistance-trained women
(BP one-repetition maximum (1RM) = 40.0 + 9.7 kg) habituated to caffeine (4.1 + 1.7 mg/kg/day)
completed a deceptive randomized experimental design with two experimental trials. On one
occasion, participants were told that they would receive 6 mg/kg of caffeine but received a placebo
(PLAC), and on other occasions, participants did not receive any substance and were told that this
was a control situation (CONT). In each experimental trial, participants underwent a 1RM BP test and
a strength-endurance test consisting of performing the maximal number of repetitions at 50% of their
1RM. Results: In comparison to CONT, PLAC did not enhance 1RM (40.0 + 10.5 kg vs. 41.0 £ 9.5 kg,
respectively; p = 0.10), nor did it enhance the number of repetitions (32.2 + 5.1 vs. 31.8 + 4.5; p = 0.66)
or mean power (130 + 34 vs. 121 + 26; p = 0.08) in the strength-endurance test. Conclusion: Informing
participants that they were given caffeine, when in fact they received a placebo, did not modify any
performance variable measured in this investigation. Thus, the use of the placebo effect of caffeine
seemed an ineffective strategy to enhance muscle strength and strength endurance during the BP
exercise in women with mild—-moderate consumption of caffeine.
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1. Introduction

Caffeine (1,3,7-trimethylxanthine) is one of the most frequently used supplements before training
and competition, with the aim of enhancing performance and readiness to exercise [1]. In fact, three out
of four elite athletes were reported to have caffeine present in their urine collections for doping
control, indicating the wide utilization of caffeine before or during competition [2]. Furthermore,
urinary caffeine concentration has increased since the removal of caffeine from the list of banned
substances of the World Antidoping Agency in 2004, suggesting an increasing use of this stimulant in
elite sport [3]. In the last years, a number of studies have supported the performance-enhancing effects
of caffeine across a wide range of sporting activities, including aerobic exercise [4], anaerobic-like
exercise [5], and resistance exercise [6-8]. Overall, there is ample consensus to consider the antagonistic
role of caffeine and its two metabolites, paraxanthine and theophylline, in adenosine receptors, as the
main mechanism behind its ergogenic effects during exercise. Caffeine can bind adenosine Ay, Ajp,
and Ajp receptors in the central nervous system, reducing the fatiguing effect of adenosine [9]. However,
several investigations have suggested that the belief of having ingested caffeine may also increase
performance [10,11], suggesting that psychological factors may also contribute as a mechanism of
action when caffeine is consumed in sporting settings. In this regard, the increase in performance
produced just by the perception of consuming caffeine, without actually consuming it, is often referred
to as a placebo effect of caffeine which is associated with expectancy of oral caffeine consumption, as in
most cases it is perceived as positive to enhance performance [12].

The placebo effect is not a phenomenon unique for caffeine, as the change in motivation and
self-efficacy just by the expectation of ingesting an active substance has been widely reported in the
literature [13]. By using deceptive experimental designs, it has been found that a placebo can increase
performance when participants are informed that the substance ingested is caffeine [14-16]. In previous
investigations on this topic, the deceptive designs employed entailed different approaches to induce
expectancy of caffeine consumption. In general, expectancy was induced by telling individuals that they
had received an ergogenic dose of caffeine but administering an inert substance instead. Habitually,
the performance outcomes of this protocol are compared to a control situation with no substance
administration or by using a placebo-controlled situation in which participants who receive a placebo
are told that they have received a placebo. However, the most complex deceptive protocols include four
trials with a combination of information for the participants about the received substances and changes
in the substances administered (i.e., informed caffeine/received caffeine, informed caffeine/received
placebo, informed placebo/received caffeine, and informed placebo/received placebo). To date, most of
the research has confirmed the placebo effect of caffeine on several forms of exercise [10,11,14-20],
irrespective of the protocol used to induce the placebo effect of caffeine. In some of these investigations,
participants further increased performance when they knowingly ingested caffeine, and the belief
that they were ingesting caffeine seemed to be necessary for obtaining an ergogenic effect [10,21].
Interestingly, in most of these investigations, participants were naive, or low caffeine consumers,
while the only investigation that failed to report a placebo effect of caffeine used individuals habituated
to this substance [16,22].

The main factor determining the placebo effect of caffeine in the above-mentioned studies is
related to the expectation of receiving caffeine, as it is recognized as a potentially beneficial ergogenic
aid [23]. However, it has to be emphasized that chronic caffeine intake may modify the acute effect
of caffeine on sport performance [24], so that individuals habituated to caffeine obtain no, or lesser,
benefits from acute caffeine intake [8,25-27]. Thus, the potential placebo effect of caffeine may also
depend on the daily habitual consumption of caffeine of the participants [28] as the deceptive protocol
may be unsuccessful in those individuals who are well familiarized with the feelings of acute caffeine
intake. Therefore, the main goal of this study was to assess the placebo effect of caffeine on maximal
strength and strength endurance in women habituated to caffeine. We hypothesized that the placebo
effect of caffeine would not be present in recreationally trained women habituated to caffeine due to
experience related to habitual caffeine intake.
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2. Materials and Methods

2.1. Experimental Design

A deceptive, randomized, and cross-over design was used for this investigation. All testing was
performed at the Strength and Power Laboratory of the Academy of Physical Education in Katowice
under controlled ambient conditions. All experiments took place at the same time of day to avoid
circadian variation. Each participant performed two familiarization sessions, one session to assess their
one-repetition maximum (1RM), and two experimental trials, for a total of five different visits to the
laboratory, separated by a 1-week interval. For the two experimental trials, participants were randomly
assigned to two conditions: (1) ingestion of a capsule containing a placebo (PLAC), but participants
were told that they were given 6 mg of caffeine per kg of body mass, or (2) not ingesting any capsule
(CONT), while participants were told that this was a control situation to assess the effect of caffeine on
muscle performance. In the PLAC condition, participants received a capsule containing all-purpose
flour, 1 h before the onset of the exercise protocol. In the CONT condition, participants did not
receive any treatment to increase the belief that they were ingesting caffeine in the PLAC condition.
The exercise protocol included a measurement of their 1RM in the bench press (BP) exercise and a
strength-endurance test consisting of performing the highest number of repetitions against a load
representing 50% of their 1RM, as measured in the prior test. The study protocol was approved by
the Bioethics Committee for Scientific Research at the Academy of Physical Education in Katowice,
Poland (3/2019), according to the ethical standards laid down in the 1964 Declaration of Helsinki and
its later amendments. All participants provided their written informed consent prior to participation
in this study.

2.2. Study Participants

Power analysis indicated that a minimum sample size of 12 participants should be included in the
study in order to detect an effect size (ES) of 0.89, obtained from a previous study examining placebo
effects of caffeine on the number of repetitions performed to volitional failure [10]. Power analysis
was performed using the following parameters: type of analysis was set for paired sample -test,
the required power was set to 0.80, and alpha was set to 0.05 (G*Power software, v.3.1.9.2). Based on
a power analysis, we recruited 13 healthy recreationally trained women into the study (Table 1).
The inclusion criteria were as follows: (a) free from neuromuscular and musculoskeletal disorders;
(b) habitual caffeine user within the range of mild/moderate consumption, as per previous proposed
thresholds for classifying individuals in sport performance research according to their habitual caffeine
consumption [29]; (c) resistance-trained; (d) no medication or dietary supplement usage within the
3 previous months (oral contraceptives were allowed); and (e) a self-described satisfactory health
status. Eleven women were regularly taking oral contraceptives for at least 3 months prior to the
investigation. Participants were excluded if they reported (a) a positive smoking status or (b) a
potential allergy to caffeine. Habitual caffeine intake was measured by using a modified version of the
validated questionnaire by Biihler et al. [30] that recorded the type and amount of caffeine-containing
foods and dietary supplements, and this information was obtained for the 4 weeks before the start
of the experiment, following previous recommendations [29]. The participants were instructed
to maintain their usual training, hydration, and dietary habits during the study period (with the
exception of refraining from any source of dietary caffeine for 12 h prior to trials). In addition,
participants registered their food intake using “MyFitnessPal” software [31] 24 h before the testing
procedures. Last, participants were asked to avoid strenuous exercise for 24 h prior to each trial.
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Table 1. Participants’ characteristics.

Age (years) 23.0+0.8

Body mass (kg) 62.5+6.9

Height (cm) 167.5+5.1

Resistance training experience (years) 3.0+0.38

1 RM in bench press exercise (kg) 40.0 9.7
Habitual caffeine intake (mg/b.m; mg/day) 4.1 +1.6;248.8 +91.5

Energy intake (kcal) 2332.8 +£255.1

Protein (% of total energy intake) 225+28

Carbohydrates (% of total energy intake) 273+37

Fat (% of total energy intake) 50.2 + 4.8

2.3. Familiarization Session and One-Repetition Maximum Test

Since the 1RM test and the sets until muscular failure were not a usual practice for participants,
3 weeks before the onset of the experimental trials, two familiarization sessions separated by 1 week
were performed, in order to restrict learning effects during the experiment and decrease the risk of
injury [32]. In each familiarization session, participants arrived at the laboratory at the same time
of day and performed a standardized warm-up. Then, participants performed one set of the BP
exercise consisting of the maximal number of repetitions at a load of approximately 50% of their
1RM. One week before onset of the experimental trials, participants underwent a 1IRM BP testing
according to previous guidelines [33]. In the last familiarization session, participants were informed
about the potential ergogenic effects of acute caffeine intake on maximal strength and on muscular
strength-endurance. The expectancy of positive effects of caffeine on performance was induced by
informal but structured and normalized conversations with participants provided by a qualified sport
dietitian. Specifically, participants were shown a published infographic on caffeine and resistance
exercise [34], and the dietitian analyzed benefits for sport and exercise performance and explained the
guidelines for caffeine supplementation.

2.4. Experimental Protocol

Participants arrived at the laboratory between 9:00 and 11:00 a.m. Upon arrival, participants
received the treatment assigned for the session (i.e., PLAC or CONT) and rested for 45 min. Then,
participants performed a warm-up that included 10 min of cycling and a single set of 8 reps of 50%
1RM, 6 reps of 70% 1RM, and 3 reps of 80% 1RM, established during the familiarization. The resting
interval between the sets used for warming-up was 3 min. Then, participants performed the 1IRM
test to assess upper-body maximal muscle strength. The initial load was set at 90% of the estimated
1RM; in each subsequent attempt, the load was increased by between 1.25 and 5 kg until the load that
represented the 1RM was reached. The 1RM load was determined using a maximum of two to five
attempts with a resting interval of 5 min between attempts. After 5 min rest, the strength-endurance
test was performed until muscular failure with the 50% of 1RM load, measured in the previous test.
Muscular failure was defined as the inability to perform another concentric movement in its entire
range of motion [35]. Participants were told that the concentric and eccentric phase of each repetition
during the strength-endurance test should be performed at their maximal possible velocity. A linear
position transducer system (Tendo Power Analyzer, Tendo Sport Machines, Trencin, Slovakia) was
used to assess bar velocity during each repetition of the strength-endurance test [36], and mean and
peak velocities were obtained for the test. The number of repetitions and the time under tension
were also recorded. Execution technique during the strength-endurance test was monitored by two
experienced researchers who gave a standardized verbal encouragement to aid in the obtaining of the
highest velocity in each repetition.
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2.5. Statistical Analysis

The Shapiro-Wilk test was used in order to verify the normality of the data. The differences
between the PLAC vs. CONT was identified using paired T-tests. The relative PLAC-CONT effect
was also calculated as the difference between trials in percentage and through effect sizes (Cohen’s d).
The magnitude of the effect size was interpreted as follows: large, d > 0.8; moderate, d between
0.8 and 0.5; small, d between 0.49 and 0.20; and trivial, d < 0.2 [37]. Statistical significance was
set at p < 0.05. All statistical analyses were performed using Statistica 9.1. Data are presented as
means + standard deviations.

3. Results

The Shapiro-Wilk test showed normal data distribution for all measure variables. In comparison
to CONT, PLAC did not change the load achieved in the 1RM test (Table 2). Furthermore, PLAC did
not produce any statistically significant effect in the number of repetitions, the time under tension,
or in the power-related variables during the strength-endurance test (SET). Further, a moderate effect
size was observed in peak velocity between the PLAC and CONT conditions (Table 2).

Table 2. Muscle performance variables for placebo (PLAC) and control (CONT) conditions.

Variable (9CSE;ONC];) (91;%/?51) p d Relative Effect (%)
R 1 R RN
SET repetitions () (;;izt: 355'.13) (23;18; ;4?5) 066 008 ~06+115
SEtTeg;?oenu(rsl)der (ﬁfft: 562'?1) (zégzt: ;;6) 0.67 015 28+17.1
ety 0wi) (0w 008 030 5ax
SEEIEE?JIE Fvov‘)”er (23313; ;js) (2%,698t;>i 3987) 012 037 —55+154
vodity () (05610067  (Osimoesy 048 02 -23x148
Ve?fcftge(?rll(/s) (111117; (1);(;) (11(}61 tf) (1)11(;) 0.07 0.60 —45+83

All data are presented as mean + standard deviation and 95% confidence intervals for all participants. For the
variables time under tension, mean power output, peak power output, mean velocity, and peak velocity,
an average of the values obtained in all the repetitions performed in the strength-endurance test was calculated.
1RM = one-repetition maximum.

4. Discussion

The main finding of the study was that there was no placebo effect of caffeine in women habituated
to caffeine when misled to believe that they had ingested 6 mg/kg of caffeine. The lack of placebo effect
of caffeine was evident on all muscle performance variables measured during the protocol used in the
present study, based on the measurement of bench press maximal strength and strength endurance.
Therefore, the use of a deceptive protocol to induce the placebo effect of caffeine is likely an ineffective
measure to enhance muscle performance in recreationally trained women with habitual mild-moderate
daily consumption of caffeine.

To the best of our knowledge, this is the first study analyzing the placebo effect of caffeine on
exercise performance in women habituated to this stimulant. In contrast to the outcomes of this
study, previous research on male participants showed a placebo effect of caffeine on resistance exercise
performance [11,15,18]. Pollo et al. [15] showed that placebo intake increased exercise performance
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during a strength-endurance test in a group of men who believed they had ingested high doses of
caffeine. Similarly, a placebo effect of caffeine was obtained by Duncan et al. [11], who additionally
strengthened their deceptive experimental design by providing the participants with scientific data
confirming the effectiveness of acute caffeine intake on resistance exercise. Lastly, Costa et al. [18]
observed that placebo intake, when the athletes were informed they were taking caffeine, was effective
to enhance bench press throw performance in Paralympic weightlifters. The main difference between
these three investigations and the current protocol, beyond the sex of the participants, is the previous
habituation to caffeine. In the current investigation, participants were habituated to caffeine because
they reported ingestion, on average, of 4.1 + 1.6 mg of caffeine per kg of body mass per day. Due to a
higher daily caffeine intake, beliefs of acute caffeine intake in habitual users of caffeine may differ in
comparison to naive or low users. It has been found that chronic caffeine ingestion results in more
newly created adenosine receptors that partially reduce the blocking action of caffeine on the central
nervous system [38] and may modify the physiological and cognitive responses to acute caffeine intake,
which could negatively impact its ergogenic effect [39,40]. If such suppressed reactions represent
beliefs of habitual caffeine users, it could explain the lack of placebo effect of caffeine in this group
of habitual users of caffeine. Other potential reasons for the lack of a placebo effect of caffeine in
habitual users of caffeine may be associated with the higher expectancy of caffeine effectiveness to
increase performance, as this may be one of the reasons why they became users of this stimulant.
In this regard, it is probable that habitual users of caffeine are more prone to detect when they have
actually ingested caffeine, making it more difficult to induce expectancies with the administration of a
placebo. Overall, these results suggest that resistance-trained individuals familiarized with the use
of caffeine-containing products do not obtain the placebo effect of caffeine on exercise performance.
However, investigations including samples of individuals habituated to caffeine vs. individuals with
low habitual caffeine intake, undergoing the same deceptive protocol to induce the placebo effect of
caffeine, are necessary to undoubtedly confirm that habituation to caffeine may affect the placebo effect
of caffeine on exercise performance. In these experiments, the measurements of beliefs about caffeine
effectiveness in improving performance in both groups are required to determine the influence of
expectancy on the placebo effect of caffeine.

The lack of placebo effect of caffeine in individuals habituated to caffeine may be reinforced
by outcomes of previous investigations. While the placebo effect of caffeine has been confirmed by
using several deceptive protocols [10,11,14-20], the two investigations carried out with participants
with a certain habituation to caffeine showed that the deception was not successful. Foad et al. [16]
found that in participants ingesting at least 300 mg/day of caffeine, informing them that they had
received caffeine when they had ingested placebo was not effective at increasing performance during
a 40-km cycling time trial. In fact, the actual intake of 5 mg/kg of caffeine was effective to increase
cycling performance, irrespective of whether they were informed that they received caffeine or placebo.
Similarly, Tallis et al. [22] observed that the placebo effect of caffeine was not present in individuals
with low caffeine consumption (92 mg/day) during a test of maximal voluntary concentric force of the
knee flexors and extensors. Again, the actual ingestion of 5 mg/kg of caffeine was necessary to obtain
muscle performance benefits in comparison to a control situation. All this information together points
towards the lack of placebo effect of caffeine in endurance and resistance-based exercise in individuals
who are habituated to caffeine. Thus, the acute ingestion of caffeine seems necessary to obtain the
potential effect of this substance in habitual consumers of caffeine.

Despite the uniqueness of the presented results, there were several limitations in the experimental
design employed which should be addressed to understand the significance of the outcomes. First,
this study did not contain a double-dissociation design. This is because we did not aim to study the
additive effect of being informed of receiving caffeine plus actually receiving caffeine, as previous
investigations have done [19]. Instead, the purpose of the current investigation was to determine in
isolation the placebo effect of caffeine in recreationally trained women habituated to this substance.
For this reason, we used a deceptive experimental design that included two identical trials that differed



Nutrients 2020, 12, 3813 7 of 9

only in the participant’s belief of having received caffeine. Second, the study did not include any
measurement to assess how effective our deceptive protocol was in terms of participants” actual belief
of receiving caffeine and their expectancies regarding the positive effects of caffeine. Thus, the current
investigation is unable to determine the effect of participants’ expectations on the placebo effect of
caffeine in our study sample, and future investigation on this topic should include measurement
of expectancy in samples of individuals habituated to caffeine. Third, the hormonal changes as a
result of the menstrual cycle were not controlled in the investigation. Lastly, as our participants were
mild-moderate caffeine users, it would also be interesting to assess withdrawal symptoms in the
two trials to determine whether our participants perceived the lack of feelings habitually associated
to caffeine. Despite these limitations, we believe the current manuscript is sound to determine
the lack of the placebo effect of caffeine on recreationally trained women habituated to caffeine.
The manuscript adds valuable information for resistance-trained women seeking to obtain benefits
related to caffeine supplementation.

5. Conclusions

The results of the present study indicate that intake of a placebo in recreationally trained women
with mild—-moderate consumption of caffeine, while they are informed that they are ingesting 6 mg/kg
of caffeine, is not an effective strategy to improve maximal strength as well as strength-endurance
performance during the bench press exercise. This suggests the lack of the placebo effect of
caffeine in individuals habituated to caffeine. To determine if habituation to caffeine modifies
the potential psychological benefits obtained through a deceptive protocol to induce a placebo effect,
future investigations should include a comparison of individuals with different levels of habituation to
caffeine intake undergoing the same deceptive protocol to induce the placebo effect of caffeine.

Author Contributions: Conceptualization, A.F.-S. and M.K.(Michal Krzysztofik); methodology, A.E-S., M.W.,
and M.K. (Michal Krzysztofik); software, A.F.-S. and A.L.-D.; formal analysis, A.F.--S., M.K. (Magdalena Kaszuba) and
M.W.,; investigation, M.W., A.F-S., and M.K. (Magdalena Kaszuba); data curation, A.L.-D. and W.C.; writing—original
draft preparation, A.F-S., M.W.,, and ].D.C.; writing—review and editing, A.F-S., M.K. (Michal Krzysztofik) and
J.D.C,; supervision, M.W. and J.D.C. All authors have read and agreed to the published version of the manuscript.

Funding: The study was supported and funded by the statutory research of the Jerzy Kukuczka Academy of
Physical Education in Katowice, Poland.

Acknowledgments: This study would not have been possible without our participants’ commitment, time,
and effort.

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

References

1. Burke, L.M. Caffeine and sports performance. Appl. Physiol. Nutr. Metab. 2008, 33, 1319-1334. [CrossRef]
Del Coso, J.; Mufioz, G.; Mufioz-Guerra, J. 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]

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

4. Southward, K.; Rutherfurd-Markwick, K.J.; Ali, A. The Effect of Acute Caffeine Ingestion on Endurance
Performance: A Systematic Review and Meta-Analysis. Sports Med. 2018, 48, 1913-1928. [CrossRef]
[PubMed]

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

6.  Grgic, J.; Mikulic, P,; Schoenfeld, B.J.; Bishop, D.J.; Pedisic, Z. The Influence of Caffeine Supplementation on
Resistance Exercise: A Review. Sports Med. 2019, 49, 17-30. [CrossRef] [PubMed]


http://dx.doi.org/10.1139/H08-130
http://dx.doi.org/10.1139/h11-052
http://www.ncbi.nlm.nih.gov/pubmed/21854160
http://dx.doi.org/10.3390/nu11020286
http://www.ncbi.nlm.nih.gov/pubmed/30699902
http://dx.doi.org/10.1007/s40279-018-0939-8
http://www.ncbi.nlm.nih.gov/pubmed/29876876
http://dx.doi.org/10.1080/17461391.2017.1394371
http://www.ncbi.nlm.nih.gov/pubmed/29087785
http://dx.doi.org/10.1007/s40279-018-0997-y
http://www.ncbi.nlm.nih.gov/pubmed/30298476

Nutrients 2020, 12, 3813 80f9

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Wilk, M.; Krzysztofik, M.; Maszczyk, A.; Chycki, J.; Zajac, A. The acute effects of caffeine intake on time
under tension and power generated during the bench press movement. J. Int. Soc. Sports Nutr. 2019, 16, 8.
[CrossRef] [PubMed]

Wilk, M.; Filip, A.; Krzysztofik, M.; Gepfert, M.; Zajac, A.; Del Coso, J. Acute Caffeine Intake Enhances Mean
Power Output and Bar Velocity during the Bench Press Throw in Athletes Habituated to Caffeine. Nutrients
2020, 12, 406. [CrossRef] [PubMed]

Fredholm, B.B.; Yang, J.; Wang, Y. Low, but not high, dose caffeine is a readily available probe for adenosine
actions. Mol. Asp. Med. 2017, 55, 20-25. [CrossRef]

Anderson, D.E.; German, R.E.; Harrison, M.E.; Bourassa, K.N.; Taylor, C.E. Real and Perceived Effects of
Caffeine on Sprint Cycling in Experienced Cyclists. . Strength Cond. Res. 2020, 34, 929-933. [CrossRef]
Duncan, M.].; Lyons, M.; Hankey, J. Placebo Effects of Caffeine on Short-Term Resistance Exercise to Failure.
Int. |. Sports Physiol. Perform. 2009, 4, 244-253. [CrossRef] [PubMed]

Shabir, A.; Hooton, A.; Tallis, J.; Higgins, M.E. The Influence of Caffeine Expectancies on Sport, Exercise,
and Cognitive Performance. Nutrients 2018, 10, 1528. [CrossRef] [PubMed]

Bérdi, M.; Koteles, E; Hevesi, K.; Bardos, G.; Szabo, A. Elite athletes’ attitudes towards the use of
placebo-induced performance enhancement in sports. Eur. J. Sport Sci. 2015, 15, 315-321. [CrossRef]
[PubMed]

Beedie, CJ.; Stuart, EM.; Coleman, D.A.; Foad, A.]J. Placebo Effects of Caffeine on Cycling Performance.
Med. Sci. Sports Exerc. 2006, 38, 2159-2164. [CrossRef] [PubMed]

Pollo, A.; Carlino, E.; Benedetti, F. The top-down influence of ergogenic placebos on muscle work and fatigue.
Eur. J. Neurosci. 2008, 28, 379-388. [CrossRef] [PubMed]

Foad, A].; Beedie, C.J.; Coleman, D.A. Pharmacological and Psychological Effects of Caffeine Ingestion in
40-km Cycling Performance. Med. Sci. Sports Exerc. 2008, 40, 158-165. [CrossRef]

Duncan, M.].; Oxford, S.W. The Effect of Caffeine Ingestion on Mood State and Bench Press Performance to
Failure. . Strength Cond. Res. 2011, 25, 178-185. [CrossRef]

Costa, G.D.C.T,; Galvao, L.; Bottaro, M.; Mota, ].E; Pimentel, G.D.; Gentil, P. Effects of placebo on bench
throw performance of Paralympic weightlifting athletes: A pilot study. J. Int. Soc. Sports Nutr. 2019, 16, 9.
[CrossRef]

Shabir, A.; Hooton, A.; Spencer, G.; Storey, M.; Ensor, O.; Sandford, L.; Tallis, J.; Saunders, B.; Higgins, M.F.
The Influence of Caffeine Expectancies on Simulated Soccer Performance in Recreational Individuals.
Nutrients 2019, 11, 2289. [CrossRef]

Hurst, P.; Schipof-Godart, L.; Hettinga, F.; Roelands, B.; Beedie, C. Improved 1000-m Running Performance
and Pacing Strategy with Caffeine and Placebo: A Balanced Placebo Design Study. Int. ]. Sports Physiol.
Perform. 2020, 15, 483-488. [CrossRef]

Saunders, B.; de Oliveira, L.F; da Silva, R.P; de Salles Painelli, V.; Gongalves, L.S.; Yamaguchi, G.; Mutti, T.;
Maciel, E.; Roschel, H.; Artioli, G.G.; et al. Placebo in sports nutrition: A proof-of-principle study involving
caffeine supplementation. Scand. J. Med. Sci. Sports 2017, 27, 1240-1247. [CrossRef] [PubMed]

Tallis, J.; Muhammad, B.; Islam, M.; Duncan, M.]. Placebo effects of caffeine on maximal voluntary
concentric force of the knee flexors and extensors: Performance-Enhancing Effect of Placebo. Muscle Nerve
2016, 54, 479-486. [CrossRef] [PubMed]

De Salles Painelli, V.; Brietzke, C.; Franco-Alvarenga, P.E.; Canestri, R.; Vinicius, I.; Pires, EO. Comment on:
“Caffeine and Exercise: What Next?”. Sports Med. 2020, 50, 1211-1218. [CrossRef] [PubMed]

Lara, B.; Ruiz-Moreno, C.; Salinero, ].J.; Del Coso, J. Time course of tolerance to the performance benefits of
caffeine. PLoS ONE 2019, 14, €0210275. [CrossRef] [PubMed]

Wilk, M.; Krzysztofik, M.; Filip, A.; Zajac, A.; Del Coso, J. The Effects of High Doses of Caffeine on Maximal
Strength and Muscular Endurance in Athletes Habituated to Caffeine. Nutrients 2019, 11, 1912. [CrossRef]
[PubMed]

Wilk, M.; Krzysztofik, M.; Filip, A.; Zajac, A.; Del Coso, J. Correction: Wilk et al. “The Effects of High Doses
of Caffeine on Maximal Strength and Muscular Endurance in Athletes Habituated to Caffeine” Nutrients,
2019, 11, 1912 . Nutrients 2019, 11, 2660. [CrossRef]

Wilk, M; Filip, A.; Krzysztofik, M.; Maszczyk, A.; Zajac, A. The Acute Effect of Various Doses of Caffeine
on Power Output and Velocity during the Bench Press Exercise among Athletes Habitually Using Caffeine.
Nutrients 2019, 11, 1465. [CrossRef]


http://dx.doi.org/10.1186/s12970-019-0275-x
http://www.ncbi.nlm.nih.gov/pubmed/30777094
http://dx.doi.org/10.3390/nu12020406
http://www.ncbi.nlm.nih.gov/pubmed/32033103
http://dx.doi.org/10.1016/j.mam.2016.11.011
http://dx.doi.org/10.1519/JSC.0000000000003537
http://dx.doi.org/10.1123/ijspp.4.2.244
http://www.ncbi.nlm.nih.gov/pubmed/19567927
http://dx.doi.org/10.3390/nu10101528
http://www.ncbi.nlm.nih.gov/pubmed/30336606
http://dx.doi.org/10.1080/17461391.2014.955126
http://www.ncbi.nlm.nih.gov/pubmed/25189187
http://dx.doi.org/10.1249/01.mss.0000233805.56315.a9
http://www.ncbi.nlm.nih.gov/pubmed/17146324
http://dx.doi.org/10.1111/j.1460-9568.2008.06344.x
http://www.ncbi.nlm.nih.gov/pubmed/18702709
http://dx.doi.org/10.1249/mss.0b013e3181593e02
http://dx.doi.org/10.1519/JSC.0b013e318201bddb
http://dx.doi.org/10.1186/s12970-019-0276-9
http://dx.doi.org/10.3390/nu11102289
http://dx.doi.org/10.1123/ijspp.2019-0230
http://dx.doi.org/10.1111/sms.12793
http://www.ncbi.nlm.nih.gov/pubmed/27882605
http://dx.doi.org/10.1002/mus.25060
http://www.ncbi.nlm.nih.gov/pubmed/26823128
http://dx.doi.org/10.1007/s40279-020-01278-9
http://www.ncbi.nlm.nih.gov/pubmed/32125669
http://dx.doi.org/10.1371/journal.pone.0210275
http://www.ncbi.nlm.nih.gov/pubmed/30673725
http://dx.doi.org/10.3390/nu11081912
http://www.ncbi.nlm.nih.gov/pubmed/31443220
https://www.mdpi.com/2072-6643/11/11/2660
http://dx.doi.org/10.3390/nu11071465

Nutrients 2020, 12, 3813 90f9

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Beedie, C.; Benedetti, F.; Barbiani, D.; Camerone, E.; Cohen, E.; Coleman, D.; Davis, A.; Elsworth-Edelsten, C.;
Flowers, E.; Foad, A.; et al. Consensus statement on placebo effects in sports and exercise: The need
for conceptual clarity, methodological rigour, and the elucidation of neurobiological mechanisms. Eur. J.
Sport Sci. 2018, 18, 1383-1389. [CrossRef]

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]

Biihler, E.; Lachenmeier, D.W.; Winkler, G. Development of a tool to assess caffeine intake among teenagers
and young adults. Ernahr. Umsch. 2014, 58-63. [CrossRef]

Teixeira, V.; Voci, S.M.; Mendes-Netto, R.S.; da Silva, D.G. The relative validity of a food record using
the smartphone application MyFitnessPal: Relative validity of a smartphone dietary record. Nutr. Diet.
2018, 75, 219-225. [CrossRef] [PubMed]

Grgic, J.; Lazinica, B.; Schoenfeld, B.].; Pedisic, Z. Test-Retest Reliability of the One-Repetition Maximum
(IRM) Strength Assessment: A Systematic Review. Sports Med.-Open 2020, 6, 31. [CrossRef] [PubMed]
Wilk, M.; Golas, A.; Zmijewski, P.; Krzysztofik, M.; Filip, A.; Coso, ].D.; Tufano, ]J.J. The Effects of the
Movement Tempo on the One-Repetition Maximum Bench Press Results. J. Hum. Kinet. 2020, 72, 151-159.
[CrossRef] [PubMed]

Baltazar-Martins, J.G.; Brito de Souza, D.; Aguilar, M.; Grgic, J.; Del Coso, J. Infographic. The road to the
ergogenic effect of caffeine on exercise performance. Br. ]. Sports Med. 2019. [CrossRef] [PubMed]
Izquierdo, M.; Ibafiez, J.; Gonzélez-Badillo, J.J.; Hikkinen, K.; Ratamess, N.A.; Kraemer, W.].; French, D.N.;
Eslava, J.; Altadill, A.; Asiain, X.; et al. Differential effects of strength training leading to failure versus not to
failure on hormonal responses, strength, and muscle power gains. J. Appl. Physiol. 2006, 100, 1647-1656.
[CrossRef]

Garnacho-Castafio, M.V.; Lopez-Lastra, S.; Maté-Mufioz, J.L. Reliability and validity assessment of a linear
position transducer. J. Sports Sci. Med. 2015, 14, 128-136. [PubMed]

Cohen, J. Statistical Power Analysis for the Behavioral Sciences; Elsevier: Burlington, NJ, USA, 2013;
ISBN 9781483276489.

Fredholm, B.B. Are methylxanthine effects due to antagonism of endogenous adenosine? Trends Pharmacol. Sci.
1979, 1, 129-132. [CrossRef]

Fredholm, B.B.; Battig, K.; Holmén, J.; Nehlig, A.; Zvartau, E.E. Actions of caffeine in the brain with special
reference to factors that contribute to its widespread use. Pharmacol. Rev. 1999, 51, 83-133.

Svenningsson, P.; Nomikos, G.G.; Fredholm, B.B. The stimulatory action and the development of tolerance
to caffeine is associated with alterations in gene expression in specific brain regions. J. Neurosci. Off. ].
Soc. Neurosci. 1999, 19, 4011-4022. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1080/17461391.2018.1496144
http://dx.doi.org/10.3390/nu12041087
http://dx.doi.org/10.4455/eu.2014.011
http://dx.doi.org/10.1111/1747-0080.12401
http://www.ncbi.nlm.nih.gov/pubmed/29280547
http://dx.doi.org/10.1186/s40798-020-00260-z
http://www.ncbi.nlm.nih.gov/pubmed/32681399
http://dx.doi.org/10.2478/hukin-2020-0001
http://www.ncbi.nlm.nih.gov/pubmed/32269656
http://dx.doi.org/10.1136/bjsports-2019-101018
http://www.ncbi.nlm.nih.gov/pubmed/31278086
http://dx.doi.org/10.1152/japplphysiol.01400.2005
http://www.ncbi.nlm.nih.gov/pubmed/25729300
http://dx.doi.org/10.1016/0165-6147(79)90046-4
http://dx.doi.org/10.1523/JNEUROSCI.19-10-04011.1999
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Experimental Design 
	Study Participants 
	Familiarization Session and One-Repetition Maximum Test 
	Experimental Protocol 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

