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ally explained by its ability to bind to adenosine receptors, thus KEYWORDS
modulating pain and reducing perceived exertion. Another phar- Analgesics; ergogenic aids;
macological agent that may improve performance due to its interaction; supplements
analgesic proprieties is paracetamol. This study aimed to explore
the effects of caffeine, paracetamol, and caffeine + paracetamol
consumption on muscular endurance, strength, power, anaerobic
endurance, and jumping performance.

Methods: In this randomized, crossover, double-blind study, 29
resistance-trained participants (11 men and 18 women) ingested
either a placebo, caffeine (3 mg/kg), paracetamol (1500 mg) or
caffeine + paracetamol 45 min before the testing sessions. The test-
ing sessions included performing the bench press exercise with
75% of one-repetition maximum to momentary muscular failure,
isokinetic knee extension and flexion at angular velocities of 60°/sec
and 180°/sec, Wingate, and countermovement jump (CMJ) tests.
Results: Compared to placebo, isolated caffeine ingestion increased
the number of repetitions performed in the bench press (p = 0.005;
d=0.42). Compared to placebo, isolated caffeine ingestion and/or
caffeine + paracetamol consumption was ergogenic for strength
(torque), muscular endurance (total work), or power in the isokinetic
assessment, particularly at slower angular velocities (p=0.027 to
0.002; d=0.16 to 0.26). No significant differences between the con-
ditions were observed for outcomes related to the Wingate and CMJ
tests.

Conclusion: This study provided novel evidence into the effective-
ness of caffeine, paracetamol, and their combination on exercise
performance. We found improvements in muscular endurance,
strength, or power only when caffeine was consumed in isolation,
or in combination with paracetamol. Isolated paracetamol con-
sumption did not improve performance for any of the analyzed
outcomes, thus calling into question its ergogenic potential.
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1. Introduction

Caffeine is one of the most popular ergogenic aids, commonly consumed by athletes
and non-athletes alike [1]. Data indicates that caffeine ingestion may acutely enhance
various components of exercise performance, such as power, muscular strength,
muscular and aerobic endurance, and jumping performance [2]. Caffeine is well-
researched and has been identified by the International Olympic Committee as one
of the supplements for which there is good evidence supporting its ergogenic effect
[3]. Still, while the effects of caffeine - and many other supplements — have been
explored in isolation, less is generally known about supplement interactions [4]. Many
athletes often ingest more than one dietary supplement at once, and multi-ingredient
blends (e.g. pre-workout drinks) are commercially available, which may contain up to
30 individual substances [4,5]. While a given supplement may be ergogenic when
provided in isolation, a combination with another substance may moderate these
effects [4]. Therefore, there is a growing need to explore the effects of combining
different substances on exercise performance.

While the exact mechanisms underpinning the performance improvements are not
yet fully clear, caffeine’s ergogenic effect has been generally explained by its ability to
bind to adenosine receptors, thus modulating pain and reducing perceived exertion
[6]. Another pharmacological agent that may improve performance due to its analgesic
proprieties is paracetamol (acetaminophen) [7]. Paracetamol is commonly used for
fever reduction and pain relief [8]. Paracetamol’s pain-decreasing effects are related
to the inhibition of prostaglandin synthesis [9]. This inhibition reduces the transduction
of the sensory nerves and decreases nociceptive impulse transmission, likely explaining
paracetamol’s effects on pain modulation [7,9,10]. Due to these effects and the reports
of paracetamol use among athletes, researchers have also explored the effects of
paracetamol on exercise performance [7,11-23]. For example, one study [14] examined
the effects of consuming 1500 mg of paracetamol 60 minutes before performing
a cycling time trial (16.1 km). Compared to placebo, paracetamol consumption reduced
the time needed to complete the task by 30 seconds [14]. Follow-up research by the
same group also established an ergogenic effect of paracetamol on endurance perfor-
mance in the heat (30°C), where paracetamol consumption improved performance in
a task involving cycling to exhaustion [15].

The preponderance of studies exploring paracetamol’s effects on exercise performance
focused on aerobic endurance [14-19]. Thus, there is a scarcity of studies investigating the
effects of this pharmacological agent on other components of exercise performance [7].
A recent review summarized the currently available evidence and reported there are only
preliminary data indicating that paracetamol ingestion may be ergogenic for muscular
strength and sprint performance [7,20-23]. Specifically, studies have reported that para-
cetamol ingestion may enhance: (a) peak and mean power in the Wingate test; and (b)
mean and critical torque [20,22,23]. For outcomes such as muscular endurance paraceta-
mol’s effects remain unclear, due to the paucity of data [7,20-23]. Even though caffeine is
commonly combined with analgesics (e.g. paracetamol) due to their additive effects for
pain relief [24], only two studies [16,17] explored their combined effects on exercise
performance, and both only focused on cycling time trials, highlighting another gap in
the research.
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The aim of the present study was to explore the isolated and combined effects of
caffeine and paracetamol on muscular endurance, strength, power, anaerobic endurance,
and jumping performance. We hypothesized that isolated consumption of caffeine and
paracetamol would improve performance and that their combination would produce the
greatest effect.

2. Materials and methods
2.1. Experimental design

This study utilized a randomized, crossover, double-blind design. The participants com-
pleted five visits to the laboratory. In the first visit, the participants performed a one-
repetition maximum (1RM) testing in the bench press and familiarization with the testing
protocol. After the familiarization visit, the participants completed four main testing
conditions, which included the consumption of: caffeine, paracetamol, caffeine + para-
cetamol, or placebo. The main testing sessions were completed in a randomized and
counterbalanced manner, four to seven days apart. In the main testing session, the
participants completed the bench press exercise with 75% of 1RM to momentary mus-
cular failure, isokinetic knee extension and flexion, a Wingate test, and
a countermovement jump test (CMJ) — performed in that order (Figure 1). These tests
have been selected to provide a comprehensive overview of the effectiveness of caffeine
and paracetamol on exercise performance. The bench press exercise is commonly used in
resistance exercise programs and mainly activates the pectoralis, deltoid, and triceps
muscles. We opted to use 75% of 1RM as this load is commonly prescribed when training
for outcomes such as hypertrophy and strength [25]. Isokinetic testing was also employed
due to its benefits such as: (a) providing maximal resistance throughout the range of
motion; (b) use of accommodating resistance; and (c) providing outputs such as torque,
work, and power [26]. Wingate testing was utilized to examine the effects of caffeine and
paracetamol in an exercise where energy contributions vary (i.e. ~16% aerobic, ~56%
glycolytic, ~28% adenosine triphosphate and phosphocreatine) and because its outcomes
(i.e. mean and peak power) correlate with performance outcomes in sports cycling, speed
skating, and ice hockey [27-30]. Finally, CMJ testing was also used as jumping tasks are
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Figure 1. Depiction of the experimental protocol (order of the conditions was randomized). Minutes
denote rest interval time between the tests. 1RM: one repetition maximum, RPE: completing the rating
of perceived exertion scale; PP: completing the pain perception scale.
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ubiquitous in many sports and to evaluate the effects of caffeine and paracetamol on
performance in exercise tasks where phosphocreatine and adenosine triphosphate are
the primary energy sources. A five-minute rest interval was provided between each test,
which was estimated to be sufficient for complete or near-complete recovery. All testing
was performed in the morning hours (7-9 AM). In the 24 hours before visiting the
laboratory, the participants were required not to perform any strenuous exercise. The
participants fasted overnight and only consumed one banana prior to visiting the labora-
tory and ingesting the capsules. This light meal/snack was provided to reduce the like-
lihood of nausea related to supplementation and to follow the current guidelines
suggesting not to exercise in a fasted state [31]. The caffeine, paracetamol, and placebo
(maltodextrin) powders were weighed using a high-precision electronic digital scale and
provided in gelatin capsules of identical appearance to maintain a double-blind design.
Capsules contained either caffeine (3 mg/kg), paracetamol (1500 mg) or placebo (1000
mg maltodextrin). In each trial, capsules were ingested 45 minutes before the testing
started. The number of consumed capsules was the same in each trial (i.e. caffeine +
placebo; paracetamol + placebo; placebo + placebo; caffeine + paracetamol) to ensure
the maintenance of a double-blind study design.

2.2, Participants

Prospective participants were considered eligible for this study if they satisfied the
following criteria: (a) 18-45 years old; (b) minimum 1 year of resistance training experi-
ence; and (c) possessing the ability to lift 100% and 60% of their body mass in the bench
press exercise for men and women, respectively. Exclusion criteria included the existence
of any health limitations, contraindications pertaining to caffeine and/or paracetamol
ingestion (assessed via a questionnaire), and prior use of anabolic steroids (self-reported).
We initially recruited a sample of 35 resistance-trained men and women. Six participants
did not complete all testing sessions (five due to a loss of interest/personal reasons and
one sustained an injury not related to the study). Thus, a total of 29 participants (11 men
and 18 women) completed all testing sessions (age: 25 + 4.0 years; height: 172 + 8.5 cm;
body mass: 70 £+ 13 kg; 1RM [all]: 70 + 29 kg; 1RM [women]: 50 = 9 kg; 1RM [men]: 100 + 20
kg). Before enrolling in the study, every participant signed an informed consent form. The
Committee for Scientific Research and Ethics of the University of Zagreb Faculty of
Kinesiology provided ethical approval for the study (approval number 27/2023; document
dated 3 April 2023).

2.3. 1RM testing

Participants performed a self-selected 10-minute warm-up before commencing the 1RM
testing. At the beginning of the protocol, the participants performed 4 warm-up sets
using an empty Olympic barbell (20 kg), 50, 75, and 95% of their estimated 1RM for 8-10,
8-10, 3-6, and 1 repetition, respectively. After the warm-up, 1RM attempts were per-
formed, with progressive increases in load each subsequent attempt until a true 1RM
value was obtained. 1RMs were determined within five attempts for all participants.
A successful TRM attempt was deemed when a participant was able to complete the
concentric portion of the repetition without any assistance. Three-minute rest intervals
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were provided between attempts. Following the completion of 1RM testing, participants
were familiarized with the main testing protocol (Figure 1).

2.4. Bench press

All testing sessions started with the bench press exercise, preceded by a self-selected 10-
minute warm-up. We instructed participants to maintain the same warm-up routine in all
testing sessions. A specific warm-up for the bench press testing was performed using an
empty Olympic barbell (20 kg), followed by 50% of participants TRM for 8-10 repetitions.
The exercise was performed in a supine position on a flat bench. We instructed the
participants to maintain five points of contact (head, shoulder blades, and glutes in
contact with the bench and both feet in contact with the ground) at all times when
performing the exercise. In the eccentric part of the movement, the barbell was required
to be lowered to the middle or lower portion of the pectoralis muscle. The end of the
movement (i.e. completion of a given repetition) was the moment when the participants
lifted the barbell and achieved a full extension of their elbows. Participants were
instructed to perform the concentric portion of the lift with maximal effort and velocity,
while the eccentric portion lasted 1-2 seconds (no pause at the bottom). The bench press
exercise was performed to the point of momentary muscular failure using 75% of 1RM.

2.5. Isokinetic testing

Using angular velocities of 60°/sec and 180°/sec (tested in that order), we evaluated peak
torque, total work, and average power of the knee extensors and knee flexors on an
isokinetic dynamometer (System 4 Pro, Biodex Medical Systems, Inc., Shirley, NY, USA).
These assessments were only performed for the dominant leg. Before each testing
session, the dynamometer was calibrated. After placing the participants in a seated
position on the testing device, we applied stabilization straps to the shin, thigh, waist,
and trunk. The participants were positioned in a manner that the lateral femoral epicon-
dyle of the leg performing the extension/flexion is aligned with the dynamometer’s axis of
rotation. The range of motion of the knee joint in this test was set at 80°. For both angular
velocities, the participants initially performed three familiarization repetitions to get
accustomed to the speed of the lever arm. After the familiarization repetitions, a 30-
second rest interval was provided. Then, five maximal knee extensions and flexions were
performed, with instructions to extend and flex the knee (to “kick” and “pull”) while giving
maximum effort.

2.6. Wingate test

The Wingate test was performed on a bicycle ergometer (Ergomedic 894E, Monark,
Sweden). Saddle height was set individually during the first visit and used for all subse-
quent visits. The test started with a standardized warm-up protocol that consisted of
unloaded pedaling for 3 minutes at 60-80 rpm [32]. In the last 3 seconds of each minute,
participants performed a maximum-intensity sprint. After completing the warm-up, par-
ticipants continued to sit on the bicycle and passively rested for 1 minute. Then, partici-
pants were asked to pedal at their maximum pedaling speed, after which the resistance
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(7.5% of the participant’s body weight) was applied, and participants performed a 30-
second “all-out” sprint. We instructed the participants to pedal at their maximum speed
while remaining seated for the duration of the test. Upon completion of the test, the
participants performed a 2-minute unloaded cool-down pedaling at 60-80 rpm. Peak
power, mean power, minimum power, and power drop were recorded using the Monark
anaerobic test software (version 3.3.0.0.).

2.7. CMJ

The participants performed three CMJs on a force platform (BP600600, AMTI, Inc.,
Watertown, MA, USA), which has software for data acquisition and analysis. The partici-
pants started from an upright standing position. Following the testers’ command, the
participants were required to perform a fast knee flexion (i.e. a downward countermove-
ment), where their lowest point should be a semi-squat position (knee ~90° and trunk/
hips in a flexed position), immediately followed by a fast extension of the legs. Before each
testing session, we reminded the participants that the goal is to jump as “explosively” and
quickly as possible, to reach maximum jump height. Three official attempts were per-
formed following one warm-up attempt (1 min rest between attempts). Analyzed perfor-
mance outcomes included vertical jump height (automatically calculated by the software
from flight time), maximum power, contraction time, flight time, and flight time to
contraction time ratio.

2.8. Rating of perceived exertion (RPE) and pain perception (PP)

Following the completion of the Wingate test, participants were asked to indicate their
perceived levels of exertion on the RPE scale [33], as well as their perceived levels of pain
on a previously validated scale [34]. For the RPE scale, the responses ranged from 6 to 20,
while on the pain perception scale, the responses ranged from 0 to 10.

2.9. Assessment of blinding

To evaluate how effective was our double-blind design, we used an assessment procedure
proposed by Saunders and colleagues [35]. This procedure was performed at two-time points,
before and after the testing sessions. In both cases, we asked the participants to respond to
the following question: “Please state which supplement you think you have ingested?.” The
participants were able to choose one of five answers: (a) “paracetamol”; (b) “caffeine”; (c)
“paracetamol + caffeine”; (d) “placebo; and (e) “I do not know.” If the participants did not select
(e), they were required to state the reason for choosing their respective response.

2.10. Assessment of side effects

The incidence of side effects associated with the treatments provided was evaluated at
two time points: (a) immediately after the completion of the testing sessions; and (b) in
the following mornings, upon waking. The participants completed a survey, which con-
sisted of 19 items regarding some of the most common side effects of caffeine and
paracetamol.
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2.11. Statistics

The data on exercise performance and perceptual responses (RPE and PP) were
analyzed using repeated measures analysis of variance (ANOVA). When there was
a significant main effect, we performed post hoc comparisons using Dunnett’s test,
where the placebo condition was compared with the three other conditions (i.e.
placebo vs. caffeine, placebo vs. paracetamol, and placebo vs. caffeine + paracetamol).
The statistical significance threshold was set at p <0.05. Relative effect sizes were
calculated using Cohen’s d with 95% confidence intervals (95% Cl) for repeated
measures. Effect sizes of < 0.20, 0.20 to 0.49, 0.50 to 0.79, and = 0.80 were considered
to represent trivial, small, moderate, and large effects, respectively. The McNemar test
was used to explore the differences in the incidence of side effects between the
conditions. All analyses were performed using the STATISTICA software (version
14.1.0.8; TIBCO Software Inc. Paolo Alto, CA, USA).

3. Results
3.1. Bench press

For the number of repetitions in the bench press, there was a significant main effect of
condition (p=0.028; Table 1). The post hoc test revealed that caffeine increased the
number of repetitions performed (p = 0.005; d = 0.42; Figure 2). No significant differences
were observed for paracetamol (p =0.417) and caffeine + paracetamol (p = 0.122).

3.2. Isokinetic knee extension at 60°/sec

For peak torque, there was a significant main effect of condition (p = 0.034). The post hoc
test revealed that caffeine + paracetamol increased peak torque (p =0.022; d=0.16). No
significant differences were observed for caffeine (p = 0.401) and paracetamol (p = 0.843).

For total work, there was no significant main effect (p = 0.055), and no post hoc analysis
was performed.

For average power, there was a significant main effect of condition (p =0.028). In the
post hoc test, no significant differences were observed for caffeine (p = 0.626), paraceta-
mol (p =0.964) and caffeine + paracetamol (p = 0.055).

3.3. Isokinetic knee flexion at 60°/sec

For peak torque, there was a significant main effect of condition (p =0.033). The post hoc
test revealed that caffeine + paracetamol increased peak torque (p =0.006; d=0.21). No
significant differences were observed for caffeine (p = 0.059) and paracetamol (p = 0.255).

For total work, there was a significant main effect (p = 0.009). The post hoc test revealed
that caffeine (p=0.002; d=0.26) and caffeine + paracetamol (p=0.011; d=0.20)
increased total work. No significant differences were observed for paracetamol (p = 0.119).

For average power, there was a significant main effect (p =0.032). The post hoc test
revealed that caffeine (p =0.014; d = 0.21) and caffeine + paracetamol (p = 0.027; d =0.17)
increased average power. No significant differences were observed for paracetamol
(p=0.363).
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Table 1. Summary of the exercise performance data and the responses to the rating of perceived
exertion and pain perception scales under the four employed conditions.

Caffeine and
Test Variable Placebo Caffeine Paracetamol paracetamol
Barbell bench press* Number of repetitions ~ 13.1+£2.8 143+28 134+23 13.8+3.1
Isokinetic knee extension  Peak torque (Nm) 168.5+449 171.0+46.1 167.6+425 176.0 +47.7
at 60°/sec Total work (J) 460.0 £ 123.7 467.7+£1263 457.7+1134 480.5 + 136.1
Average power (W) 108.1+£31.7 108.8+309 1057=%27.2 1129+33.6
Isokinetic knee flexion at ~ Peak torque (Nm) 925+226  96.1+229  94.6+26.0 97.7+26.4
60°/sec Total work (J) 307.3+77.7 3280+771 317.8+84.1 324.5+£89.5
Average power (W) 689+19.5 73.0+184 703+194 726+224
Isokinetic knee extension  Peak torque (Nm) 1214+356 1229+34.1 1239+313 123.0+375
at 180°/sec Total work (J) 587.4+178.5 601.7+176.7 599.6+150.1  594.6 +187.9
Average power (W) 1996 £67.8 203.7+61.0 202.2+52.0 200.7 £69.4
Isokinetic knee flexion at ~ Peak torque (Nm) 784+£195 824+179 81.4+199 79.4+20.6
180°/sec Total work (J) 362.5+1229 391.0+1074 377.5+107.0 366.5+131.4
Average power (W) 1134+£412 121.1+352 116.6+37.2 1133+£419
Wingate Peak power (W) 585.4+164.2 601.4+183.1 597.7+179.8 591.0+163.6
Mean power (W) 4385+ 1153 447.1+£1263 4422+1234  4446+119.0
Minimum power (W)  283.4+754 283.9+85.1 287.8+81.0 2754 +£87.8
Power drop (%) 50.8+84 51.5+13.0 509+93 529+10.9
RPE after the Wingate test Arbitrary units (6-20 15.6+29 154+2.7 16.8+2.0 163+23
scale)
PP after the Wingate test  Arbitrary units (0-10 41124 35+24 41+24 37+24
scale)
M) Jump height (cm) 274+58 273+58 269+53 27655
Maximum power (W) 69.1£104 683111 68.0+8.6 69.8£9.4
Contraction time (s) 0.761+£0.084 0.813+0.299 0.750 +0.092 0.745 + 0.069
Flight time (s) 0.470+0.049 0.470+0.050 0.467+0.046  0.473 +£0.047
Flight time to 0.626 £0.100 0.612+0.120 0.630 +0.091 0.640 + 0.086

contraction time

Note: RPE: rating of perceived exertion; PP: pain perception; CMJ: countermovement jump test; * data for the bench press
were obtained from 28 participants.

3.4. Isokinetic knee extension at 180°/sec

There was no significant main effect for peak torque (p = 0.866), total work (p = 0.799), and
average power (p =0.891), and no post hoc analysis was performed.

3.5. Isokinetic knee flexion at 180°/sec

For peak torque, there was no significant main effect (p = 0.098), and no post hoc analysis
was performed.

For total work, there was a significant main effect of condition (p = 0.038). The post hoc
test revealed that caffeine increased total work (p =0.011; d = 0.24). No significant differ-
ences were observed for paracetamol (p =0.176) and caffeine + paracetamol (p = 0.597).

For average power, there was no significant main effect (p = 0.148), and no post hoc
analysis was performed.

3.6. Wingate

There was no significant main effect for peak power (p = 0.465), mean power (p = 0.768),
minimum power (p =0.777), or power drop (p=0.744), and no post hoc analysis was
performed.
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Cohen’s d and 95% ClI
Bench press — number of repetitions
Placebo vs. caffeine L
Placebo vs. paracetamol =
Placebo vs. caffeine + paracetamol B
Knee extension at 60°/sec - peak torque
Placebo vs. caffeine ——
Placebo vs. paracetamol —a—
Placebo vs. caffeine + paracetamol —.—
Knee extension at 60°/sec — average power
Placebo vs. caffeine —
Placebo vs. paracetamol —
Placebo vs. caffeine + paracetamol -
Knee flexion at 60°/sec — peak torque
Placebo vs. caffeine ——
Placebo vs. paracetamol —“+=—
Placebo vs. caffeine + paracetamol — .
Knee flexion at 60°/sec - total work
Placebo vs. caffeine —a—
Placebo vs. paracetamol 1+—8—
Placebo vs. caffeine + paracetamol —.—
Knee flexion at 60°/sec — average power
Placebo vs. caffeine —a—
Placebo vs. paracetamol —18—
Placebo vs. caffeine + paracetamol A —
Knee flexion at 180°/sec - total work
Placebo vs. caffeine ——
Placebo vs. paracetamol +—a—
Placebo vs. caffeine + paracetamol — .
RPE
Placebo vs. caffeine =
Placebo vs. paracetamol i
Placebo vs. caffeine + paracetamol =

-0.75 05 025 0 025 05 075 1

Figure 2. Summary of the study comparison between the conditions. Note: pairwise comparisons are
made only for the outcome where a significant main effect was found in the repeated measures
ANOVA; CI: confidence interval; RPE: rating of perceived exertion.
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3.7. CMJ

There was no significant main effect for jump height (p =0.182), maximum power (p =
0.438), contraction time (p =0.256), flight time (p=0.194), or flight time to contraction
time (p =0.326), and no post hoc analysis was performed.

3.8. RPE and PP

For RPE recorded following the Wingate test, there was a significant main effect of
condition (p =0.011). The post hoc test revealed that paracetamol consumption increased
RPE (p = 0.046; d = 0.38). No significant differences were observed for caffeine (p =0.823)
and caffeine + paracetamol (p = 0.362).

For PP recorded following the Wingate test, there was no significant main effect (p=
0.483), and no post hoc analysis was performed.

3.9. Side effects

The incidence of side effects is presented in Table 2. There was no significant difference
between the conditions (p > 0.05 for all).

3.10 Blinding

In the pre-exercise assessment, the caffeine, placebo, paracetamol, and caffeine + para-
cetamol conditions were correctly identified by 2/29 (7%), 3/29 (10%), 3/29 (10%), and 3/
29 (10%) of the participants, respectively. None of the participants correctly identified all
the conditions.

In the post-exercise assessment, the caffeine, placebo, paracetamol, and caffeine +
paracetamol conditions were correctly identified by 7/29 (24%), 5/29 (17%), 8/29 (28%),
and 5/29 (17%) of the participants, respectively. None of the participants correctly
identified all the conditions.

4. Discussion

We found that only isolated caffeine ingestion improved muscular endurance in the
bench press. Isolated caffeine and/or caffeine + paracetamol ingestion was ergogenic
for strength (torque), muscular endurance (total work), or power in the isokinetic assess-
ment, particularly at slower angular velocities. We did not find an ergogenic effect on
outcomes related to the Wingate and CMJ tests. In summary, improvements in perfor-
mance were only observed when caffeine was consumed in isolation, or in combination
with paracetamol. Isolated paracetamol consumption did not improve performance for
any of the analyzed outcomes, thus calling into question its ergogenic potential.

As acute muscle pain occurs during resistance exercise, alleviating this exercise-
induced pain through the consumption of analgesics such as paracetamol may be
beneficial for performance [36]. However, isolated ingestion of paracetamol was not
found to improve performance in the bench press. Comparison of our results with others
in the literature is limited, given that only one similar study has been published [21].
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Table 2. Incidence of side effects following the consumption of placebo, caffeine, paracetamol, and
caffeine + paracetamol, evaluated after the testing session and in the following morning.

After the testing session Morning after the testing session
Caffeine + Caffeine +
Side effect Placebo Caffeine Paracetamol paracetamol Placebo Caffeine Paracetamol paracetamol
Rash 0 0 0 0 0 0 0 0
Itching 0 0 0 0 0 0 0 0
Swelling of the lips 0 1 0 0 0 0 0 0
and face
Lack of breath 1 2 0 1 0 0 0 0
Skin peeling 0 0 0 0 0 0 0 0
Mouth ulcers 0 0 0 0 0 0 0 0
Brusing 0 0 0 0 0 0 0 0
Nausea 1 5 4 3 0 0 0 0
Lack of appetite 2 2 1 2 0 0 1 0
Yellow colored 0 0 0 0 0 0 0 0
sclera and skin
Muscle soreness 1 1 2 2 0 0 2 0
Increased urine 0 0 0 1 1 0 0 0
production
Tachycardia and 2 6 1 4 0 0 0 0
heart palpitations
Increased anxiety 0 0 0 1 0 0 0 1
Headache 0 0 0 1 1 0 0 1
Abdominal/gut 0 1 0 1 0 0 0 0
discomfort
Insomnia n/a n/a n/a n/a 0 0 0 0
Increased vigor/ 6 9 5 9 0 3 0 1
activeness
Perception of 10 10 6 13 n/a n/a n/a n/a
improved
performance

Note: Data are reported as frequencies (number of positive cases) for the 29 included participants.

Morgan and colleagues [21] provided 1000 mg of paracetamol 45 minutes before the
participants performed knee extensions until task failure. The load for this task was initially
set at 4 kg and subsequently increased by 0.5 kg every minute until task failure occurred.
Time-to-task failure was similar in the placebo (396 + 105 seconds) and paracetamol
conditions (402 + 101 seconds). While these results are valuable from a mechanistic
standpoint, the protocol utilized may not necessarily apply to traditional resistance
exercise protocols, where sets are generally performed with a fixed load for a given
number of repetitions (e.g. 8 repetitions performed with 80% of 1RM). While we utilized
a more ecologically valid protocol, we also did not find an ergogenic effect of paraceta-
mol. Therefore, based on the currently available evidence, it does not seem that para-
cetamol consumption acutely enhances muscular endurance.

While paracetamol was not ergogenic, isolated caffeine ingestion increased the num-
ber of repetitions completed in the set performed to muscular failure. Compared to
placebo, caffeine ingestion allowed the participants to complete approximately 1 addi-
tional repetition (d =0.42). These results largely mirror those observed previously in the
literature. For example, one study [37] provided 3 mg/kg of caffeine to participants before
a set of bench press to muscular failure using 85% of 1RM and reported an ergogenic
effect of caffeine (d=0.53). A meta-analysis [38] also explored the effects of caffeine on
muscular endurance and reported pooled effects similar to those observed herein
(d=0.42 vs. 0.38). Even though isolated caffeine elicited an ergogenic effect, caffeine +
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paracetamol did not enhance performance. While this may indicate that paracetamol
negates the effects of caffeine, it should be considered that the data still favored the
caffeine + paracetamol condition (d =0.23; 95% Cl: —0.10, 0.57; p = 0.12). Thus, the lack of
an ergogenic effect might have been due to the inter-individual response variation,
a topic that should be explored in future research [39].

As with the bench press, we also did not find an ergogenic effect of paracetamol on
measures of isokinetic performance. Due to the paucity of data, the comparison of our
results with other studies is highly limited. Using a partially similar design, Morgan and
colleagues [20] provided 1000 mg of paracetamol 60 minutes before the participants
performed 60 x 3 seconds maximum voluntary contractions, separated by 2 seconds of
rest. Mean torque and critical torque were 3% and 4% higher in the paracetamol condi-
tion, respectively. The researchers only analyzed data across the 60 sets and did not
explore set-specific effects. Based on the trajectory of decline in strength with repeated
contractions, it seemed that paracetamol was effective in attenuating the decline in
muscular strength starting approximately at the middle point of the session (i.e. from
sets 25-30) [20]. Therefore, it might be that paracetamol ingestion is ergogenic for
strength only with highly fatiguing protocols (i.e. repeated sets). These methodological
differences may explain why paracetamol ingestion did not increase torque in our
isokinetic protocol. Possible differences in findings between the studies also may be
associated with the dose used (1500 mg vs. 1000 mg), the type of contraction (isokinetic
vs. isometric), or the population studied (active vs. resistance-trained participants). An
important consideration of our study is that we evaluated the effects of paracetamol as an
ergogenic aid only on exercise performance, but not on outcomes related to post-exercise
recovery. Roberts et al. [40] recently evaluated the effects of non-steroidal anti-
inflammatory drugs (celecoxib, ibuprofen, and flurbiprofen), which have a similar phar-
macology and toxicology as paracetamol. The study found that celecoxib (but not
ibuprofen and flurbiprofen) attenuated the decline in MVC 4-h post plyometric exercise
[40]. Future studies with a similar design may consider exploring if paracetamol may
provide similar effects to celecoxib.

Consistent with previous literature, we found that caffeine was ergogenic for strength
(torque), endurance (total work), and power in the isokinetic task [41-44]. These ergo-
genic effects are likely explained by caffeine’s ability to enhance neural drive and increase
motor unit recruitment [45,46]. Effect sizes observed in this study (d=0.16-0.26) are
highly similar to previous studies. For example, one study provided 300 mg of caffeine
and found an ergogenic effect on isokinetic outcomes ranging from d =0.21 to 0.31 [41].
Similarly, a meta-analysis of 10 studies reported that caffeine ingestion increases isoki-
netic torque by an effect size ranging from d=0.16 to 0.19 [44]. Except for total work
during knee flexion at 180°/sec, we generally observed an ergogenic effect of caffeine
and/or caffeine + paracetamol using slower angular velocity (i.e. 60°/sec). Indeed, pre-
vious studies also observed that caffeine ingestion produces more consistent effects at
slower vs. faster angular velocities, even though this finding is not uniform in the literature
[42-44]. To directly explore if there is an angular velocity-specific effect of caffeine, future
studies may consider randomizing the testing order of different angular velocities.

Paracetamol consumption did not enhance performance in the Wingate test. Only
two studies previously explored the effects of paracetamol on Wingate test perfor-
mance. Foster et al. [22] used a protocol where 1500 mg of paracetamol was
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ingested 60 minutes before performing 8 bouts of the Wingate test (2-min rest).
Paracetamol ingestion increased mean power by 8-9% in sprints 6-8. No significant
difference was found for peak power. Using the same protocol, Delextrat et al. [23]
found increases (11-14%) in mean power in bouts 2, 3, and 5, and peak power in
bout 5. In accordance with our data, both studies did not find improvements in the
first bout. Therefore, paracetamol consumption might be ergogenic for mean or
peak power only during repeated, but not single Wingate bouts. When evaluated
following the completion of the Wingate test, we found higher RPE values with
paracetamol vs. placebo. Thus, our findings demonstrate that paracetamol was not
ergogenic for Wingate performance, and it also increased perceived exertion during
the test. In animal model studies, paracetamol consumption has been associated
with a lack of motivation [47]. Hypothetically, it might be that paracetamol con-
sumption before exercise decreases motivation, which is why the participants experi-
enced an increase in RPE [47]. Researchers may consider exploring this hypothesis in
future research. There is also evidence that paracetamol ingestion may acutely
increase heart rate [18], subsequently increasing RPE. Such an effect might have
occurred in our study as well, but we did not evaluate heart rate, which is something
that future studies may consider.

We also did not find an ergogenic effect of caffeine in the Wingate and CMJ tests.
Previous studies reported an ergogenic effect of caffeine on peak and mean power in the
Wingate test [48,49]. For example, in one recent study 5mg/kg of caffeine increased
Wingate peak power, even though the effect size was small (d=0.14) [48]. Previous
research also explored CMJ-related outcomes (e.g. jump height) and reported an ergo-
genic effect of caffeine [41,42,50]. Lara and colleagues [51] found that caffeine ingestion
(3 mg/kg) increased jump height by around 0.8 cm (d = 0.20) - an effect not observed in
the present study. These divergent findings may be explained by the methodological
differences between studies. Specifically, Wingate was the third test in our sequence,
while the CMJ test was the fourth. This differs from several studies reporting an ergogenic
effect, where the Wingate or CMJ were performed as the first (or only) test used in the
protocol [41,42,48,51]. It might be the fatigue generated in the tests performed earlier in
the sequence impacted the effectiveness of caffeine in the latter tests. Future studies may
consider exploring whether the effects of caffeine on Wingate- and CMJ-related outcomes
differ when assessed in a fatigued vs. non-fatigued state.

Caffeine ingestion has been previously associated with side effects such as anxiety,
vomiting, nausea, and others [50]. However, these side effects are generally observed
with higher doses (e.g. 6 mg/kg or 9 mg/kg) [50]. We used a smaller caffeine dose
(3 mg/kg) and observed a low incidence of side effects. For example, only five and six
participants reported experiencing side effects such as nausea, tachycardia and heart
palpitations, respectively. More importantly, the incidence of side effects did not
statistically differ between the conditions. Previous studies on paracetamol consump-
tion and exercise performance did not evaluate side effects, which has been high-
lighted as a limitation of the literature [7]. Here, we examined the incidence of some of
the most reported side effects associated with paracetamol such as rash, itching,
swelling of the lips and face, lack of breath, and skin peeling [52]. As with caffeine,
the incidence of side effects with paracetamol was very low and did not statistically
differ between the conditions.
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4.1. Strengths and limitations

There are several study strengths and limitations that need to be considered when
interpreting the data. One of the strengths is the sample size, as we included 29
resistance-trained participants. We utilized a double-blind design and evaluated the
effectiveness of the blinding. Only 7% to 28% of participants were able to identify some
of the treatments received; none of the participants correctly identified all four conditions.
We have also provided a comprehensive evaluation of exercise performance, thus provid-
ing a detailed insight into the effectiveness of caffeine and paracetamol. Nevertheless,
there are limitations of the study that also need to be considered. One such limitation is
the absolute dose of paracetamol provided to the participants. We opted for an absolute
dose of 1500 mg as studies reporting an ergogenic effect used such a dose [14,15,22,23].
Additionally, we used such an approach as commercially available paracetamol is gen-
erally in absolute doses (e.g. 250 mg, 500 mg, etc.). However, this may be considered
a limitation of the study, as the absolute dose of 1500 mg resulted in different relative (i.e.
per kg of body mass) doses. Another limitation to consider is that we did not evaluate
plasma paracetamol levels. Again, we provided paracetamol 45 min before exercise
because: (a) paracetamol plasma half-life is 1.5-2.5 h [53,54]; and (b) ergogenic effects
of paracetamol were previously observed with this timing of consumption [55]. It might
be that we would have found different results with shorter/longer timing of consumption
before exercise. The timing of paracetamol ingestion should be explored in future
research.

5. Conclusions

We found that isolated caffeine ingestion acutely improves muscular endurance in
the bench press. Isolated caffeine and/or caffeine + paracetamol ingestion was
ergogenic for isokinetic muscular endurance, strength, and power, particularly at
lower angular velocities. No ergogenic effects were observed for outcomes related
to the Wingate and CMJ tests. Isolated paracetamol consumption did not improve
performance for any of the analyzed outcomes, thus calling into question its
ergogenic potential. Future research is needed to explore the influence of para-
cetamol dose and timing of consumption on various components of exercise
performance.
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