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Abstract
The positive effects of caffeine ingestion on aerobic performance are well-established; however, recent findings are suggesting
that caffeine ingestion might also enhance components of anaerobic performance. A commonly used test of anaerobic
performance and power output is the 30-second Wingate test. Several studies explored the effects of caffeine ingestion on
Wingate performance, with equivocal findings. To elucidate this topic, this paper aims to determine the effects of caffeine
ingestion on Wingate performance using meta-analytic statistical techniques. Following a search through PubMed/
MEDLINE, Scopus, and SportDiscus®, 16 studies were found meeting the inclusion criteria (pooled number of
participants = 246). Random-effects meta-analysis of standardized mean differences (SMD) for peak power output and
mean power output was performed. Study quality was assessed using the modified version of the PEDro checklist. Results
of the meta-analysis indicated a significant difference (p = .005) between the placebo and caffeine trials on mean power
output with SMD values of small magnitude (0.18; 95% confidence interval: 0.05, 0.31; +3%). The meta-analysis
performed for peak power output indicated a significant difference (p = .006) between the placebo and caffeine trials
(SMD = 0.27; 95% confidence interval: 0.08, 0.47 [moderate magnitude]; +4%). The results from the PEDro checklist
indicated that, in general, studies are of good and excellent methodological quality. This meta-analysis adds on to the
current body of evidence showing that caffeine ingestion can also enhance components of anaerobic performance. The
results presented herein may be helpful for developing more efficient evidence-based recommendations regarding caffeine
supplementation.
Keywords: Exercise, nutrition, performance
Highlights
Caffeine ingestion can enhance mean power output on the Wingate test.
. Caffeine ingestion can enhance peak power output on the Wingate test.
. More evidence is needed among athletes competing in anaerobic sports.
.

Introduction
Caffeine is a 1,3,7 trimethylxanthine and is commonly found in foods and beverages. In a detailed
review of literature, Glade (2010) concluded that
consumption of caffeine (1) increases energy availability, (2) enhances cognitive performance, (3)
decreases mental fatigue, (4) increases concentration
and focus attention, (5) improves memory, and (6)
increases problem solving that requires reasoning,
among others. Besides its impact on the aspects mentioned above, caffeine has received attention from
researchers due to its ergogenic effects on sport and
exercise performance.
The effects of caffeine ingestion on improving
aerobic performance are well-established (Berglund

& Hemmingsson, 1982; Bruce et al., 2000);
however, there is considerable evidence suggesting
that caffeine intake might also enhance components
of anaerobic performance (Astorino & Roberson,
2010; Davis & Green, 2009; Grgic & Mikulic,
2017). One common test of anaerobic capacity and
power output is the Wingate test. Briefly, the
Wingate test consists of a short warm-up and of pedaling or arm cranking at a maximal speed for 30
seconds. This test is widely accepted and commonly
used as it is inexpensive, non-invasive, and feasible
for administration across populations (Bar-Or,
1987). Several studies explored the effects of caffeine
intake on Wingate performance, with equivocal findings. For instance, Greer, McLean, and Graham
(1998) reported an ergolytic effect of caffeine
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ingestion compared to placebo on power output,
specifically, on the fourth Wingate bout. No significant effect was noted with caffeine ingestion in the
follow-up work by the same author (Greer,
Morales, & Coles, 2006). Interestingly, while not
reaching significance, it is important to highlight
that 12 out of the 18 participants in that study did
experience an increase in peak power output when
caffeine was ingested compared with placebo. In contrast to Greer et al. (1998), Salinero et al. (2017)
reported that caffeine ingestion increased both peak
power and mean power output during the Wingate
test in a group of young men and women.
Most of the studies that explored this topic have
small sample sizes, which can be underpowered to
detect statistical significance (at an a priori alpha
level of 0.05), when in fact, an actual effect might
exist (type II error). A way to surmount these
issues is to perform a meta-analysis. Such statistical
techniques allow integration of findings from
studies that are addressing the same issue while
providing greater statistical power than individual
studies. However, such an analysis is yet to be
done. Therefore, this paper aims to conduct a
meta-analysis of studies that are investigating
the effects of caffeine ingestion on Wingate
performance.

Methodology
Inclusion criteria
To be included in the review, studies were required to
meet the following criteria: (i) the original research
was published in an English-language refereed
journal; (ii) the study assessed the effects of caffeine
ingestion in the form of capsule, liquid, gum, or gel
on performance in the 30-second Wingate test; (iii)
the study employed a crossover design, and (iv)
included apparently healthy human participants.
Coffee ingestion was not considered because coffee
has other compounds that might moderate the impact
of caffeine (Graham, Hibbert, & Sathasivam, 1998).
Furthermore, studies were not included if caffeine
was co-ingested with other potentially ergogenic substances or compounds, such as taurine.
Search strategy
Searches were performed through PubMed/
MEDLINE, Scopus, and SportDiscus®. The following word syntax was used for the search through
titles, abstracts, and keywords: caffeine AND
(Wingate OR anaerobic OR “peak power” OR
“mean power”). No year restriction was applied to
the search strategy. Secondary searches were

performed by screening the reference lists of all
selected studies and relevant review papers. The
search concluded on 8 August 2017.
Study coding and data extraction
The following information from the studies found
meeting the inclusion criteria was extracted on an
Excel spreadsheet: (i) sample characteristics (including sample size, participant’s sex, and age); (ii) caffeine form, dosage, and time of ingestion before the
testing sessions; (iii) main findings related to the
placebo and caffeine trials; (iv) and reported side
effects.
Methodological quality
To assess the methodological quality of the studies,
the previously validated 11-item PEDro scale was
used (Maher, Sherrington, Herbert, Moseley, &
Elkins, 2003). Details from the checklist can be
found elsewhere (Maher et al., 2003). Due to the
specificity of the topic, the scale was modified, and
the following question (item 12) was added: “Did
the study assess the effectiveness of the blinding to
the caffeine condition(s)?” With the addition of this
question, the maximal score on the scale is 11, as
the first item is not included in the total score. Each
question is answered with an “yes” if the criteria are
satisfied or with a “no” if the criteria are not satisfied.
Based on the score, the studies were classified as
being of excellent (10–11 points), good (7–9
points), fair (5–6 points), or poor (<5 points) methodological quality (McCrary, Ackermann, & Halaki,
2015).
Statistical analyses
A random-effects meta-analysis of standardized
mean differences (SMD) expressed as Hedge’s g
was performed using the Comprehensive Metaanalysis software (Biostat Inc., Englewood, NJ,
USA). SMDs and 95% confidence intervals (CI)
were calculated using the sample size (n), the correlation between the conditions, and mean ± standard
deviation values of the placebo and caffeine trials.
None of the included studies reported correlation
values; therefore, a conservative 0.5 correlation was
assumed for all studies (Follmann, Elliott, Suh, &
Cutler, 1992). If a study measured Wingate performance under multiple conditions, such as multiple caffeine doses, the average values were used for the
analysis. As presented by Cohen (1988), the SMDs
were classified as: [i] small (≤0.2); [ii] moderate
(0.2–0.5); [iii] large (0.5–0.8); and [iv] very large
(>0.8). Sensitivity analysis was performed by
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excluding two studies performed in children and
examining the outcomes (Turley et al., 2012;
Turley, Eusse, Thomas, Townsend, & Morton,
2015). Statistical significance was set at p < .05. In
addition to SMDs, per cent changes were calculated.
Heterogeneity was assessed using the I 2 statistic. I 2
values that were ≤50% indicated low heterogeneity,
I 2 values from 50% to 75% indicated moderate heterogeneity and I 2 values >75% indicated a high
level of heterogeneity. Standard error was plotted
against Hedge’s g for the funnel plots. The Trimand-Fill method was used for assessing the asymmetry of the funnel plots.

3

Meta-analysis results
The meta-analysis for mean power output indicated a
significant difference (p = .005) between the placebo
and caffeine trials, with SMD values of 0.18 (95%
CI: 0.05, 0.31; +3; I 2 = 0.0% [Figure 1]). The
meta-analysis performed for peak power output indicated a significant difference (SMD = 0.27; 95% CI:
0.08, 0.47; +4%; p = 0.006; I 2 = 52.1% [ Figure 2])
between the placebo and caffeine trials. The sensitivity analysis did not change the outcomes by a
meaningful degree. Funnel plots did not indicate
any substantial asymmetry in both analyses. The
Trim-and-Fill method did not have an impact in
either analysis.
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Results
Search results

Methodological quality

The search syntax resulted with a total of 540 results
(PubMed/MEDLINE = 159; Scopus = 259; SportDiscus® = 122). Of the total results, 34 full-text
articles were read. Eighteen studies were excluded
as they did not meet the inclusion criteria, which
resulted in the inclusion of 16 studies (Bell, Jacobs,
& Ellerington, 2001; Bellar, Judge, Kamimori, &
Glickman, 2012; Cakir-Atabek, 2017; Collomp,
Ahmaidi, Audran, Chanal, & Préfaut, 1991;
Duncan, 2009; Greer et al., 1998; Greer et al.,
2006; Lorino, Lloyd, Crixell, & Walker, 2006;
Mahdavi, Daneghian, Jafari, & Homayouni, 2015;
Pereira et al., 2010; Salinero et al., 2017; Turley
et al., 2012, 2015; Warnock, Jeffries, Patterson, &
Waldron, 2017; Williams, Cribb, Cooke, & Hayes,
2008; Woolf, Bidwell, & Carlson, 2008). Publication
dates of the included studies ranged from 1991 to
2017. The pooled number of participants across the
studies was 246 (median = 15; range = 6-26). All of
the participants were classified as being young or
children. Thirteen of the studies employed a
double-blind design (Bell et al., 2001; Bellar et al.,
2012; Cakir-Atabek, 2017; Greer et al., 1998,
2006; Lorino et al., 2006; Mahdavi et al., 2015;
Pereira et al., 2010; Salinero et al., 2017; Turley
et al., 2012, 2015; Williams et al., 2008; Woolf
et al., 2008), two a single-blind design (Collomp
et al., 1991; Warnock et al., 2017), while in one
study there was no blinding (Duncan, 2009). Caffeine doses ranged from 1 to 5 mg kg−1, with two
studies using a fixed dose of caffeine. Only one
study used caffeine in the form of gum (Bellar
et al., 2012), while in the rest, either a liquid or a
capsule form was used. Time of caffeine ingestion
before testing sessions was most commonly 60
minutes. All of the studies used the lower body
Wingate test. Summary of individual studies can be
found in Table I.

The average score on the PEDro scale was 9 ± 1.
Nine of the studies were classified as being of excellent quality, six as being of good quality, and one as
being of fair methodological quality. None of the
studies satisfied the added item regarding the assessment of the effectiveness of the blinding. Only three
studies specified who was eligible to participate in
the study (checklist item 1). The scores from individual studies can be found in Table II.

Discussion
The present study is the first to assess the effectiveness of caffeine ingestion on Wingate performance
using meta-analytic statistical techniques. The
results presented herein indicate that caffeine ingestion can augment mean and peak power output on
the Wingate test by + 3% and + 4%, respectively.
This meta-analysis adds on to the current body of evidence supporting the notion that caffeine ingestion
can also be ergogenic for anaerobic performance.
It is important to highlight that while caffeine
ingestion can enhance performance on the Wingate
test, the SMDs for mean and peak power output
are classified as being of small and moderate magnitude, respectively. While athletes would likely
benefit the most for such small improvements in performance, only four studies included that population
(Duncan, 2009; Mahdavi et al., 2015; Warnock et al.,
2017; Woolf et al., 2008). Therefore, the practical
usability of these findings remains somewhat
questionable.
In a review by Bar-Or (1987), the author concluded that the correlation between performance on
the Wingate test and other anaerobic tasks (e.g.
short sprinting) is quite high (r = .84). However, it
is relevant to emphasize that performance in the
Wingate test does not necessarily reflect the
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Table I. Summary of the studies included in the meta-analysis
Study

Sample

Caffeine form

Caffeine dosage

Timing of caffeine intake

Bell et al. (2001)
Bellar et al. (2012)
Cakir-Atabek (2017)
Collomp et al. (1991)
Duncan (2009)
Greer et al. (1998)
Greer et al. (2006)
Lorino et al. (2006)
Mahdavi et al. (2015)
Pereira et al. (2010)
Salinero et al. (2017)
Turley et al. (2012)
Turley et al. (2015)
Warnock et al. (2017)
Williams et al. (2008)
Woolf et al. (2008)

Young men (n = 16)
Young men (n = 10)
Young men (n = 14)
Young men (n = 3) and women (n = 3)
Young men (n = 8) and women (n = 6)
Young men (n = 9)
Young men (n = 18)
Young men (n = 16)
Young women (n = 24)
Young men (n = 7) and women (n = 7)
Young men (n = 14) and women (n = 7)
Boys (n = 24)
Boys (n = 26)
Young men (n = 7)
Young men (n = 9)
Young men (n = 18)

Capsule
Gum
Liquid
Capsule
Liquid
Capsule
Capsule
Capsule
Capsule
Capsule
Capsule
Liquid
Liquid
Capsule
Capsule
Liquid

5 mg kg−1
Fixed dose of 100 mg
5 mg kg−1
5 mg kg−1
5 mg kg−1
6 mg kg−1
5 mg kg−1
6 mg kg−1
5 mg kg−1
6 mg kg−1
3 mg.kg−1
5 mg kg−1
1, 3, and 5 mg kg−1
5 mg kg−1
Fixed dose of 300 mg
5 mg kg−1

90 min
Immediately after caffeine intake
60 min
60 min
60 min
60 min
60 min
60 min
70 min
60 min
60 min
60 min
60 min
60 min
45 min
60 min

performance in sports-specific activities. Therefore,
the generalizability of these findings to other anaerobic tasks is limited. While a transfer of effects can be
hypothesized, the current body of evidence prevents
concrete conclusions regarding possible benefits of
these findings to other sport and exercise activities.
Mechanisms by which caffeine ingestion might
enhance anaerobic performance include an increase
in calcium release from the sarcoplasmic reticulum,
which may lead to an increase in tetanic tension,
and the alterations that caffeine might have on the
neuromuscular transmission (Davis & Green,

2009). However, discussion on the potential mechanisms is beyond the scope of this article (for a review
the reader is directed to the work by Davis and
Green [2009]).
Besides the study by Williams et al. (2008), which
reported a coefficient of variation of 1–5% on the
Wingate test, none of the other included studies
reported their coefficient of variation for repeated
measures. It might be that some of the differences
between the placebo and caffeine conditions are the
effect of an error of the measurement and not truly
related to the effects of the condition. Therefore,

Figure 1. Forest plot of studies comparing the effects of placebo and caffeine trials on mean power output. The size of the plotted squares
reflects the statistical weight of the study. Horizontal lines denote the 95% confidence intervals. SMD = standardized mean difference.
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Figure 2. Forest plot of studies comparing the effects of placebo and caffeine trials on peak power output. The size of the plotted squares
reflects the statistical weight of the study. Horizontal lines denote the 95% confidence intervals. SMD = standardized mean difference.

possible issues with measurement error between
placebo and caffeine trials in the analysed studies
should not be excluded. Most of the studies did
include at least one practice trial to prevent any learning effects; however, two studies did not report any
familiarization sessions (Collomp et al., 1991; Greer
et al., 2006), which presents a confounding factor
to their results, and should be avoided in future
research. Besides the differences in the protocols
used, it is also important to note that some studies
used a mechanically braked ergometer (Bell et al.,
2001), while others used an electrically braked ergometer (Warnock et al., 2017), which might also be
a reason for differences in estimates across studies
(Astorino & Cottrell, 2012).
A confounding factor to the present findings is that
none of the studies assessed the effectiveness of the
blinding. Salinero et al. (2017) reported that they did
ask the participants to indicate which trial they perceived to be the caffeine trial. However, the results of
this assessment were not reported. Assessing the effectiveness of the blinding can be of significant impact
due to the possible placebo effects of “caffeine” ingestion on performance (Beedie, Stuart, Coleman, &
Foad, 2006). Therefore, future studies should assess
the effectiveness of the blinding following the trials,
to increase the robustness of their findings.
The current body of evidence suggests that caffeine
ingestion might result in several side effects such as
insomnia, headaches, nervousness, gastrointestinal
problems, and muscle soreness, among others
(Astorino, Rohmann, & Firth, 2008; Goldstein,

Jacobs, Whitehurst, Penhollow, & Antonio, 2010).
Only three of the included studies assessed the side
effects of caffeine ingestion in their experimental
trials. Williams et al. (2008) reported that no side
effects occurred. Lorino et al. (2006) reported that
one of the participants vomited following caffeine
ingestion, while Salinero et al. (2017) noted a slight
increase in self-reported insomnia and nervousness
following the caffeine trials. It seems that some of
the side effects mentioned above may be augmented
in individuals with low habitual caffeine intake so
extra precaution might be necessary for these individuals (Astorino et al., 2008; Goldstein et al., 2010).
Future studies should consider tracking and reporting side effects to highlight the possible disadvantages
of supplementing with caffeine.
Future directions
None of the included studies used the upper-body
Wingate test in their trials. Therefore, the results presented in this meta-analysis cannot be generalizable
to upper-body power, as it has been shown that the
effects of caffeine ingestion might differ between
upper and lower body (Grgic & Mikulic, 2017).
This gap in the literature opens an avenue for
future research to test the effects of caffeine ingestion
on upper-body Wingate performance. Furthermore,
studies might consider exploring the effects of caffeine ingestion and Wingate performance in older
adults; as of date, there are no such studies. More evidence is needed on females, as most of the included
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Table II. Results from the PEDro checklist.

Study
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Bell et al. (2001)
Bellar et al. (2012)
Cakir-Atabek (2017)
Collomp et al. (1991)
Duncan (2009)
Greer et al. (1998)
Greer et al. (2006)
Lorino et al. (2006)
Mahdavi et al. (2015)
Pereira et al. (2010)
Salinero et al. (2017)
Turley et al. (2012)
Turley et al. (2015)
Warnock et al. (2017)
Williams et al. (2008)
Woolf et al. (2008)

Total
Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8 Item 9 Item 10 Item 11 Item 12 score
No
No
No
No
No
No
No
No
Yes
No
No
No
No
No
Yes
Yes

Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes

Yes
Yes
Yes
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
Yes
Yes
Yes
Yes
Yes
Yes
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

10
9
10
7
6
10
10
9
9
10
10
10
10
7
10
9

Notes: Studies are classified as: excellent methodological quality (10–11 points); good methodological quality (7–9 points); fair
methodological quality (5–6 points); and poor methodological quality (<5 points).

studies were performed in men. Some studies
included a mixed-gender sample, but the total
number of female participants was small (n = 23).
Besides females, more studies are needed on athletes,
in particular on those competing in anaerobic sports.
It would be desirable for future studies to plot the
individual values from the placebo and caffeine
trials, to examine the variation in responses to caffeine ingestion.

Conclusions
In contrast to previous reviews which suggested that
caffeine does not have an impact on Wingate performance, this meta-analysis provides findings that
caffeine ingestion may increase both peak power
output and mean power output during the Wingate
test. Therefore, the results presented in this paper
may be helpful for developing more efficient evidence-based recommendations regarding caffeine
supplementation. While this would suggest that athletes who compete in anaerobic dominant sports
might consider supplementing with caffeine, this
remains tentative as it is unclear to what extent
could these effects transfer in the sports context. Furthermore, the effects are not of a large magnitude
which limits the practical usability of the findings.
Because of the inter-individual response to caffeine
ingestion, potential supplementation with caffeine
needs to be adjusted on a case-by-case basis.
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No potential conflict of interest was reported by the author.

References
Astorino, T. A., & Cottrell, T. (2012). Reliability and validity of the
velotron racermate cycle ergometer to measure anaerobic
power. International Journal of Sports Medicine, 33, 205–210.
Astorino, T. A., & Roberson, D. W. (2010). Efficacy of acute caffeine ingestion for short-term high-intensity exercise performance: A systematic review. Journal of Strength and Conditioning
Research, 24, 257–265.
Astorino, T. A., Rohmann, R. L., & Firth, K. (2008). Effect of caffeine ingestion one one-repetition maximum muscular strength.
European Journal of Applied Physiology, 102, 127–132.
Bar-Or, O. (1987). The Wingate anaerobic test. An update on methodology, reliability and validity. Sports Medicine, 4, 381–394.
Beedie, C. J., Stuart, E. M., Coleman, D. A., & Foad, A. J. (2006).
Placebo effects of caffeine on cycling performance. Medicine and
Science in Sport and Exercise, 38, 2159–2164.
Bell, D. G., Jacobs, I., & Ellerington, K. (2001). Effect of caffeine
and ephedrine ingestion on anaerobic exercise performance.
Medicine and Science in Sport and Exercise, 33, 1399–1403.
Bellar, D. M., Judge, L. W., Kamimori, G. H., & Glickman, E. L.
(2012). The effects of low dose buccal administered caffeine on
RPE and pain during an upper body muscle endurance test and
lower body anaerobic test. ICHPERD-SD Journal of Research, 7,
24–28.
Berglund, B., & Hemmingsson, P. (1982). Effects of caffeine
ingestion on exercise performance at low and high altitudes in
cross-country skiers. International Journal of Sports Medicine, 3,
234–236.
Bruce, C. R., Anderson, M. E., Fraser, S. F., Stepto, N. K., Klein,
R., Hopkins, W. G., & Hawley, J. A. (2000). Enhancement of
2000-m rowing performance after caffeine ingestion. Medicine
and Science in Sport and Exercise, 32, 1958–1963.
Cakir-Atabek, H. (2017). Effects of acute caffeine ingestion on
anaerobic cycling performance in recreationally active men.
Journal of Exercise Physiology Online, 20, 47–58.
Cohen, J. (1988). Statistical power analysis for the behavioral sciences.
Hillsdale, NJ: Lawrence Earlbaum Associates.
Collomp, K., Ahmaidi, S., Audran, M., Chanal, J. L., & Préfaut,
C. (1991). Effects of caffeine ingestion on performance and
anaerobic metabolism during the Wingate test. International
Journal of Sports Medicine, 12, 439–443.

Downloaded by [UCSF Library] at 14:08 31 October 2017

Caffeine ingestion enhances Wingate performance
Davis, J. K., & Green, J. M. (2009). Caffeine and anaerobic performance: Ergogenic value and mechanisms of action. Sports
Medicine, 39, 813–832.
Duncan, M. J. (2009). The effect of caffeine ingestion on anaerobic
performance in moderately trained adults. Serbian Journal of
Sports Sciences, 3, 129–134.
Follmann, D., Elliott, P., Suh, I., & Cutler, J. (1992). Variance
imputation for overviews of clinical trials with continuous
response. Journal of Clinical Epidemiology, 45, 769–773.
Glade, M. J. (2010). Caffeine-not just a stimulant. Nutrition, 26,
932–938.
Goldstein, E., Jacobs, P. L., Whitehurst, M., Penhollow, T., &
Antonio, J. (2010). Caffeine enhances upper body strength in
resistance-trained women. Journal of the International Society of
Sports Nutrition, 7, 18.
Graham, T. E., Hibbert, E., & Sathasivam, P. (1998). Metabolic
and exercise endurance effects of coffee and caffeine ingestion.
Journal of Applied Physiology, 1985(85), 883–889.
Greer, F., McLean, C., & Graham, T. E. (1998). Caffeine, performance, and metabolism during repeated Wingate exercise
tests. Journal of Applied Physiology, 85, 1502–1508.
Greer, F., Morales, J., & Coles, M. (2006). Wingate performance
and surface EMG frequency variables are not affected by caffeine ingestion. Applied Physiology, Nutrition, and Metabolism,
31, 597–603.
Grgic, J., & Mikulic, P. (2017). Caffeine ingestion acutely
enhances muscular strength and power but not muscular endurance in resistance-trained men. European Journal of Sport
Science, 17, 1029–1036.
Lorino, A. J., Lloyd, L. K., Crixell, S. H., & Walker, J. L. (2006).
The effects of caffeine on athletic agility. Journal of Strength and
Conditioning Research, 20, 851–854.
Mahdavi, R., Daneghian, S., Jafari, A., & Homayouni, A. (2015).
Effect of acute caffeine supplementation on anaerobic power
and blood lactate levels in female athletes. Journal of Caffeine
Research, 5, 83–87.

7

Maher, C. G., Sherrington, C., Herbert, R. D., Moseley, A. M., &
Elkins, M. (2003). Reliability of the PEDro scale for rating
quality of randomized controlled trials. Physical Therapy, 83,
713–721.
McCrary, J. M., Ackermann, B. J., & Halaki, M. (2015). A systematic review of the effects of upper body warm-up on performance and injury. British Journal of Sports Medicine, 49,
935–942.
Pereira, L. A., Curti, J. O., Camata, T. V., Gonçalves, E. M., Leite,
S. T., Costa, T. G., … Altimari, L. R. (2010). Caffeine does not
change the anaerobic performance and rate of muscle fatigue.
Medicina Sportiva, 14, 67–72.
Salinero, J. J., Lara, B., Ruiz-Vicente, D., Areces, F., PuenteTorres, C., Gallo-Salazar, C., … Del Coso, J. (2017).
CYP1A2 genotype variations do not nodify the benefits and
drawbacks of caffeine during exercise: A pilot study. Nutrients,
9, E269.
Turley, K., Eusse, P. A., Thomas, M. M., Townsend, J. R., &
Morton, A. B. (2015). Effects of different doses of caffeine on
anaerobic exercise in boys. Pediatric Exercise Science, 27, 50–56.
Turley, K. R., Rivas, J. D., Townsend, J. R., Morton, A. B.,
Kosarek, J. W., & Cullum, M. G. (2012). Effects of caffeine
on anaerobic exercise in boys. Pediatric Exercise Science, 24,
210–219.
Warnock, R., Jeffries, O., Patterson, S., & Waldron, M. (2017).
The effects of caffeine, taurine or caffeine-taurine co-ingestion
on repeat-sprint cycling performance and physiological
responses. International Journal of Sports Physiology and
Performance. In press. doi:10.1123/ijspp.2016-0570
Williams, A. D., Cribb, P. J., Cooke, M. B., & Hayes, A. (2008).
The effect of ephedra and caffeine on maximal strength and
power in resistance-trained athletes. Journal of Strength and
Conditioning Research, 22, 464–470.
Woolf, K., Bidwell, W. K., & Carlson, A. G. (2008). The effect of
caffeine as an ergogenic aid in anaerobic exercise. International
Journal of Sport Nutrition and Exercise Metabolism, 18, 412–429.

