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ABSTRACT

This study investigated the effects of caffeine and taurine co-ingestion on repeat-sprint cycling
performance and associated physiological and perceptual responses. In a double blind, cross-over,
repeated measures study, 11 male participants (age 21 £ 2 years; stature 178 + 7 cm; body mass 80 +
13 kg) completed 10 x 6-s sprints on a cycle ergometer, each separated by 24-s, an hour after
ingesting: caffeine (80 mg) and taurine (1 g), equivalent to the amount observed in popular
commercial energy drinks, or placebo (maltodextrin ~1 g) in a gelatine capsule. Performance was
measured on a cycle ergometer, whilst blood lactate concentration (B[la]), rating of perceived
exertion (RPE) and heart rate (HR) were measured at baseline (pre-exercise) and after sprints 5 and
10. Magnitude-based inferences revealed likely, trivial differences in peak power and unclear, trivial
inter-sprint fatigue index after ingestion of the caffeine and taurine supplement. Intra-sprint fatigue
was greater in the caffeine and taurine condition at sprint 10 (likely, small) and possibly smaller in
sprints 6-9. The caffeine and taurine supplement had a likely large effect on HR at baseline (ES =
0.94) and increases in B[la] after sprint 5 (likely small) and 10 (possibly small). There was no effect of
the supplement on RPE (unclear, trivial). Administration of caffeine and taurine at doses equivalent
to commercial energy drinks did not improve repeat-sprint cycling performance and appeared to
induce greater fatigue within selected sprints, particularly at the end of the trial. This undesirable

performance effect occurs in parallel with increased HR and glycolytic metabolic bi-products.
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INTRODUCTION

Popular energy drinks such as ‘Monster’, ‘Red Bull’, ‘No Fear’ and ‘Rockstar’ (44) are purported to
boost energy and, therefore, enhance exercise performance (42). They are often synthesized as a
combination of ingredients to provide a synergistic effect, thereby increasing ergogenic potential.
Two key ingredients present in such energy drinks are caffeine and taurine but research examining

their isolated effects on sports performance is lacking.

Caffeine (1,3,7-trimethylxanthine) is one of the most popular legal ergogenic aids consumed prior to
competition, with approximately 3 out of 4 athletes observed use caffeine for its ergogenic potential
(17). Taurine, (2-aminoethanesulfonic acid), is a non-essential amino acid that is abundantly present
in the human body, particularly in the brain, heart and skeletal muscle (40). However, the ergogenic
potential of taurine is less well described. Popular energy drinks contain 80 mg of caffeine and 1g of

taurine in a 250 mL can (providing a dose of ~1 mg/kg caffeine and ~ 12.5 mg/kg taurine, in a 80 kg

person) (42). Energy drinks are one of the most popular supplements among athletes (15,49) with a
consumption prevalence of 73% in American college athletes (25) and 42% in British elite athletes
(37). Many of these athletes take part in multiple sprint sports and will consume energy drinks based

on their purported ergogenic effects (49).

Caffeine and taurine act as ergogenic aids via numerous mechanisms, some of which are shared.
Caffeine acts on the CNS via adenosine receptor antagonism and subsequent inhibition of various
neurotransmitters in the brain (24). Caffeine’s ergogenic effects might also be mediated by increases
in Ca* from the sarcoplasmic reticulum, thereby facilitating skeletal muscle contraction (53). Taurine
is also thought to regulate intracellular Ca®" handling to modulate skeletal muscle contractile function
(8,26,35), amongst numerous other physiological functions, such as bile acid conjugation,
neuromodulation, metabolic effects, and antioxidant and anti-inflammatory properties (43). Together,

in vitro studies have demonstrated that physiological concentrations of taurine can improve muscle
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force (~29 %) and the rate of force development (~28 %) in the presence of caffeine in skinned
skeletal muscle fibres (8). Furthermore, both can play a role in controlling cardiovascular responses
(11,19,34) and act on the central nervous system (24), which could potentially enhance high intensity

repeated efforts.

Recent work from our own laboratory suggests that caffeine and taurine co-ingestion can improve
peak and mean power output during repeated Wingate tasks in comparison to placebo (56); however,
the doses used are much higher than those contained in current energy drinks. In addition, we showed
that the co-ingestion of caffeine with taurine attenuated the ergogenic effect of isolated taurine, thus
indicating a potential negative performance consequence to their interaction in vivo. A number of
studies have investigated the benefits of these drinks on exercise performance, with mixed results.
Caffeine and taurine co-ingestion, in the doses observed in energy drinks, have improved reaction
time, alertness, upper body muscular power, aerobic and anaerobic performance, as well as simulated
soccer performance (1,18,23,46,48), whilst others have failed to improve repeated sprint running
ability (5,33), time to exhaustion (16), or enhance peak power during repeated Wingate tests (23,36).
However, many of these studies have not used isolated doses of the purported ergogenic ingredients
(caffeine and taurine), thus discounting the contribution of other ingredients. Furthermore, there has
been no investigation of prolonged repetitive sprinting protocols, interspersed by brief recovery
periods using a mode of ergometry that permits a detailed investigation of power output profiles. This
is important as the maintenance of power output during match sprinting on a track has been shown to

differentiate international from domestic-level cyclists (28).

Therefore, the aim of this study was to investigate the effect of caffeine and taurine co-ingestion, in
the doses found in commercially available energy drinks, on repeated sprint exercise. It was

hypothesised that caffeine and taurine would enhance performance compared to placebo.
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METHODS

Experimental Approach to the Problem

Using a randomised, double blind, cross-over, repeated measures study, male participants visited the
laboratory on three separate occasions, each separated by one week. During visit one, participants
conducted preliminary testing consisting of anthropometric measurements and familiarisation with
equipment. On visits two and three, participants were administered capsules containing either caffeine
and taurine or placebo (maltodextrin) 1-h before testing. Following a warm-up, participants performed
a repeated-sprint test that consisted of ten, 6-s maximal sprints, separated by a 24-s complete static
rest (45). All of their trials were conducted at the same time of day (= 30-min). Laboratory conditions

were 20 £ 1 °C, 51 £ 8 % relative humidity and atmospheric pressure 768 = 8 mmHg, across all trials.

Subjects

Eleven physically active university males volunteered to participate (mean + SD: age 21 + 2 years;
stature 178 = 7 cm; body mass 80 £ 13 kg; body fat 14 &+ 4 %). Participants were not currently taking
any supplements and were accustomed to performing repeated sprint protocols and exercised at least
4-h per week. Participants recorded food dairies 48-h before the first visit and were asked to replicate
on the second visit. They were a mix of regular caffeine users. Participants were instructed to avoid
consumption of alcohol or caffeinated products for 24-h before each visit, as well as strenuous
exercise 48-h before testing. They were instructed not to eat within 3-h of testing and to arrive fully
hydrated. Ethical approval was provided by St Mary’s University ethics committee, which was
conducted in accordance with the 1964 Helsinki declaration. Participants were informed of the

benefits and risks of the investigation and provided written informed consent prior to testing.

Procedures
Repeated-sprint protocol. All sprints were conducted with resistance set at a torque factor of 0.75

N-m-kg”, equating to an applied torque of 60 = 10 N-m on an electronically-braked cycle ergometer
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(Lode Excalibur Sport, The Netherlands). Cycling position was established during visit 1 and
replicated on subsequent visits. The protocol consisted of a 5-min warm-up at 100 W cycling at 80
r/min, followed by two 6-sec practice sprints, the first at 70% perceived maximal effort and the
second at 100% perceived maximal effort with 1-min rest between. A 2-min rest period followed this.
The repeated-sprint test consisted of ten, 6-s maximal sprints separated by a 24-s rest period with
complete static rest. Time, power output, and cadence were concealed from the participant’s view
during all trials. Toe clips were used to secure the feet to the pedals and each sprint was performed
seated with the dominant leg pedal orientated at 45 degrees when preparing for each sprint.
Participants were given a 5-s countdown to each sprint and strongly encouraged for the duration of all
sprints. Rating of perceived effort (RPE, 6 - 20) (12) and heart rate (HR) was recorded immediately
following each sprint. Capillary blood was taken from the earlobe at rest prior to the warm up and
following sprint 5 and 10. Measures recorded were: peak power, intra-sprint fatigue calculated using
equation 1 and inter-sprint fatigue calculated using equation 2 (22).
1. Intra-sprint fatigue % = [(Peak Power — Minimum Power) / Peak Power] x 100
2. Inter-sprint fatigue % = 100 - [(Total power output / Ideal power output) X 100]
Where:
Total power output = sum of peak power values from all sprints

Ideal power output = the number of sprints X peak power maximum.

Supplement. All supplements were prepared in a powder form, which were measured using an
analytical balance (Precisa 125A, Precisa Gravimetrics AG, Moosmattstrasse 32, Switzerland) and
ingested in a gelatine capsule. The capsules contained either caffeine (80 mg) and taurine (1000 mg)
or a placebo (1080mg maltodextrin) matched for colour, number of capsules and ingested with 250 ml
water, 1-h prior to repeated-sprint testing. The dose of caffeine and taurine selected was chosen as
representative of the dose present in energy drinks currently on the market. The 1-h timing was
chosen as this accounted for the peak plasma availability of both taurine (30) and caffeine (3,47) after
oral administration. All supplements were sourced from the same company (My Protein, Manchester,

UK). Randomisation was conducted by generating random numbers for each condition for all
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participants using online software, (Research Randomizer, Pennsylvania, USA) (54). Participants
were asked if they could distinguish between the two supplements, and if so, to identify the basis of
that decision. Five out of eleven participants correctly identified the caffeine/taurine trial post hoc. No

participants reported any side effects resulting from supplementation.

Physiological measures. The right ear lobe was cleaned using an alcohol swab and punctured using an
automated lancet. Blood was taken from the earlobe using 20 pl capillary tube (EKF Diagnostics,
Barleben, Germany). The sample was hemolysed in a pre-filled micro test tube and analysed using a
blood lactate analyser (Biosen C Line, EKF Diagnostics, Barleben, Germany). Body mass (kg) was
recorded using a Portable Scale (MPMS-230, Marsden Weighing Group, Oxfordshire, UK). Percent
body fat was calculated by measuring skinfold thickness across four sites according to Durnin and
Wormersley: Biceps, Triceps, Subscapular and Iliac Crest (sum of which = SF). Measures were taken
in duplicate to the nearest 0.1 mm using skinfold calipers (Harpenden, Burgess Hill, UK) and
calculated using the following equations (3 and 4) (21):

3. BD=1.1631-0.0632 log (SF)

4. % Body Fat =495/BD — 450
Heart rate was monitored continuously during each test using heart rate monitors (Polar S610; Polar

Electro Oy, Kempele, Finland).

Statistical analysis

Hopkins’ method was used (39) to estimate sample size for magnitude-based inferences, based on
peak sprint power reliability data from our laboratory. A sample size of 5 participants was generated
based on a smallest important change of 43 W (0.2 x between subject SD) during the trial and a
typical error of 20 W. The chances of type I and II errors were deemed to be 5 %. Based on best-
practice recommendations for research in sports nutrition (14), effect sizes (ES) and magnitude-based
inferences (MBIs) were used to identify mechanistic differences in the dependent variables between
the two experimental conditions (caffeine & taurine or placebo) at baseline, sprint 1, 5 and 10, of the

repeat-sprint protocol. Effect sizes were defined as; trivial = 0.2; small = 0.21-0.6; moderate = 0.61—
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1.2; large = 1.21-1.99; very large > 2.0 (10). Raw data were log-transformed to account for non-
uniformity of effects. Threshold probabilities for a substantial effect based on the 90% confidence
limits were: <0.5% most unlikely, 0.5-5% very unlikely, 5-25% unlikely, 25-75% possibly, 75-95%
likely, 95-99.5% very likely, 99.5% most likely. Thresholds for the magnitude of the observed change
in the dependent variables were determined as the within-participant standard deviation % 0.2 (small)
0.6 (moderate) and 1.2 (large). Effects with confidence limits across a likely small positive or
negative change were classified as unclear (38). The uncertainty of effects was based on 90%
confidence limits for all variables. A custom spreadsheet designed for cross-over trials was used to

perform all of the calculations (http://www.sportsci.org/).
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RESULTS
Average peak power achieved during the first sprint was 1167 = 215 W and 1165 £ 192 W for the
caffeine/taurine and placebo groups, respectively. There were likely, trivial differences in peak power

across the 10 sprints (C/T: 1011 £ 87; P: 1006 £ 84 W) in both conditions (Figure 1).

*******Insert ﬁgure 1 here********

The rate of fatigue intra-sprint 10 was likely, smaller (ES = 0.43; Beneficial/Trivial/Harmful: 83/ 16/
1 %) in the placebo condition (C/T: 44 + 19 7; P: 35 + 13 %), with possibly, smaller reductions in
sprints 6-9 (Figure 2). 8 out of the 11 participants demonstrated a consistent trend for a worse
maintenance of power in the final sprint of the caffeine/taurine condition v.s. placebo, with marginal
differences in the other 3 participants. The inter-sprint fatigue index was similar between the two

conditions (unclear, trivial) (C/T: 14 £ 3; P: 16 £ 5.1 %) (Figure 3).

wEkxE**F*Insert figures 2 and 3 here* *******

There was a likely, large increase in heart rate at baseline for the caffeine and taurine condition (C/T:
140 £ 16 bpm) vs. placebo (P: 127 £ 20 bpm) (ES = 0.94; Beneficial/Trivial/Harmful: 92 / 6 / 2 %),
which was unclear and small by sprint 5 (C/T: 173 £ 10; P: 170 + 9 bpm) (ES = 0.31) and unclear
and trivial by sprint 10 (C/T: 174 £+ 10; P: 174 £ 10 bpm) (ES = 0.01) (Figure 4). RPE was similar
between conditions at baseline (CT: 10 £ 4; P: 10 £ 3) (ES = 0.03), sprint 5 (C/T: 16 £ 3; P: 15 £ 2)

(ES=0.21) and 10 (C/T: 19 + 1; P: 19 £ 1) (ES = 0.06) (unclear, trivial) (Figure 5).

ikt *Insert figures 4 and 5 here**# sk

There were likely, small increases in B[la] after sprint 5 (C/T: 6.7 £ 1.0; P: 6.0 + 0.7 mmol™) (ES =

0.50; Beneficial/Trivial/Harmful: 89 / 11 / 1 %)) and possibly, small increases after sprint 10 (C/T:
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10.8 + 1.4; P: 10.2 + 1.2 mmol™) (ES = 0.35; Beneficial/Trivial/Harmful: 70 / 26 / 4 %)) in the taurine
and caffeine condition. However, the increase in B[la] was unclear, small prior to exercise (C/T: 1.1

0.3; P: 1.0 £ 0.2 mmol ™) (ES = 0.28) (Figure 6).

*******Insert ﬁgure 6 here********
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DISCUSSION

The main findings of this study were that oral ingestion of caffeine and taurine at commensurate doses
to popular commercial energy drinks did not improve repeat-sprint cycling performance. These
findings are inconsistent with our hypothesis and further question the proposed ergogenic efficacy of
caffeine and taurine-containing energy drinks for those competing in multiple-sprint sports. In
addition, analysis of intra-sprint fatigue revealed that power output was maintained more effectively
in the placebo condition throughout selected sprints compared to the caffeine and taurine condition,
suggesting potential negative effects of these supplements at the given doses. These negative effects
were observed alongside an increased HR prior to performance (baseline) and raised B[la] during

performance.

Commercial energy drinks, such as Red Bull, have been reported to increase cycling time to
exhaustion at 70 % VO (29) and time-trial performance of approximately 1-h (41). Del Coso et al.
(18) also found that high intensity distance covered and sprinting frequency were improved during a
simulated soccer match after consumption of a sugar-free Red Bull beverage. However, whilst
performance improvements are apparent in endurance-based protocols, this has not been reported
during shorter, intermittent exercise bouts (5,23,33,36). The protocol used in the current study,
comprising short sprints with brief recovery periods of 10 repetitions, was designed to extend upon
previous investigations by measuring both maximal intensity performance (i.e. sprints 1-3), as well as
tolerance to fatigue in later periods (i.e. sprints 7-10). Our analysis of performance also extended upon
previous studies by evaluating the intra- and inter-sprint fatigue profiles. The current study has
revealed that gross performance (i.e. power output) and inter-sprint fatigue is not improved by
caffeine and taurine ingestion and that the maintenance of power within selected sprints is
compromised. This was most notable in the latter periods of the protocol, when the effects of fatigue
are most apparent. These findings are inconsistent with the theory that energy drinks, and their key
constituents, namely caffeine and taurine, exert their effects during periods of fatigue via centrally

acting mechanisms (27).



Energy drink no effect on repeated sprints 12

Given the established ergogenic ranges of caffeine (3-6 mg/kg) (32) and taurine (50 mg/kg) (53) in
previous studies, it is perhaps unsurprising that performance was not improved using the isolated
doses herein (caffeine 0.8-1.2 mg/kg and taurine 11-15 mg/kg). This raises questions over which
ingredients are responsible for improving performance in previous investigations and whether they are
integral to the composition of commercial energy drinks, particularly at the current low doses. Indeed,
the largest reported effects of Red Bull on endurance performance have been found among fasted
participants, without iso-caloric placebo control (41). This is in contrast to the current study, whereby
participants were not fasted. Ivy et al. (41) also reported a lower RPE in the Red Bull condition,
which is consistent with the established effects of carbohydrate ingestion prior to performance (51)
but not that previously (4) or currently reported for caffeine. Similarly, the effects of taurine might be
dependent on the selected dose and are increased in isolation from caffeine (53). A study using 1 g of
isolated taurine (equivalent dose to energy drinks), reported a 1.7 % increase in 3-km running
performance, with no effect on RPE (9), and yet others using 1.66 g have not (50). Whilst more work
is required to establish the dose-response relationship of taurine and performance, the low dose of
taurine, coupled with its co-ingestion with caffeine in commercial energy drinks, appear to limit its
capacity to improve performance. Furthermore, assuming that taurine or caffeine exert their ergogenic
effects at the site of the skeletal muscle fibre (8), it is possible that the co-ingestion of these

ingredients is responsible for the observed ergolytic effects on intra-sprint power profiles.

Heart rate was increased (/ikely large) at the beginning of the study, approximately 1-h after ingestion
of caffeine and taurine. This is indicative of the acute effects of caffeine on cardiac frequency at rest,
which is partly under the control of circulating catecholamines (55). Catecholamines are released in
response to caffeine (2), as well as energy drinks of similar composition to that of the current trial
(29). This mechanism might also explain the increases in exercising B[la] observed in latter parts of
the current protocol, which are consistent with the reported glycolytic responses to epinephrine
release (31). Conversely, taurine has been shown to acutely decrease HR (56) and increase left

ventricular contractility (19). These opposing effects could be explained by the different
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pharmacokinetics of caffeine and taurine, whereby peak plasma levels of taurine occur approximately
1 to 2.5-h (mean = 1.5-h) after oral ingestion (30), whereas peak plasma caffeine concentration is

typically reached between 0.25 to 1-h (mean = 0.5-h) after ingestion (3).

Since both supplements were administered simultaneously in the current study, it is possible that the
actions of caffeine on the cardiovascular system dominated the observed physiological responses. It is
also possible that the noted increase in heart rate at the beginning of the trial is indicative of an
increase in pre-exercise energy expenditure, as a result of caffeine supplementation (7,13). Indeed,
increased energy expenditure could be attributed to the myocardial oxygen demand alone. Any
increase in metabolic work rate would, therefore, increase the energetic cost associated with sprinting
in the caffeine/taurine condition or at least contribute to a reduced net efficiency during the trials. The
increases in the B[la] during the trials in the caffeine and taurine condition are an indication of
increased glycolytic response and might support this theory. This could partially explain the
accelerated decline in intra-sprint power output during the latter stages of the repeated bouts in the
caffeine/taurine group. Collectively, our findings indicate that an increased resting HR is the only
notable acute effect of ingesting caffeine and taurine. Further research is warranted to establish if
these results are replicable across other high intensity exercise modalities. The rating of perceived
exertion (RPE) is an indicator of consciously perceived psycho-physical strain (12). RPE did not
change between conditions but did increase with sprint number over time. Whilst reductions in RPE
have been noted following caffeine supplementation, these are usually associated with prolonged
exercise (6,20). Determination of differences in psycho-physical strain during brief (< 6 s) maximal
intensity sprints might be more difficult (6) and might explain the lack of difference in the current

study.

This study is not without limitations. Despite double blinding procedures, 5 out of 11 correctly
guessed that they were in the caffeine/taurine condition, which could have had an effect on perceived
performance or the elevated heart rate data measured. Participants were also not in a fasted state,

which has been shown to modulate caffeine metabolism (52). Finally, testing was conducted 1-h after
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consumption of the supplement but with peak plasma caffeine occurring at 0.25-1-h (3) and taurine at
1-2.5-h (30), it is possible that taurine was not at its peak ergogenic potency. However, given the
intra-individual variation in the both caffeine and taurine peak plasma availability, this is a common

limitation of studies in this area.

PRACTICAL APPLICATIONS

Athletes who are required to perform multiple sprints as part of their sport should not consider the use
of commercial energy drinks containing caffeine and taurine primarily for their ergogenic potential, to
improve performance. Ingesting caffeine and taurine at these doses might increase the resting HR of
users but this will not confer a performance benefit and, based on the current data, could have

deleterious effects on the maintenance of power output during the latter periods of repeated sprinting.
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Figure 1 Mean + SD for peak power (PP) across repeated sprint performance between condition.
Black bars indicate caffeine & taurine condition and white bars indicate placebo (rn = 11). There were

trivial differences between condition.
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Figure 2 Mean % SD for intra-sprint fatigue between condition. Black bars indicate caffeine & taurine
condition and white bars indicate placebo (n = 11), * indicates possibly, smaller reductions in sprints

6-10 between condition.
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Figure 3 Mean + SD for inter-sprint fatigue index between condition. Black bars indicate caffeine &
taurine condition and white bars indicate placebo (n = 11). There were trivial differences between

condition.
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Figure 4 Mean + SD for heart rate between condition. Black circles indicate caffeine taurine condition
and white squares indicate placebo (n = 11), * indicates an unclear and small effect between

condition, # indicates a /ikely, large increase in heart rate at baseline between condition.
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Figure 5 Mean £ SD for RPE between condition. Black circles indicate caffeine taurine condition and

white squares indicate placebo (n = 11). There were trivial differences between condition.
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Figure 6 Mean + SD for blood lactate between condition. Black bars indicate caffeine taurine
condition and white bars indicate placebo (n = 11). * indicates unclear, small differences prior to
exercise, likely, small increases at sprint 5, and possibly, small increases at sprint 10, between

conditions.



