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Exercise Physiology Laboratory, Camilo José Cela University, Castillo de Alarcon, 49 Villafranca del Castillo,

Madrid 28692, Spain

(Submitted 19 February 2014 – Final revision received 13 June 2014 – Accepted 6 July 2014 – First published online 12 September 2014)

Abstract

The use of caffeine containing energy drinks has dramatically increased in the last few years, especially in the sport context because of its

reported ergogenic effect. The ingestion of low to moderate doses of caffeinated energy drinks has been associated with adverse side

effects such as insomnia or increased nervousness. The aim of the present study was to assess psycho-physiological changes and the

prevalence of side effects resulting from the ingestion of 3 mg caffeine/kg body mass in the form of an energy drink. In a double-blind

and placebo controlled experimental design, ninety experienced and low-caffeine-consuming athletes (fifty-three male and thirty-seven

female) in two different sessions were provided with an energy drink that contained 3 mg/kg of caffeine or the same decaffeinated

energy drink (placebo; 0 mg/kg). At 60 min after the ingestion of the energy drink, participants completed a training session. The effects

of ingestion of these beverages on psycho-physiological variables during exercise and the rate of adverse side effects were measured using

questionnaires. The caffeinated energy drink increased self-perceived muscle power during exercise compared with the placebo

beverage (6·41 (SD 1·7) v. 5·66 (SD 1·51); P¼0·001). Moreover, the energy drink produced a higher prevalence of side effects such as

insomnia (31·2 v. 10·4 %; P,0·001), nervousness (13·2 v. 0 %; P¼0·002) and activeness (16·9 v. 3·9 %; P¼0·007) than the placebo

energy drink. There were no sex differences in the incidence of side effects (P.0·05). The ingestion of an energy drink with 3 mg/kg

of caffeine increased the prevalence of side effects. The presence of these side effects was similar between male and female participants.
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Caffeine (1,3,7-trimethylxanthine) is a natural alkaloid present in

varying quantities in the leaves, fruits and seeds of various plants

(coffee, kola, tea, maté, etc.). Furthermore, caffeine can be artifi-

cially synthesised in the laboratory and is frequently included in

over-the-counter medications, nutritional supplements and com-

mercially available beverages(1). Caffeine is the most frequently

consumed psychoactive drug in the current society, despite this

substance having no nutritional value and not being essential

for any physiological process(2). However, caffeine is a potent

stimulant of the central nervous system and is primarily used for

increasing vigour and activeness, warding off drowsiness and

restoring alertness. In the sport setting, caffeine is also the most

consumed substance(3) because of its effectiveness to increase

performance in a wide variety of sport disciplines(4). The

amount of caffeine consumed per d depends on many factors,

such as the source of intake, age, sex, nutritional status, fitness

level, peer behaviour and habituation(5).

Caffeine metabolism is quite different between habitual

caffeine consumers and non-consumers(6). The sensitivity of

caffeine consumers to the mood- and performance-enhancing

effects of caffeine is related to their levels of habitual intake(7).

A greater and longer-lasting ergogenic effect has been found

for non-consumers than for caffeine consumers after a dose

of 5 mg caffeine/kg(8). Furthermore, genetic diversity can

influence the response to caffeine, especially by genetic vari-

ations in cytochrome P-450 enzymes, responsible for caffeine

metabolism, and by variations in A2A receptors, which play a

role in the effects of caffeine on arousal(9).

The main sources of caffeine in nutritional products are

brewed coffee, tea, cocoa products and cola beverages.

Moreover, the ingestion of caffeine-containing energy drinks

has dramatically increased in the last few years, especially in

the sport context(10). Nowadays, energy drinks have become

the most widely used means of caffeine intake in the sports

population(10–12). Energy drinks contain carbohydrate, caffeine

and/or other nutrients that may affect mental focus and concen-

tration, and have the potential to affect exercise capacity and

perceptions of energy and/or fatigue(13). Current evidence,

*Corresponding author: J. Del Coso, fax þ34 918 153 131, email jdelcoso@ucjc.edu

Abbreviation: RPE, rate of perceived exertion.

British Journal of Nutrition (2014), 112, 1494–1502 doi:10.1017/S0007114514002189
q The Authors 2014

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0007114514002189
Downloaded from https://www.cambridge.org/core. IP address: 193.146.142.177, on 21 Jul 2017 at 10:39:17, subject to the Cambridge Core terms of use, available at

https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0007114514002189
https://www.cambridge.org/core


although scarce, suggests than consumption of energy drinks is

safe in a healthy population and similar to ingesting other foods

and beverages containing caffeine(13). For adults consuming

moderate amounts of coffee (3–4 cups/d, providing 300–

400 mg caffeine/d), there is little evidence of health risks and

some evidence of health benefits(14,15). However, some

groups, including individuals with hypertension, children,

adolescents and the elderly, may be more vulnerable to the

adverse effects of caffeine intake(14).

The ingestion of caffeine or caffeinated products is typically

accompanied by several side effects including insomnia,

nervousness, restlessness, gastric irritation, nausea, vomiting,

tachycardia, tremors and anxiety(13,16). In a survey about

energy drink consumption patterns among college students,

Malinauskas et al.(17) found that, in energy drink users who

consumed greater than one energy drink per month, the

most frequent side effects were jolt (increased alertness and

energy) and crash (sudden drop in energy) episodes (29 %

of users), headaches (22 % of users) and heart palpitations

(19 % of users). Moreover, there was a significant dose–

effect relationship between the volume of energy drink

consumed and the frequency of jolt and crash episodes.

Different national and international poison centres have

reported several adverse events associated with consumption

of energy drinks including liver damage, kidney failure,

agitation, seizures, tachycardia, cardiac dysrhythmias, hyper-

tension and sudden death. The minimum and maximum

symptomatic caffeine levels have been reported to be 4 mg/kg

in a 13-year-old patient and 36 mg/kg in a 14-year-old patient,

respectively(18).

During exercise, the acute ingestion of caffeine at a dose of

9 mg/kg body mass has been found to drastically increase the

frequency of adverse side effects compared with caffeine

ingestion at a dose of 3 or 6 mg/kg(19). Especially, insomnia

(54 %), increased urine production (54 %) and gastrointestinal

problems (38 %) augmented at a dose of 9 mg/kg(19). Lower

doses (e.g. 3 mg/kg body mass) increased the feeling of

vigour and activeness in comparison to a placebo without

caffeine content, but did not increase other side effects such

as gastrointestinal problems or insomnia(20).

In contrast, ingestion of energy drink can improve psycho-

physiological factors related to exertion in exercise(21). Caffeine

ingestion has been demonstrated to change the mood state

response to exercise, with a greater vigour score and a lower

fatigue score compared with placebo ingestion(22,23). Ingestion

of caffeine has been shown to induce a reduction in the rate of

perceivedexertion (RPE) in exercise(21,24–27), decreasingmuscu-

lar pain perception(26,27) and increasing the readiness to invest

effort(21,27). Moreover, caffeine has been reported to enhance

executive control and working memory, and to reduce reaction

times in simple and choice reaction time tasks(23,28).

Sex interaction in terms of the effects of caffeine is still not

clear. In a randomised double-blind placebo study on 688

young adults (238 men and 450 women), caffeine adminis-

tration induced a greater decrease in somnolence in men

than in women. Moreover, the increase in subjective activation

after the administration of a caffeinated beverage was greater

in men than in women(29). Similarly, Temple et al.(30) found in

young individuals that males may be more susceptible to the

reinforcing effects of caffeine. In the prevalence of different

adverse effects after ingestion of energy drinks, Malinauskas

et al.(17) did not find differences between male and female

participants in a survey-based study. In the use of energy

drinks with exercise, no sex interactions were found in

relation to the effects of caffeine on RPE, mood state and

readiness to invest physical effort in endurance activities(27).

The aim of the present study was to assess psycho-physio-

logical changes and the prevalence of side effects resulting

from the ingestion of 3 mg caffeine/kg body mass in the

form of an energy drink, and to determine the differences

between males and females in these potential effects.

Experimental methods

Participants

A total of ninety-eight athletes from seven different sport

disciplines (rugby, volleyball, tennis, badminton, swimming,

soccer and hockey) volunteered to participate in the study

(Table 1). All of them competed at the national or regional

level with more than 8 years of training experience in their

disciplines and over 5 h of weekly training. Thus, the study

sample can be categorised as experienced and trained athletes.

All the participants were especially recruited because they were

light caffeine consumers (,60 mg/d, approximately 1 cup of

coffee). Participants were non-smokers and were not under

medical treatment during the study period. Of these partici-

pants, eight did not complete all the required experimental

protocols and their results were excluded from the statistical

analysis. Thus, the study samplewas composedof ninety partici-

pants (fifty-three male, thirty-seven female). We performed

a priori statistical power analysis based on a previous study

with the same caffeinated energy drink(20). To obtain significant

differences between the ingestion of a caffeinated energy drink

v. a placebo drink with an 80 % of statistical power and with ana

value of 1·96 (95 % of confidence), we required a sample size of

seventy-four participants to detect changes in nervousness or

gastrointestinal side effects.

The present study was conducted according to the guidelines

laid down in the Declaration of Helsinki, and all procedures

involving human subjects were approved by the Camilo José

Cela University Ethics Committee. Written informed consent

was obtained from all subjects. All this individual information

was obtained by pre-recruiting questionnaires. Once partici-

pants fulfilled the inclusion criteria, they were fully informed

Table 1. Age and anthropometric characteristics of the study sample

(Mean values and standard deviations, n 90)

Age (years)
Body weight

(kg) Height (cm)

n Mean SD Mean SD Mean SD

Total 90 23·9 5·7 70·4 11·2 173·7 10·1
Male 53 25·0 6·2 75·9 9·3 178·9 7·1
Female 37 23·2 4·5 63·2 8·1 167·1 9·5
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of any risks and discomforts associated with the experiments

and gave their informed written consent to participate. The

study was approved by a local Research Ethics Committee in

accordance with the latest version of the Declaration of Helsinki.

Experimental design

A double-blind and placebo-controlled experimental design was

used for the present study. Each participant took part in two

different experimental trials under the same experimental

conditions and standardisations. The order of the experimental

trials (e.g. caffeinated energy drink or placebo beverage) was

randomised for each participant. To control for the order effects,

the order of the experimental trials was counterbalanced and

forty-five participants performed caffeinated energy drink and

placebo beverage order while the remaining forty-five partici-

pants performed the placebo beverage and caffeinated energy

drink order. To comply with these two criteria, each participant

was assigned with a number by an experimenter who did not

take part in the experiment. Odd numbers received the caffei-

nated energy drink and placebo beverage order while even

numbers received the placebo beverage and caffeinated energy

drink order. The experimental trials were separated by 1 week

to allow complete caffeine washout. On one occasion, partici-

pants ingested 3mg caffeine/kg body mass (3mg/kg) by means

of a powdered caffeine-containing energy drink (Furew; Pro-

Energetics) dissolved in 250mlof tapwater.Onanother occasion,

participants ingested the same amount of energy drink but with

no caffeine content (placebo; 0mg/kg). The two experimental

drinks had a similar taste and appearance and they only differed

in the amount of caffeine they contained. The energy drinks

also contained taurine (18·7mg/kg), sodium bicarbonate

(4·7mg/kg), L-carnitine (1·9mg/kg) and maltodextrin (6·6mg/kg);

however, these substances were ingested in identical

proportions in the two experimental trials. Both experimental

trials were performed at the same time of the day to avoid the

effects of circadian rhythms in the studied variables(31).

The experimental beverages were ingested 60 min before

the onset of the experimental trials to allow for complete

caffeine absorption(32), and they were provided in opaque

plastic bottles to avoid identification. An alphanumeric code

was assigned to each trial to blind participants and investi-

gators to the beverage tested.

Standardisation

The day before each experimental trial, participants were nude

weighed (^50 g; Radwag) to calculate the amount of caffeine

required for each individual caffeinated energy drink. The

amount of the energy drinks was individually calculated to

avoid the effects of body mass on the variables under investi-

gation. On that day, participants refrained from strenuous

exercise and adopted a similar diet and fluid intake regimen.

Participants were encouraged to withdraw from all dietary

sources of caffeine (coffee, cola drinks, chocolate, etc.) and

alcohol 48 h before testing. In addition, participants were

instructed to have a light meal at least 2 h before the onset of

the experimental trials. These standardisations were reported

to the technical staff of the teams and food and fluid diaries

were obtained to ensure compliance.

Experimental protocol

On the day of testing, participants ingested the corresponding

beverage (caffeine-containing energy drink or placebo energy

drink) and completed a specific sport session, including a stan-

dardised warm-up and a simulated competition. Thereafter, par-

ticipants were required to fill out a questionnaire about their

sensations of muscle power, endurance and perceived exertion

(RPE) during the test. This questionnaire included a 1- to 10-

point scale to assess each item, and participants were previously

informed that 1 point meant minimal amount of that item and 10

points meant maximal amount of the item. Moreover, partici-

pants were asked to indicate on a yes/no scale whether they

had had any perceptible effect. In addition, participants were

provided with a survey to be filled out before going to sleep

about nervousness, gastrointestinal problems, muscular pain,

headache and activeness they had perceived in the hours after

the drink ingestion. In the following morning after the ingestion

of the energy drinks, participants were asked about sleepquality

(e.g. insomnia) on a yes/no scale and about perceived fatigue on

a 1- to 10-point scale. This survey has been previously used to

assess side effects resulting from energy drink ingestion(20).

Participants who did not complete these questionnaires on

time were eliminated from the analysis. Thus, eight participants

were excluded from the statistical analysis based on this

criterion, as indicated in the ‘Participants’ section.

Statistical analysis

Results of quantitative data are presented as means and

standard deviations. Differences in the 1- to 10-point scale

were analysed using the Wilcoxon signed-rank test. Effect

size was calculated (Cohen’s d) for each item. Results of

qualitative data (e.g. side effects) are presented as percen-

tages. Differences in side effects after beverage intake were

analysed using the McNemar test. Sex influences on the

tested variables were verified by using a general linear

model and a two-way repeated-measures ANOVA (beverage £

sex). The criterion for statistical significance in all these tests

was set at P,0·05. The SPSS for Windows 19.0 statistical

package (SPSS, Inc.) was used to analyse the data.

Results

Table 2 outlines the perception of muscle power, endurance

and exertion of athletes during their sport practice after the

ingestion of the caffeine-containing energy drink or the

placebo energy drink. In comparison to the placebo energy

drink, the pre-exercise ingestion of the caffeine-containing

energy drink significantly increased muscle power perception

during exercise (P¼0·001), although the effect size was low

(d ¼ 0·13). The increased muscle power perception was pre-

sent in both male (d ¼ 0·10; P¼0·019) and female participants

(d ¼ 0·18; P,0·05). On the contrary, there were no

differences in perceived endurance and exertion (P.0·05).
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The caffeinated energy drink was equally ineffective with

regard to the subjective feelings of endurance and exertion

in male and female athletes. Overall, caffeine effects on

perceived power, endurance and exertion were of the same

magnitude in male and female athletes (interaction sex £

drink condition; P.0·05).

In the morning after the intake of the experimental bever-

age, females showed higher perceived fatigue after the

intake of the placebo beverage (d ¼ 0·17; P¼0·035), while

males showed no effect (d ¼ 0·08; P¼0·109; Table 3) . There

was a statistically significant effect observed for sex inter-

action (P¼0·008).

The ingestion of the caffeinated energy drink produced

a higher prevalence of side effects such as insomnia (31·2 %

caffeine v. 10·4 % placebo; P,0·001), nervousness (13·2 %

caffeine v. 0 % placebo; P¼0·002) and activeness

(16·9 % caffeine v. 3·9 % placebo; P¼0·007) than the ingestion

of the placebo energy drink (Table 4). In these three variables,

there were significant differences in the female subpopulation,

while in the male subpopulation there were only significant

differences between caffeine and placebo in the prevalence

of insomnia. There were no sex differences in the incidence

of side effects (sex £ beverage interaction; P.0·05).

As shown in Fig. 1, the ingestion of 3 mg caffeine/kg in the

form of an energy drink produced an appreciable effect in

37 % of the participants, while ingestion of the placebo energy

drink also produced appreciable effects only in 12·3 % of the

participants (P¼0·001). In males, 36·2 % of participants reported

appreciable effects after the ingestion of the caffeinated energy

drink while 10·6 % reported these effects with the placebo

(P¼0·012). In females, similar results were obtained (38·2 v.

14·7 %; P¼0·057). There was no effect observed for the sex £

beverage interaction (P¼0·556).

Discussion

The aim of the present study was to assess psycho-physiological

changes and side effects resulting from the ingestion of a

caffeinated energy drink in a group of trained individuals. For

this purpose, we provided a caffeinated energy drink (3 mg

caffeine/kg body mass) or a placebo energy drink 60 min

before a regular training session, and measured subjective

feelings of performance and side effects for 24 h after the inges-

tion of these beverages. In comparison to the placebo beverage,

ingestion of the caffeinated energy drink enhanced the subjec-

tive perception of muscle power during exercise and reduced

overall fatigue the following morning after the intake of the

beverage. Moreover, the caffeinated energy drink increased

the prevalence of side effects such as insomnia, activeness and

nervousness. Interestingly, the caffeinated energydrink affected

both male and female participants in a similar manner.

In comparison to the placebo energy drink, the pre-exercise

ingestion of the caffeinated energy drink increased power

perception during exercise (P¼0·001). In contrast to endur-

ance activities, where the ergogenic benefits of caffeine inges-

tion have been repeatedly evidenced(33), in activities with a

clear reliance on anaerobic pathways controversial results

have been obtained. While several studies have failed to

find improvements(34–36), more recent studies(19,20,37) have

reported enhanced muscle power output with an identical

Table 2. Subjective perception of power, endurance and exertion of athletes during exercise after ingestion of a caffeine (CAFF)-containing energy
drink or a placebo (PLA) energy drink

(Mean values and standard deviations; mean differences and 95 % confidence intervals, n 90)

CAFF PLA

Mean difference 95 % CI P
P (two-way ANOVA;

sex£PLA/CAFF)Mean SD Mean SD

Power Total 6·41 1·7 5·66 1·51 0·75 0·33, 1·18 0·001* 0·288
Male 6·23 1·61 5·66 1·52 0·57 0·08, 1·06 0·019*
Female 6·68 1·75 5·65 1·51 1·03 0·26, 1·80 0·014*

Endurance Total 6·10 1·79 5·83 1·69 0·27 20·21, 0·74 0·255 0·339
Male 6·02 1·89 5·94 1·61 0·08 20·46, 0·61 0·832
Female 6·22 1·67 5·68 1·81 0·54 20·35, 1·43 0·197

Exertion Total 5·70 1·68 5·40 2·06 0·30 20·15, 0·77 0·130 0·941
Male 6·00 1·48 5·68 1·94 0·32 20·16, 0·81 0·130
Female 5·26 1·88 4·97 2·19 0·29 20·64, 1·21 0·514

*P,0·05.

Table 3. Subjective perception of fatigue of athletes after ingestion of a caffeine (CAFF)-containing energy drink or a placebo (PLA) energy drink

(Mean values and standard deviations; mean differences and 95 % confidence intervals, n 90)

CAFF PLA

Mean difference 95 % CI P
P (two-way ANOVA;

sex£PLA/CAFF)Mean SD Mean SD

Perceived fatigue Total 5·25 2·11 5·40 2·19 20·15 20·66, 0·34 0·540 0·008
Male 5·69 1·77 5·29 1·93 0·40 20·16, 0·97 0·109
Female 4·62 2·41 5·57 2·52 20·95 210·82, 20·07 0·035*

*P,0·05.
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dose (e.g. 3 mg/kg) to that used in the present study. There-

fore, subjective perception of participants about muscle

power coincides with empirical data obtained in experimental

conditions.

In contrast, the administration of the caffeine-containing

energy drink did not produce any differences in the subjective

feelings of endurance and exertion during the practice of a

high-intensity exercise bout with respect to the placebo

drink (P.0·05). Curiously, endurance athletes such as cyclists,

rowers or triathletes are among the athletes with the highest

caffeine intake before or during sport competition(3), probably

because of its reported ergogenic properties in these sport

disciplines(38–40). Furthermore, the intake of caffeine has

demonstrated ergogenic effects on other endurance

activities(4,13,38,41), and has reduced the RPE during prolonged

exercise(21,24–27). This effect of caffeine on reducing self-

perceived fatigue could partly explain the ergogenic effects

of caffeine on performance(25). In the present study, partici-

pants competed in a sport-simulated competition and, thus,

exercise intensity was not standardised between the exper-

imental trials. It is likely that our participants exercised at a

higher intensity in the caffeinated energy drink condition

than in the placebo condition, and this could be the reason

for comparable exertion scores between the conditions.

Insomnia was the principal side effect resulting from the

ingestion of the caffeinated-energy drink, with 31 % of the

participants reporting sleep disorders during the night after

ingestion of this beverage. The prevalence of insomnia in

female athletes reached 37·8 %, although this value was not

statistically different from male participants (Table 4). Previous

research(19,20) did not find significant differences for insomnia

with the same dose of 3 mg caffeine/kg as that used in the

present study, while caffeine ingestion at a dose of 9 mg/kg

increased the frequency of sleep disturbances(19). It has

been reported that caffeine ingestion time could affect the

incidence of insomnia especially when caffeine or caffeine-

containing products are administered in the afternoon(42).

Pallares et al.(19) administered the caffeinated (e.g. 3, 6

or 9 mg/kg) or placebo beverages at 07.00 hours, so the influ-

ence of these caffeine dosages on sleep quality could have

decreased. Because altered sleep–wake cycles could negatively

affect sport performance(43), theuseof caffeinated energydrinks

in sport must be controlled, especially in the afternoon.

Caffeine ingestion has been associated with a moderate

hypoalgesic effect during high-intensity exercise(24,44),

mainly by reducing muscular pain perception during exercise.

Nevertheless, other studies have not found this effect of

caffeine ingestion on pain perception(45,46), as reported in

the present study. All of these cited studies employed doses

Table 4. Prevalence of side effects after ingestion of a caffeine (CAFF)-containing energy drink or a
placebo (PLA) energy drink†

Item % CAFF (all) % PLA (all) P P (by sex)

Nervousness Total 13·2 0 0·002* 0·291
Male 3·6 0 0·125
Female 24 0 0·031*

Insomnia Total 31·2 10·4 ,0·001* 0·705
Male 25 7·5 0·002*
Female 37·8 13·5 0·022*

Gastrointestinal problems Total 10·5 5·3 0·508 0·592
Male 10 2·5 0·625
Female 11·1 8·3 1·000

Activeness Total 16·9 3·9 0·007* 0·580
Male 12·5 5·0 0·146
Female 21·6 2·7 0·039*

Irritable Total 3·9 3·9 0·688 0·689
Male 2·5 2·5 0·625
Female 5·6 5·6 1·000

Muscular pain Total 28·6 35·1 0·556 0·730
Male 27·5 27·5 1·000
Female 29·7 43·2 0·267

Headache Total 7·8 11·7 1·000 0·150
Male 10 2·5 0·109
Female 5·4 21·6 0·109

*P,0·05.
† Data are percentage affirmative responses obtained from ninety trained athletes.
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Fig. 1. Self-reported appreciable effects with the ingestion of a caffeinated

energy drink (B) or a placebo energy drink (A). Data are percentages of affir-

mative responses obtained from ninety trained athletes. * Percentage value

was significantly different from that of the placebo energy drink (P,0·05).
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of 5 mg/kg, so this analgesic effect is controversial. One expla-

nation for these contradictory outcomes could be the different

intensities involved in each experimental condition, because

in the trials with caffeine, participants were able to perform

at a higher intensity which could mask the effects of caffeine

on the perceived level of pain(45,46). When the intensity was

the same, the pain was reduced(44). For this reason, it is

important to standardise exercise intensity when studying

the effect of caffeine on muscle pain. Further research is

warranted in this area.

Increased activeness and alertness could be a psycho-physio-

logical advantage for sport performance(47). Most studies

investigating the effects of energy drink ingestion before

exercise have reported improvements in mood, reaction

time and markers of alertness(13,48,49). In the present study

participants, there was an increased frequency for enhanced

activeness after energy drink ingestion (16·9 v. 3·9 %), although

this effect was more frequent in female participants. However,

nervousness was also increased and this side effect could be a

negative outcome of caffeinated energy drink ingestion because

anxiety decreases motor performance(50,51). More information

is necessary to elucidate whether increased activeness and

nervousness affect sport performance.

Another objective of the present study was to analyse sex

differences in the outcomes resulting from the ingestion of a

caffeine-containing energy drink. In the variables analysed in

the present investigation, we did not find differences between

the responses of male and female athletes except for perceived

fatigue the following morning after the intake of the energy

drinks (Table 3). Only the female participants reported reduced

fatigue after ingestion of the caffeinated energy drink in

comparison to that of the placebo energy drink. The absence

of sex differences in most effects resulting from energy drink

intake is supported by previous investigations with similar

objectives(17,27). A recent study has described cytochrome

P-450 as the primary group of liver enzymes for caffeine metab-

olism. Thus, cytochrome P-450 has been suggested as a key for

the effects obtained with caffeine ingestion on human perform-

ance and its adverse effects(9). A higher activity of cytochrome

P-450 has been shown in men than in women(52), although it

seems that sex is not the primary variable to explain inter-

individual differences in the activity of the cytochrome P-450

enzyme(53). It appears that male and female athletes have similar

caffeine pharmacokinetics(54), and no differences were found in

various psycho-physiological measures (e.g. mood state,

readiness to invest physical effort, RPE and muscular pain)

after the intake of energy drinks(27). Thus, the perceived ergo-

genicity and the prevalence of side effects after the ingestion

of a caffeinated energy drink are similar between males

and females.

Several investigations have described that the perception of

consuming a substance that purportedly enhances perform-

ance is sufficient to improve sport performance (e.g. ‘placebo

effect’)(55,56). This placebo effect has been specifically

reported in studies with simulated caffeine ingestion(55,57). In

these studies, physical performance was significantly

improved when participants were informed that they had

been supplemented with caffeine despite them having

ingested a placebo. In the present study, only 37 % of the

participants reported identifiable effects with the caffeinated

energy drink, while 12·3 % of the participants reported that

the placebo drink produced perceptible effects. These data

indicate that most participants were not aware of the

beverages tested in each experimental trial. Moreover, these

results confirm the blinding of the participants to the treat-

ments and the absence of the ‘placebo effect’ in the outcomes

of this investigation.

A limitation of the present study is that the energy drinks

(both the caffeinated one and the placebo) contained not

only caffeine but also carbohydrates, and other compounds.

To set the ecological validity of the experimental design, we

selected a commercially available energy drink that con-

tained caffeine, taurine, sodium bicarbonate, L-carnitine and

maltodextrin, although these components were included in

the same proportion in the placebo drink. Interestingly,

with the exception of carbohydrates, there is a lack of

evidence to substantiate claims that components of energy

drinks, other than caffeine, contribute to the enhancement

of physical(58,59) or cognitive performance(58,60). Furthermore,

the amount of carbohydrate provided with the beverages in

the experimental trials (2 g) was not enough to produce the

purported benefits obtained with carbohydrate ingestion

during exercise. So, we speculate that caffeine is the only

substance responsible for the effects obtained with the

caffeinated energy drink.

Although the study of the effects of caffeine ingestion on

human performance started one century ago(61), the varied

and complex properties of caffeine to modify human physi-

ology and its exact mechanisms of action are not yet comple-

tely understood(33). Acute caffeine ingestion elicits a number

of hormonal, metabolic and physiological effects, both at

rest and during exercise(1), while multiple mechanisms have

been proposed to explain the effects of caffeine ingestion

on human performance(41). In addition to positive effects,

numerous investigations have determined several adverse

effects after the intake of caffeine or caffeinated products in

low to moderate doses. Most studies investigating the side

effects associated with caffeine ingestion have been carried

out with acute caffeine intake and small subject samples(19,20),

or survey-based studies conducted with larger subject samples

but without the control of real caffeine intake (e.g. dose

according to body mass) and established by energy drink

consumers(17). The present study is a first step to under-

standing the side effects resulting from the ingestion of a

caffeine-containing energy drink in the sport context. Further

research is needed to unveil health-related outcomes after acute

energy drink ingestion. Well-controlled laboratory studies

including direct (e.g. heart rate, blood pressure, urine

production, etc.) and indirect (questionnaire about sleep quality

or other health disorders) variables, standardised caffeine

dosage and covariates such as ingestion time, user’s habituation

or genetic factors must be developed after energy drink inges-

tion to ensure the safety of these beverages.

The effects of long-term consumption of caffeine or caffei-

nated products (mainly coffee) are numerous, and they

affect the functioning of different physiological systems.
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Long-term consumption of this substance has been associated

with several pathological conditions, such as CVD, repro-

ductive disorders, Ca loss, osteoporosis and psychiatric

disturbances. However, the chronic ingestion of caffeine has

also been associated with a protective effect on neuro-

degenerative disorders and Parkinson’s disease(1,9). Specifi-

cally, there are only a few well-controlled experimental

studies that have investigated the side effects resulting from

the acute ingestion of energy drinks(20,62). These investigations

have reported increased resting blood pressure but with

minimal effects in the prevalence of typical side effects

produced after caffeine ingestion. To our knowledge, only

one study has investigated the effects of prolonged ingestion

of caffeinated energy drinks(63). These authors found that

blood markers for hepatic, renal, cardiovascular and immune

function revealed no adverse effects in response to 10 weeks

of daily energy drink intake. In contrast, several case studies

have reported serious adverse side effects (for a review, see

Seifert et al.(18)). However, case studies about the side effects

resulting from the ingestion of energy drinks are typically

related to the ingestion of unbearable amounts of energy

drinks or to subjects with previous conditions that exacerbated

the adverse effects of the caffeinated beverages(64). So, more

research is warranted to determine the long-term effects of

habitual energy drink intake.

Several previous investigations have focused on the

effects of caffeinated energy drinks on physical performance

of athletes, and the ergogenicity of these beverages has

been well documented(13). In addition, recent data reveal

the positive effects of energy drink ingestion on perception

of exertion, perception of leg muscle pain and readiness to

invest effort(26,27). All of this information might indicate that

energy drinks are an effective nutritional aid to improve the

performance of athletes by increasing both the physical

functioning and the volitional capacity of the athlete. In

contrast, we obtained a greater prevalence of side effects

such as nervousness and insomnia after the ingestion of

the caffeinated beverage. Thus, the recommendation of

caffeinated energy drinks should take into consideration

these negative side effects, and the athletes and coaches

should consider the potential adverse outcomes of energy

drink ingestion, especially in competitive situations. Since

large differences in individual responses have been found

after the intake of caffeine(9), athletes must experiment

with these beverages in training sessions and consider its

use afterwards.

In conclusion, the ingestion of a caffeinated energy drink

(3 mg caffeine/kg body mass) improved perceived muscle

power during intense exercise, although it did not affect

subjective feelings of endurance or exhaustion. Following

the exercise bout, the ingestion of the caffeine-containing

energy drink significantly increased the prevalence of side

effects, such as insomnia, activeness and nervousness. The

presence of these side effects was similar between male and

female participants. These data indicate that energy drinks

produce minor side effects, and special attention should be

paid to these beverages when they are ingested in the

afternoon.
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