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ABSTRACT: Research specifically investigating the distinct pharmacological and expectancy effects of caffeine
using the deceptive placebo-balanced design remains scarce and with contradictory results. The aim of this study
was to investigate the potential synergy between the pharmacological and expectancy effects of caffeine on
exercise performance by using a placebo-balanced design. Sixteen physically trained athletes (11 males and
5 females; 21.7 = 5.0 yr) participated in a study with a deceptive protocol including four randomized conditions:
placebo informed—placebo ingested (control); placebo informed—caffeine ingested (pharmacological effect);
caffeine informed—placebo ingested (expectancy effect); and caffeine informed—caffeine ingested (combined
effects). Sixty minutes after ingestion, participants performed a countermovement jump, a standing triple jump,
a medicine ball throw and a 20-m running sprint test. Relative to control, the pharmacological effect trial increased
standing triple jump distance (4+2.1% p = 0.032; Cohen’s d= 0.59) and reduced 20-m sprint time (-0.8% p =
0.030; Cohen’s d= 0.60). The combined effect trial reduced 20-m sprint time (-0.8% p = 0.021; Cohen's d=
0.64) in comparison to control. The expectancy effect trial did not modify performance in any of the performance
tests with respect to control. When averaging the performance across all four tests, improvements relative to
the control trial were +0.9%, +0.6% and +1.3% for pharmacological, expectancy and combined effects,
respectively. The ingestion of caffeine, whether or not participants expected to receive it, improved exercise
performance. This suggests that the primary driver of caffeine’s ergogenic effect is its pharmacological action,
with only a minor contribution from expectancy.
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The placebo effect is a desirable outcome resulting from a person’s
belief that they have ingested a potentially beneficial substance,
which subsequently promotes a positive response [1]. The placebo
effect can occur even without ingesting the substance, or it may
amplify the benefits when the substance is actually consumed. The
placebo effect has been extensively studied for decades in medicine,
psychology, and neuroscience and is widely recognized as a power-
ful neurobiological phenomenon that can amplify the perceived effects
of various substances [2]. In sports sciences, the placebo effect has
been less thoroughly investigated, despite its potential to benefit
athletes using supplements and performance-enhancing substances.
While various substances may yield exercise performance benefits

through the expectation of their effects [3], caffeine is the substance
most commonly associated with the placebo effect, due to its wide-
ly recognized performance-enhancing properties across various sports
disciplines [4-6].

The ergogenic effects of caffeine have been well-documented
in numerous double-blind, placebo-controlled studies [7, 81, and
through meta-analyses of the main performance outcomes of these
investigations [5, 9]. In these studies, the experimental protocol
typically involves two identical trials: one following caffeine inges-
tion and the other following the ingestion of a placebo, with exer-
cise performance measurements approximately one hour after sub-
stances intake [4]. In most of these experiments, the order of
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caffeine and placebo is randomized, and both participants and re-
searchers remain blinded to the substance tested on each day, en-
suring a double-blind control design. This type of experiment is
widely used in sports science research on caffeine to control for its
potential placebo effect. Therefore, these double-blind, placebo-
controlled experiments are used to isolate the pharmacological ef-
fect of caffeine on exercise performance [10]. The findings of these
investigations underscore the strong ergogenic effects of caffeine
that occur independently of psychological expectancy, although the
placebo effect may still contribute to performance enhancement.
This is because both caffeine and the belief in having consumed
caffeine may share dopaminergic mechanisms of action, and ex-
pectation related to caffeine intake can modulate both psycholog-
ical and physiological responses [11]. Psychologically, the expec-
tation of having consumed caffeine may influence mood, alertness,
and perceived exertion. Studies have demonstrated that partici-
pants who believe they have ingested caffeine report increased
vigour and attention, even when only receiving a placebo [12]. From
a physiological perspective, the expectation of caffeine consump-
tion may induce several changes in autonomic responses, such as
dopaminergic responses [11], or reduced resting heart rate [13].
However, these physiological responses do not necessarily trans-
late into significant performance enhancements. Additionally, de-
spite the methodological quality of this type of investigation, they
may not reflect the true potential benefits of caffeine supplementa-
tion in real-world sports contexts [4]. This is because athletes may
experience a combined pharmacological-psychological effect of caf-
feine as the potential benefits of substance intake may be increased
by the expectancy of caffeine’s ergogenicity [141].

Investigating the pharmacological and psychological effects of
caffeine (both, in isolation and in combination) requires a deceptive
experimental design, in which participants are intentionally misin-
formed about whether they have ingested caffeine or a placebo. This
approach is essential to disentangle the pharmacological effects from
expectancy-driven responses. The appropriate experimental design
for this purpose is called the “placebo-balanced” design [15]. It in-
volves four trials to control for both expectancy and actual caffeine
intake: (1) participants receive an informed placebo (control condi-
tion); (2) participants receive caffeine but are misinformed, believ-
ing it is a placebo (isolating the pharmacological effect); (3) partic-
ipants receive a placebo but are told it is caffeine (isolating the
expectancy or placebo effect); and (4) participants receive caffeine
and are correctly informed, to assess the potential synergy of phar-
macological and psychological effects. Research specifically exam-
ining the distinct pharmacological and psychological effects of caf-
feine on exercise performance using the placebo-balanced design
remains limited and contradictory [14, 16]. Foad et al. [16] con-
cluded that the ergogenic effects of caffeine during a 40 km time tri-
al were primarily driven by its pharmacological properties (i.e., when
the substance was ingested regardless of whether the participant be-
lieved that caffeine had been ingested the substance) with no
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additive expectancy/placebo effect. On the contrary, Hurst et al. [14]
found that believing to have ingested caffeine improved performance
to the same magnitude as actually receiving caffeine, suggesting that
most of the ergogenic effect of caffeine is psychological.

In the literature, there are other studies with simpler experimen-
tal designs using just a deception for inducing the placebo effect of
caffeine (i.e., informing participants about caffeine ingestion when
in fact only ingested a placebo) [13, 17, 18]. These investigations
have reported several physiological and performance benefits asso-
ciated with caffeine expectancy [13, 17] although not in all cas-
es [18]. However, these latter studies do not allow to differentiate
the contribution between the pharmacological effect of caffeine and
its potential psychological benefits derived from expectancy and in
most cases, no actual ingestion of the substance was produced.

While it is generally acknowledged that caffeine has a placebo ef-
fect on exercise performance derived from expectancy [4], the extent
to which this effect contributes to its overall ergogenic benefits, when
both ingestion and expectancy are combined, remains unclear. To
address the gap in the literature, this study aimed to explore the po-
tential synergy between the pharmacological and expectancy effects
of caffeine on exercise performance, utilizing a balanced placebo de-
sign with a deceptive element.

MATERIALS AND METHOD 'S 155
Design

A repeated, randomized, and counterbalanced experimental design
was used to compare the pharmacological and psychological effects
of caffeine in isolation or in combination on exercise performance.
Four conditions were established to analyse the effect of deceptive
or actual caffeine and placebo ingestion and their interaction: 1)
placebo informed — placebo ingested, established as the control con-
dition; 2) placebo informed — caffeine ingested, to isolate the phar-
macological effect caffeine (pharmacological); 3) caffeine informed —
placebo ingested to test the psychological effect of caffeine derived
only from expectancy (expectancy); 4) caffeine informed — caffeine
ingested to combine both effects (combined). The four trials were
performed under the same conditions and only the substance actu-
ally ingested, and the information of the substance ingested varied
among conditions. In trials with caffeine intake, an opaque and un-
identifiable capsule filled with a dose of 3 mg per kg of body mass
of caffeine (3 mg/kg; HSN, Spain) was provided. We selected 3 mg/
kg of caffeine because this dose has been proven effective in induc-
ing performance benefits on jumping, sprints and throwing activi-
ties [5, 7, 19]. On the days with the placebo, the same capsule was
ingested but filled with a placebo substance (cellulose; Guinama,
Spain). Figure 1 displays the study design.

Participants

Sixteen physically trained adults volunteered to participate in this
experimental study (11 males and 5 females; 21.7 = 5.0 years old;
71.4+8.3 kg of body mass; 175.9+7.8 cm). They all had no
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FIG. 1. Theoretical approach to the ergogenic effect of caffeine in sport. When caffeine is ingested in a real sporting context, the
performance benefits may be derived from the pharmacological effects of the substance (such as the blockade of adenosine receptors)
added to the psychological effects derived from the expectancy of ingesting an ergogenic aid (such as anticipated increased performance
or reduced fatigue). Although in the real sporting context both potential effects are obtained together, the use of a placebo-balanced
study, with a deceptive protocol, may help to isolate the pharmacological and expectancy effects to assess the total performance
benefit derived from caffeine intake. Through the combination of ingestion of an active (caffeine) and a non-active (placebo) substances
and after receiving true or deceived information about the substance ingested, the pharmacological effect (i.e., participant receives
caffeine but is informed that has ingested a placebo), the placebo effect (i.e., the participant receives a placebo but is informed that
has ingested caffeine) and the combined effect of caffeine intake (i.e., the participant receives caffeine and is informed that has
received caffeine) can be obtained by comparison with a baseline situation (i.e., the participant receives placebo and is informed that

has received a placebo).

physical limitations or musculoskeletal injuries that could affect ex-
ercise performance at the moment of the experiment. All of the
participants fulfilled the following inclusion criteria: a) age between
18 and 40 years old; b) caffeine naive, low or mild habitual caffeine
consumption (< 2.99 mg/kg/day); and c) regular physical train-
ing > 2 days per week in power-based sport and exercise disciplines
as team sports or resistance training. Participants were excluded if
they reported a) injury within the previous three months; b) a positive
smoking status; ¢) medication usage within the previous month;
d) a previous history of cardiopulmonary diseases; e) allergy to caf-
feine; or f) use of oral contraceptive pills. They were encouraged to
maintain a balanced diet throughout the duration of the experiment
following previous nutritional guidelines to assure carbohydrate and
protein availability and correct hydration during the whole

experiment [20-22]. Participants were also instructed to continue
their training routines throughout the duration of the study to avoid
any detraining effects and to refrain from vigorous exercise for at least
48 hours prior to each experimental trial. Last, all subjects were
asked to abstain from any form of dietary caffeine intake and from
dietary supplement use for the duration of the study. An a priori
sample size calculation estimated a minimum of 10 individuals based
on the effect size of caffeine equal to 1.19 Cohen’s units based on
a previous study that reported improvements in jump performance
of such magnitude with 3 mg/kg body weight of caffeine [19]. The
G*Power software (v.3.1.9., Germany) was used for sample size
calculation, considering a repeated measures design aiming for a sta-
tistical power of 95% and an « error of 0.05. In case of drop out,
and to allow a counterbalanced order of the trials, sixteen participants
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were initially recruited, and all of them completed the experiment.
Before the study, all participants were informed about the testing
protocols and possible risks involved and were invited to provide
written informed consent. The study was performed following the
principles of the Declaration of Helsinki, and the experimental pro-
tocols were approved by the local ethics committee (ref. 28.1.2021CEl-
UCJC). Habitual caffeine intake was measured by using a modified
version of the validated questionnaire by Blhler et al. [23], and
participants’ categorization was obtained using the classification
suggested by Filip et al. [24].

Procedures

All participants participated in all four experimental conditions and
acted as their own controls. Additionally, participants were familiarised
with the testing procedures employed in the current experiment
through a familiarisation session performed one week before the first
trial. In this same familiarization session, anthropometric data were
obtained to calculate caffeine dosage and habitual caffeine intake
was obtained through a questionnaire [23]. All performance measure-
ments were performed at the same time of day to avoid the effects
of circadian rhythms in an indoor sports facility, with similar tem-
perature and humidity conditions (x19°C, 58%, respectively). The
recovery between trials was set to 3-5 days to allow recovery and
caffeine wash-out [4]. All participants performed the four testing
conditions within a 15-day period.

Before the study onset, participants were informed about the er-
gogenic properties of caffeine including its effect on a wide variety
of sports situations, including sprints, jumps and throwing events.
To produce a deceptive element, participants were told they would
participate in 4 trials, two with caffeine intake and two with place-
bo intake with the aim of measuring the intra-subject reliability of
caffeine’s ergogenicity. This information was true with the exception
that one day with each substance the information about the sub-
stance ingested was misleading to disentangle the pharmacological
and expectancy effects of caffeine. Only one researcher was aware
of the true substance tested in each day (and he did not participate
in any performance measurement) while the other researchers were
blind to the substance under investigation on each day.

On the day of each experimental trial, the participants arrived at
the facility between 12.30 and 2.30 pm in a fed state (=3 hours af-
ter their last meal, which was the same before all trials). Upon ar-
rival, the capsule with the experimental treatment (caffeine or pla-
cebo) was provided and ingested with 250 mL of water. At this
moment, the researcher informed the participant about the substance
under investigation that day, following the procedures described
above. Forty-five minutes after this, participants performed a 15-min
standardized warm-up. The warm-up consisted of 2 x 20 m repeti-
tions of running drills (including ‘A’ skips, ‘B’ skips, straight-leg runs,
butt kicks, and alternate hop-and-step jumps), 2 X 30 m sub-max-
imal sprints, 3 sub-maximal countermovement jumps and 3 x 5 throws
against a wall and 5 submaximal frontal throws. Just 60 min after
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substance ingestion, the participants performed the following per-
formance tests with a recovery time of 5 min between tests and al-
ways in the same order. A standardized verbal encouragement was
used in performance tests to aid in obtaining maximum performance
in each condition.

Countermovement jump

Participants were positioned on a wireless dual force plate system
with a sample rate of 1000 Hz (Hawkin Dynamics Inc.) with both
feet at shoulders width, body weight evenly distributed and hands
on the waist. On the command, they performed the jump by first
descending into a squat position and performing a rapid extension
of the knees and hips to propel themselves upward to reach maximal
height. Jump height was obtained from the change in the system
centre of mass position between the instant of take-off and peak
positive vertical displacement of the system centre of mass, calcu-
lated using the vertical velocity of the system centre of mass at the
instant of take-off and the equations of uniformly accelerated motion.
Participants performed 3 repetitions of this jump (with 1 min of
recovery between repetitions), and data of the jump with the highest
height was used for statistical analysis.

Standing triple jump

Participants started from a stationary position behind a line and with
their feet shoulder-width apart. On command, the participants initi-
ated the test by performing the first jump using the propulsion of
their dominant leg while the non-dominant leg was flexed and dis-
placed forward for ground contact. Participants quickly transitioned
from the first jump to the second and third jumps by alternatively
absorbing the landing force with flexed knees and immediately push-
ing off the ground to reach maximal distance in each jump while
maintaining balance and rhythm. The last jump was finished with
a landing with both feet at the same time. Participants freely swung
their arms backward and forward for momentum and for balance.
The total distance of the jump was measured from the starting line
to the furthest point of landing of the last jump using a metric tape.
Participants performed 3 repetitions of this jump (with 1 min of
recovery between repetitions) and data of the jump with the longest
distance was used for statistical analysis.

Medicine ball throw

Participants started from a stationary position behind a line and with
their feet shoulder-width apart. and holding the medicine ball over
the head (3 kg for men and 2 kg for women). From this position, the
participants engaged explosively the knees, hips, core, shoulders and
arms to create the maximum torque for releasing the ball over the
head in a trajectory for maximal distance. The distance from the
release line to the furthest point of ball landing was obtained through
a metric tape. Participants performed 3 repetitions of this throw (with
1 min of recovery between repetitions) and data of the throw with
the longest distance was used for statistical analysis.
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20-m running sprint

Participants started from a stationary position behind a line and with
the foot of the dominant leg behind the non-dominant leg for propul-
sion. On participants ran at maximal speed for 20 m in a straight line,
and the time needed to cover the distance was measured using 2 pho-
tocell gates (dual-beam, with the trigger criterion being the first oc-
currence of both beams being broken, Witty-Gate, Microgate, Italy)
placed 1 m and 1.20 m above the ground [25]. Each sprint was
initiated with participants 1 m behind the first photocell gate and the
digital timer was automatically initiated when the participant crossed
the first gate, and it was automatically stopped when crossing the
second gate. The best performance out of 2 repetitions was recorded
for subsequent analysis, and a 2-minute resting period was allowed
between repetitions.

All tests demonstrated good test-retest reliability, with
ICC > 0.90 and CV < 5% [26]. After completing the performance
tests, participants resumed their daily activities while being remind-
ed to avoid caffeine-containing foods and beverages. The morning
after each experimental trial, participants received a weblink on their
personal smartphones to fill out an electronic form on possible side
effects. In this questionnaire, participants had to indicate the mag-
nitude of side effects typically associated to caffeine intake such as
nervousness, increased diuresis, digestive problems, or insomnia
with a 1- to 10-point scale. Participants were previously informed
that 1 point meant the minimal magnitude of the side effect and
10 points meant the maximal magnitude of the side effect. This
questionnaire was previously used to assess the side effects derived
from caffeine ingestion in the sport domain [27].

Data analysis

Data are presented as mean = standard deviation for each condition.
Initially, the Shapiro-Wilk test was used to confirm the normality of
the raw data. For exercise performance variables, a two-way facto-
rial ANOVA with repeated measures (2 x 2; substance received =
caffeine vs. placebo received x substance informed = caffeine vs.
placebo informed) was conducted to identify the main effects of
substance received, substance informed, and their interaction (data
presented in Table 1). After this, one-way ANOVA with Least Sig-
nificant Difference (LSD) adjustment was conducted for pairwise
comparisons and 95% confidence intervals for differences were cal-
culated (data presented in Figure 2). Cohen’s d effect size (ES) was
also calculated for the comparison of control with all the other treat-
ments in the exercise performance variables and were interpreted as
trivial (< 0.2), small (< 0.6), moderate (< 1.2), large (< 2) and
very large (> 2) [28]. Data was analysed using SPSS (v29.0). Per-
formance enhancement (in percentage) with respect to control was
calculated for all the remaining treatments ([treatment-control]/con-
trol) for each test and as an average of the performance benefits
obtained in the four tests employed in this investigation. The non-
parametric Friedman test was performed to analyze the difference
between conditions for side-effects variables, with Wilcoxon pairwise
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FIG. 2. Jump height in a countermovement jump (CMJ), distances
reached in a standing triple jump and a medicine ball throw and
time to complete a 20-m sprint test in a placebo-balanced study
with a deceptive protocol including four randomized conditions:
1) placebo informed-placebo ingested (control condition);
2) placebo informed—caffeine ingested (pharmacological effect);
3) caffeine informed—placebo ingested (expectancy effect); and
4) caffeine informed—caffeine ingested (combined effect). * depicts
a statistical difference with respect to control, at p < 0.050.
T depicts a statistical difference with respect to expectancy
condition, at p < 0.050.
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TABLE 1. Results of the factorial ANOVA of the main effects of substance received and substance informed on exercise performance

tests.

Main effect

Substance received*

Substance informed**

Variable (units) Placebo

CMJ height (cm) 36.5+7.0
Standing triple jump (m) 6.31+0.82
Medicine ball throw (m) 7.70x1.12
20-m sprint time (s) 3.18+0.24

Caffeine Placebo Caffeine
36.3+£8.0 36.4+7.7 364+7.3
6.36+0.80 6.30+0.85 6.37+0.77
7.84+1.16 7.74+1.13 7.79+1.15
3.15+0.23 3.17+0.24 3.156+0.23

* For the main effect of the substance received, placebo reflects data from the two trials with placebo ingestion (control condition
and expectancy condition) and caffeine reflects data from the two trials with caffeine intake (pharmacological condition and combined
condition), irrespective of the information given to the participants.

** For the main effect of substance informed, placebo reflects data from the two trials where participants were informed that they
had received a placebo (control condition and pharmacological condition) and caffeine reflects data from the two trials where participants
were informed that they had received caffeine (expectancy condition and combined condition), irrespective of the substance actually

ingested.

comparisons (data presented in Figure 3). Wilcoxon r effect size was
also calculated for the pairwise comparisons and were interpreted
as small (< 0.1), medium (< 0.3) and large (< 0.5). In all statisti-
cal tests, a level of p < 0.050 was set to establish statistically sig-
nificant differences.

RES U LTS 150
Table 1 contains data from the factorial ANOVA employed to calcu-
late the main effects of substance received and substance informed.
In the CMJ test, there was no main effect of substance received (F =
0.163; p = 0.692), substance informed (F = 0.0001; p = 0.992)
or interaction between these effects (F = 0.013; p = 0.911) on the
height reached. Jump height was similar irrespective of the substance
ingested or the substance informed and there were no differences in
the pairwise comparison between the four experimental conditions
(Figure 2).

In the standing triple jump, the main effect of substance received
was close to statistical significance (F = 3.305; p = 0.089) with
no main effect of substance informed (F = 0.965; p = 0.341) or
interaction between these effects (F = 2.859; p = 0.112) on the
distance reached during the jump. The main effects on jump dis-
tance tended to be higher with caffeine ingestion (+0.8%) in com-
parison to placebo ingestion. In the pairwise comparisons, the phar-
macological effect trial increased standing triple jump distance
(+2.1%; Cldiff [0.01-0.25 m]; p = 0.032; Cohen’s d = 0.59) over
control with no other difference between trials (Figure 2).

In the medicine ball throw, there was a tendency for a main ef-
fect of substance received (F = 4.030; p = 0.063) with no main
effect of substance informed (F = 0.539; p = 0.474) or interaction
between these effects (F = 1.429; p = 0.250) on the distance
reached during the throw. The main effects on throwing distance

tended to be higher with caffeine ingestion (+1.8%; Table 1). In the
pairwise comparison, the combined effect trial increased throw dis-
tance (4+2.5%; Cldiff [0.00-0.39 m]; p = 0.050; Cohen’sd = 0.53)
over the expectancy trial with no other difference between trials.

In the 20-m sprint test, there was a main effect of substance re-
ceived (F = 6.610; p = 0.021) with no main effect of substance
informed (F = 1.614; p = 0.223) or interaction between these ef-
fects (F = 0.455; p = 0.510) on time employed to cover the dis-
tance. The main effect of substance indicated that sprint time was
shorter with caffeine ingestion (-0.9%; Table 1). In the pairwise com-
parison the pharmacological effect trial (-0.8%; Cldiff [0.004-0.076 s];
p = 0.030; Cohen’s d = 0.60) and the combined effect trial reduced
sprint time (-0.8%; Cldiff [0.008-0.087 sl; p = 0.021; Cohen’s
d = 0.64) over the control trial.

There were no main effects of substance received, substance in-
formed or interaction between these effects for nervousness, irrita-
bility, muscle pain, headache, stomachache, diuresis, or insomnia
(all p > 0.050; Figure 3). Only a main effect of substance informed
was found for energy (p = 0.003). In the pairwise comparison, only
the combined effect trial increased the energy over the control trial
(p = 0.009; Wilcoxon r = 1.1 large).

DISCU'S'S 1O /N 15
The aim of this study was to investigate the potential synergy between
the pharmacological and expectancy effects of caffeine on exercise
performance by using a placebo-balanced design. The main outcomes
of this study reveal that the pharmacological effect of caffeine is the
main contributor of the ergogenicity of the substance on short-term
all-out exercise performance with a minor contribution of caffeine
expectancy. This is because the pharmacological effect increased the
distance reached during a triple jump and reduced 20-m sprint time,
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while the combined effect (pharmacological + expectancy) reduced
20-m sprint time in comparison to the control condition. However,
the expectancy effect did not modify performance in any of the tests.
No significant differences were found in side effects, except for an
increase in the magnitude of the feeling of energy in the combined
effect condition compared to the control condition. These findings
suggest that, in the context of short-term high-intensity exercise,
caffeine’s ergogenic effects are primarily pharmacological, with
minimal contribution from expectancy.

Some studies with deceptive designs to induce caffeine expectan-
cy (i.e., the placebo effect of caffeine) have yielded some performance
benefits associated to the belief of caffeine ingestion [13, 17, 29-32].
These studies demonstrated that the placebo effect of caffeine en-
hances exercise performance, even when caffeine is not actually in-
gested. However, these studies have been misinterpreted to suggest
that the performance benefits of caffeine supplementation arise sole-
ly from psychological advantages, rather than from the physiological
effects of actual caffeine consumption, or from a combination of both
factors. This is because, to investigate pharmacological and psycho-
logical effects of caffeine separately, it is needed to employ a place-
bo-balanced experimental design, a complex type of experiment with
four conditions used only in two experiments to the date [14, 16].
The scarcity of studies using the placebo-balanced design to assess
caffeine’s ergogenicity is compounded by another limitation: these
studies measured exercise performance with only one test. Given the
certain intra- and inter-individual variability in the response to caf-
feine intake [33, 341, it is probable that the use of only one perfor-
mance test has contributed to the disparity in the results regarding
the contribution of the expectancy/pharmacological effects of caffeine
on isolation and in combination [16].

The current study showed that the trial with placebo informed-
caffeine ingested (pharmacological effect) increased the distance
reached during a triple jump and reduced 20-m sprint time while
the trial with caffeine informed-caffeine ingested (combined effect)
reduced 20-m sprint time in comparison to the control condition
(i.e., placebo informed-placebo ingested). Interestingly, these two
trials (pharmacological and combined) shared the actual ingestion
of 3 mg/kg of caffeine, one with deceiving information about the sub-
stance ingested and the other with current information about the
substance ingested. Additionally, in all performance tests, the main
effect of caffeine ingestion was always superior to the main effect of
caffeine expectancy (Table 1). These data suggest that caffeine in-
gestion—regardless of whether individuals expect to receive it—en-
hances exercise performance. This coincides with all the evidence
gained with dozens of placebo-controlled and double-blinded stud-
ies that found performance benefits of caffeine even when control-
ling for the placebo effect of the substance [5, 9]. Of note, the trial
with caffeine informed-placebo ingested (expectancy), which was
used to induce the placebo effect of caffeine, did not modify perfor-
mance in any of the performance tests suggesting the limited effica-
cy of caffeine expectancy in this study. Collectively, the performance
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benefits measured in this investigation point toward the pharmaco-
logical effect of caffeine as the main contributor of the ergogenicity
of the substance on exercise performance with a minor contribution
of caffeine expectancy.

Figure 4 contains the mean performance benefit obtained in each
condition, with respect to the control condition. This figure depicts
the potential addition/synergy between the pharmacological and ex-
pectancy effects of caffeine for both performance and side effects.
In terms of magnitude, the performance benefit when testing the
pharmacological effect of caffeine (+0.9%) was superior to when
testing the placebo effect in isolation (expectancy, +0.6%). When
both effects were tested together in the combined effects trial, the
magnitude of the performance benefit further increased (+1.3%);
however, it did not reach the level of the combined effects when as-
sessed individually. This suggests that both the pharmacological and
expectancy effects of caffeine worked together to produce a greater
benefit; however, we cannot classify this as an additive or synergis-
tic effect. From a practical perspective, those sports scientists and
practitioners seeking for performance benefits from caffeine supple-
mentation in their athletes should combine the use of caffeine with
awareness transmitted to their athletes about the potential expect-
ed benefits. This seems the best approach to maximizing the ergo-
genic benefits of caffeine on exercise performance. On the contrary,
the induction on the placebo effect of caffeine seems less effective
than the actual ingestion of the substance to obtain performance
benefits.

With respect to side effects, only the combined effect trial pro-
duced an increase in the magnitude of the feeling of energy com-
pared to the control trial with no significant differences observed in
the remaining variables (Figure 3). Although increased energy may
not be considered an adverse effect, elevated energy levels follow-
ing exercise could be relevant in contexts where caffeine is con-
sumed to enhance performance, as they may influence recovery or
negatively affect sleep, particularly when ingestion occurs in the late
afternoon or evening [27]. Additionally, the magnitude of the side
effects experienced by the participants reported in Figure 4 confirms
a comparable pattern to the one found for performance. In terms of
magnitude, the intensity of the side effects when testing the phar-
macological effect of caffeine (+28%) was superior to when testing
the placebo effect in isolation (expectancy, +17%) and both lower
to these effects tested in combination (i.e., combined, +83%). These
data reveal that the pharmacological side effects of caffeine inges-
tion or the potential negativity of the placebo effect of caffeine are
minor than the drawbacks experienced by athletes when they in-
gest caffeine in real sports contexts. In this case, the potential neg-
ative effects of the substance intake and the expectancy of side ef-
fects (as athletes are habitually aware that caffeine produce some
side effects as nervousness, anxiety and insomnia) produce a syn-
ergistic consequence to almost duplicate the intensity of the side
effects.
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Limitations and future directions

Despite the complexity of the current investigation, it still possesses
several limitations. First, we tested only one dose of caffeine (i.e.,
3 mg/kg) to activate both pharmacological and expectancy effects of
caffeine. Although it is unlikely that a higher dose would have ampli-
fied the pharmacological effect in terms of performance [35], future
research should explore whether the mere knowledge of ingesting
a higher dose could elicit a greater expectancy effect [32]. Second,
the sample was composed of physically trained individuals with low
habituation to caffeine as they have low or mild daily intake of caf-
feine. So, the outcomes of this study may not be transferable to
athletes habituated to caffeine as they may experience both lower
performance benefits from acute caffeine supplementation [36] but
also side effects of lower magnitude [37]. In addition, participants’
previous experience with caffeine may have influenced the degree to
which they believed or doubted the information provided in each
condition. However, we were unable to verify their beliefs directly.
Due to the use of a balanced placebo design, in which participants
were intentionally misinformed about the content of the supplement
in two of the four conditions, asking them to report what they believed
they had consumed could have revealed the deception and compro-
mised the integrity of the blinding. Third, although we included four
differential tests to enhance the assessment of the potential perfor-
mance benefits derived from the pharmacological and expectancy
effects of caffeine, all these tests were short-term all-out performance
measurements that measured predominantly muscle power. So, fur-
ther investigations are needed to establish the isolated and combined
pharmacological and expectancy effects of caffeine supplementation
in longer trials with a more evident aerobic component. Fourth, due
to the characteristics of the experimental design of this study (com-
prising four trials with 3 to 5 days of recovery between each, span-
ning a total duration of 15 days), it was not feasible to schedule the
experimental sessions in a way that ensured all female participants
were in the same phase of their menstrual cycle during each mea-
surement. However, previous research has reported similar ergo-
genic effects of caffeine on anaerobic performance in both male and
female athletes [8]. Furthermore, no significant differences have been
observed in the ergogenic effects of caffeine based on menstrual
cycle phase [38-40]. Taken together, this evidence suggests that the
potential performance benefits of acute caffeine intake may be equal-
ly present in female athletes, regardless of their menstrual cycle
phase. Last, no genetic testing was employed in our participants to
determine variants that may potentially affect responses to caffeine
intake such as the —163C > A (rs762551) in the CYP1A2 gene or
the 1976C > T (rs5751876) in the ADORA2A gene.

Finally, while the quantitative results of this study provide key in-
sights into the pharmacological and expectancy effects of caffeine on
exercise performance, incorporating qualitative assessments could fur-
ther enhance understanding of individual variability in responses to
caffeine and placebo conditions. Collecting subjective reports on fac-
tors such as participants’ perceived physical capabilities, pre-exercise
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FIG. 4. Overall performance benefits and side effects in a placebo-
balanced study with a deceptive protocol including four randomized
conditions: 1) placebo informed-placebo ingested (control
condition); 2) placebo informed—caffeine ingested (pharmacological
effect); 3) caffeine informed—placebo ingested (expectancy effect);
and 4) caffeine informed—caffeine ingested (combined effect). The
performance benefit represents the average of the changes produced
by each condition over control (baseline) when analysing the data
of 4 performance tests (countermovement jump, standing triple
jump, medicine ball throw and 20-m sprint test). The side effect
represents the average of the changes produced by each condition
over control (baseline) when analysing the data of 8 side effects
(nervousness, energy, irritability, muscle pain, headache, stomach-
ache, diuresis and insomnia).

readiness, and motivation across conditions could help clarify the con-
tribution of psychological mechanisms to performance outcomes.

Practical applications

Exercise practitioners incorporating caffeine supplementation into
their athletes’ routines may benefit from not only optimizing the dose,
timing, and source of caffeine, but also from informing athletes about
its potential performance-enhancing effects. The results of this study
advise against the use of the placebo effect of caffeine (without ac-
tual ingestion of the substance) as the magnitude of the performance
benefits is always inferior to the intake of the substance. In addition,
understanding the potential negativity of caffeine supplementation
is crucial to decide whether the substance should be recommended
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in each sporting context. The benefit (increases in performance be-
tween 1-4%) should be contextualized in the risk of suffering mild
side effects such as excessive energy post-exercise.

CONCLU SO N S 5
The ingestion of caffeine, whether or not participants expected to
receive it, improved several exercise performance tests while the
induction of the placebo effect did not produce any performance
advantage. Overall, the magnitude of the benefits of caffeine ingestion
was superior over the benefits of caffeine expectancy, suggesting that
the primary driver of caffeine’s ergogenic effect is its pharmacological
action, with only a minor contribution from expectancy. Still, the
ergogenic effect of caffeine is a composite of the pharmacological
action of the drug and the psychological benefits obtained from the
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knowledge that caffeine is ergogenic, without an additive or syner-
gistic actions. Last, for most caffeine-associated side effects, the
addition of the pharmacological action of caffeine and the expec-
tancy of side effects from this stimulant produced an effect of higher
magnitude that these same effects isolated.
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