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Introduction

There is no stimulant consumed by more people in the world than caffeine (1). It can 
make us feel perkier, less tired, and more energetic. Knowing this, we may wonder if 
caffeine can aid us in increasing our exercise performance in long, fatiguing endurance 
activities. This paper examines the results seen in studies that look at the effect of 
caffeine on exercise ability for activities requiring over 20 minutes to complete. 
Additionally, we look at the possible sources of caffeine for exercise enhancement, the 
potential dehydration and diuretic effects of caffeine, and, the possible biochemical 
methods by which caffeine can influence exercise ability in an endurance event. 

General Information on Caffeine

The following general information on caffeine is helpful in understanding the topics we 
discuss in this paper. The level of caffeine present on average in a few common 
substances is as follows (2,3): 

Soda (12 ounces)

Coca-Cola 45 mg

Pepsi Cola 40 mg

Mountain Dew 55 mg

Coffee (10 ounces)

Drip Method 230 mg

Instant 130 mg

Tea (10 ounces) 100 mg

No Doz (1 tablet) 100 mg

Vivarin (1 tablet) 200 mg

Caffeine is completely absorbed in the gastrointestinal tract and it reaches its maximal 
level in the blood approximately 30 to 60 minutes after being consumed (1). In healthy 
adults, the half-life of caffeine ranges from 2 to 12 hours, and, on average, is 4 to 6 hours 
(1).

The Correlation between Caffeine and Endurance Performance



Caffeine was considered an illegal doping substance by the International Olympic 
Committee (IOC) until 1972, at which time the committee decided to take caffeine off the 
list of banned agents. In 1984, however, the IOC reconsidered its view on caffeine and 
today a limit of 12 mg/l stands as the maximum amount of caffeine that can be present in 
an athlete's urine. (It would take approximately 800 mg of caffeine, 40 ounces of coffee, 
or 16 cans of cola consumed in 2-3 hours for one to reach this level (2,3). A historic 
article printed in 1978 from the laboratory of Costill sparked the athletic and scientific 
interest on the ergogenic effect, or exercise enhancing ability, of caffeine. Costill's lab 
reported that when trained cyclists consumed 330 mg of caffeine one hour prior to 
cycling to exhaustion at 80 percent of maximal oxygen consumption (VO2max), their 
time to exhaustion increased from the 75 min, observed with placebo, to 96 min(4). A 
second study shortly followed showing that 250 mg of caffeine increased the amount of 
work athletes could perform in 2 hours by 20% (5). 

In the 1980's, most studies concerning caffeine and exercise focused on how the drug 
affected metabolism, while few looked at the potential ergogenic effect of caffeine. 
However, those studies that did examine caffeine's ergogenic ability were highly 
contradictory. Some papers reported that caffeine had no effect on endurance exercise 
performance, while others concluded that caffeine gave athletes an edge in endurance 
activities. Much of the inconsistency is thought to have arisen due to the lack of control 
among factors in the studies (6,7). In the 1990's, many variables that relate to 
experimental method and the qualities of the subjects studied have been controlled more 
precisely (6). The methodical factors that have been scrutinized include exercise 
modality, caffeine dosage, and percent power exertion (6,7). Concern with the 
experimental participants' nutritional and training status, previous caffeine use, and 
individual variability are being monitored more closely in studies during this decade 
(6,7). Lastly, the ability to obtain accurate results about exercise performance is better 
understood now (6). For example, we now have more accurate equipment, and we know 
that well-trained subjects provide more consistent and reliable data than poorly trained 
subjects in the studies (6). 

Since 1990, numerous investigations have shown an ergogenic effect of caffeine in 
relation to prolonged exercise (6,8-13). Graham and Spriet performed one of the first 
important studies of this decade when they looked at seven trained competitive runners 
perform each of four double blind, randomly ordered tests (8). With each athlete, there 
were two trials where they ran at 85% VO2max to exhaustion and two trials were they 
biked at 85% VO2max to exhaustion. One hour before beginning exercise, the test 
subjects consumed a placebo or 9 mg/kg body weight caffeine. (A 9 mg/kg body weight 
dose is equivalent to 614 mg caffeine in a 150 pound person.) In both running and biking, 
caffeine significantly (p<0.05) improved endurance. The mean results in running were 
49+/- 7.2 min with placebo and 71.0 +/- 11.0 min with caffeine, and, in biking, 39.2 +/-
6.5 min with placebo and 59.3 +/- 9.9 min with caffeine. 

Another study, in 1995, again conducted by Graham and Spriet, looked to see if there 
existed a dose dependent relationship between caffeine and exercise performance (9). 
Eight well-trained endurance athletes, who had not consumed any caffeine 48 hours prior 



to beginning each of the investigative tests, were given a placebo, or a capsule that 
contained 3, 6, or 9 mg/kg body weight caffeine. One hour later they were asked to run at 
85% VO2max until they reached voluntary exhaustion. There were significant increases 
in exercise performance by 22 +/- 9% and 22 +/- 7% over the placebo time of 49.4 +/- 4.2 
min with the 3 and 6 mg/kg body weight dosages, respectively. There was no significant 
difference between the 9 mg/kg dose and the placebo. This contradicted the result seen in 
their 1991 paper. 

A somewhat similar report was released only two months after the previous paper by 
Graham and Spriet (9) and Pasman, et al. (10). This study looked at nine well-trained 
cyclists and asked the athletes to cycle at 80% of maximum workload (Wmax) to 
exhaustion one hour after being given, in a double-blind and randomized manner, 
caffeine capsules of 0, 5, 9, or 13 mg/kg body weight. The resulting times were 47 +/- 13, 
58 +/- 11, 59+/- 12, and 58 +/- 12 min for the 0, 5, 9, 13 mg/kg body weight dosages, 
respectfully. Each caffeine dosage gave a significant increase in endurance performance 
relative to the placebo. However, the improvements are extremely similar in all three 
caffeine doses, and, thus, Pasman, et al. did not find a dosage dependent relationship with 
exercise performance in the caffeine range of 5 to 13 mg/kg body weight. After exercise, 
mean urinary concentrations of caffeine were 4.8 +/- 1.8, 8.9 +/- 5.2, and 14.9 +/- 6.9 
mg/l urine for 5, 9, and 13 mg caffeine/kg body weight dosages, respectively. Only the 
dose of 5 mg/kg body weight would have allowed all participating subjects to pass the 
IOC limit of 12 mg/l urine. 

In the same year, Trice and Haymes reported on the relationship they had observed in a 
double blind study between caffeine and intermittent exercise (13). After ingesting 
placebo or 5 mg/kg caffeine and waiting one hour, subjects exercised at 85 to 90% 
Wmax. The participants were asked to try to complete three 30 min cycling periods with 
a 5 min break between each period. They were considered to have failed if they did not 
finish a 30 min period, or when their cycling fell below 70 rpm. Once again, the time 
until failure was significantly longer in the caffeine test than in the placebo test. 

In addition to running and biking, caffeine has also been shown by Macintosh and Wright 
to have an ergogenic effect in swimming (12). In a double-blind crossover study, trained 
swimmers were given either a placebo or a dosage of caffeine at 6 mg/kg body weight, 
two and one-half hours before swimming a 1500m freestyle time trial. (The swimmers 
were allowed a 100m warm up before the race). The time required to finish was 
significantly shorter with caffeine 20:58.8 +/- 0:36.4 as compared to placebo 21:21.8 +/-
0:38. 

Together, these recent experiments strongly support the idea that caffeine is an ergogenic 
aid in endurance exercises requiring, on average, over 20 minutes to complete. As stated 
earlier, Graham and Spriet (9) reported no significant improvement in exercise 
performance during a running trial that compared placebo to caffeine consumed at 9 
mg/kg body weight. This likely occurred because at this dosage some athletes begin to 
notice side effects, such as headache, gastrointestinal distress, and dizziness, that 
decrease exercise performance. However, side effects are rare at dosages of 6 mg/kg 



body weight and lower. Considering this point and the fact that no significant 
improvement has been demonstrated by a dose greater than 6 mg/kg body weight 
compared to a dose at 6 mg/kg body weight, it seems that the optimal exercise enhancing 
dosage could lie near or below this area for most athletes. It is ironic that this dosage 
keeps an athlete's urine caffeine level well below the IOC illegal limit of 12 mg/l urine, 
and even further below the illegal limit of caffeine in the NCAA of 15 mg/l urine (1). 

While caffeine appears to provide a substantial ergogenic effect in prolonged exercise, 
results remain ambiguous in short term exercise requiring less than 20 minutes to 
complete and in sprints (6,14). More research is necessary in these areas before results 
become conclusive. 

Sources of Caffeine to Improve Endurance

While studies have shown that caffeine administered in a pill can have an ergogenic 
effect in prolonged exercise, caffeine from other sources may not provide the same 
ergogenic effect (15). Graham, et al. compared the exercise performance of 4.5 mg 
caffeine/kg body weight given via a "pure" caffeine tablet and the same amount of 
caffeine given in two mugs of strong coffee consumed in approximately 10 min by the 
subjects. The tablet form of caffeine gave the usual performance advantage, while 
caffeine consumption in coffee showed little of no effect on exercise performance. When 
plasma concentrations of caffeine were tested, the caffeine levels were identical between 
the two methods of caffeine consumption. It was hypothesized that coffee contains 
several compounds that may negate the ergogenic effect of caffeine. 

The Dehydration and Diuretic Effects of Caffeine

It has been well established that the consumption of caffeine during rest increases an 
individual's sweat rate and urine production. Thus, it is a concern that the consumption of 
caffeine during exercise might compromise an athlete's hydration status. However, when 
Falk, et al. performed a double-blind crossover study comparing men during exercise 
after placebo ingestion vs. after caffeine ingestion, they found no significant difference in 
sweat rate or fluid balance (16). 

Additionally, in a recent paper by Wemple, et al. the diuretic effect of caffeine was 
examined during rest and during exercise (17). In six subjects, urinary volume (UV) was 
compared between a trial consisting of four hours of rest, and a trial consisting of one 
hour of rest followed by three hours of cycling at 60% VO2max. Throughout the trials, 
subjects consumed 35 ml/kg body weight of a carbohydrate electrolyte drink without 
caffeine (placebo) or with 25 mg/dl caffeine. From 60 min to 240 min, in the four hours 
of rest trial, UV was greater (p<0.01) when caffeine was present in the drink (UV 
caffeine trial: 1843 +/- 166 ml, UV placebo trial: 1411 +/- 181 ml) as would be expected. 
However, in the exercise containing trial, there was not a significant difference in UV 
during the cycling portion (from 60 min to 240 min) when caffeine was included in the 
drink (UV caffeine trial: 398 +/- 32 mL, UV placebo trial: 490 +/- 57 ml). It was 



concluded that caffeine consumed in a carbohydrate electrolyte containing drink during 
exercise does not "compromise" the bodies hydration status. 

Proposed Mechanism by Which Caffeine Provides an Ergogenic Effect in Prolonged 
Exercise

Although the mechanism by which caffeine enhances performance in endurance exercise 
is uncertain, it is believed that caffeine increases potassium transport into cells of inactive 
tissue by upregulating the Na-K pump (6,18). The increased K transport is thought to 
occur predominantly in inactive tissue since Na-K pump activity in working muscle is 
postulated to be close to maximal, giving little room for increase. Caffeine would thus
attenuate the increased plasma K concentration generally seen during intense aerobic 
exercise. The relative decrease in the concentration of potassium in the plasma that has 
been observed is hypothesized to help maintain the membrane potential and the 
excitability of contracting muscle. 

It is believed that caffeine increases Na-K pump activity by binding to adenosine 
receptors. This binding causes an increase in cytosolic cAMP, which activates the Na-K 
pump. While it has been proposed that caffeine and its metabolites may also increase 
cytosolic cAMP levels by inhibiting phosphodiesterase activity, as seen in vitro, this is 
likely an insignificant factor in the ergogenic effect of caffeine with endurance exercise. 
The trouble is that in vivo concentrations of caffeine and its metabolites are substantially 
smaller than the concentration needed to inhibit phosphodiesterase activity in vitro. 
Caffeine and its metabolites would provide only a weak inhibition of phosphodiesterase 
at physiological concentrations (19). 

Additionally, caffeine is hypothesized to somehow reduce one's perception of exertion. 
Studies have shown that athletes perceive exercise as being easier after they have 
consumed caffeine vs. placebo (12). Furthermore, when asked to exercise to a specific 
rating on the Borg rating of perceived exertion scale, athletes performed significantly 
more work after receiving caffeine than placebo (20). 

Conclusion

Studies during this decade have shown that caffeine acts as an ergogenic aid in exercise 
taking greater than 20 minutes to complete. Although we often equate caffeine with 
coffee, and while caffeine has proven to be an ergogenic aid, coffee with caffeine has not. 
Thus, it should be remembered that other chemicals, when taken in conjunction with 
caffeine, can alter the ergogenic effect of caffeine. We also saw that, contrary to popular 
belief, caffeine does not significantly increase dehydration in exercising athletes, as it 
does in resting individuals. This is a significant result for athletes, such as marathoners 
and triatheletes, that consume caffeine during a long race. The mechanism by which 
caffeine acts as an ergogenic aid in endurance exercise is unknown, but it has been 
proposed to be related to the reduction of the concentration of plasma K observed in 
athletes after consuming caffeine vs. placebo. Additionally, a psychological effect caused 
by caffeine is hypothesized to decrease one's perception of exertion. 



Although much has been done to show that caffeine can act as an ergogenic aid in 
prolonged exercise, it is important to remember that people do respond differently to 
caffeine and that the optional dose for a specific individual can vary with what has been 
seen from those involved in the research studies. Many of the participants in the studies 
were male athletes who had been training. Additionally, caffeine before a race can bring 
about additional health risks to certain people, such as those with hypertension. Before 
certain types of prolonged exercise, such as soccer or basketball, caffeine may be 
unwanted by some individuals because it can cause them to feel too wired or off track. 
However, to many endurance athletes caffeine has become a major component of their 
race because they feel it gives them an important edge. Triatheletes are often seen 
drinking defizzed Coke during a race or sipping from a bottle containing their own blend 
of ingredients, including powdered caffeine that they stirred in before the start. 
Ultimately, athletes must decide for themselves if caffeine is something they want to 
incorporate with their exercise. If one does decide to use caffeine with exercise, it is 
advised that this not be tried for the first time in a race considered important. 
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