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This study aimed to explore the isolated and combined effects of caffeine
and paracetamol (acetaminophen) on velocity and power in resistance
exercise. Twenty-eight resistance-trained men and women participated in
this randomized, double-blind, placebo-controlled, crossover study. The
participants performed three sets of the bench press with 75% of one-repetition
maximum to momentary muscular failure after ingesting a placebo, caffeine
(3 mg/kg), paracetamol (1,500 mg), or caffeine + paracetamol 45 min before
exercise. Velocity and power of the repetitions in each set were analysed.
Compared to placebo, only isolated caffeine ingestion increased mean velocity
(d = 0.34), and mean power (d = 0.17) in the first set. No significant differences
between the conditions were observed for any of the analysed outcomes in the
second and third sets. Our results indicate that only isolated caffeine ingestion
improves velocity and power in resistance exercise, even though these effects
are not consistent across all sets. Paracetamol ingestionwas not ergogenic, even
when combined with caffeine. These results highlight that analgesics may be
ineffective in improving resistance exercise performance.

KEYWORDS

ergogenic aids, medication, pain relief, interactions, exercise

Introduction

Caffeine is a well-established ergogenic aid, with research also exploring its effects on
resistance exercise performance (Grgic, 2021). Evidence indicates that caffeine ingestion
may enhance muscular strength, endurance, power, and velocity in resistance exercise
(Grgic, 2021). While the exact mechanisms by which caffeine exerts its ergogenic effects
are not yet fully clear, they are generally explained by caffeine’s ability to bind to
adenosine receptors, which may reduce perceived exertion/pain and improve performance
(McLellan et al., 2016; Guest et al., 2021). While the ergogenic effects of caffeine are well
explored, other pharmacological agents such as analgesics, have been much less examined.

One of the most consumed analgesics is paracetamol (acetaminophen). There is a
theoretical basis as to why analgesics such as paracetamol may be ergogenic for resistance
exercise performance. Paracetamol consumption has been shown to attenuate the decline
in electromyography occurring during repeated maximum isometric contractions, which
might occur due to the paracetamol-induced increase in muscle activation (Morgan et al.,
2018). Paracetamol is also effective in decreasing pain perception as it inhibits prostaglandin
synthesis, which reduces the transduction of the sensory nerves and decreases nociceptive
impulse transmission (Graham et al., 2013). These effects are important to consider
for resistance exercise performance given that sets performed to muscular failure with
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30% and 80% of one-repetition maximum (1RM) result in
considerable increases in perceived exertion and pain levels
(Lixandrão et al., 2019). Therefore, reducing resistance exercise-
induced pain via the consumption of paracetamol may produce an
ergogenic effect (Grgic, 2022).

Caffeine and paracetamol are commonly combined as they
produce additive effects on pain relief (Derry et al., 2012). When
consumed in isolation, caffeine and paracetamol are reported to
enhance performance, but less is currently known about the effects
that occur with their co-ingestion (Jessen et al., 2021; Tomazini et al.,
2020). Exploring their co-ingestion is important as many athletes
ingest more than one dietary supplement, and some use analgesics
to improve their performance (Burke, 2017; Küster et al., 2013).
Given that caffeine and paracetamol may be acting through similar
mechanisms, it is plausible that their co-ingestion might result
in additive effects on exercise performance. In this Brief Research
Report, we explored the isolated and combined effects of caffeine
and paracetamol on velocity and power in resistance exercise. We
hypothesized that both caffeine and paracetamol would enhance
performance.

Methods

Study design

In this randomized, double-blind, placebo-controlled, crossover
design, the participants attended five sessions—one familiarization
and four experimental sessions. All testing sessions were conducted
in the morning hours (7–9 a.m.), and at the same time for
each participant to avoid the effects of circadian variation. Each
participant was instructed to follow their standard sleep routine
before the testing sessions. The experimental trials took place
four to 7 days apart. In the 24 h before every testing session,
the participants were instructed to refrain from performing
strenuous exercise. The first session included 1RM testing in
the bench press and familiarization with the testing protocol.
The remaining sessions were performed in a randomized and
counterbalanced order inwhich participants ingested either caffeine,
paracetamol, caffeine + paracetamol, or placebo. The participants
consumed gelatine capsules that contained either caffeine (3 mg/kg),
paracetamol (1,500 mg), placebo (1,000 mg maltodextrin), or
caffeine + paracetamol in their respective doses. Previous studies
reported that these doses are ergogenic and are associated
with minimal side effects (McLellan et al., 2016; Grgic, 2022;
Grgic and Mikulic, 2021). Substances for all conditions were
provided in capsules, which were of identical appearance. In the
experimental trials, the participants reported to the laboratory
after an overnight fast and consumed one banana prior to
ingesting the capsules, to reduce the likelihood of side effects
associated with fasted paracetamol consumption (Whitcomb and
Block, 1994). The participants were instructed to keep their
nutritional habits the same throughout the study duration. The
capsules were ingested 45 min before the start of the testing
session. Experimental sessions consisted of performing three sets
of the bench press exercise with 75% of 1RM to momentary
muscular failure.

Participants

This study included a sample of resistance-trained men and
women as participants. To be eligible for the study, participants had
to possess the ability to lift 100% and 60% of their body mass in
the bench press for men and women, respectively (Santos et al.,
2021). They were also required to have a minimum of 1 year of
resistance training experience and be 18–45 years old.The exclusion
criteria were: (a) the existence of any health limitations; (b) prior
use of anabolic steroids; (c) contraindications pertaining to caffeine
and/or paracetamol use. Initially, 35 prospective participants were
recruited. Six did not complete the experimental trials (lost
interest or personal reasons; sustained an injury outside the
study), and one had data missing due to faulty equipment. Thus,
a total of 28 participants completed all experimental sessions
(Table 1). The Committee for Scientific Research and Ethics of
the University of Zagreb Faculty of Kinesiology provided ethical
approval for the study (approval number 28/2023; document dated
3 April 2023; Scapec et al., 2024). All participants were informed of
the potential risks and benefits of the study and signed an informed
consent form before enrolling in the study.

1RM testing

The first session included 1RM testing and familiarization with
the exercise protocol. The protocol started with a self-selected warm-
up lasting 10 min that consisted of various dynamic movements (e.g.,
arm swings, internal or external rotations of the shoulder joint, arm
abductionoradduction). Inaddition,participantsperformedaspecific
warm-up routine, working up to their 1RM. The first warm-up set
included 8–10 repetitions with a load set to 20 kg (empty Olympic
barbell). The second, third, and fourth warm-up sets included 8–10,
3–6, and 1 repetition with 50, 75, and 95% of their estimated 1RM,
respectively.Followingthewarm-upsets, theparticipantsprogressively
increasedthe load(inconsultationwiththeassessor)until theyreached
their true 1RM. Three-minute rest intervals were provided between
each attempt. An unsuccessful 1RM attempt was deemed when a
participantcouldnotcomplete theconcentricportionof therepetition.
All 1RM values were determined within five attempts. Only in the
familiarization session a 5-min rest interval was provided between
obtaining the final 1RM value and a single set with 75% 1RM to
momentary muscular failure in the bench press exercise.

Bench press

After arriving at the laboratory, the participants performed a
self-selected 10-min warm-up, which they were instructed to keep
consistent throughout the study. The type of warm-up activity was
monitored to ensure uniformity across sessions.Anadditional specific
bench press warm-upwas performed using an emptyOlympic barbell
(20 kg), followedby 50%of 1RMfor 8–10 repetitions.Theparticipants
were instructed on theproper technique andwere required toperform
the lift while maintaining five points of contact with the bench. In
addition, they were instructed to perform the concentric portion of
the lift withmaximum effort and velocity; the eccentric portion lasted
1–2 s with no pause at the bottom phase (i.e., during contact with the
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TABLE 1 Participants characteristics.

Variable Whole sample (n = 28) Females (n = 17) Males (n = 11)

Age (years) 25 ± 4 25 ± 3 24 ± 5

Height (cm) 173 ± 9 167 ± 5 182 ± 2

Body mass (kg) 71 ± 11 64 ± 6 81 ± 10

1RM (kg) 70 ± 29 50 ± 9 100 ± 20

Data are presented as mean ± standard deviation; 1RM: one repetition maximum.

pectoralis muscle) (Varovic et al., 2023). The participants performed
three sets of the bench press exercise with 75% of 1RM tomomentary
muscular failure, with a rest interval of 3 min between the sets. In
additiontothenumberofrepetitions,wealsocollectedkineticdata.We
attached a GymAware linear position transducer (GymAware Power
Tool, Kinetic Performance Technologies, Canberra, Australia) to the
barbell—a valid and reliable method of measuring kinetic parameters
(Grgic et al., 2020a). This device measured the concentric mean
velocity (m/s), mean power (W), peak velocity (m/s), and peak power
(W) for each repetition. We evaluated the velocity and power of
the performed repetitions by matching the number of repetitions
between the four experimental conditions. As an example, if
a participant performed 10 repetitions during the caffeine trial,
and 9 repetitions during three other conditions (i.e., placebo,
paracetamol, caffeine + paracetamol), we only evaluated velocity
and power performed in the first 9 repetitions in all conditions.
With such an approach, we objectively evaluated the “quality”
of performed repetitions, even when their overall quantity
was the same (Grgic et al., 2020b).

Assessment of blinding

To assess the efficacy of the blinding in the experimental trials
(before and after the testing sessions), we asked the participants to
respond to the following question: “Please state which treatment you
thinkyouhave received?” (Saunders et al., 2017).Theparticipantswere
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 selected answers (a), (b), (c), or (d), they were also
required to state the reason for choosing their response.

Statistical analysis

To compare the effects between the conditions for the
performance outcomes (mean velocity, mean power, peak velocity,
and peak power), we analysed the data from each of the three
sets using a repeated measures analysis of variance (ANOVA).
Dunnett’s post hoc test was performed in the case of a significant
main effect from the ANOVA. In this post hoc test, the control
condition (placebo) was compared with the three experimental
conditions (caffeine, paracetamol, and caffeine + paracetamol).
The level of statistical significance was set at p < 0.05. Cohen’s
d for repeated measures was calculated and presented with 95%

confidence intervals (95% CI). The interpretation of effect sizes
was based on the following thresholds: <0.20 (trivial), 0.20 to 0.49
(small), 0.50 to 0.79 (moderate), and ≥0.80 (large). All analyses
were performed using the STATISTICA software (version 14.1.0.8;
TIBCO Software Inc. Paolo Alto, CA, United States).

Results

Bench press

In the 1. set, there was a significant main effect of condition for
mean velocity (p=0.024; Table 2).The post hoc comparisons indicated
that caffeine consumption increasedmean velocity (p=0.010; Cohen’s
d = 0.34; 95% CI = 0.07, 0.62). There were no significant differences
for paracetamol (p = 0.719; Cohen’s d = 0.02; 95% CI = −0.30, 0.33)
and caffeine + paracetamol (p = 0.244; Cohen’s d = 0.16; 95% CI =
−0.09, 0.43).There was a significantmain effect of condition formean
power (p = 0.027). The post hoc comparisons indicated that caffeine
consumption increasedmean power (p= 0.004; Cohen’s d = 0.17; 95%
CI = 0.04, 0.31).There were no significant differences for paracetamol
(p = 0.337; Cohen’s d = 0.06; 95% CI = −0.04, 0.16) and caffeine +
paracetamol (p = 0.149; Cohen’s d = 0.09; 95% CI = −0.003, 0.20).
There was no significant main effect for peak velocity (p = 0.254) or
peak power (p = 0.439) and no post hoc analysis was performed.

In the 2. set, there was no significant main effect for mean
velocity (p = 0.729), mean power (p = 0.825), peak velocity (p =
0.707), or peak power (p = 0.886), and no post hoc analysis was
performed. In the 3. set, there was no significant main effect for
mean velocity (p = 0.483), mean power (p = 0.606), peak velocity
(p = 0.281), or peak power (p = 0.330), and no post hoc analysis was
performed.

Blinding

When evaluated pre-exercise, the conditions were correctly
identified by 2 (caffeine) or 3 participants (placebo, paracetamol,
caffeine + paracetamol). None of these participants correctly
identified all four conditions.

When evaluated post-exercise, the conditions were correctly
identified by 5 (placebo, caffeine + paracetamol), 7 (caffeine), and
8 (paracetamol) participants. None of these participants correctly
identified all four conditions.
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TABLE 2 Summary of the performance data.

Variable Placebo Caffeine Paracetamol Caffeine + paracetamol

1. set

Mean velocity (m/s) 0.35 ± 0.06∗ 0.37 ± 0.07∗ 0.35 ± 0.05 0.36 ± 0.07

Mean power (W) 177 ± 77∗ 192 ± 94∗ 182 ± 88 185 ± 85

Peak velocity (m/s) 0.53 ± 0.10 0.55 ± 0.13 0.52 ± 0.10 0.54 ± 0.11

Peak power (W) 312 ± 174 325 ± 202 308 ± 187 318 ± 192

2. set

Mean velocity (m/s) 0.31 ± 0.05 0.31 ± 0.06 0.31 ± 0.05 0.31 ± 0.05

Mean power (W) 158 ± 74 162 ± 81 160 ± 73 161 ± 76

Peak velocity (m/s) 0.48 ± 0.11 0.49 ± 0.11 0.49 ± 0.11 0.49 ± 0.12

Peak power (W) 293 ± 186 296 ± 191 290 ± 195 297 ± 191

3. set

Mean velocity (m/s) 0.30 ± 0.06 0.30 ± 0.05 0.29 ± 0.05 0.29 ± 0.06

Mean power (W) 155 ± 72 154 ± 69 149 ± 69 151 ± 71

Peak velocity (m/s) 0.48 ± 0.11 0.48 ± 0.11 0.46 ± 0.10 0.48 ± 0.12

Peak power (W) 280 ± 176 290 ± 187 274 ± 179 289 ± 188

Data are reported as mean ± standard deviation;∗= significant difference between the conditions.

Discussion

The main finding of this study is that only isolated caffeine
ingestion was effective in enhancingmean velocity andmean power.
However, these effects were present only in the first set and were not
observed in the second and third sets. Isolated paracetamol ingestion
or its combination with caffeine was not ergogenic for any of the
analysed outcomes.

An ergogenic effect of caffeine was found for mean velocity and
mean power, but only in the first set (d = 0.17–0.34). Grgic et al.
(2020b) used a similar design where 3 mg/kg of caffeine was provided
before completing a single set of bench press with 85% of 1RM.
In accordance with our findings, Grgic et al. (2020b) observed an
ergogenic effect on mean velocity and mean power (d = 0.57–0.85).
Collectively, it seems that caffeine is an effective ergogenic aid
in improving the “quality” of completed repetitions, which is an
important finding when placed in the context of the data from
studies using velocity-based training (Galiano et al., 2022). While an
ergogenic effect was found in the first set, no significant difference
between the conditions was found for the second and third sets.
Giráldez-Costas et al. (2020) provided 3 mg/kg of caffeine before
an exercise session involving four sets of eight repetitions in the
bench press at 70% of 1RM. Data indicated that caffeine ingestion
increased mean and peak velocity and power in all four sets. These
divergent findings between the studies may be explained by the
differences in our methodological approaches. Giráldez-Costas and

colleagues (2020) used a protocol where the participants performed
a fixed number of repetitions each set (i.e., 8 repetitions), as they
did not perform the exercise to the point of muscular failure. In our
study, the participants performed each set to muscular failure, and
kinetic variableswere evaluatedbymatching thenumberof completed
repetitions between the conditions. It might be that caffeine’s effects
on velocity and power are more consistent when the exercise bout
does not include performing sets to muscular failure. The combined
ingestion of caffeine and paracetamol was not ergogenic, possibly
because paracetamol counteracted some of the effects of caffeine. Pre-
clinical data indicate that paracetamol reducesmotivation, whichmay
reduce caffeine’s ergogenic potential (Chen et al., 2018). However,
we did not explore these specific outcomes, which is something that
future studies may consider.

Isolated ingestion of paracetamol was not ergogenic for any of
the analysed variables. Due to the limited evidence base, comparison
of our results with other studies using paracetamol is limited. Only
two studies (Morgan et al., 2018; Morgan et al., 2019) explored the
effects of paracetamol on resistance exercise-related variables. One
study reported that paracetamol ingestion (1,000 mg) may increase
torqueinaprotocol involving60×3-smaximumisometriccontraction
(Morgan et al., 2018). Another study evaluated time-to-task failure
using an isokinetic protocol and reported that performance did not
differbetweentheparacetamolandplacebotrials (Morganetal., 2019).
Again, the design of these studies differs from ours, as we used amore
traditional resistance exercise protocol. While there are no studies
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using such a protocol while providing paracetamol, data are available
for other agents used for pain relief, such as ibuprofen (Correa et al.,
2013). For example, Correa et al. (2013) included 12 participants who
ingestedeither1,200 mgofibuprofenorplacebo,1 hbeforeperforming
six sets of bench press and squats to muscular failure. The number
of performed repetitions declined with each set, but there was no
significant difference between the placebo and ibuprofen conditions.
Overall, it seems that analgesics such as paracetamol and ibuprofen are
ineffective in improving resistance exercise performance, even though
future studies on the topic are still needed.

While this study has several strengths, such as the use of a
double-blind design and a comprehensive evaluation of resistance
exercise performance, there are also several limitations that need to
be considered. We included a relatively large sample size, especially
considering that themajority of previous studies on paracetamol and
exercise performance were conducted in samples with less than 20
participants (Grgic, 2022). Still, whenwe conducted a post hoc power
analysis, it indicated that our achieved power varied substantially.
For example, it was only 5% for mean velocity in the first set
when comparing paracetamol vs. placebo, likely because Cohen’s
d here was 0.02. The power was also up to 90% when comparing
the mean velocity of the first set between caffeine and placebo.
Therefore, while we did include a relatively large sample size, it is
possible that the study was underpowered to detect very small (or
trivial) effects. We used a dose and timing of consumption based
on previous studies reporting an ergogenic effect of paracetamol
(Maguer et al., 2010; Maguer et al., 2014). However, the absolute
dose provided to all participants resulted in having different relative
doses (i.e., per kg of body mass), which might have confounded
the results. We provided paracetamol 45 min before exercise as
paracetamol plasma half-life is 1.5–2.5 h (Forrest et al., 1982;
Prescott, 1980). Thus, it is likely that the participants performed
the exercise test at, or close to, peak paracetamol plasma levels.
Indeed, there is evidence that paracetamol peak plasma levels occur
around 30–45 min post ingestion, even though there is between-
individual variation (Prescott, 1980). However, a limitation of
our study is that we did not evaluate paracetamol plasma levels,
which should be explored in future studies. Future studies may
consider incorporating a baseline assessment to evaluate time-to-
peak paracetamol plasma levels and use an individualized approach
when prescribing the timing of consumption pre-exercise, as has
been done for sodium bicarbonate (Oliveira et al., 2020). Finally,
while we instructed the participants to follow their normal sleep
patterns before the experimental sessions, we did not collect data
sleep-related data (e.g., sleep duration). This is a consideration
that needs to be mentioned as sleep may moderate caffeine’s effect
(Cook et al., 2012; Romdhani et al., 2022).

Conclusion

In summary, our results indicate that only isolated caffeine
ingestion improves velocity power in resistance exercise, even
though these effects are not consistent across all sets. Isolated
paracetamol ingestion was not ergogenic, even when combined with
caffeine. These results highlight that analgesics may be ineffective in
improving resistance exercise performance.
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