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  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); P= 0·001). 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 %; P= 0·002) and activeness (16·9 v. 3·9 %; P= 0·007) 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 artificially synthesised in the laboratory and is frequently included in over-the-counter medications, nutritional supplements and commercially available beverages(
Reference Magkos and Kavouras
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(
Reference Heckman, Weil and Gonzalez de Mejia
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(
Reference Del Coso, Muñoz and Muñoz-Guerra
3

) because of its effectiveness to increase performance in a wide variety of sport disciplines(
Reference Burke
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(
Reference Brice and Smith
5

).

 Caffeine metabolism is quite different between habitual caffeine consumers and non-consumers(
Reference Van Soeren, Sathasivam and Spriet
6

). The sensitivity of caffeine consumers to the mood- and performance-enhancing effects of caffeine is related to their levels of habitual intake(
Reference Attwood, Higgs and Terry
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(
Reference Bell and McLellan
8

). Furthermore, genetic diversity can influence the response to caffeine, especially by genetic variations 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(
Reference Yang, Palmer and de Wit
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(
Reference Hoffman
10

). Nowadays, energy drinks have become the most widely used means of caffeine intake in the sports population(
Reference Hoffman
10

–
Reference Kristiansen, Levy-Milne and Barr
12

). Energy drinks contain carbohydrate, caffeine and/or other nutrients that may affect mental focus and concentration, and have the potential to affect exercise capacity and perceptions of energy and/or fatigue(
Reference Campbell, Wilborn and La Bounty
13

). Current evidence, although scarce, suggests than consumption of energy drinks is safe in a healthy population and similar to ingesting other foods and beverages containing caffeine(
Reference Campbell, Wilborn and La Bounty
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(
Reference Higdon and Frei
14

,
Reference Nawrot, Jordan and Eastwood
15

). However, some groups, including individuals with hypertension, children, adolescents and the elderly, may be more vulnerable to the adverse effects of caffeine intake(
Reference Higdon and Frei
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(
Reference Campbell, Wilborn and La Bounty
13

,
Reference Clauson, Shields and McQueen
16

). In a survey about energy drink consumption patterns among college students, Malinauskas et al.
(
Reference Malinauskas, Aeby and Overton
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, hypertension 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(
Reference Seifert, Schaechter and Hershorin
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(
Reference Pallares, Fernandez-Elias and Ortega
19

). Especially, insomnia (54 %), increased urine production (54 %) and gastrointestinal problems (38 %) augmented at a dose of 9 mg/kg(
Reference Pallares, Fernandez-Elias and Ortega
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(
Reference Del Coso, Salinero and Gonzalez-Millan
20

).

 In contrast, ingestion of energy drink can improve psycho-physiological factors related to exertion in exercise(
Reference Duncan, Smith and Cook
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(
Reference Duncan and Oxford
22

,
Reference Giles, Mahoney and Brunye
23

). Ingestion of caffeine has been shown to induce a reduction in the rate of perceived exertion (RPE) in exercise(
Reference Duncan, Smith and Cook
21

,
Reference Duncan and Oxford
24

–
Reference Duncan and Hankey
27

), decreasing muscular pain perception(
Reference Duncan, Stanley and Parkhouse
26

,
Reference Duncan and Hankey
27

) and increasing the readiness to invest effort(
Reference Duncan, Smith and Cook
21

,
Reference Duncan and Hankey
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(
Reference Giles, Mahoney and Brunye
23

,
Reference Haskell, Kennedy and Wesnes
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 administration 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(
Reference Adan, Prat and Fabbri
29

). Similarly, Temple et al.
(
Reference Temple, Bulkley and Briatico
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.
(
Reference Malinauskas, Aeby and Overton
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(
Reference Duncan and Hankey
27

).

 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, 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 participants, eight did not complete all the required experimental protocols and their results were excluded from the statistical analysis. Thus, the study sample was composed of ninety participants (fifty-three male, thirty-seven female). We performed a priori statistical power analysis based on a previous study with the same caffeinated energy drink(
Reference Del Coso, Salinero and Gonzalez-Millan
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 an α 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.


Table 1 Age and anthropometric characteristics of the study sample (Mean values and standard deviations, n 90)
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 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 participants fulfilled the inclusion criteria, they were fully informed 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 participants 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 caffeinated 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, participants ingested 3 mg caffeine/kg body mass (3 mg/kg) by means of a powdered caffeine-containing energy drink (Fure®; ProEnergetics) dissolved in 250 ml of tap water. On another occasion, participants ingested the same amount of energy drink but with no caffeine content (placebo; 0 mg/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 (18·7 mg/kg), sodium bicarbonate (4·7 mg/kg), l-carnitine (1·9 mg/kg) and maltodextrin (6·6 mg/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(
Reference Mora-Rodriguez, Garcia Pallares and Lopez-Samanes
31

).

 The experimental beverages were ingested 60 min before the onset of the experimental trials to allow for complete caffeine absorption(
Reference Armstrong
32

), and they were provided in opaque plastic bottles to avoid identification. An alphanumeric code was assigned to each trial to blind participants and investigators 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 investigation. 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 standardised warm-up and a simulated competition. Thereafter, participants 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, participants 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 sleep quality (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(
Reference Del Coso, Salinero and Gonzalez-Millan
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 percentages. 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 (P= 0·001), although the effect size was low (d= 0·13). The increased muscle power perception was present in both male (d= 0·10; P= 0·019) and female participants (d= 0·18; P< 0·05). On the contrary, there were no differences in perceived endurance and exertion (P>0·05). 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).


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)
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*
P< 0·05.









 In the morning after the intake of the experimental beverage, females showed higher perceived fatigue after the intake of the placebo beverage (d= 0·17; P= 0·035), while males showed no effect (d= 0·08; P= 0·109; Table 3) . There was a statistically significant effect observed for sex interaction (P= 0·008).


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)
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*
P< 0·05.









 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; P= 0·002) and activeness (16·9 % caffeine v. 3·9 % placebo; P= 0·007) 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).


Table 4 Prevalence of side effects after ingestion of a caffeine (CAFF)-containing energy drink or a placebo (PLA) energy drink†
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*
P< 0·05.




† Data are percentage affirmative responses obtained from ninety trained athletes.









 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 (P= 0·001). 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 (P= 0·012). In females, similar results were obtained (38·2 v. 14·7 %; P= 0·057). There was no effect observed for the sex × beverage interaction (P= 0·556).

[image: ]




Fig. 1 Self-reported appreciable effects with the ingestion of a caffeinated energy drink (■) or a placebo energy drink (□). Data are percentages of affirmative responses obtained from ninety trained athletes. * Percentage value was significantly different from that of the placebo energy drink (P< 0·05).







 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 ingestion of these beverages. In comparison to the placebo beverage, ingestion of the caffeinated energy drink enhanced the subjective 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 energy drink 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 (P= 0·001). In contrast to endurance activities, where the ergogenic benefits of caffeine ingestion have been repeatedly evidenced(
Reference Davis and Green
33

), in activities with a clear reliance on anaerobic pathways controversial results have been obtained. While several studies have failed to find improvements(
Reference Collomp, Ahmaidi and Audran
34

–
Reference Hoffman, Kang and Ratamess
36

), more recent studies(
Reference Pallares, Fernandez-Elias and Ortega
19

,
Reference Del Coso, Salinero and Gonzalez-Millan
20

,
Reference Lane, Areta and Bird
37

) have reported enhanced muscle power output with an identical dose (e.g. 3 mg/kg) to that used in the present study. Therefore, 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(
Reference Del Coso, Muñoz and Muñoz-Guerra
3

), probably because of its reported ergogenic properties in these sport disciplines(
Reference Ganio, Klau and Casa
38

–
Reference Carr, Gore and Dawson
40

). Furthermore, the intake of caffeine has demonstrated ergogenic effects on other endurance activities(
Reference Burke
4

,
Reference Campbell, Wilborn and La Bounty
13

,
Reference Ganio, Klau and Casa
38

,
Reference Goldstein, Ziegenfuss and Kalman
41

), and has reduced the RPE during prolonged exercise(
Reference Duncan, Smith and Cook
21

,
Reference Duncan and Oxford
24

–
Reference Duncan and Hankey
27

). This effect of caffeine on reducing self-perceived fatigue could partly explain the ergogenic effects of caffeine on performance(
Reference Doherty and Smith
25

). In the present study, participants competed in a sport-simulated competition and, thus, exercise intensity was not standardised between the experimental 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(
Reference Pallares, Fernandez-Elias and Ortega
19

,
Reference Del Coso, Salinero and Gonzalez-Millan
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(
Reference Pallares, Fernandez-Elias and Ortega
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(
Reference Drake, Roehrs and Shambroom
42

). Pallares et al.
(
Reference Pallares, Fernandez-Elias and Ortega
19

) administered the caffeinated (e.g. 3, 6 or 9 mg/kg) or placebo beverages at 07.00 hours, so the influence of these caffeine dosages on sleep quality could have decreased. Because altered sleep–wake cycles could negatively affect sport performance(
Reference Reilly and Edwards
43

), the use of caffeinated energy drinks in sport must be controlled, especially in the afternoon.

 Caffeine ingestion has been associated with a moderate hypoalgesic effect during high-intensity exercise(
Reference Duncan and Oxford
24

,
Reference Gliottoni, Meyers and Arngrimsson
44

), mainly by reducing muscular pain perception during exercise. Nevertheless, other studies have not found this effect of caffeine ingestion on pain perception(
Reference Astorino, Terzi and Roberson
45

,
Reference Astorino, Cottrell and Talhami Lozano
46

), as reported in the present study. All of these cited studies employed doses of 5 mg/kg, so this analgesic effect is controversial. One explanation 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(
Reference Astorino, Terzi and Roberson
45

,
Reference Astorino, Cottrell and Talhami Lozano
46

). When the intensity was the same, the pain was reduced(
Reference Gliottoni, Meyers and Arngrimsson
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-physiological advantage for sport performance(
Reference Hull, Wright and Czeisler
47

). Most studies investigating the effects of energy drink ingestion before exercise have reported improvements in mood, reaction time and markers of alertness(
Reference Campbell, Wilborn and La Bounty
13

,
Reference Alford, Cox and Wescott
48

,
Reference Seidl, Peyrl and Nicham
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(
Reference McCarthy, Allen and Jones
50

,
Reference Rathschlag and Memmert
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(
Reference Malinauskas, Aeby and Overton
17

,
Reference Duncan and Hankey
27

). A recent study has described cytochrome P-450 as the primary group of liver enzymes for caffeine metabolism. Thus, cytochrome P-450 has been suggested as a key for the effects obtained with caffeine ingestion on human performance and its adverse effects(
Reference Yang, Palmer and de Wit
9

). A higher activity of cytochrome P-450 has been shown in men than in women(
Reference Landi, Sinha and Lang
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(
Reference Bebia, Buch and Wilson
53

). It appears that male and female athletes have similar caffeine pharmacokinetics(
Reference Graham
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(
Reference Duncan and Hankey
27

). Thus, the perceived ergogenicity 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 performance is sufficient to improve sport performance (e.g. ‘placebo effect’)(
Reference Duncan, Lyons and Hankey
55

,
Reference Beedie and Foad
56

). This placebo effect has been specifically reported in studies with simulated caffeine ingestion(
Reference Duncan, Lyons and Hankey
55

,
Reference Beedie, Stuart and Coleman
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 treatments 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 contained 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(
Reference McLellan and Lieberman
58

,
Reference Tallis, Higgins and Cox
59

) or cognitive performance(
Reference McLellan and Lieberman
58

,
Reference van den Eynde, van Baelen and Portzky
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(
Reference Rivers and Webber
61

), the varied and complex properties of caffeine to modify human physiology and its exact mechanisms of action are not yet completely understood(
Reference Davis and Green
33

). Acute caffeine ingestion elicits a number of hormonal, metabolic and physiological effects, both at rest and during exercise(
Reference Magkos and Kavouras
1

), while multiple mechanisms have been proposed to explain the effects of caffeine ingestion on human performance(
Reference Goldstein, Ziegenfuss and Kalman
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(
Reference Pallares, Fernandez-Elias and Ortega
19

,
Reference Del Coso, Salinero and Gonzalez-Millan
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(
Reference Malinauskas, Aeby and Overton
17

). The present study is a first step to understanding 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 ingestion to ensure the safety of these beverages.

 The effects of long-term consumption of caffeine or caffeinated products (mainly coffee) are numerous, and they affect the functioning of different physiological systems. Long-term consumption of this substance has been associated with several pathological conditions, such as CVD, reproductive disorders, Ca loss, osteoporosis and psychiatric disturbances. However, the chronic ingestion of caffeine has also been associated with a protective effect on neurodegenerative disorders and Parkinson's disease(
Reference Magkos and Kavouras
1

,
Reference Yang, Palmer and de Wit
9

). Specifically, there are only a few well-controlled experimental studies that have investigated the side effects resulting from the acute ingestion of energy drinks(
Reference Del Coso, Salinero and Gonzalez-Millan
20

,
Reference Kurtz, Leong and Anand
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(
Reference Lockwood, Moon and Smith
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.
(
Reference Seifert, Schaechter and Hershorin
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(
Reference Burrows, Pursey and Neve
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(
Reference Campbell, Wilborn and La Bounty
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(
Reference Duncan, Stanley and Parkhouse
26

,
Reference Duncan and Hankey
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(
Reference Yang, Palmer and de Wit
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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 Table 1 Age and anthropometric characteristics of the study sample (Mean values and standard deviations, n 90)
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 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)
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 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)
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 Table 4 Prevalence of side effects after ingestion of a caffeine (CAFF)-containing energy drink or a placebo (PLA) energy drink†
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 Fig. 1 Self-reported appreciable effects with the ingestion of a caffeinated energy drink (■) or a placebo energy drink (□). Data are percentages of affirmative responses obtained from ninety trained athletes. * Percentage value was significantly different from that of the placebo energy drink (P< 0·05).

 

 

         



 
 [image: alt] 
 
 



 You have 
Access
 
 	72
	Cited by


 

   




 Cited by

 
 Loading...


 [image: alt]   


 













Cited by





	


[image: Crossref logo]
72




	


[image: Google Scholar logo]















Crossref Citations




[image: Crossref logo]





This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Bello, Nicholas T.
2015.
A worldwide yearly survey of new data in adverse drug reactions.
Vol. 37,
Issue. ,
p.
1.


	CrossRef
	Google Scholar






Richards, Gareth
and
Smith, Andrew P.
2016.
A Review of Energy Drinks and Mental Health, with a Focus on Stress, Anxiety, and Depression.
Journal of Caffeine Research,
Vol. 6,
Issue. 2,
p.
49.


	CrossRef
	Google Scholar






Gutiérrez-Hellín, Jorge
Salinero, Juan José
Abían-Vicen, Javier
Areces, Francisco
Lara, Beatriz
Gallo, Cesar
Puente, Carlos
and
Del Coso, Juan
2016.
Acute consumption of p-synephrine does not enhance performance in sprint athletes.
Applied Physiology, Nutrition, and Metabolism,
Vol. 41,
Issue. 1,
p.
63.


	CrossRef
	Google Scholar






Diaz‐Lara, Francisco Javier
Del Coso, Juan
García, Jose Manuel
Portillo, Luis J.
Areces, Francisco
and
Abián‐Vicén, Javier
2016.
Caffeine improves muscular performance in elite Brazilian Jiu‐jitsu athletes.
European Journal of Sport Science,
Vol. 16,
Issue. 8,
p.
1079.


	CrossRef
	Google Scholar






Talanian, Jason L.
and
Spriet, Lawrence L.
2016.
Low and moderate doses of caffeine late in exercise improve performance in trained cyclists.
Applied Physiology, Nutrition, and Metabolism,
Vol. 41,
Issue. 8,
p.
850.


	CrossRef
	Google Scholar






Cabezas-Bou, Ernesto
De León-Arbucias, Jeidiel
Matos-Vergara, Nikol
Álvarez-Bagnarol, Yocasta
Ortega-Guzmán, Jesús
Narváez-Pérez, Karla
Cruz-Bermúdez, Nelson D.
and
Díaz-Ríos, Manuel
2016.
A Survey of Energy Drink Consumption Patterns Among College Students at a Mostly Hispanic University.
Journal of Caffeine Research,
Vol. 6,
Issue. 4,
p.
154.


	CrossRef
	Google Scholar






McLellan, Tom M.
Caldwell, John A.
and
Lieberman, Harris R.
2016.
A review of caffeine’s effects on cognitive, physical and occupational performance.
Neuroscience & Biobehavioral Reviews,
Vol. 71,
Issue. ,
p.
294.


	CrossRef
	Google Scholar






Enck, Paul
Klosterhalfen, Sibylle
and
Weimer, Katja
2017.
Unsolved, Forgotten, and Ignored Features of the Placebo Response in Medicine.
Clinical Therapeutics,
Vol. 39,
Issue. 3,
p.
458.


	CrossRef
	Google Scholar






Chia, Jingyi Shannon
Barrett, Laura Ann
Chow, Jia Yi
and
Burns, Stephen Francis
2017.
Effects of Caffeine Supplementation on Performance in Ball Games.
Sports Medicine,
Vol. 47,
Issue. 12,
p.
2453.


	CrossRef
	Google Scholar






Puente, Carlos
Abián-Vicén, Javier
Salinero, Juan
Lara, Beatriz
Areces, Francisco
and
Del Coso, Juan
2017.
Caffeine Improves Basketball Performance in Experienced Basketball Players.
Nutrients,
Vol. 9,
Issue. 9,
p.
1033.


	CrossRef
	Google Scholar






Wikoff, Daniele
Welsh, Brian T.
Henderson, Rayetta
Brorby, Gregory P.
Britt, Janice
Myers, Esther
Goldberger, Jeffrey
Lieberman, Harris R.
O'Brien, Charles
Peck, Jennifer
Tenenbein, Milton
Weaver, Connie
Harvey, Seneca
Urban, Jonathan
and
Doepker, Candace
2017.
Systematic review of the potential adverse effects of caffeine consumption in healthy adults, pregnant women, adolescents, and children.
Food and Chemical Toxicology,
Vol. 109,
Issue. ,
p.
585.


	CrossRef
	Google Scholar






Salinero, Juan
Lara, Beatriz
Ruiz-Vicente, Diana
Areces, Francisco
Puente-Torres, Carlos
Gallo-Salazar, César
Pascual, Teodoro
and
Del Coso, Juan
2017.
CYP1A2 Genotype Variations Do Not Modify the Benefits and Drawbacks of Caffeine during Exercise: A Pilot Study.
Nutrients,
Vol. 9,
Issue. 3,
p.
269.


	CrossRef
	Google Scholar






Nowak, Dariusz
Gośliński, Michał
and
Nowatkowska, Kamila
2018.
The Effect of Acute Consumption of Energy Drinks on Blood Pressure, Heart Rate and Blood Glucose in the Group of Young Adults.
International Journal of Environmental Research and Public Health,
Vol. 15,
Issue. 3,
p.
544.


	CrossRef
	Google Scholar






Dunican, Ian C.
Higgins, Charles C.
Jones, Maddison J.
Clarke, Michael W.
Murray, Kevin
Dawson, Brian
Caldwell, John A.
Halson, Shona L.
and
Eastwood, Peter R.
2018.
Caffeine use in a Super Rugby game and its relationship to post‐game sleep.
European Journal of Sport Science,
Vol. 18,
Issue. 4,
p.
513.


	CrossRef
	Google Scholar






Katch, Rachel K.
Smith, Michael S.
LaBotz, Michele
Belval, Luke N.
and
Hosokawa, Yuri
2018.
Sport and Physical Activity in the Heat.
p.
347.


	CrossRef
	Google Scholar






Puente, Carlos
Abián-Vicén, Javier
Del Coso, Juan
Lara, Beatriz
Salinero, Juan José
and
Barbier, Olivier
2018.
The CYP1A2 -163C>A polymorphism does not alter the effects of caffeine on basketball performance.
PLOS ONE,
Vol. 13,
Issue. 4,
p.
e0195943.


	CrossRef
	Google Scholar






GUTIÉRREZ-HELLÍN, JORGE
and
DEL COSO, JUAN
2018.
Effects of p-Synephrine and Caffeine Ingestion on Substrate Oxidation during Exercise.
Medicine & Science in Sports & Exercise,
Vol. 50,
Issue. 9,
p.
1899.


	CrossRef
	Google Scholar






Sankararaman, Senthilkumar
Syed, Wahid
Medici, Valentina
and
Sferra, Thomas J.
2018.
Impact of Energy Drinks on Health and Well-being.
Current Nutrition Reports,
Vol. 7,
Issue. 3,
p.
121.


	CrossRef
	Google Scholar






Salinero, Juan José
Lara, Beatriz
and
Del Coso, Juan
2019.
Effects of acute ingestion of caffeine on team sports performance: a systematic review and meta-analysis.
Research in Sports Medicine,
Vol. 27,
Issue. 2,
p.
238.


	CrossRef
	Google Scholar






Raizel, Raquel
Coqueiro, Audrey Yule
Bonvini, Andrea
and
Tirapegui, Julio
2019.
Sports and Energy Drinks.
p.
1.


	CrossRef
	Google Scholar





Download full list
















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference



[image: US]
Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Türkiye
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	


[image: Cambridge University Press]






	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








The use of energy drinks in sport: perceived ergogenicity and side effects in male and female athletes








	Volume 112, Issue 9
	
Juan J. Salinero (a1), Beatriz Lara (a1), Javier Abian-Vicen (a1), Cristina Gonzalez-Millán (a1), Francisco Areces (a1), César Gallo-Salazar (a1), Diana Ruiz-Vicente (a1) and Juan Del Coso (a1)

	DOI: https://doi.org/10.1017/S0007114514002189





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





The use of energy drinks in sport: perceived ergogenicity and side effects in male and female athletes








	Volume 112, Issue 9
	
Juan J. Salinero (a1), Beatriz Lara (a1), Javier Abian-Vicen (a1), Cristina Gonzalez-Millán (a1), Francisco Areces (a1), César Gallo-Salazar (a1), Diana Ruiz-Vicente (a1) and Juan Del Coso (a1)

	DOI: https://doi.org/10.1017/S0007114514002189





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





The use of energy drinks in sport: perceived ergogenicity and side effects in male and female athletes








	Volume 112, Issue 9
	
Juan J. Salinero (a1), Beatriz Lara (a1), Javier Abian-Vicen (a1), Cristina Gonzalez-Millán (a1), Francisco Areces (a1), César Gallo-Salazar (a1), Diana Ruiz-Vicente (a1) and Juan Del Coso (a1)

	DOI: https://doi.org/10.1017/S0007114514002189





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















