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Objectives:  This  study  is  a systematic  review  and  meta-analysis  aimed  at  investigating  the  isolated  effects
of caffeine  and  sodium  bicarbonate  (NaHCO3) ingestion  on repeated  sprint  ability  (RSA).
Methods:  Following  a  search  through  PubMed  and  Scopus,  13  studies  (7  with  caffeine  and  6 with  NaHCO3)
were  found  to meet  inclusion  criteria.  Random-effects  of  standardized  mean  difference  (SMD)  for  total
work and  best  sprint  performance  was  examined.  Study  quality  was  assessed  using  QualSyst.
Results:  The  meta-analysis  indicated  that  caffeine  ingestion  did not  improve  the  total  work  done
(weighted  average  effect  size  Hedges’s  g  =  −0.01, 95%CI:  −0.32 to  0.31, p =  0.97),  best  sprint  (weighted
average  effect  size  Hedges’s  g  =  −0.02,  95% CI: −0.32 to 0.27;  p =  0.87)  or  last sprint  performance  (weighed
average  effect  size  Hedge’s  g =  −0.27, 95%CI:  −0.68  to 0.14;  p = 0.20),  when  compared  with  a  placebo  con-
dition.  Similarly,  NaHCO3 ingestion  did  not  improve  the total  work  done  (weighted  average  effect  size
Hedges’s  g = 0.43,  95%  CI: −0.11  to 0.97,  p = 0.12), best  sprint  (weighted  average  effect  size Hedges’s

g  = 0.02,  95%  CI  −0.30  to 0.34;  p = 0.90)  or last  sprint  performance  (weighted  average  effect  size  Hedge’s
g  = 0.20,  95%CI:  −0.13 to 0.52,  p =  0.14),  compared  with  a placebo  condition.  Quality  assessment  of  selected
articles  was  classified  as  strong.
Conclusion:  This  meta-analysis  provides  evidence  that repeated  sprint  ability  is  not  affected  by  acute
ingestion  of caffeine  or NaHCO3.

©  2019 Sports  Medicine  Australia.  Published  by  Elsevier  Ltd.  All  rights  reserved.
. Introduction

Many team sports (i.e., soccer, rugby and hockey)1–3 require par-
icipants to repeatedly produce maximal or near-maximal sprints
f short duration (1–7 s) with brief recovery periods.4 As such, an
mportant fitness component of these sports is repeated sprint
bility (RSA), which is defined as the ability to perform repeated
hort-duration sprints (<10 s) with minimal recovery between
outs (usually ≤60 s)5,6. Over recent years, the volume of litera-
ure examining the physiological and performance responses to

SA tests has rapidly increased.1,3 The use of tests consisting of sev-
ral sprints interspersed with brief recovery periods, should ensure
hysiological responses are similar to those occurring in official

∗ Corresponding author at: School of Physical Education, Cesmac University Cen-
er, Rua Professor Ângelo Neto, 51 - Farol, Maceió, Alagoas, 57051-530, Brazil.

E-mail address: lopesilvajp@hotmail.com (J.P. Lopes-Silva).

ttps://doi.org/10.1016/j.jsams.2019.03.007
440-2440/© 2019 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserve
matches.1 Fatigue during RSA develops rapidly and performance
decrements are often observed following the first sprint, possibly
as a result of peripheral (i.e. substrate depletion and metabolite
accumulation) and neural (i.e. muscle activation and motor unit
recruitment) factors.2,6 Gaitanos et al.7 observed an 8-fold decrease
in the absolute production from glycolysis from the first to the last
sprint of 10 × 6-s maximal sprints interspersed with 30-s recovery
periods. However, it is unclear, if increasing the maximal anero-
bic glycogenolytic and glycolytic rate, though ergogenic aids (i.e.
caffeine and NaHCO3 ingestion), will lead to improvements in RSA.

Caffeine (1, 3, 7 – trimethylxanthine) is a stimulant commonly
consumed by athletes at various levels of competition as well
as in a wide range of sporting disciplines.8 It has been reported
that 74% of elite athletes use caffeine as an ergogenic aid prior

to or during an event or sport, with endurance sports showing
the highest prevalence rate for caffeine use.8 This is likely due to
caffeine’s high accessibility and to the fact that it can be admin-
istered in different forms (i.e. capsule, coffee, and sports drinks,

d.
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Table 1
PICOS (participants, interventions, comparison, outcomes, and study design).

PICOS components Detail

Participants Healthy humans’ males and females
Interventions Repeated sprint ability and repeated sprint exercise

(sprint duration <10 s and recovery duration ≤60 s)
Comparisons Isolated acute ingestion of caffeine and/or sodium

bicarbonate compared to placebo without fatigued state
Outcomes Total work done, best (fastest sprint time or highest

power output – usually corresponding to the initial
sprint – recorded/achieved during the repeated sprint
ability (RSA) test) and last sprint performances during
repeated sprint ability tests.
J.P. Lopes-Silva et al. / Journal of Scienc

ncluding chewing gum, bars, gels, mouth rinse energy drinks
nd aerosols).9 In general, caffeine improves exercise performance
t moderate doses (3–6 mg/kg−1 of body mass - BM), and when
onsumed approximately 6̃0 min  prior to exercise.10–12 However,
ower caffeine doses (<3 mg  kg-1 of BM)  also increase athletic per-
ormance, if consumed 60 min  before exercise.12,13 In fact, a recent

eta-analysis showed that caffeine ingestion (3–6 mg/kg−1 of BM)
as a significant positive effect on time-trial performance (+2.2%),
hen compared with a placebo.14 The mechanisms underpin-
ing this benefit include adenosine receptor antagonism, increased
ndorphin release, enhanced neuromuscular function, improved
igilance and alertness, and a reduction in perception of effort dur-
ng exercise.12,15 Although the benefits of caffeine ingestion on
SA are equivocal, it is effectiveness enhancing short-term high-

ntensity exercise performance is more consistent.16–18 Recently, a
eta-analysis performed by Grgic and Pickering16 demonstrated

hat acute caffeine ingestion increases isokinetic strength. Fur-
hermore, Grgic19 reported that caffeine ingestion increased mean
+3%) and peak (+4%) power output during a single Wingate test.
owever, no difference was observed during repeated bouts.20

Sodium bicarbonate (NaHCO3) ingestion increases performance
uring high-intensity intermittent exercise.21–23 NaHCO3 acts as
n extracellular (blood) buffer, since HCO3

− ions are unable to
ermeate the sarcolemma.22 A single oral ingestion of 0.3 g kg-1

f BM of NaHCO3, 90 prior to exercise,24 increases the blood
oncentration of HCO3 by approximately 5–6 mmol  L-1.25 NaHCO3
ngestion increases extracellular buffering and dynamic buffering
apacity, increasing the rate at which H+ is removed from work-
ng muscle cells during high-intensity exercise.13,22 This buffering
ction reduces intramuscular acidosis, which appears to prevent
he inhibition of glycolytic key-enzymes26 and delays the onset
f muscular fatigue during high-intensity exercise. In fact, Bishop
t al.27 reported that NaHCO3 ingestion was effective in improv-
ng total work (+5%) during an RSA test when compared, with

 placebo. Thus, NaHCO3 appears effective in improving high-
ntensity exercise.21

To date, there is a wide range of supplements aimed at improv-
ng athletic performance. However, two supplements that are legal,

ell-researched, readily available, and thus utilized are caffeine
nd NaHCO3. This is especially the case with regards to perfor-
ance within a single sprint, however, the effects on performance

uring repeated sprints is less clear. Meta-analyses have helped to
lucidate equivocal points within nutritional supplement research
s they allow the pooling results from many studies.13 Thus, the
resent meta-analysis evaluated the isolated effects of caffeine and
aHCO3 ingestion on performance during RSA.

. Methods

The review was conducted in accordance with PRISMA (Pre-
erred Reporting Items for Systematic Reviews and Meta-analyses)
tatement guidelines.28 A systematic search of the research liter-
ture was performed using PubMed, Web  of Science and Scopus
nline databases through June 2018 to identify original research.
eywords were used individually or combined: “repeated sprint
xercise” or “repeated sprint ability” and “caffeine ingestion” or
caffeine supplementation” and “sodium bicarbonate ingestion” or
sodium bicarbonate supplementation”. The analysis was restricted
o “English language” and original research articles published
n peer-in-review journals (excluding gray literature indexed by
on-scientific databases as abstracts of scientific events).29 Fur-

hermore, references from the reviewed articles were examined
o identify possible additional articles.

Inclusion and exclusion of articles was determined with the
pplication of the PICOS (Participants, Intervention, Comparison,
Study design Double-blind, randomized controlled trials with
crossover design or counterbalanced

Outcomes and Study Design) criteria to the title, abstract, and/or
full text of articles28,30 (see Table 1). Titles and abstracts were first
screened, the full-text articles were retrieved if the citation was
considered potentially relevant. In order to prevent any selection
bias, the search was done independently by the first and second
author and the third author resolved the discrepancies when nec-
essary.

The following exclusion criteria were considered: not peer
reviewed; review, meta-analysis, position statement, or proposed
study design articles; studies where caffeine or sodium bicarbonate
were not ingested as an acute dose prior to the start of exercise (pre-
load or exercise), and were consumed during the exercise protocol;
studies without placebo comparison (water or other beverages
without caffeine or sodium bicarbonate); studies where the results
were not presented isolated for intake supplement (i.e. when
caffeine or sodium bicarbonate were co-ingested with another sup-
plement); studies that administrated coffee or caffeinated gum
were also excluded. Studies taking place in extreme environments
(high altitude, high or low temperatures) were included only if both
placebo and caffeine or sodium bicarbonate took place in the same
extreme environment. The data collection process is presented in
Fig. 1.

The methodological quality was  assessed using the quantitative
assessment tool “QualSyst” by Kmet et al. (2004). QualSyt contains
14 items (see Table 2) that are scored depending on the degree
to which the specific criteria were met  (yes = 2, partial = 1, no = 0).
Items not applicable to a particular study design were marked ‘NA’
and excluded from the calculation of the summary score. A sum-
mary score was calculated for each article by summing the total
score obtained across relevant items and dividing it by the total
possible score. Two  authors performed the quality assessment. A
score of >75% indicated strong quality, a score of 55–75% indicated
moderate quality, and a score <55% indicated weak quality.

Physical performance data were extracted in the form of means,
standard deviations (SDs) and sample size for placebo, caffeine,
and NaHCO3 conditions. Information collected from each study
included the design of the study, sample size, dosage and time
of caffeine and NaHCO3 ingestion, as well as the exercise pro-
tocol used. Data were collected directly from tables and within
the text of the selected studies when possible or using Graph
digitizing software (DigitizeIt, Braunschweig, Germany) in stud-
ies where plots only were published.7,27,31 Dependent variables
included best (fastest sprint time or highest power output, usu-
ally corresponding to the initial sprint, recorded/achieved during
the RSA test) and mean (i.e. averaged sprint time or power out-
put recorded/maintained throughout the test) performance during
RSA tests. When data were not available or referenced in the

manuscript, authors were contacted to obtain the relevant infor-
mation. Three studies were excluded from meta-analysis when
the missing data could not be provided,32,33 or author did not
respond.34
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Table 2
General characteristics of the studies that investigated caffeine ingestion on repeated sprint ability performance (RSA) included in this meta-analysis.

References Design Participants Training status Caffeine
habituation

Caffeine dosage Placebo Time to
ingestion

RSA
(Sets × reps × duration,
intra- and inter-set rest

Carr et al.31 Semi randomized,
double-blind and
counterbalanced

10 M University students NR 6 mg kg−1 of BM Glucose 60 min 3 × 6 × 20 m running
sprints; 25 s active
recovery; 4 min  (2 min
passive and 2 min
active recovery)*

Carr et al.31 Semi randomized,
double-blind and
counterbalanced

10 M University students NR 6 mg kg−1 of BM Glucose 60 min 2 × 6 × 20 m running
sprints; 60 s active
recovery; 4 min  (2 min
passive and 2 min
active recovery)a,*

Glaister et al.32 Randomized and
double-blind

21 M sport-science
students

Low Consumers <
100 mg day−1)

5 mg kg−1 of BM Maltodextrin 60 min 12 × 30 m running
sprint; 35 s of active
recovery

Lee  et al.33 Double-blind,
randomized and
counterbalanced

14 M Recreational
athletes

Low consumers
(<200 mg  day−1)

6 mg kg−1 of BM Maltodextrin 60 min 12 × 4 s cycle
ergometer; 25 s of
active recovery

Lee  et al.36 Double-blind,
randomized and
counterbalanced

11 F Trained athletes NR 6 mg kg−1 of BM Cellulose 60 min 10 × 5 × 4 s cycle
ergometer; 20 s of
active recovery; 2 min
of active recovery*

Buck et al.37 Randomized,
double-blind and
latin-square

12 F Amateur
team-sports

NR 6 mg kg−1 of BM Glucose 60 min 6 × 20 m running
sprint; 25 s active
recovery

Kopec  et al.34 Randomized,
double-blind and
latin-square

11 M Team-sports
athletes

NR 6 mg kg−1 of BM Lactose/sucrarose 60 min 6 × 30 m running
sprint, 25 s active
recovery

Eaton  et al.35 Randomized,
double-blind and
counterbalanced

10 M Subelite football
player

NR 3 mg kg−1 of BM Calcium carbonate 60 min 6 × 4 s; 8 s of active
recovery

M: male; F: female; NR: Not reported. BM:  body mass
* Only the first set of RSA test was  considered.
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Fig. 1. Selection process for research articles included in this system

Meta-analysis was conducted using the Review Manager 5.3
version 5.3, Cochrane Collaboration, Copenhagen, Denmark) in
rder to aggregate, via a random-effects model,35 the standardized
ean difference (SMD). The following data were need to calcula-

ion for SMD: 1) mean ± SD of the caffeine, placebo and sodium
icarbonate trials, 2) sample size. Use of the SMD summary statis-
ic allowed all effect sizes to be transformed into a uniform scale,
hich was interpreted according to Cohen’s conventional crite-

ia (Cohen, 1980), with SMD  of <0.20, negligible; 0.20–0.49, small;
.50-0.79, moderate; and >0.80, large. Heterogeneity was deter-
ined using I2 value, with values of 25, 50 and 75 indicating

ow, moderate and high heterogeneity, respectively. The results are
eported as weighed means and 95% confidence intervals (95%CIs).
he statistical significance was set at p < 0.05. Furthermore, study
haracteristics are presented as mean ± SD.

. Results

We  found 380 articles through databases. Of the 177 that
emained after the removal of 203 articles duplicates, we excluded
19 articles not considered as relevant. Based on the inclusion crite-
ia, 13 articles, seven with caffeine and six with NaHCO3 ingestion,
ublished between 2001 and 2016, met  the full set of criteria and
ere included for review. All descriptions and characteristics of

he review studies are presented in Tables 2 and 3. Moreover, the
uality assessment of selected articles was classified as strong (see
able 4 and 5).

A total of five studies comprised only male participants36–40 and
wo studies included only females.41,42 The mean number of par-
icipants was 13 ± 4. Participants’ age, height, and body mass were
1 ± 1 years, 174.3 ± 7.4 cm and 78.0 ± 1.4 kg, respectively. Only
wo studies provided information relating the participants habitual
affeine consumption habits37,38 and participants were classified as
ow consumers (<200 mg  kg−1).
Performance testing involved running in five studies,36,37,39,42

hereas three studies utilized cycling.38,40,41 The RSA protocols
lso differed in terms of the number of sprint repetitions (i.e.
rom six to twelve repetitions), duration/length of effort (i.e., 4 s
review. An adapted version of the recommendation in the PRISMA.

or 20–30 m),  as well as recovery time (i.e., 8–60 s) and type (active
or passive) (Table 2).

All studies were randomized trials and included a placebo con-
dition for comparative purposes. Dose of caffeine administered was
based on the individual body mass (BM) with 6 mg kg−1 36,38,39,41,42,
5 mg.kg−137 and 3 mg  kg−1 of BM.40 In all studies, caffeine was
ingested 60 min  before exercise.

In relation to NaHCO3 studies, four studies comprised only male
participants31,43–45, one study included only females27 and one
study utilized both males and females.46 The mean number of par-
ticipants was 13 ± 6. Participants’ age, height, and body mass were
22 ± 2 years, 178.0 ± 1.2 cm and 72.5 ± 4.4 kg, respectively.

Performance testing involved cycling in five studies27,31,43,45,46

and only one study utilized a running-based test.44,40 The RSA pro-
tocols also differed in terms of the number of sprint repetitions (i.e.
from six to fifteen repetitions), duration/length of effort (i.e., 6 s
or 20 m),  as well as recovery time (i.e.,20–60 s) and type (active or
passive) (Table 3).

All studies were randomized trials and utilized a dose of
0.3 g.kg−1 of BM of NaHCO3. Sodium chloride (NaCl−)was utilized in
all studies for comparative purposes, with amounts of 0.2 g.kg−1 of
BM,27,31,44,45 1.5 g kg−1 of BM43 and 8 g kg−1.46 The pre-trial pro-
tocol of supplementation was  standardized in five studies, but
with time of supplementation of 60 min44, 90 min27, 120 min45,
150 min43 and 180 min.46 Only one study utilized an individual-
ized timing protocol based on the time-to-peak pH responses of
each individual varying between 1̃0 min  to 90 min  pre-trial.31

The forest plots depicting the individual SMDs and associated
95%CI and random-effect models for caffeine and NaHCO3 on RSA
performance are presented in Fig. 2 and 3, respectively.

Following data pooling, the SMD  for total work done was – 0.01
(95%CI −0.32 to 0.31), providing a non-significant effect between
caffeine and placebo conditions (p = 0.97) (Fig. 2a). Moreover, there
was a non-significant effect of caffeine versus placebo conditions
on best sprint performance (SMD = −0.02, 95% CI −0.32 to 0.27;

p = 0.87) (Fig. 2b) and last sprint (SMD = 0.27, 95% CI −0.68 to 0.14;
p = 0.20) (Fig. 2c). Heterogeneity was not detected among studies
assessing total work and last sprint (I2 = 0%), whereas best sprint
presented a moderate heterogeneity (I2 = 34%).
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Table 3
General characteristics of the studies investigated sodium bicarbonate ingestion on repeated sprint ability performance (RSA) included.

References Design Participants Training status Sodium
bicarbonate dosage

Placebo Time to ingestion RSA (Sets × reps
× duration, intra-
and inter-set rest

Lavender and Bird41 Randomized and
double-blind

8 F and 15
M

Physically active 0.3 g kg−1 of BM 8 g of NaCl 180 min pre-trial 10 × 6 s cycling
sprint; 30 s of rest
between each
sprint

Gaitanos  et al.38 Randomized 7 M Health male
physical education
student

0.3 g kg−1 of BM 1.5 g of BM of NaCl 150 min pre-trial 10 × 6 s running
sprint; 30 s of rest
between each
sprint

Bishop  et al.22 Randomized,
double-blind and
crossover

10 F Active females 0.3 g kg−1 of BM 0.2 g kg−1 of BM
NaCl

90 min  pre-trial 5 × 6 s cycling, 30 s
of  rest between
each sprint

Ducker  et al.39 Randomized,
placebo-controlled
study

6 Male Competitive
team-sport
athletes

0.3 g kg−1 of BM 0.2 g kg−1 of BM of
NaCl

60 min  pre-trial 3 × 6 × 20 m sprint
with 25 s of rest
between each
sprint; 4 minutes of
active recovery
between sets*

Saunders et al.40 Counterbalanced
crossover and
double blind

20 M Recreationally
active

0.3 g.kg−1 of BM 0.2 g kg−1 of BM of
NaCl

120 min pre-trial 5 × 6 s running
sprint with 24 s  of
active rest between
each sprint

Miller  et al.27 Randomized
placebo-controlled
and double-blind
crossover design

11 M Active team and
individual sprints

0.3 g.kg−1 of BM 0.2 g kg−1 of BM of
NaCl

10–90 min pre-trial 10 × 6 s sprints with
60 s of recovery

M: male; F: female; BM:  body mass.
* Only the first set of RSA test was  considered.
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Table 4
Quality assessment “Qualsyst” of caffeine studies.

Question
described

Appropriate
study
design

Appropriate
subject
selection

Characteristics
described

Random
allocation

Researches
blinded

Subjects
blinded

Outcome
measures
well define
and robust
to bias

Sample size
appropri-
ated

Analytic
methods
well
designed

Estimate of
variance
reported

Controlled
for con-
founding

Results
reported in
details

Conclusion
supported
by results?

Rating

Carr et al.31 Yes Yes Partial Partial Partial Yes Yes Yes Partial Yes Partial Partial Yes Yes strong
Glaister et al.32 Yes Yes Partial Yes Partial Yes Yes Yes Partial Yes Yes Yes Yes Yes strong
Lee  et al.33 Yes Yes Partial Partial Partial Yes Yes Yes Partial Yes Partial Partial Yes Yes strong
Lee  et al.36 Yes Yes Partial Yes Yes Yes Yes Yes Partial Yes Partial Partial Yes Yes strong
Buck  et al.37 Yes Yes Yes Partial Yes Yes Yes Yes Yes Yes Partial Partial Yes Yes strong
Kopec  et al.34 Yes Yes Partial Partial Partial Yes Yes Yes Partial Yes Partial Partial Yes Yes strong
Eaton  et al.35 Yes Yes Partial Partial yes Yes Yes Yes Partial Yes Yes Partial yes Yes Strong

Quality score: ≥75% strong, 55–75% moderate, ≤55% weak.

Table 5
Quality assessment “Qualsyst” of sodium bicarbonate studies.

Question
described

Appropriate
study
design

Appropriate
subject
selection

Characteristics
described

Random
allocation

Researches
blinded

Subjects
blinded

Outcome
measures
well define
and robust
to bias

Sample size
appropri-
ated

Analytic
methods
well
designed

Estimate of
variance
reported

Controlled
for con-
founding

Results
reported in
details

Conclusion
supported
by results?

Rating

Lavender and Bird41 Yes Yes Partial Partial Partial Yes Yes Yes Yes Partial Yes Yes Yes Partial Strong
Gaitanos et al.38 Yes Yes Partial Partial Partial No Yes Yes Partial Partial Yes Yes Yes Partial Moderate
Bishop  et al.22 Yes Yes Yes Yes Partial Yes Yes Yes Yes Partial Yes Yes Yes Yes Strong
Ducker  et al.39 Yes Yes Yes Yes Partial No Yes Yes Partial Yes Yes Yes Yes Yes Strong
Saunders et al.40 Yes Yes Partial Yes No Yes Yes Yes Yes Yes Yes Yes Yes Yes Strong
Miller  et al.27 Yes Yes Yes Yes Partial Yes Yes Yes Yes Yes Yes Yes Yes Yes Strong
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Fig. 2. Panel A: forest plot of standardized mean difference (SMD) between the effects of caffeine vs. placebo ingestion on total work done during repeated-sprint ability
tests.  Squares represent the SMD  for each study. The diamond represents the pooled SMD  for all studies. CI: confidence interval, df: degrees of freedom. Panel B: Forest plot
of  the comparison of the standardized mean difference (SMD) between the effect of caffeine vs. and placebo ingestion on best repeated-sprint ability tests performance.
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quares  represent the SMD for each study. The diamond represents the pooled SM
tandardized mean difference (SMD) between the effects of caffeine vs. placebo ing
ach  study.

Following data pooling, the SMD  for total work done was  0.43
95% CI −0.11 to 0.97), providing a non-significant effect between
odium bicarbonate and placebo conditions (p = 0.12) (Fig. 3a).
dditionally, there was a non-significant effect of NaHCO3 versus
lacebo conditions on best sprint performance (SMD = 0.02, 95% CI
0.30 to 0.34; p = 0.90) and last sprint (SMD = 0.20, 95% CI −0.13

o 0.52; p = 0.24) (Fig. 3b). Heterogeneity was not detected among
tudies assessing total work or best sprint performance (I2 = 0%),
hereas last sprint presented a moderate heterogeneity (I2 = 69%).
o asymmetry was noted in the funnel plots in any of the analyses

Fig. 4–9).

. Discussion
The present meta-analysis is the first we are aware of to
nvestigate the isolated effect of caffeine and sodium bicarbon-
te ingestion on repeated sprint performance. The main findings of
his study were that, compared with placebo, caffeine and NaHCO3
 all studies. CI: confidence interval, df: degrees of freedom. Panel C: Forest plot of
 on last sprint during repeated-sprint ability tests. Squares represent the SMD  for

ingestion did not improve either total work or best sprint perfor-
mance during repeated sprint tests.

Our results indicate that caffeine ingestion may be ineffective
in improving repeated sprint performance. This result is similar to
previous meta-analytic data by Brown et al.47 Although the exact
mechanisms by which caffeine are thought to influence perfomance
is unclear, it has been suggested that caffeine may  directly affect the
central nervous system.48 Caffeine reduces the rating of perceived
exertion (RPE), thus improving performance. In fact, a prior meta-
analysis has shown that caffeine ingestion can reduce RPE during
exercise (+5.6%), possibly explaining the ergogenic effect of caffeine
on endurance performance.49

However, the influence of caffeine ingestion on performance
during high-intensity intermittent exercise is controversial. For
example, Glaister et al.37 found that compared with a placebo,

caffeine supplementation (6 mg  kg−1) was  effective in improving
the best sprint performance (1̃.4%) during a repeated sprint test
(12 × 30 m,  repeated at 35 s intervals). Conversely, Paton, Hopkins,
Vollebregt32 did not observe any difference in the best sprint per-
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Fig. 3. Panel A: forest plot of the comparison of the standardized mean difference (SMD) between the effect of NaHCO3 vs. placebo ingestion on total work done during
repeated-sprint ability (RSA) test. Squares represent the SMD for each study. The diamond represents the pooled SMD  for all studies. CI: confidence interval, df: degrees of
freedom. Panel B: Forest plot of the comparison of the standardized mean difference (SMD) between the effect of NaHCO3 vs. placebo ingestion on best sprint performance on
repeated-sprint ability (RSA) tests. Squares represent the SMD  for each study. The diamond represents the pooled SMD  for all studies. CI: confidence interval, df: degrees of
freedom.  Panel C: Forest plot of standardized mean difference (SMD) between the effects of NaHCO3 vs. placebo ingestion on total work done during repeated-sprint ability
tests.  Squares represent the SMD  for each study.

Fig. 4. Funnel plot of standard mean difference against standard error for total
work done for caffeine studies. se(SMD) Standard error of the mean difference; SMD
Standard mean difference.

Fig. 5. Funnel plot of standard mean difference against error for best sprint per-
formance for caffeine studies. se(SMD) Standard error of the mean difference; SMD
Standard mean difference.
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Fig. 6. Funnel plot of standard mean difference against error for total work done for
sodium bicarbonate studies. se(SMD) Standard error of the mean difference; SMD
Standard mean difference.

Fig. 7. Funnel plot of standard mean difference against error for best sprint per-
formance for sodium bicarbonate studies. se(SMD) Standard error of the mean
difference; SMD  Standard mean difference.
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ig. 8. Funnel plot of standard mean difference against error for last sprint for caf-
eine studies. se(SMD) Standard error of the mean difference; SMD  Standard mean
ifference.

ormance during a repeated sprint test (10 × 20 m,  repeated at
0 s intervals) between caffeine (6 mg  kg−1) and placebo inges-
ion. A possible explanation for a lack of effect in the best sprint
erformance observed following caffeine supplementation during
SA may  be related to energy system utilisation. Gaitanos et al.7

eported that during a single sprint (6 s) PCr metabolism is respon-

ible for 49.6% of the total anaerobic ATP re-synthesis, followed by
lycolytic contribution (40%). Although some studies included in
he present review indicated that caffeine was effective in increas-
ng repeated sprint performance, resulting in increased lactate
Fig. 9. Funnel plot of standard mean difference against error for last sprint for
sodium bicarbonate studies. se(SMD) Standard error of the mean difference; SMD
Standard mean difference.

concentration36,37 and lactate concentration, the influence of caf-
feine on glycolytic metabolism is questionable.11

The lack of performance effect observed between caffeine and
placebo trials within the present meta-analysis is unclear but
may  be related to the mode of exercise examined. Caffeine inges-
tion is likely to improve intermittent exercise, characterized by
short-duration sprints (≤10 s), interspersed with recovery periods
long enough (60–300 s) to allow near complete recovery of sprint
performance2,6. This is supported by two studies36,34, which were
not included in the present review. For instance, Bishop24 sug-
gested that caffeine ingestion is likely to improve intermittent,
but not repeated, sprint performance. During intermittent exercise
there is no performance decrement whereas during RSA there is a
marked performance decrement that can increase the risk that caf-
feine ingestion may  be ergolytic as fatigue develops, possibly due
to an increase in the by-products of anaerobic metabolism.24 This
explanation is speculative and thus further research is needed to
clarify the effects of caffeine on repeated sprint performance.

Similar to caffeine ingestion, the results of this meta-analysis
indicate that NaHCO3 does not improve repeated sprint perfor-
mance. In fact, only two  studies included in this review showed
a positive improvement in work done following NaHCO3 inges-
tion (0.3 g kg−1), when compared with placebo.27,31 However, the
ingestion timing of NaHCO3 and placebo was  different between the
studies. Bishop et al.27 reported an improvement in total work (+5%)
during a RSA test (5 × 6 s with 30 s of passive recovery) following
NaHCO3, compared with placebo ingestion, when the supplements
were ingested 90 min  before the tests. Similarly, Miller et al.31

found that, compared with placebo condition, NaHCO3 improved
the work done (+9.7%) during a repeated sprint ability test (10 × 6 s
with 60 s of passive recovery), when ingestion was  based on time-
to-peak pH.

As expected, NaHCO3 ingestion did not improve best sprint
performance. It has been reported that NaHCO3 is more effective
in the last sprint of exercise, when the muscle acidosis is high-
est. In fact, Bishop et al.27 found that compared with a placebo,
NaHCO3 (0.3 g kg−1) ingestion improved peak power in the final
three sprints of a repeated sprint test (5 × 6 with 30 s of passive
recovery). Similarly, Lavender and Bird46 reported that compared
with a placebo, NaHCO3 ingestion increased the final sprint during
10 repeated 10 s sprints interspersed with 50 s of passive recov-
ery. A possible explanation for this, is that NaHCO3 ingestion
increases the efflux of H+ and lactate from muscle cells to extracel-

50
lular fluid, given that the sarcolemma membrane is impermeable
to bicarbonate.51 Greater extracellular bicarbonate concentration
results in greater H+ efflux to the blood, where it is buffered. There-
fore, when repeated sprints are performed, sustained increases in
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+ production leads to an accumulation of H+, resulting in exercise-
nduced muscle acidosis, increased competition between H+ and
alcium at the troponin-binding site,52 and inhibition of both PCr
e-synthesis53 and phosphofructokinase activity.26

. Limitations and future studies

A number of limitations of the present meta-analysis should be
onsidered. Firstly, it is important to consider that several factors
ould explain the discrepancy in studies reported in this meta-
nalysis. For example, the protocol utilized (e.g. cycling or running
ased), differing number of sets and recovery intervals, and par-
icipants characteristics (e.g. trained, recreationally active). Thus,
urther studies are warranted examining possible ergogenic effects
f caffeine and sodium bicarbonate on repeated sprint perfor-
ance.
Additionally, it is important to consider that genetic factors have

een shown to influence the effectiveness of caffeine54 and sodium
icarbonate.55 In relation to caffeine, the gene CYP1A2 encodes
ytochrome P450 1A2, an enzyme responsible for up to 95% of all
affeine metabolism.56 There are two forms of the CYP1A2 gene,
ndividuals with AA homozygotes (“fast metabolizers”) tend to pro-
uce more of this enzyme, and therefore metabolize caffeine more
uickly. Conversely, C allele carriers (“slow metabolizers”) tend to
ave slower caffeine clearance.54,57 In fact, Guest et al.58 observed
hat athletes who have AA homozygotes improved performance
n a 10-km time-trial after ingestion of 2 and 4 mg  kg−1 (4.8% and
.8%, respectively) in relation to the placebo condition. However,
o effects were observed among athletes with the AC genotype
fter caffeine ingestion, when compared with a placebo. Although
he influence of caffeine ingestion on endurance performance can
e explained by genetic factors, further studies should be con-
ucted to evaluate the influence of the genetic variations of the
YP1A2 gene on the repeated sprint performance after caffeine
upplementation. In relation to NaHCO3, genetic variations have
een found to be associated with monocarboxylate transporter
MCT) activity.55 The ingestion of NaHCO3 increases the activity
f MCT1 and MCT4 transporters, increasing the efflux of H+ out the
uscle and reducing the muscle acidosis.51 Polymorphisms in the
CT transporters may  also influence an individual’s responses to

upplementation. A single-nucleotide polymorphism in the gene
oding for MCT1, for example, can influence the lactate/H+ co-
ransport across the sarcolemma,59 the T allele carriers have been
hown to have a reduced MCT1 lactate transport,60,61 TT homozy-
otes reach the ventilatory threshold at higher speeds,62 while T
llele frequency has been shown to differ between athletes from
ifferent modalities.59 Although, to date, no study has investigated
he influence of this polymorphism after ingestion of NaHCO3 on
xercise performance, it is important that more research should be
ndertaken to investigate the relationships between genetic vari-
tions, sodium bicarbonate, and repeated sprint performance.

. Conclusion

In conclusion, this meta-analysis provides evidence that acute
ngestion of caffeine and NaHCO3 does not increase repeated sprint
erformance (i.e. total work or best sprint performance) when com-
ared to placebo. The results of the present meta-analysis are based
n limited evidence, and thus need to be interpreted with caution.
inally, responses to both caffeine and NaHCO3 ingestion have a

igh degree of inter-individual variability, which can be explain
y genetic factors, and thus, the applicability of the current find-

ngs must be assessed on a case-by-case basis, considering on the
pecific characteristic of the individual.

3

3
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