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THE INFLUENCE OF CAFFEINE INGESTION ON INCREMENTAL TREADMILL RUNNING

ABSTRACT
The aim of this study was to determine the effects of caffeine ingestion on estimated substrate utilisation during treadmill
running at an initial level of 70%-75% of maximal oxygen consumption after which subjects ran to exhaustion. Twelve
subjects undertook either a control, placebo, a small (10 mg.kg-1) or a large (15 mg.kg-1) dose of caffeine in a double-blind
design to determine whether caffeine affected the substrate usage during running. Venous blood was collected prior to and
during the experimental runs and was later analysed for free fatty acids (FFA), glycerol, triglycerides, lactate and glucose
concentrations. The results of this experiment suggest that maximal running performance can be increased by large doses of
caffeine. Furthermore, the subjects' respiratory exchange ratios were lower and FFA concentrations were higher following the
ingestion of large amounts of caffeine than during other trials, suggesting that a larger proportion of energy was derived from
fat being used preferentially during the trial following ingestion of this large dose of caffeine. The subjects rating of perceived
exertion (RPE) were lower following the ingestion of a large dose of caffeine than it was in any of the other trials. This study
differs from others in this area in so much that caffeine has been found to have positive effects during maximal running when
used in large doses.
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INTRODUCTION
The effects of caffeine on endurance during muscular
exercise has been reported as being both beneficial (Costill
et al, 1978; Ivy et al, 1979a; Essig et al, 1980), and of no
benefit (Perkins and Williams, 1975; Powers et al, 1983;
Casal and Leon, 1985). Ingestion of caffeine prior to exercise
has been shown to elevate significantly plasma levels of
free fatty acids (FFA) and glycerol (Costill et al, 1978; Ivy et
al, 1979b). An increase in circulating FFA is believed to have
a sparing effect on muscle glycogen and hence delay
exhaustion during prolonged exercise (Issekutz et al, 1966;
Rennie et al, 1976). This glycogen-sparing effect probably
occurs because it is known that an accumulation of FFA
reduces the rate of glycolysis via inhibition of
phosphofructokinase (PFK; Ramadoss et al, 1976). This
study was conducted to determine the affects of caffeine
ingestion on estimated substrate utilisation during treadmill
running at an initial level of 70%-75% of maximal oxygen
consumption (V02 max) for 45 minutes after which subjects
ran to exhaustion.
METHODS
Prior to participation in the study twelve male athletes
signed informed consent forms which outlined the
procedures to be taken and the possible risks involved. All
subjects were trained and were participating in various
recreational team sports. Following a routine physical
examination at baseline levels each subject underwent a
maximal treadmill test. The test was preceded by a ten min
warm up period during which treadmill speed was
maintained at a constant speed of 3.33 m.sec-1 (12 km.hr-1)
and at zero per cent grade. Treadmill speed was then
increased to 3.67 m.sec-1 (13.2 km.hr-1) for six mins at zero
per cent grade, after which the grade was increased by two
per cent at two min intervals. When the grade reached six
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per cent it was held constant and the speed was increased
by 0.14 m.sec-1 (0.5 km.hr-1) at the end of each subsequent
two minute period. The test was terminated when the
subjects informed the investigator that they could no longer

proceed.
Respiratory data was collected during exercise tests by
open circuit spirometry using an Applied Electrochemistry
Oxygen analyser (Model S3A) and a Binos 1 carbon dioxide
analyser. Prior to the testing sessions each of the analysers
was calibrated using 100% nitrogen, two known mixtures of
carbon dioxide, oxygen and nitrogen and room air. Subjects
breathed through a mouthpiece connected to a 3-way
Koegel valve supported by a lightweight plastic helmet
which was attached directly to the mixing chamber by 3 cm
diameter low resistance corrugated tubing. Heart rates were
monitored continuously by electrocardiogram (Med Apps
Mk 24) throughout the tests with a hard copy being
obtained during the last ten seconds of each stage.

Following the maximal oxygen consumption (V02 max)
test the subjects made four additional visits for
experimental treadmill trials to test the effect of caffeine on
substrate utilisation. Subjects reported to each run after at
least a six hour fast and completed all runs within a two
week period with at least two days between each run. Each
of the test runs was completed at a speed which, from the
previous maximal exercise test, it was calculated would
elicit an intensity of approximately 70%-75% (X = 72% ±
1.2%) of V02 max, for a period of 45 mins. After this,
treadmill speed was increased every two mins by 0.14 m.s-1
(0.5 km.hr-1) until the subjects informed the investigator
that they could no longer continue.

Sixty mins prior to each of the experimental treadmill
runs the subjects consumed one of four test beverages:
(a) 350ml of warm water, (b) 5g of decaffeinated coffee in
350ml of warm water; (c) 10mg.kg-1 caffeine with 5g of
decaffeinated coffee in 350ml of warm water and (d)
15 mg.kg-1 caffeine with 5g decaffeinated coffee in 350ml
of warm water. These represent the Control (C),
Decaffeinated (D), Caffeine 1 (CA1) and Caffeine 2 (CA2)
trials respectively. The control run was always the first of
the runs and the others were made in a random doubleblind fashion. Subjects were allowed ten mins to consume
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During each experimental treadmill run a rating of
perceived exertion (RPE) was recorded just prior to the
collection of blood samples (Borg, 1973). This measure was
also carried out at the end of each experimental run.

Venous blood was collected from each of the subjects in
the sitting position when they first entered the laboratory
(-60 mins), prior to the exercise test (0 mins) and at 15, 30
and 45 mins. Blood collection was not carried out at the end
of the running test since the subjects performed for
different amounts of time. All samples were analysed for
serum FFA, serum glycerol, serum lactate, plasma glucose
and plasma triglycerides. These were analysed by methods
described by Dalton and Kowalski, 1967; Bergmeyer, 1974;
Guttman, 1974; Clark, 1973 and Wahlefeld, 1974
respectively. In order to determine statistical significance
between the trials at the various time intervals a repeated
measures analysis of variance was conducted and the 0.05
level of significance was chosen (Keppel, 1982). Data on the
RPE was analysed in the same manner.

CA2 ingestion. There was also a significant difference in
V02 between both C and D and CA2 trials at the 30 min and
45 min marks (see Table 111). This difference was also found
at the end of each run.
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RESULTS
The baseline data on the subjects are shown in Table 1. The
average V02 max for the subjects was 56.6 ±
1.3 ml.kg-1min-1 with a range of 53.9 to 60.2 ml.kg-1min-1.
Table 11 shows the differences in time to exhaustion for the
subjects in the four conditions. There was a statistically
significant difference between the CA2 and the C, D and CA1
(p < 0.05). That is the subjects who were given the large
doses of caffeine performed for a longer time period (to
exhaustion) than they did when given the smaller dose of
caffeine, the placebo or during the control run.

Fig. 1: Heart rate values prior to and during each trial.
*Significantly different from the Control, Decaffeinated and Caffeine 1 values,
p<0.05.
TABLE IlIl
Oxygen uptake ('f02) and respiratory exchange ratio values at 15, 30 and
45 minutes of each trial. (Values are mean ± SEM, n = 12)

15 min 30 min 45 min

Control
TABLE I
Characteristics of the subjects (N = 12) and average running speed for 75%
of maximum oxygen uptake (V02 max).
(Values are means ± SE)

Age
(yr)

Height
(m)

Weight

V02 max
(ml.kg-lmin-1)

75% max speed

(kg)

22 ± 1.2

1.79 ± 0.05

65.8 ± 2.7

56.6 ± 1.7

226 ± 7.8

V02 (ml.kg-tmin-1)

Trial

Decaffeinated
Caffeine 1

Caffeine 2

Respiratory Exchange
Ratio
15 min 30 min 45 min
0.93

0.93

(0.03) (0.03)

(0.03)

0.93

38.3

40.0

41.4

(3.8)

(3.7)

(3.7)

38.5

40.0

41.3

0.93

0.93

0.93

(3.3)

(3.3)

(3.4)

(0.02) (0.02)

(0.02)

38.5

39.8

41.5

0.93

(3.4)

(3.3)

(3.4)

(0.02) (0.02)

38.5

40.3

42.5

0.92

(2.8)

(2.7)

(0.02) (0.02)

(m.s-1)

(2.8)

0.93**
0.90**

0.93

(0.02)
0.89**t

(0.01)

tTime effect (p < 0.05)
**Significantly different from the Control/Decaffeinated and Caffeine 1 trials

TABLE II
Time to exhaustion of the subjects in the four conditions
(*p = 0.05 from all other tests)

Condition
(N = 12)
Control (C)
Decaffeinated (D)
Caffeine (CA1)
Caffeine (CA2)

Time to Exhaustion
(min:secs)
48:21
48:03
48:49
50:52*

Fig. 1 shows the heart rate values for the four conditions.
There was a significant difference (p < 0.05) between the
CA2 and the C, D, and CA1 trials at the 0 time level. This
difference disappeared during exercise. Respiratory
exchange ratio (R) values, which can be seen in Table Ill
suggests that there was a sparing of carbohydrate following

(p < 0.05)

Changes in blood and serum parameters from the
beginning (-60 mins) of the test period to the end of the
exercise collection test period (45 mins) are shown in Figs. 2
to 5. FFA (Fig. 2) increased in the 60 min period following
caffeine ingestion in both the CA1 and CA2 trials (-60 mins
to 0 mins). At the start of exercise the control values
averaged 0.36mmol.1-1 while at time 0 the CA2 trial
averaged 0.81 mmol.l-1. The CA1 and CA2 trials were both
significantly different from both the control and D trials at
the start of exercise (p < 0.05).
In the first 15 mins of work serum FFA concentrations
decreased in all of the experimental trials. The decrease in
these values for the two caffeine trials was 24% and 32% for
CA1 and CA2 respectively while in the C trial it was 8% and
in the D trial it was 14%. The drop in FFA concentrations in
the two caffeine trials was once again significantly different
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the test beverage and were then given fifty mins to rest
before the test.
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Fig. 2: Serum free fatty acid concentrations prior to and during each trial.
Significantly different from both the control and decaffeinated trials,
p<0.05.

Glycerol values in all trials increased with exercise (see
Fig. 3). The only significant differences were between the
CA2 trial and the C, D and CA1 trials at the 45 min test mark
(p < 0.05). Fig. 4 shows that there were no significant
changes in blood lactate concentration between trials
although in both the CA1 and CA2 trials there was a small
but not significant decrease in the lactate levels when
compared to both the C and D trials. Due to the upward rise
in all trials of lactate during the exercise collection period
(0 mins to 45 mins) there was a significant (p < 0.05) time
effect.
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Fig. 5: Serum glucose concentrations prior to and during the running test
*Significantly different from values during C and D trials, p < 0.05.
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Fig. 4: Serum lactic acid concentrations prior to and during each trial.
Significant time effect, p < 0.05.
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Both the glucose and triglyceride concentrations
increased significantly from 0 to 45 mins, that is there was a
statistically significant time effect (p < 0.05). A comparison
between trials at the differing time levels for glycose only,
shows that the 45 min values for CA1 and CA2 were both
significantly different from the comparable value during the
C trial (p < 0.05). Triglyceride concentrations, which are
shown in Table IV, increased during the CA2 trials following
ingestion, by approximately ten per cent but this was not
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During the CA2 trial the athlete's RPE was lower at all
tmes than during the C, D and CA1 trials. A significant
difference was seen (p < 0.05). There was a significant time
effect (p < 0.05) for RPE.

TIME (mins)
Fig. 3: Serum glycol concentrations prior to and during each trial.
Significantly different from all other trial values at this time level,

p<0.05.

DISCUSSION
Coffee has become popular in recent years as an ergogenic
aid in long distance running and cycling events, based upon
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from both the C and D trials (p < 0.05). After this initial drop
in FFA concentrations, values again increased. FFA levels in
the CA1 and CA2 trials remained significantly higher than in
the C or D trials for the total period of the exercise (p < 0.05).

112

Time (min)

Trial

Control
Decaffeinated

Caffeine 1
Caffeine 2

-60

0

15

30

45

9.0
1.0
9.1
0.8
8.9
0.6
9.1
1.0

9.0
1.1
9.0
0.8
9.0
0.7
10.2
1.1

10.2
1.1
10.4
0.6
9.9
0.7
10.6
1.1

11.7
1.0
10.8
0.6
10.7
1.1
11.1
1.2

12.1*
1.0
11.6*
0.8
11.6*
1.2
11.9*
1.0

*Significantly different from 0 min sample, p < 0.05

evidence that caffeine increases lipid utilisation in trained
cyclists (Costill et al, 1978 and Essig et al, 1980). The data of
this experiment supports the hypothesis that caffeine will
improve physical performance, that is caffeine improved
running performance to exhaustion. It was found that the
increase in running time was influenced by the amount of
caffeine ingested, that is, a 15 mg.kg-' dose had a positive
effect whereas a dose of 10 mg.kg-1 had no effect. This
study was not in agreement with the work of Knapik et al,
(1983) who found that in trained male runners, caffeine
failed to change estimated lipid oxidation during running,
although FFA levels were elevated following caffeine
ingestion. Furthermore Knapik et al (1983) have suggested
that the failure of caffeine to affect substrate utilisation
might be linked to exercise modality, specifically in regard
to the amount of muscle mass involved which is greater in
running than in cycling. The results of the present study
however conflict with this statement. Several studies have
found that caffeine effects FFA mobilisation (Bellet et al,
1965; Belet et al, 1968 and Essig et al, 1980) and there have
also been studies supporting increased FFA mobilisation
during exercise (Costill et al, 1978 and Essig et al, 1980). The
results of this present study are in agreement with these
latter studies. Increased FFA mobilisation may be due to the
inhibition of carbohydrate use by modification of the PFK
and pyruvate dehydrogenase reactions during high rates of
fat oxidation (Issekutz et al, 1966; Rennie et al, 1976). During
exercise it was found that there was an initial drop in FFA
concentrations followed by an increase. This response is
somewhat typical and is probably due to the initial
disproportionate removal of FFA from the blood relative to
that mobilised and entering the circulation (Essig et al,

1980).
Although no measurements of muscle glycogen were
made in this study it was hypothesised that the use of
muscle glycogen was spared following ingestion of a large
amount of caffeine and physical working capacity was
enhanced due probably to the preferential use of fat by the
tissues. It is also possible that there was increased
esterification of FFA since pre-exercise triglyceride
concentrations were increased by ten per cent. The finding
that R values were lower during the CA2 trial supports the

hypothesis that fat was being preferentially used by the
tissues.
In conclusion, several studies have shown a beneficial
effect of caffeine for increased maximal performance during
cycling (Costill et al, 1978; Ivy et al, 1979 and Essig et al,
1980) while others have reported no difference (Knapik et al,
1983 and Casal and Leon, 1985). This study found that
caffeine in large doses (15mg.kg-1) an hour prior to
exercise, increased serum FFA concentrations and lowered
the R values. The difference between this and other studies
citing no difference may be due to the large doses of
caffeine (15 mg.kg-l) given to the athletes. Further, as Casal
and Leon (1985) have suggested, it might be possible that
caffeine ingestion has an effect only on those athletes who
are not of an elite nature and have not had the benefit of
increased lipolytic enzyme activity and mitochondrial
density and size (Holloszy, 1973) that endurance training
brings about.
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TABLE IV
Serum triglyceride concentrations from the Ingestion point to the
45 minute collection point

