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performance in muscle strength and endurance (ES = 0.49; 
p < 0.001), endurance exercise tests (ES = 0.53; p < 0.001), 
jumping (ES = 0.29; p = 0.01) and sport-specific actions 
(ES =  0.51; p < 0.001), but not in sprinting (ES =  0.14; 
p = 0.06). The meta-regression demonstrated a significant 
association between taurine dosage (mg) and performance 
(slope = 0.0001; p = 0.04), but not between caffeine dos-
age (mg) and performance (slope = 0.0009; p = 0.21).
Conclusion  ED ingestion improved performance in muscle 
strength and endurance, endurance exercise tests, jumping 
and sport-specific actions. However, the improvement in 
performance was associated with taurine dosage.

Keywords  Caffeine · Taurine · Performance-enhancing 
substances · Sports

Introduction

Caffeine is a central nervous stimulant, acting through the 
blockade of central and peripheral adenosine receptors 
[1]. As a result of this stimulant action, caffeine ingestion 
produces greater recruitment of motor units [2], the mobi-
lization of free fatty acids [3] and mobilization of calcium 
in the sarcoplasmic reticulum [4]. Therefore, caffeine is 
often used as an ergogenic aid to improve performance 
both before [5, 6] and during exercise [7]. Currently, one 
of the most common and simple ways to consume caf-
feine is through the intake of caffeine-containing energy 
drinks (ED) [8]. As well as caffeine, EDs usually contain 
other substances that promote synergistic or additive effects 
in addition to the action of the caffeine, such as vitamins, 
minerals, carbohydrates, amino acids and taurine [9].

ED consumption may be associated with different objec-
tives, such as increasing attention, mental alertness and 
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rently used as ergogenic aids to improve physical perfor-
mance in a wide variety of sport disciplines. However, the 
outcomes of previous investigations on this topic are incon-
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dosage of the active ingredients and the test used to assess 
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Methods  We performed a systematic review and meta-
analysis of published studies to evaluate the effects of acute 
ED intake on physical performance. The search for refer-
ences was conducted in the databases PubMed, ISI Web of 
Knowledge and SPORTDiscus until December 2015.
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2015 were included in the analysis. Using a random-effects 
model, effect sizes (ES) were calculated as the standardized 
mean difference. Overall, ED ingestion improved physical 
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metabolism [10]. Besides these objectives, it has been sug-
gested that ED acts on physical performance [11]. Thus, 
several studies have been conducted in recent years to 
analyze the effects of ED consumption on different types 
of performance, such as sports [12–15], strength train-
ing [16], sprints [17], jumps [18] and aerobic activities 
[19, 20]. Although some studies have indicated a positive 
effect of ED on performance [15, 21], other studies have 
not observed this relationship [22, 23]. The differences 
between these results may be related to the different types 
of exercises, dosage and ED compositions used.

Although some review studies have suggested that EDs 
increase performance [8, 9], further studies are needed to 
reach a definitive conclusion on the subject. In this context, 
a systematic literature review identifies studies in differ-
ent databases, and by means of defined inclusion criteria, 
selects studies associated with the theme. In addition, meta-
analysis allows integrated analysis of the results of these 
studies, identifying potential moderating variables that 
could influence performance.

To our knowledge, to date, there are no systematic lit-
erature reviews with meta-analysis on the intake of EDs 
and their effectiveness to increase physical performance. 
Thus, the objective of this study was to conduct a system-
atic review of the literature with regard to the effects of 
pre-exercise ED intake on physical performance and sub-
sequently apply a meta-analysis to identify variables that 
could influence physical performance.

Materials and methods

Search strategy and study selection

The search for references was conducted in the databases 
PubMed, ISI Web of Knowledge and SPORTDiscus up to 
December 31st 2015. Search terms included a mix of Medical 
Subject Headings (MeSH terms) and free-text words for key 
concepts related to exercise and the ED ingredients. When 
possible, these were combined with a sensitive search strategy 
to identify trials performed in “humans”. The full search cri-
teria for the PubMed database were: (“energy drinks” [mesh] 
OR “energy drinks” OR “energy drink” OR beverages [mesh] 
OR beverages OR beverage) AND (caffeine [mesh] OR caf-
feine OR “1,3,7 trimethylxanthine” OR “1,3,7-trimethylx-
anthine”) AND (“athletic performance”[mesh] OR “athletic 
performance” OR “athletic performances” OR “sport per-
formance” OR “sports performances” OR sports[mesh] OR 
sports OR sport OR athletic OR athletics OR exercise[mesh] 
OR exercises OR “physical exercise” OR physical exercises 
OR “isometric exercises” OR “isometric exercise” OR “aero-
bic exercises” OR “aerobic exercise” OR “plyometric exer-
cise” OR “plyometric training” OR “circuit-based exercise” 

OR “resistance training” OR “resistance exercise” OR “resist-
ance exercises” OR “endurance training” OR “endurance 
exercise” OR “endurance exercises” OR running OR walking 
OR sprint OR sprints OR “repeated sprints” OR “jump train-
ing” OR “jump exercise” OR “jump exercises” OR “strength 
training” OR “strength exercise” OR “strength exercises” OR 
“physical conditioning” OR “concurrent training”).

The following were disregarded: (1) case reports; (2) 
review articles; (3) the use of drugs/substances which influ-
enced the outcome; (4) caffeine use without ED; (5) ED 
use without caffeine; (6) subjects on energy-restricted diets 
and/or weight reduction programs; (7) articles with ani-
mal models; (8) studies with samples that were ill or had 
physical limitations for exertion; (9) longitudinal studies. 
The following were considered for the analysis: (1) original 
articles; (2) articles with healthy humans; (3) adults (over 
18 years); (4) articles that reported the caffeine dose in the 
ED; (5) measures of physical performance pre- and post-
intervention; (6) a placebo group/session; (7) availability of 
data for effect size calculation and (8) studies with an acute 
intervention.

Studies included in the review

The search in the databases provided 1005 articles. Of the 
articles found, 943 were excluded after reading the title and 
abstract, resulting in 62 articles of which the full text was 
read. Of these, 28 were excluded as they did not meet at 
least one of the inclusion criteria. Thus, 34 studies were 
considered in the final analysis (Fig. 1).

Data extraction and quality assessment

Data on study source, study design, study quality, jour-
nal impact factor, sample size, characteristics of the par-
ticipants, ED ingredients (specifically the amounts caf-
feine and taurine) and outcomes of the interventions were 
extracted independently by two authors (DS and JC) using 
a specifically developed electronic data extraction sheet. 
Using the Cohen’s kappa coefficient, the overall agreement 
rate between the two extractors of information, prior to cor-
recting discrepant items, was 0.92. Subsequently, disagree-
ments were resolved through discussion. A priori, the main 
outcomes were changes in measures of physical perfor-
mance induced by the ingestion of EDs. Changes in perfor-
mance were subdivided into endurance exercise tests (cycle 
ergometer, running/treadmill), sprinting (cycle ergometer, 
running), muscle strength and endurance (dynamic, con-
centric, isometric), jumping and sport-specific actions 
(cycling, running, jumping).

Study quality was assessed using the PEDro Scale which 
has been reported to be valid [24] and reliable [25]. All 
assessments were conducted in duplicate, independent of 
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each other. Disagreements were resolved through consen-
sus. Trials were not excluded on the basis of quality.

Statistical analyses

Descriptive analyses were performed using Excel 2013. 
The meta-analytic statistics were performed using the Com-
prehensive Meta-Analysis program (version 2.2, Biostat™ 
Inc., Englewood, NJ, USA) using a random-effects model. 
Descriptive data of the treatment groups and participants 
are reported as mean ± standard deviation (SD). The stand-
ardized mean difference effect size was adopted to quantify 
changes in performance following acute ED intake. This 
effect size was defined as the standardized mean difference 
in pre- versus post-ED intake on performance measurement, 
divided by the pretest SD. The experimental effect size was 
described by the difference between the experimental and 

placebo groups/sessions. Therefore, the paired difference 
(experimental mean  −  placebo mean) and paired differ-
ence SD [experimental SD2 + placebo SD2 −  (2 ×  inter-
trial correlation  ×  experimental SD  ×  placebo SD)]1/2 
were initially calculated. Following this, the standardized 
mean difference [paired difference ×  (2  –  2 ×  inter-trial 
correlation)1/2  ÷  paired difference SD] and standardized 
mean difference SE [(1/n  +  standardized mean differ-
ence2) ÷  (2 × n)1/2 ×  (2  –  2 ×  inter-trial correlation)]1/2 
were determined. When the study provided only the stand-
ard error value, the SD was calculated by multiplying the 
standard error by the sample n.

Moderator analyses were used to explain variability in 
effect sizes for the investigated outcome, using weighted 
meta-regression random models with maximum likelihood 
estimation [26]. Variables included as potential modera-
tors of effect sizes were age, body mass, caffeine dosage, 

Fig. 1   Flowchart of studies 
included in the review
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taurine dosage, publication year, impact factor (Journal 
Citation Reports) and quality of the studies (PEDro Scale). 
The subgroup analysis included: endurance exercise tests 
(cycle ergometer vs. running/treadmill), sprints [cycle 
ergometer or Wingate test vs. running (agility tests and 
repeated sprints)], muscle strength and endurance (dynamic 
vs. concentric vs. isometric), jumping (15-s maximal jump 
test; vertical jump; counter-movement jump; squat-jump) 
and sport-specific actions (cycling; running; jumping). In 
the sport-specific actions, maximal distance/velocity in 
simulated games, running (distance in 5, 10 and 18  km), 
cycling and specific jumps (volleyball and badminton) were 
included. Potential differences between subgroup variables 
were tested using the Q test based ANOVA.

The Q statistic was calculated to verify whether the 
degree of similarity in the observed effect sizes was signifi-
cant [27]. The Q statistic was then converted into a stand-
ardized measure of homogeneity (I2 statistic) and corre-
sponding confidence interval (95 % CI) to gauge the level 
of heterogeneity in the included sample. The I2 statistic 
between 25 and 50 % represents small amounts of incon-
sistency, whereas between 50–75 and >75  % represents 
medium to large amounts of heterogeneity.

The effect of publication bias on the primary meta-anal-
yses was addressed by combining a funnel plot assessment 
with the Duval and Tweedie’s trim and fill correction [28]. 
In all statistical analysis, a value of p < 0.05 was considered 
to allocate significant differences.

Results

Descriptions of included studies

The general data of the studies included in this review are 
depicted in Table 1; a total of 34 studies, published between 
1998 and 2015, were included in the analysis which 
allowed 90 comparisons. The total sample consisted of 653 
subjects (505 men, 129 women and 19 non-characterized). 
Twenty-one studies used samples of healthy athletes (four 
studies with cyclists, three with soccer players, two in vol-
leyball, two with cyclists/triathletes, two with runners/tri-
athletes, one with runners, one with swimmers, one with 
field hockey players, one with football players, one with 
rugby players, one with rugby-seven players, one with bad-
minton players and one with strength/power athletes), and 
the other studies used physically active and healthy sam-
ples. The mean age was between 19 and 29  years in 29 
studies; between 30 and 39 years in three studies and over 
40 years in one study. Body weight ranged from a mean of 
57.8 to 100.3 kg. In 17 studies, the ED dosage was fixed 
as an “absolute dose” for all individuals. In the remain-
ing studies, the ED dosage was standardized in relation 

to body mass as a “relative dose”. In this case, we multi-
plied the dosage by the mean body weight to obtain the 
absolute amount of caffeine/taurine consumed by the study 
participants. All investigations included specific informa-
tion about the amount of caffeine administered, while 28 
studies reported the quantity of taurine intake. In this con-
text, the quantity of caffeine ranged from 40 and 325 mg 
and amount of taurine ranged from 71 to 3105 mg. In 30 
studies, the timing for ED intake was set before exercise 
(between 10 and 90  min before the onset of experimen-
tal measurements). In four studies, the ED was provided 
before and during exercise. The publication impact fac-
tor ranged between 0.18 and 3.983 points; and two stud-
ies were not published in journals with impact factor. The 
PEDro Scale score ranged from 7 to 10. Twenty-six stud-
ies used a double-blind crossover design; three studies used 
single-blind crossover; three studies used crossover; one 
study used double-blind independent groups and one study 
used independent groups.

Physical performance meta‑analysis

Figures 2, 3, 4, 5 and 6 show the overall effect of EDs intake 
on endurance exercise test, jumping, muscle strength and 
endurance, sport-specific actions and sprinting. The over-
all effect was significant (p  <  0.001) for all types of per-
formances except for sprinting (p = 0.06). Table 2 shows 
the comparisons between the trials with EDs intake ver-
sus placebo/control trials for the different types of perfor-
mance analyzed. The comparisons in the subgroups of per-
formance were also shown in Table 2; for muscle strength 
and endurance, there were significant effects for dynamic 
(p  <  0.001) and isometric contractions (p =  0.002). The 
Q test based ANOVA also showed that dynamic contrac-
tions were significantly greater than isometric (p =  0.03) 
and concentric (p = 0.01). Regarding the endurance exer-
cise tests, the intake of EDs produced significant effects 
for the experimental trials performed on a cycle ergometer 
(p = 0.04) and running/treadmill (p = 0.010). The analysis 
of trials that used jumps to assess the ergogenicity of EDs 
also showed a significant effect on this type of performance 
(p  <  0.001). In sprinting, independent of the fact that the 
overall effect was not significant, the tests performed on the 
cycle ergometer presented a significant ergogenic effect in 
the trials with EDs (p =  0.040). In sport-specific actions, 
significant effects were observed for cycling (p  <  0.001) 
and running (p < 0.001); and the Q based ANOVA test also 
showed that the effects on cycling were greater than on 
jumping (p = 0.004) and running (p = 0.020). The I2 statis-
tic, as can be observed in Table 2, demonstrated low hetero-
geneity for jumping and sprinting; and medium heterogene-
ity for muscle strength/endurance, endurance exercise tests 
and sport-specific actions. Publication bias was assessed by 
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examining a funnel plot of standard error versus effect size. 
Asymmetry was observed in the funnel plot, and the Duval 
and Tweedie’s trim and fill correction for the overall effect 
size were calculated. The adjustment to overall effect was 
from 0.39 to 0.40, with no effect on the p value.

Table  3 presents the values of the moderating vari-
ables addressed by the meta-regression analysis. Overall, 
significant positive associations were identified for the 
impact factor (slope = 0.11; p = 0.001) and taurine dosage 
(slope = 0.0001; p = 0.04). In this context, for each unit 
increase in impact factor, there was an increase of 0.11 in 
effect size, and for a 1 mg increase in taurine intake, there 
was a 0.0001 increase in effect size.

Discussion

The results of the present study were that, overall, the con-
sumption of EDs that contained caffeine increased perfor-
mance in muscle strength and endurance exercises, endur-
ance exercise testing, jumping protocols and sport-specific 
actions, at least when compared to trials in which a pla-
cebo or control drink was administered. In relation to these 
results, performance is associated in physiological terms 
with the quantity of taurine and methodologically with 
the impact factor of the journal in which the articles were 
published.

The current analysis showed that EDs ingestion 
increased performance in a wide variety of physical and 
sport situations (Table 2), but this ergogenic effect was not 
produced by the amount of caffeine administered because 
the caffeine dosage was not associated with the increases 
in performance. That is, performance does not seem to be 
influenced by high or low quantities of this substance. In 
isolation, caffeine in low doses (approximately 200  mg) 
can increase performance [29] and in the present investiga-
tion, we observed studies using caffeine doses between 40 
[30] and 325 mg [31]. However, it is important to empha-
size that caffeine was not analyzed separately in the present 
study, since EDs contain a combination of ingredients. In 
this context, we have two hypotheses: (1) the increase in 
performance really does not depend on the quantity of caf-
feine, as previously found for endurance performance [32]; 
or (2) other substances in EDs, besides caffeine, could con-
tribute to the increased performance. Apparently, our sec-
ond hypothesis was confirmed by the analysis with regard 
to taurine. The increase in dosage of taurine in the EDs 
demonstrated a significant association with performance. 
In the present study, the taurine dosage ranged from 71.15 
[31] to 3105.76 mg [21]. Generally, taurine is ingested in 
combination with other ingredients, such as caffeine and 
carbohydrates. Therefore, few studies have examined the 
isolated effects of taurine on performance. However, it is Ta
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Study name Std diff in means and 95% CI

Std diff 
in means p-Value

Pettitt et al. 2013b 0,027 0,939

Pettitt et al. 2013a 0,027 0,938

Kammerer et al. 2014a 0,035 0,896

Candow et al. 2009 0,132 0,589

Kammerer  et al. 2014b 0,167 0,536

Dall'Agnol and Souza 2009 0,197 0,382

Lara et al. 2015f 0,574 0,047

An et al. 2014a 0,682 0,169

Cureton et al. 2007c 0,961 0,001

An et al. 2014b 1,028 0,063

Rahnama et al. 2010a 1,254 0,003

Rahnama et al. 2010b 1,335 0,002

Alford and Wescott 2001a 1,865 0,000

0,531 0,000

-3,00 -1,50 0,00 1,50 3,00

Placebo Energy drink

Fig. 2   Effect of caffeine-containing energy drink on endurance exercise test. Letters indicate the number of trials of the same study

Study name Std diff in means and 95% CI

Std diff 
in means p-Value

Kammerer et al. 2014e 0,051 0,850

Del Coso et al. 2013a 0,190 0,451

Lara et al. 2014a 0,205 0,390

Del Coso et al. 2012(a)a 0,214 0,357

Abian et al. 2014h 0,265 0,297

Lara et al. 2015a 0,286 0,295

Del Coso et al. 2014d 0,346 0,193

Abian et al. 2014g 0,373 0,149

Del Coso et al. 2014b 0,376 0,159

Del Coso et al. 2014c 0,400 0,136

Abian et al. 2014e 0,421 0,107

Abian et al. 2014f 0,434 0,097

0,293 0,000

-1,50 -0,75 0,00 0,75 1,50

Placebo Energy drink

Fig. 3   Effect of caffeine-containing energy drinks on jumping. Letters indicate the number of trials of the same study; letters in parentheses 
indicate the number of studies published in the same year
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believed that taurine can enhance performance due to the 
greater ability to generate power through increased calcium 
regulation [33]. In this context, taurine in high concentra-
tions could increase the calcium accumulation rate in the 
sarcoplasmic reticulum in type I and type II muscle fibers, 
which may favor the process of excitation–contraction of 
skeletal muscles [34]. Additionally, some evidence sug-
gests the interaction of taurine with neurotransmitter recep-
tors in the central nervous system [35]. However, the physi-
ological mechanisms regarding the central effect of taurine 
on muscular performance are still inconsistent.

In methodological terms, the quality of the studies, 
assessed through the PEDro Scale, demonstrated no sig-
nificant association in the overall effect. In fact, the studies 
included in this systematic review were classified as hav-
ing relatively high levels of quality. The variation between 
these values was small, which could have made it dif-
ficult to identify a significant association between study 

quality and performance. In a way, the quality of the stud-
ies reflects the quality of the publication, e.g., the impact 
factor of the journal. Of the 34 studies included in this 
systematic review, only two were not published in journals 
with impact factor. On the other hand, unlike the quality of 
the studies, the impact factor presented a significant associ-
ation with performance. Thus, the greatest effect sizes were 
found in journals with a higher impact factor. Our hypoth-
esis is that journals with a higher impact factor have stricter 
criteria regarding methodological design and experimental 
procedures, allowing the identification of more consistent 
results.

In the present review, the analysis included investiga-
tions published between 1998 and 2015, i.e., a period of 
17  years. Of these investigations, 67  % were published 
in the last five years. However, the year of publication of 
the study presented no significant association with perfor-
mance. The high concentration of studies in a short time 

Study name Std diff in means and 95% CI

Std diff 
in meansp-Value

Eckerson et al. 2013c 0,000 1,000

Goel et al. 2014d 0,029 0,928

Kammerer et al. 2014d 0,035 0,896

Eckerson et al. 2013a 0,066 0,787

Cureton et al. 2007a 0,088 0,725

Kammerer et al. 2014c 0,096 0,720

Ratamess et al.  2007 0,117 0,741

Lara et al. 2015d 0,131 0,626

Abian et al. 2014a 0,176 0,484

Abian et al. 2014b 0,184 0,466

Goel et al. 2014b 0,222 0,488

Ganio et al. 2010b 0,265 0,330

Lara et al. 2015c 0,367 0,184

Sünram-Lea et al. 2012b 0,732 0,001

Del Coso et al. 2012(c)b 0,770 0,019

Pérez-López et al. 2015a 0,882 0,007

Del Coso et al. 2012(c)a 0,895 0,009

Pérez-López et al. 2015b 0,962 0,004

Sünram-Lea et al. 2012a 1,582 0,000

Del Coso et al. 2012(c)c 1,992 0,000

Del Coso et al. 2012(c)d 2,176 0,000

0,486 0,000

-3,00 -1,50 0,00 1,50 3,00

Placebo Energy drink

Fig. 4   Effect of caffeine-containing energy drinks on muscle strength and endurance. Letters indicate the number of trials of the same study; let-
ters in parentheses indicate the number of studies published in the same year



Eur J Nutr	

1 3

leads us to two conclusions: (1) Currently, there is great 
interest from researchers on the subject; (2) such studies 
do not necessarily present large effect sizes in relation to 
earlier studies. In fact, the I2 statistic showed mean values 
of heterogeneity for the subgroups muscle strength and 
endurance (68.38 %), endurance exercise tests (58.21 %) 
and sport-specific actions (63.99 %). The interpretation of 
these values suggests that the confidence intervals of the 
studies are not completely overlapping and this demon-
strates inconsistency in the results that did not occur by 
chance. Thus, even if the majority of studies have been 
published in the last 5 years, more experiments are neces-
sary to increase the consistency of the confidence intervals 
of the studies.

Age and body weight presented no association with per-
formance, probably because all the studies included rela-
tively young, trained subjects without the presence of over-
weight/obesity. In this context, there are insufficient data 
to analyze the effects of ED intake on performance in indi-
viduals with different age ranges and body compositions. 
Thus, the outcomes of the present review and meta-analysis 
should be applied to young and relatively trained subjects, 
while it is necessary to obtain more information to eluci-
date the effectiveness of EDs to increase performance in 
older and less fit individuals.

As for the subgroup analysis, the current investigation 
showed that isometric strength and dynamic strength were 
positively and significantly influenced by the intake of 

Study name Std diff in means and 95% CI

Std diff 
in meansp-Value

Nieuwenhoven et al. 2005 0,009 0,927
Del Coso et al. 2015a 0,042 0,880
Abian et al. 2014d 0,066 0,794
Schubert et al. 2013a 0,094 0,818
Lara et al. 2015e 0,096 0,719
Abian et al. 2014c 0,133 0,595
Pérez-López et al. 2015d 0,176 0,528
Nelson et al. 2014 0,178 0,494
Del Coso et al. 2014a 0,210 0,422
Pérez-López et al. 2015c 0,226 0,420
Schubert et al. 2013b 0,288 0,489
Lara et al. 2014c 0,292 0,225
Quinlivan et al. 2015a 0,422 0,180
Umaña-Alvarado 2005 0,504 0,115
Del Coso et al. 2015c 0,541 0,069
Ganio et al. 2010a 0,612 0,036
Del Coso et al. 2015b 0,640 0,036
Del Coso et al. 2015d 0,646 0,034
Del Coso et al. 2012(a)d 0,655 0,010
Del Coso et al. 2013c 0,707 0,011
Del Coso et al. 2012(b) 0,721 0,001
Del Coso et al. 2012(a)c 0,747 0,004
Phillips et al. 2014 0,884 0,013
Kovacs  et al. 1998a 1,044 0,001
Ivy et al. 2009 1,141 0,002
Kovacs et al. 1998c 2,254 0,000
Kovacs et al. 1998b 2,468 0,000

0,506 0,000
-3,00 -1,50 0,00 1,50 3,00

Placebo Energy drink

Fig. 5   Effect of caffeine-containing energy drink on sport-specific actions. Letters indicate the number of trials of the same study; letters in 
parentheses indicate the number of studies published in the same year
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EDs, although this ergogenic effect was not found in trials 
entailing concentric strength actions. Only three concen-
tric strength trials were included in the analysis, and this 
may have affected the results. However, it is important to 
note that in the present review, only one trial [34] analyzed 
the maximal dynamic strength (1RM). For this reason, all 
examples of dynamic strength (maximal and repetitions to 
failure) were included in the mathematical model. Thus, the 
influence of EDs on 1RM strength is not yet established. 
As well as strength, a significant effect of ED intake was 
observed on jump performance. However, for the jump-
ing analysis, high homogeneity was identified among the 
included trials (I2 statistic = 0.0). This suggests that these 
findings are highly consistent, with overlapping confidence 
intervals. This fact could be explained as there is less vari-
ation in the execution of jumps than in muscle strength and 
endurance tests.

On the other hand, there was no significant difference for 
the sprints. Although the subgroup analysis demonstrated a 
significant effect for sprints performed on a cycle ergom-
eter, this can be explained by the fact that only two trials 
were included; and one [6] presented an effect size which 
was greatly shifted to the right in relation to the other trial. 

Therefore, it still cannot be stated that ED increases sprint 
performance on a cycle ergometer. Sprints can be consid-
ered as performances that require high muscular contrac-
tion like the demands for muscle strength/endurance and 
jumping. However, the high muscular contraction demand 
occurs early in the sprint test and reduces over time in 
accordance with the increased speed [36]. Therefore, our 
hypothesis is that EDs do not interfere with movement 
velocity and therefore have no effect on sprinting.

In relation to the endurance exercise test, overall, a sig-
nificant effect on performance was identified. The subgroup 
analysis showed that the effect remained significant in both 
the running/treadmill and the cycle ergometer. Unlike the 
high muscular contraction demands which also demon-
strated a significant effect (muscle strength/endurance and 
jumping), the maximum test presents a different character-
istic of physical demand (endurance). In this context, the 
results indicate that EDs may favor performance in endur-
ance activities. Similarly, overall, the effect size was sig-
nificant for sport-specific actions; and the subgroup analy-
sis showed that cycling and running activities maintained a 
significant effect size. Both cycling and running are endur-
ance demanding activities, agreeing with the findings in the 

Study name Std diff in means and 95% CI

Std diff 
in means p-Value

Astorino et al. 2012b 0,000 1,000

Del Coso et al. 2013b 0,000 1,000

Gwachan and Wagner 2012a 0,000 1,000

Gwachan and Wagner 2012b 0,000 1,000

Gwachan and Wagner 2012c 0,000 1,000

Gwachan and Wagner 2012d 0,000 1,000

Gwachan and Wagner 2012e 0,000 1,000

Gwachan and Wagner 2012f 0,000 1,000

Astorino et al. 2012a 0,018 0,945

Del Coso et al. 2012(a)b 0,028 0,905

Hoffman et al. 2009h 0,171 0,557

Lara et al. 2014b 0,182 0,445

Astorino et al. 2012c 0,229 0,382

Abian et al. 2014i 0,250 0,325

Pérez-López et al. 2015e 0,459 0,116

Del Coso et al. 2014e 0,822 0,006

Alford and Wescott 2001d 2,753 0,000

0,143 0,059

-3,00 -1,50 0,00 1,50 3,00

Placebo Energy drink

Fig. 6   Effect of caffeine-containing energy drink on sprinting. Letters indicate the number of trials of the same study; letters in parentheses 
indicate the number of studies published in the same year
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maximum test. On the other hand, the sport-specific actions 
jumps did not show a significant effect. The difference in 
the results between the sport-specific actions jumps and the 
traditional jumps (previously discussed) can be explained 
by the reduced number of trials (5 vs. 12, respectively). 
Visually, the sport-specific actions jumps presented similar 
confidence intervals, suggesting good consistency. How-
ever, the small number of trials can weaken the statistical 
analysis and hinder the identification of significant values.

Regardless of the results presented herein, it is nec-
essary to mention some limitations of the review: (1) the 
lack of inter-trial correlation: A lack of inter-trial correla-
tion is relatively common in meta-analyses of studies since 
the original studies do not usually present these values or 
do not provide enough data with which to calculate them. 
Considering that the inter-trial correlation is a necessary 
value to calculate the effect size, we used the intermediate 
value of 0.5. However, the effect size could be altered with 

different inter-trial correlations; (2) outcomes presented by 
the authors in relation to performance: Some studies pro-
vided a relatively large number of outcomes from the same 
exercise/test. The inclusion of all the provided outcomes 
would increase the number of comparisons and possibly 
influence the overall effect size. However, decisions regard-
ing data extraction were resolved as a group and we chose 
to extract the most important outcome of each exercise/
test performed; (3) physiological mechanisms related to 
ED and performance: The majority of the studies did not 
examine the physiological mechanisms related to increased 
performance through ED intake. Due to the relatively small 
number of studies which addressed this point and the dif-
ferences in the variables analyzed, we chose not to include 
the physiological mechanisms in the mathematical model 
analysis; (4) inclusion of different outcomes in the same 
mathematical analysis: The grouping of outcomes in a 
homogeneous manner would provide groups with very 
few trials. For example, for dynamic strength, we included 
maximum strength and repetitions to fatigue in the same 
analysis. Hence, we chose to group the outcomes by the 
type of requirement, considering that in this way, we would 
have a greater number of trials to strengthen the analysis 
and (5) total energy intake: Some studies have used calorie-
free flavored drinks as placebo; in others studies, ED and 
placebo were matched for energy. However, the most of the 
studies included in our systematic review did not provide 
the total energy intake (either ED or placebo). Therefore, 
the influence of ED/placebo calories on performance is still 
unknown.

Table 2   Subgroup analyses of categorical variables

No. of trials I2 statistic Effect size (95 % CI) p value Q test based ANOVA

Muscle strength and endurance—overall effect 21 68.38 0.49 (0.29–0.54) <0.001 Dynamic > isometric (p = 0.03)

Concentric 3 0.11 (−0.41 to 0.62) NS Dynamic > concentric (p = 0.01)

Dynamic 5 1.04 (0.56–1.53) <0.001

Isometric 13 0.41 (0.16–0.67) 0.002

Endurance exercise tests—overall effect 13 58.21 0.53 (0.25–0.61) <0.001

Cycle ergometer 5 0.52 (0.02–1.01) 0.04

Running/treadmill 7 0.56 (0.13–1.00) 0.01

Swimming 1 – –

Jumping—overall effect 12 0.00 0.29 (0.15–0.44) 0.01

Sprinting—overall effect 17 34.35 0.14 (0.005–0.24) NS

Cycle ergometer 2 0.64 (0.05–1.23) 0.04

Running 15 0.11 (−0.04 to 0.26) NS

Sport-specific actions—overall effect 27 63.99 0.51 (0.28–0.67) <0.001 Cycling > jump (p = 0.004)

Cycling 8 0.94 (0.62–1.26) <0.001 Cycling > running (p = 0.02)

Running 13 0.45 (0.22–0.67) <0.001

Jump 5 0.16 (−0.19 to 0.51) NS

Swimming 1 – –

Table 3   Meta-regression analysis of continuous variables

Variable Slope p value

PEDro Scale 0.04 NS

Impact factor 0.11 0.001

Publication year −0.02 NS

Body mass (kg) −0.004 NS

Age (years) 0.001 NS

Caffeine dosage (mg) 0.0009 NS

Taurine dosage (mg) 0.0001 0.04
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Conclusion

The present review and meta-analysis showed that EDs 
intake improved performance in several physical and sport 
situations that included muscle strength protocols, jump-
ing, endurance exercise tests and sport-specific action, and 
taurine dosage influenced the outcome. However, a larger 
number of studies are needed with physical requirements 
grouped more specifically to provide more robust data.
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