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The effect of caffeine ingestion on 8 km run performance in a field
setting

C. A. BRIDGE & M. A. JONES

Sport and Exercise Research Group, Edge Hill College, Ormskirk, UK

(Accepted 24 June 2005)

Abstract
The aim of this study was to assess the effect of caffeine ingestion on 8 km run performance using an ecologically valid test
protocol. A randomized double-blind crossover study was conducted involving eight male distance runners. The participants
ran an 8 km race 1 h after ingesting a placebo capsule, a caffeine capsule (3 mg � kg71 body mass) or no supplement. Heart
rate was recorded at 5 s intervals throughout the race. Blood lactate concentration and ratings of perceived exertion were
recorded after exercise. A repeated-measures analysis of variance (ANOVA) identified a significant treatment effect for 8 km
performance time (P5 0.05); caffeine resulted in a mean improvement of 23.8 s (95% confidence interval [CI]¼ 13.1 to
34.5 s) in 8 km performance time (1.2% improvement, 95% CI¼ 0.7 to 1.8%). In addition, a two-way (time6 condition)
repeated-measures ANOVA identified a significantly higher blood lactate concentration 3 min after exercise during the
caffeine trial (P5 0.05). We conclude that ingestion of 3 mg � kg71 body mass of caffeine can improve absolute 8 km run
performance in an ecologically valid race setting.

Keywords: Ergogenic aids, caffeine, endurance performance, field setting

Introduction

Research has consistently demonstrated that caffeine

ingestion (3 – 9 mg � kg71 body mass) produces sig-

nificant improvements in endurance capacity as

measured by time to exhaustion at a sub-maximal

workload of 75 – 85% of maximal oxygen uptake

( _V O2max) (Costill, Dalsky, & Fink, 1978; Essig,

Costill, & Vanhandel, 1980; Graham & Spriet, 1991,

1995; Greer, Friars, & Graham, 2000; Pasman,

Van Baak, Jeukendrup, & De Haan, 1995; Ryu et al.,

2001; Van Soeren & Graham, 1998). Only rarely has

a neutral response been reported and these studies

have not been conclusive (Butts & Crowell, 1985;

Denadai & Denadai, 1998; Falk et al., 1990). For

example, Denadai and Denadai (1998) reported no

significant improvement in time to exhaustion at an

intensity above OBLA, but a significant improve-

ment at an intensity below OBLA. Because most of

the existing research has been conducted under

laboratory conditions utilizing time to exhaustion

protocols, there is a need for more ecologically valid

approaches to studying the influence of caffeine on

performance. Endurance capacity protocols used in

previous research may indicate caffeine’s potential as

a training aid, but this information is limited with its

application to absolute performance (unrestricted by

fixed intensity or power output). During absolute

performance, exercise intensity varies throughout,

since pacing strategies, tactics and environmental

factors influence the race.

In protocols simulating performance, caffeine

ingestion resulted in significantly increased work

production of about 7.4% in a 2 h cycling time trial

(Ivy, Costill, Fink, & Lower, 1979), 3.4 – 5.3% in a

1 h cycling time trial (Kovacs, Stegen, & Brouns,

1998), a 1.8% reduction in 1500 m swimming time

(mean time�1260 s; Macintosh & Wright, 1995) and

indicated a slight improvement (1.7%) during 10 km

running (from 2808 to 2760 s), although the findings

of the latter study were not statistically significant

(Bell, Mclellan, & Sabiston, 2002). Although these

studies tried to measure absolute performance, the

testing was conducted under laboratory conditions. It

remains questionable whether these protocols con-

sider many of the variables present during actual

competition, in particular the pacing and tactical

aspects. In more ecologically valid race settings,

caffeine ingestion resulted in a significant reduction

(1.8%) in 20 – 23 km cross-country skiing in men
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(mean time �3330 s; Berglund & Hemmingsson,

1982), but in contrast exhibited little influence on

race time during 21 km road racing in hot and humid

conditions (Cohen et al., 1996).

The above research findings indicate that caffeine

ingestion is most likely ergogenic for endurance

capacity and these effects appear likely to translate

into a significant increase in absolute performance in

a variety of simulated scenarios. Although recent

research has attempted to measure absolute perfor-

mance, the experiments were conducted under

simulated laboratory-based conditions. To the

authors’ knowledge, only two studies have attempted

to assess caffeine’s ergogenic effects by using an

ecologically valid race protocol (Berglund &

Hemmingsson, 1982; Cohen et al., 1996). Not only

do these two studies report conflicting results, there

are also several methodological issues that confound

the results. For example, the study conducted

by Berglund and Hemmingsson (1982) has been

criticized because the investigators normalized their

data in a complex way (Graham, 2001) and the trials

were performed under different environmental con-

ditions and at different altitudes. On the other hand,

the study of Cohen et al. (1996) was conducted in a

hot and humid environment.

The purpose of the present study was to investigate

the effect of caffeine ingestion on 8 km run perfor-

mance using an ecologically valid test protocol. The

study also used a relatively low concentration of

caffeine (3 mg � kg71 body mass), as previous studies

have indicated improvements with similar low doses

(Graham & Spriet, 1995; Lindinger, Graham, &

Spriet, 1993).

Methods

Participants

Eight trained male distance runners who had

competed regularly for over 2 years participated in

this study. The participants’ mean (+ s) physical

characteristics were as follows: age 21.3+ 1.2 years,

body mass 69.3+ 5.0 kg, height 1.78+ 0.08 m. All

participants were habitual users of caffeine and had

no history of hypersensitivity to caffeine. Ethical

approval was granted by Edge Hill College and all

participants provided written informed consent.

Nutritional and training control

Nutritional status was controlled for 24 h before each

race. This control provided the participants with a

standard diet of 209 kJ � kg71 body mass, composed

of 63% (8 g � kg71 body mass) carbohydrates, 20% fat

and 17% protein (Helge, Richter, & Kiens, 1996).

Total macronutrient requirements were provided on

an individual basis taking into account each partici-

pant’s body mass and usual food choices. The

participants maintained this exact diet during the 24

hours prior to each trial. In addition to these control

measures, the participants were instructed to refrain

from caffeine consumption, alcohol consumption

and to keep training intensity and duration light in

the 48 h before all trials. They were also instructed to

arrive at each race in a fully hydrated state.

Experimental design

Each participant was required to complete an 8 km

race as quickly as possible while competing against

each other. The experiment was a randomized

double-blind crossover design, which involved re-

peated measures of the same participants. Three

trials in total were performed, each separated by one

week and each was conducted at the same time of

day to prevent variations in circadian rhythms from

influencing the results (Atkinson & Reilly, 1996).

Experimental protocol

The participants were instructed to report to the

laboratory 2½ h before experimental testing, when

resting measurements of heart rate and blood lactate

concentration were taken. The participants then

ingested a placebo capsule containing 3 mg � kg71

body mass of glucose, a caffeine capsule containing

3 mg � kg71 body mass (AnalaR caffeine, VWR

International Ltd) or no supplement (control), 1 h

before each race. After administration, the partici-

pants were instructed to rest quietly for 1 h. One

hour post-ingestion, resting heart rate and blood

lactate concentration were re-measured. The parti-

cipants were then allowed an active warm up and

stretching period and were instructed to reproduce

the same preparation for each trial.

The participants were instructed to compete in an

8 km race on a standard synthetic track against each

other in the fastest possible time. Heart rate was

recorded at 5 s intervals throughout the race (Polar

team system, interfaced using Polar precision perfor-

mance software version 4.0). On completion of the

race, earlobe capillary samples were collected during

passive recovery at 3, 6 and 9 min to analyse whole

blood lactate (Analox P-GM 7) and rating of

perceived exertion (RPE) was measured using the

CR10 scale (Borg, 1982; Noble & Robertson, 1996).

Measures of ambient temperature (8C), barometric

pressure (mmHg) and humidity (%) were recorded

for each race. Similar environmental conditions were

present upon each occasion; temperature ranged

from 8 to 108C, barometric pressure from 749 to

752 mmHg, and humidity from 57 to 67% during the

three trials.
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Statistical analysis

One-way repeated-measures analyses of variance

(ANOVA) were conducted to evaluate the influence

of treatment (3 levels) on performance time, mean

race heart rate and post-race RPE. The within-

subject coefficient of variation (CV) of the perfor-

mance time was calculated from a repeated-measures

ANOVA using the placebo and control trials

(CV¼ �residual mean square/mean performance

time across two trials). Differences in performance

time were expressed as a comparison of the caffeine

trial to the mean of the placebo and control trials and

95% confidence intervals were calculated (mean

difference + 1.966 standard error of mean). Two-

way repeated-measures (treatment6 time) ANOVA

was conducted for 5 min mean heart rates during the

race and blood lactate measures. Significance was set

at P5 0.05. When significant treatment effects were

identified, related t-tests were conducted to allow

pair-wise comparison between treatments, and the

significance level was adjusted using the Bonferroni

correction for the number of comparisons. All

statistical procedures were performed using SPSS

for Windows, version 11.5. Descriptive data are

expressed as the mean+ standard deviation (s).

Results

8 km performance time

The mean 8 km performance time was 1917 s

(31:57 min); performance time ranged from 1901 s

during the caffeine trial to 1925 s for the control trial.

Caffeine ingestion of 3 mg � kg71 body mass 1 h

before exercise led to a significant improvement in

8 km performance time (F2,14¼ 10.24, P¼ 0.002).

Pair-wise comparison identified significant differ-

ences between the caffeine and control trial

(t7¼ 3.37, two-tailed P¼ 0.012), and between the

caffeine and placebo trial (t7¼ 4.71, two-tailed

P¼ 0.002). Relative to the mean time for the control

and the placebo trials, caffeine ingestion resulted in

an average improvement of 23.8 s (95% confidence

interval [CI]¼ 13.1 to 34.5 s), which translated into a

1.2% (95% CI¼ 0.7 to 1.8%) improvement in

performance. The within-subject coefficient of varia-

tion of the test was 0.6%. The inter-individual range

of improvement was 10 to 61 s (Figure 1).

Heart rate and RPE responses

Mean heart rate during the 8 km performance trials

was 180 beats �min71. Caffeine ingestion resulted in

a significantly higher mean heart rate of 1.9+ 0.9

beats �min71 during exercise compared with the

control and placebo trials (F2,14¼ 7.60, P¼ 0.012).

It appeared that a higher steady heart rate was

achieved in the caffeine trial from 6 to 20 min of

exercise (Figure 2), although the results of the two-

way ANOVA with 5 min mean heart rates identified

no significant treatment (F2,12¼ 0.84, P¼ 0.456) or

interaction effect (F12,72¼ 1.12, P¼ 0.362). There

was a trend for lower RPE values during the caffeine

trial (6.6+ 0.9) than during the control (7.0+ 0.5)

and placebo (7.0+ 0.8) trials, although this was not

statistically significant (F2,14¼ 1.14, P¼ 0.346).

Blood lactate responses

Figure 3 illustrates the blood lactate data. A two-way

ANOVA identified a significant interaction effect for

blood lactate responses (F6,42¼ 3.68, P¼ 0.03).

With the exception of 3 min post-race blood lactate

concentration, none of the three treatments differed

from each other when pair-wise related t-tests were

conducted using a Bonferroni adjustment for num-

ber of comparisons (P¼ 0.006). Blood lactate

concentration 3 min after exercise was significantly

higher in the caffeine trial than in the control trial

Figure 1. Individual 8 km performance time responses to caffeine ingestion compared with the mean of the placebo and control trials.
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(t7¼ 4.85, two-tailed P¼ 0.002) and the placebo trial

(t7¼ 5.46, two-tailed P¼ 0.001).

Discussion

The major finding of this study was that the

ingestion of a relatively small dose of caffeine

(3 mg � kg71 body mass) 1 h before an 8 km race

resulted in a noticeable performance improvement.

Relative to the control trial and the placebo trial,

caffeine ingestion resulted in an average improve-

ment of 23.8 s (95% CI¼ 13.1 to 34.5 s), which

translated into a 1.2% (95% CI¼ 0.7 to 1.8%)

improvement in performance. The improvement in

performance was greater than the within-subject

coefficient of variation for performance (0.6%),

suggesting a meaningful performance improvement

(Hopkins, Hawley, & Burke, 1999). The range of

improvement was from 10 to 61 s, indicating

athletes varied in their responsiveness towards

caffeine ingestion. Differences in the range of re-

sponses between participants have previously been

reported during both endurance capacity proto-

cols and absolute performance based protocols

(Doherty, Smith, Davison, & Hughes, 2002; Graham

& Spriet, 1991; Macintosh & Wright, 1995). Differ-

ences in these ranges of responsiveness could be an

indication that there may be responders and non-

responders towards this type of ergogenic aid. In light

of this fact, the ergogenic benefit of caffeine should

be considered on an individual basis for competitive

athletes.

Figure 2. Heart rates throughout the course of the three trials (mean+ sx̄).

Figure 3. Blood lactate responses in the three conditions pre- and post-race mean+ sx̄. *Caffeine significantly different from placebo and control.
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The results of this study corroborate existing

literature conducted using performance-related pro-

tocols over longer duration (�7.4%: Ivy et al., 1979;

1.8%: Berglund & Hemmingsson, 1982), similar

duration (3.4 – 5.3%: Kovacs et al., 1998) and

shorter duration (1.8%: Macintosh & Wright,

1995). In contrast, no significant improvement was

identified in 10 km (Bell et al., 2002) or 21 km

running (Cohen et al., 1996). Several variables have

the potential to produce conflicting data between

existing performance-related investigations. These

include environmental variations between investiga-

tions (Berglund & Hemmingsson, 1982; Cohen

et al., 1996), variations in protocol designs, exercise

intensities and durations (Graham, 2001), varying

fitness status and sample size (Collomp, Ahmaidi,

Chatard, Audran, & Prefaut, 1992), and differences

in timing (Bell & Mclellan, 2002), dose (Kovacs

et al., 1998) and form of caffeine administration

(Graham, Hibbert, & Sathasivam, 1998).

Many previous studies have suggested that the

principal mechanism related to performance improve-

ments associated with caffeine ingestion relates to the

influence on lipid substrate availability and utilization

(Erickson, Schwarzkopf, & Mckenzie, 1987; Essig et al.,

1980; Graham & Spriet, 1991; Ivy et al., 1979; Ryu

et al., 2001; Spriet et al., 1992). Although these variables

were not measured during this experiment, it is

plausible that this mechanism is not the only contri-

buting factor to the ergogenic actions of caffeine,

particularly given the duration of the 8 km event with a

mean time of 1917s. Graham (2001) questioned the

assumption that metabolic factors were the key

mechanism of improvement in endurance capacity as

a result of caffeine since there is a wealth of research

indicating no significant increase in lypolysis and a

reduction in either glycogenolysis or muscle glycogen

stores (Graham, Helge, Maclean, Kiens, & Richter,

2000). Caffeine also has the ability to increase

performance when glycogen sparing is not a limiting

factor, such as short-term, high-intensity exercise

(Graham, 2001). Therefore, other mechanisms or a

combination of various mechanisms may contribute to

these increases in performance, including metabolic,

central nervous system, cardiovascular and skeletal

muscle effects.

During exercise caffeine ingestion resulted in a

significant increase in mean heart rate (1.9+ 0.9

beats �min71), which suggests that our participants

were able to work at a higher percentage of their

maximal heart rate during the caffeine trial. This

finding is in line with the results of Kovacs et al.

(1998), who found a mean increase of 4

beats �min71. The higher mean heart rates could

be attributed to the direct effects of caffeine as a

stimulant or due to caffeine’s effects upon central

perceptions of effort (Graham, 2001). It appeared

that caffeine ingestion led to a higher steady-state

heart rate during the caffeine trial from 6 to 20 min

but no significant difference was observed when the

5 min mean heart rate data were analysed. Overall,

although mean heart rate was significantly higher, the

physiological significance of the mean increase of

1.9 beats �min71 is likely to have been minimal.

Despite the increased mean heart rate, there was a

trend for the participants to report lower RPE values

after the race, although these did not reach statistical

significance. There is support both for (Doherty et al.,

2002; Rodrigues et al., 1990) and against (Bell et al.,

2002; Bruce et al., 2000) reductions in RPE after

caffeine ingestion. The trend for a reduced RPE in

the current study, particularly in relation to the higher

heart rate and increased performance time, suggests

that caffeine may elicit a central nervous system effect

by reducing the perception of effort and fatigue.

Future research should evaluate more regular mea-

surement of RPE during the event. Post-race RPE

provides a representation of effort during the whole

event, whereas the potential disassociation between

RPE and intensity may occur for a short time during

the early stages of exercise (e.g. from 6 to 20 min).

Caffeine ingestion had no influence on resting

blood lactate concentration 1 h post-ingestion, which

is consistent with previous findings (Greer et al.,

2000; Ryu et al., 2001). However, blood lactate

concentration was significantly higher 3 min after

exercise. This finding is consistent throughout the

literature (Graham & Spriet, 1995; Greer et al.,

2000; Ryu et al., 2001) and we are unaware of any

research that did not report similar findings during

moderate- to long-term endurance performance.

There are several possible mechanisms that may be

responsible for the increase in blood lactate concen-

tration, the first of which may be related to substrate

metabolism. Research suggests that increases in free

fatty acid availability reduces lactate utilization by the

muscles, thereby increasing lactate production

(Dunn & Critz, 1975). In addition, pyruvate

metabolism must occur quickly if lactate utilization

is to occur (Gladden, 1989); theory suggests that

caffeine may inhibit pyruvate oxidation, conse-

quently inhibiting lactate utilization and increasing

lactate production (Graham, 2001). Furthermore,

lactate accumulation in the muscle decreases in-

tracellular pH, which in turn disturbs muscle

contractile properties and the activity of glycogen-

olytic enzymes (Bertocci & Gollnick, 1985; Hogan,

Gladden, Kurdak, & Poole, 1995). In light of this

evidence, increases in blood lactate concentration

may appear paradoxical considering that perfor-

mance is actually enhanced. However, increases in

blood lactate are not always indicative of fatigue or

reduced performance. An alternative theory may be

that caffeine promotes increased ATP resynthesis

Effect of caffeine on 8 km run performance 437



through anaerobic glycolysis enabling more rapid

energy provision facilitated by increased activity of

phospofructokinase or an increased efflux of Hþ
from the muscle cell (Nevill, Boobis, Brooks, &

Williams, 1989). Additionally, caffeine has been

shown to facilitate calcium release, which activates

both enzymatic transformation of glycogen phos-

phorylase b to the more active form, thereby

accelerating glycogenolysis, and glycogenolytic adre-

naline secretion (Collomp, Ahmaidi, Audran,

Chanal, & Prefaut, 1991; Fisher, Heilmayer, &

Hascke, 1971). Therefore, it is possible that although

increased lactate suggests a metabolic response to

caffeine, the underpinning cause of this is through

caffeine’s action on skeletal muscle.

In conclusion, ingestion of 3 mg � kg71 body mass of

caffeine 1 h before exercise significantly improved

absolute 8 km run performance in an ecologically valid

race setting in eight male runners. Caffeine ingestion

resulted in a total mean reduction in performance time

of 23.8 s (95% CI¼ 13.1 to 34.5 s) for 8 km perfor-

mance time, which translates into a 1.2% (95%

CI¼ 0.7 to 1.8%) improvement; this improvement

was greater than the within-subject coefficient of

variation for performance time (0.6%). Caffeine inges-

tion also resulted in a significant rise in post-race blood

lactate concentration, which may provide insight into

the mechanism of this ergogenic effect.

References

Atkinson, G., & Reilly, T. (1996). Circadian variation in sports

performance. Sports Medicine, 21, 292 – 312.

Bell, D. G., & Mclellan, T. M. (2002). Exercise endurance 1, 3,

and 6 h after caffeine ingestion in caffeine users and nonusers.

Journal of Applied Physiology, 93, 1227 – 1234.

Bell, D. G., Mclellan, T. M., & Sabiston, C. M. (2002). Effect of

ingesting caffeine and ephedrine on 10-km run performance.

Medicine and Science in Sports and Exercise, 34, 344 – 349.

Berglund, B., & Hemmingsson, P. (1982). Effects of caffeine

ingestion on exercise performance at low and high altitudes in

cross country skiing. International Journal of Sports Medicine, 3,

234 – 236.

Bertocci, L. A., & Gollnick, P. D. (1985). pH effect on

mitochondria and individual enzyme function. Medicine and

Science in Sports and Exercise, 17, 244 – 249.

Borg, G. A. (1982). Psychophysical bases of perceived exertion.

Medicine and Science in Sports and Exercise, 14, 377 – 381.

Bruce, C. R., Anderson, M. E., Fraser, S. F., Stepto, N. K., Klein,

R., Hopkins, W. G. et al. (2000). Enhancement of 2000-m

rowing performance after caffeine ingestion. Medicine and

Science in Sports and Exercise, 32, 1958 – 1963.

Butts, N. K., & Crowell, D. (1985). Effect of caffeine ingestion on

cardiorespiratory endurance in men and women. Research

Quarterly for Exercise, 56, 301 – 305.

Cohen, B. S., Nelson, A. G., Prevost, M. C., Thompson, G. D.,

Marx, B. D., & Morris, G. S. (1996). Effects of caffeine

ingestion on endurance racing in heat and humidity. European

Journal of Applied Physiology and Occupational Physiology, 73,

358 – 363.

Collomp, K., Ahmaidi, S., Audran, M., Chanal, J. L., & Prefaut,

C. (1991). Effects of caffeine ingestion on performance and

anaerobic metabolism during the Wingate test. International

Journal of Sports Medicine, 12, 439 – 443.

Collomp, K., Ahmaidi, S., Chatard, J. C., Audran, M., &

Prefaut, C. (1992). Benefits of caffeine ingestion on sprint

performance in trained and untrained swimmers. European

Journal of Applied Physiology and Occupational Physiology, 64,

377 – 380.

Costill, D. L., Dalsky, G. P., & Fink, W. J. (1978). Effects of

caffeine ingestion on metabolism and exercise performance.

Medicine and Science in Sports and Exercise, 10, 155 – 158.

Denadai, B. S., & Denadai, M. L. (1998). Effects of caffeine on

time to exhaustion in exercise performed below and above the

anaerobic threshold. Brazilian Journal of Medical and Biological

Research, 31, 581 – 585.

Doherty, M., Smith, P. M., Davison, R. C., & Hughes, M. G.

(2002). Caffeine is ergogenic after supplementation of oral

creatine monohydrate. Medicine and Science in Sports and

Exercise, 34, 1785 – 1792.

Dunn, R. B., & Critz, J. B. (1975). Uptake of lactate by dog

skeletal muscle in vivo and the effect of free fatty acids.

American Journal of Physiology, 229, 255 – 259.

Erickson, M. A., Schwarzkopf, R. J., & Mckenzie, R. D. (1987).

Effects of caffeine, fructose, and glucose ingestion on muscle

glycogen utilization during exercise. Medicine and Science in

Sports and Exercise, 19, 579 – 583.

Essig, D., Costill, D. L., & Vanhandel, P. J. (1980). Effects of

caffeine ingestion on utilization of muscle glycogen and lipid

during leg ergometer cycling. International Journal of Sports

Medicine, 1, 86 – 90.

Falk, B., Burstein, R., Rosenblum, J., Shapiro, Y., Zylber-Katz,

E., & Bashan, N. (1990). Effects of caffeine ingestion on body

fluid balance and thermoregulation during exercise. Canadian

Journal of Physiology and Pharmacology, 68, 889 – 892.

Fisher, E. H., Heilmayer, L. M. G., & Hascke, R. H. (1971).

Phosphorylase and the control of glycogen degradation. Current

Topics in Cellular Regulation, 4, 211 – 251.

Gladden, L. B. (1989). Lactate uptake by skeletal muscle. Exercise

and Sports Science Reviews, 17, 115 – 155.

Graham, T. E. (2001). Caffeine and exercise: Metabolism,

endurance and performance. Sports Medicine, 31, 785 – 807.

Graham, T. E., Helge, J. W., Maclean, D. A., Kiens, B., &

Richter, E. A. (2000). Caffeine ingestion does not alter

carbohydrate or fat metabolism in human skeletal muscle

during exercise. Journal of Physiology, 529 (Pt 3), 837 – 847.

Graham, T. E., Hibbert, E., & Sathasivam, P. (1998). Metabolic

and exercise endurance effects of coffee and caffeine ingestion.

Journal of Applied Physiology, 85, 883 – 889.

Graham, T. E., & Spriet, L. L. (1991). Performance and

metabolic responses to a high caffeine dose during prolonged

exercise. Journal of Applied Physiology, 71, 2292 – 2298.

Graham, T. E., & Spriet, L. L. (1995). Metabolic, catecholamine,

and exercise performance responses to various doses of caffeine.

Journal of Applied Physiology, 78, 867 – 874.

Greer, F., Friars, D., & Graham, T. E. (2000). Comparison of

caffeine and theophylline ingestion: Exercise metabolism and

endurance. Journal of Applied Physiology, 89, 1837 – 1844.

Helge, J. W., Richter, E. A., & Kiens, B. (1996). Interaction of

training and diet on metabolism and endurance during exercise

in man. Journal of Physiology, 492 (Pt 1), 293 – 306.

Hogan, M. C., Gladden, L. B., Kurdak, S. S., & Poole, D. C.

(1995). Increased [lactate] in working dog muscle reduces

tension development independent of pH. Medicine and Science

in Sports and Exercise, 27, 371 – 377.

Hopkins, W. G., Hawley, J. A., & Burke, L. M. (1999). Design

and analysis of research on sport performance enhancement.

Medicine and Science in Sports and Exercise, 31, 472 – 485.

438 C. A. Bridge & M. A. Jones



Ivy, J. L., Costill, D. L., Fink, W. J. & Lower, R. W. (1979). Influence

of caffeine and carbohydrate feedings on endurance performance.

Medicine and Science in Sports and Exercise, 11, 6 – 11.

Kovacs, E. M., Stegen, J., & Brouns, F. (1998). Effect of

caffeinated drinks on substrate metabolism, caffeine excretion,

and performance. Journal of Applied Physiology, 85, 709 – 715.

Lindinger, M. I., Graham, T. E., & Spriet, L. L. (1993). Caffeine

attenuates the exercise-induced increase in plasma [Kþ] in

humans. Journal of Applied Physiology, 74, 1149 – 1155.

Macintosh, B. R., & Wright, B. M. (1995). Caffeine ingestion and

performance of a 1,500-metre swim. Canadian Journal of

Applied Physiology, 20, 168 – 177.

Nevil, M. E., Boobis, L. H., Brooks, S., & Williams, C. (1989).

Effect of training on muscle metabolism during treadmill

sprinting. Journal of Applied Physiology, 67, 2376 – 2382.

Noble, B. J., & Robertson, R. J. (1996). Perceived exertion. Leeds,

UK: Human Kinetics.

Pasman, W. J., Van Baak, M. A., Jeukendrup, A. E., & De Haan,

A. (1995). The effect of different dosages of caffeine on

endurance performance time. International Journal of Sports

Medicine, 16, 225 – 230.

Rodrigues, L., Russo, A., Silva, A., Picarro, I., Silva, F., Zogaib,

P. et al. (1990). Effects of caffeine on the rate of perceived

exertion. Brazilian Journal of Medical and Biological Research, 23,

965 – 968.

Ryu, S., Choi, S. K., Joung, S. S., Suh, H., Cha, Y. S., Lee, S.

et al. (2001). Caffeine as a lipolytic food component increases

endurance performance in rats and athletes. Journal of Nutrition

Science Vitaminol, 47, 139 – 146.

Spriet, L. L., Maclean, D. A., Dyck, D. J., Hultman, E.,

Cederblad, G., & Graham, T. E. (1992). Caffeine ingestion

and muscle metabolism during prolonged exercise in humans.

American Journal of Physiology, 262, E891 – E898.

Van Soeren, M. H., & Graham, T. E. (1998). Effect of caffeine

on metabolism, exercise endurance, and catecholamine res-

ponses after withdrawal. Journal of Applied Physiology, 85,

1493 – 1501.

Effect of caffeine on 8 km run performance 439




