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Abstract

above

Controversy still exists concerning the potential ergogenic benefit kKdywords
caffeine (CAF) for exercise performance. The purpose of this stud@affeine
was to compare the effects of CAF ingestion on endurance perfofinaerobic threshold

mance during exercise on a bicycle ergometer at two different intensi"

durance

ties, i.e., approximately 10% below and 10% above the anaerobf@cate

threshold (AT). Eight untrained males, non-regular consumers
CAF, participated in this study. AT, defined as the intensity (watts)
corresponding to a lactate concentration of 4 mM, was determined
during an incremental exercise test from rest to exhaustion on an
electrically braked cycle ergometer. On the basis of these measure-
ments, the subjects were asked to cycle until exhaustion at two
different intensities, i.e., approximately 10% below and 10% above
AT. Each intensity was performed twice in a double-blind randomized
order by ingesting either CAF (5 mg/kg) or a placebo (PLA) 60 min
prior to the test. Venous blood was analyzed for free fatty acid,
glucose, and lactate, before, during, and immediately after exercise.
Rating of perceived exertion and time to exhaustion were also meas-
ured during each trial. There were no differences in free fatty acids or
lactate levels between CAF and PLA during and immediately after
exercise for either intensity. Immediately after exercise glucose in-
creased in the CAF trial at both intensities. Rating of perceived
exertion was significantly lower (CAF = 14.1 + 218PLA = 16.6 =

2.4) and time to exhaustion was significantly higher (CAF = 46.54 +
8.05 minvsPLA = 32.42 £+ 14.81 min) during exercise below AT with
CAF. However, there was no effect of CAF treatment on rating of
perceived exertion (CAF = 18.0 £+ 28PLA =17.6 + 2.3) and time

to exhaustion (CAF = 18.45 + 7.28 minPLA = 19.17 * 4.37 min)
during exercise above AT. We conclude that in untrained subjects
caffeine can improve endurance performance during prolonged exer-
cise performed below AT and that the decrease of perceived exertion
can be involved in this process.

-Ol?ercelved exertion
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The possible ergogenic effects of caf- Anaerobic threshold was defined as the
feine (CAF) on exercise performance havéntensity (watts; W) corresponding to a lac-
served as the basis for a large number ¢dte concentration of 4 mM and was deter-
studies. However, there are still controvermined using a progressive test conducted on
sies about the conditions under which cafan electromagnetically braked cycle ergom-
feine is capable of modifying performancegter. The initial workload was 25 W and the
as well as concerning its possible mechantensity was increased by 25 W every 5 min
nisms of action due to the absence of stammtil exhaustion. At the end of each stage, 25
dardization among the various experimentall of blood was collected from the ear lobe,
procedures. Furthermore, the action of cafnto microcentrifuge tubes containing 50 pl
feine depends on the type, intensity and diNaF (1%). The intensity at 4 mM lactate
ration of exercise, nutritional and trainingconcentration was calculated by linear inter-
status, the dose of caffeine, environmentadolation (8).
conditions, and individual variations (1,2).  Following AT testing, the subjects re-

Specifically concerning exercise inten-ported to the laboratory on four occasions
sity, Jacobson and Kulling (3) have sugfor treatments that were randomized for each
gested that caffeine may be capable of irsubject. Each subject completed the four
creasing the time of endurance only wheexperimental treatments within a 3-4-week
the effort is performed at intensities thaperiod. Subjects maintained their normal di-
allow individuals to exercise for more thanetary habits and were asked not to drink
one hour. Normally, exercises that can beoffee or caffeine-containing drinks for 24 h
performed beyond this period of time showbefore each experiment. On the basis of AT
intensities below the anaerobic thresholdneasurement, the subjects were asked to
(AT) (4), suggesting that caffeine may modifycycle until exhaustion at two different inten-
performance only in exercises below thisities: approximately 10% below and 10%
intensity. Most studies analyzing the effect@bove AT. The test was stopped when sub-
of caffeine on time of endurance used relgects could no longer maintain pedalling at
tive loads to maximum oxygen consumptiorb0 rpm. Each intensity was performed twice
(%VO,max) (5,6), while there are no studiesn a double-blind randomized order with the
with exercise intensities relative to the AT.subject ingesting either CAF (150 ml of hot
Since AT can present values between 35%ater containing 5 g of decaffeinated coffee
and 90% of V@max (7), it is not possible to and caffeine (5 mg/kg)) or a placebo (PLA,
affirm that, in studies in which the ergogenicl50 ml of hot water containing 5 g of
effect of caffeine was found or not, subjectslecaffeinated coffee) 60 min prior to the
were below or above AT, respectively. Thustest. Possible discrimination between CAF
the objective of the present study was tand PLA was eliminated by addition of an
determine the effects of caffeine (5 mg/kghrtificial sweetener to the beverages (9).
on the time of endurance and rate of per- Venous blood was sampled from avenous
ceived exertion during exercise performedatheter in a forearm vein immediately be-
below and above AT. fore each trial (O min), after 10 min of exer-

Eight males (age: 20.4 + 2.3 years; heighttise, and immediately after exercise, and
172 £ 8.3 cm; weight: 75.4 = 9.4 kg), non-subsequently analyzed for serum free fatty
regular consumers of caffeine, gave theiacids (FFA) (10), glucose (11) and caffeine
written consent to participate in the study(12). Lactate was measured by an electro-
All volunteers were classified as untrainecchemical method (YSI 2300 STAT). During
individuals, i.e., individuals not engaged inthe experimental trial, rating of perceived
regular physical activity or sport. exertion (RPE) and heart rate (Polar Vantage
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XL) were recorded every 5 min. RPE wasnin), but not during or immediately after
assessed by the Borg scale (13). Time texercise, for both intensities. FFA levels
exhaustion was also measured during eaéhcreased significantly (P<0.05) over time of
trial. exercise in the PLA and CAF situations, but

Results are reported as means + Shonly during exercise below AT (Table 2).
Plasma caffeine and time to exhaustion were

+

analyzed by the Studertest and other data
were analyzed using repeated measures tw
way ANOVA for time and treatment effects.
Whenever necessary, the means were cot
pared by the Tukey test. Statistical signifi-
cance was set at P<0.05.

Plasma caffeine was significantly higher
in the CAF situation than in the PLA situa-
tion at both intensities (Table 1). Time to
exhaustion was significantly higher in the
CAF than in the PLA situation, but only

Table 1 - Effect of caffeine on plasma caffeine
concentration and time to exhaustion.

e

Data are reported as means += SD for plasma
caffeine concentration immediately before exer-
cise and for time to exhaustion for the experimen-
tal conditions caffeine (CAF; 5 mg/kg) and placebo
(PLA) during exercise below (BAT) and above
(AAT) the anaerobic threshold. *P<0.05 compared
to PLA at the same intensity of exercise for N = 8
(Student t-test).

Plasma caffeine Time to exhaustion

i i /ml min
during exercise below AT (Table 1). (ug/m) i)
The results of FFA, glucose and lactate pLa-BAT 0 3242 + 14.81
concentrations are shown in Table 2. Com CAFBAT 65+ 1.2* 46.54 + 8.05*
H PLA-AAT 0 19.17 + 4.37
pared to PLA, the CAF treatment inCrease’ _"v\=  cas 14 1545 s 798

plasma FFA levels immediately before (C

Table 2 - Effect of caffeine on free fatty acids, glucose, lactate, heart rate, and rate of perceived exertion at rest

and during exercise.

Data are reported as means * SD for free fatty acids (FFA), glucose (GLUC), lactate (LAC), heart rate (HR) and
rate of perceived exertion (RPE) immediately before exercise (0), at 10 min of exercise (10), and immediately
after exercise (IPE) under the experimental conditions involving caffeine (CAF; 5 mg/kg) and placebo (PLA),
during exercise below (BAT) and above (AAT) the anaerobic threshold. *P<0.05 compared to PLA at the same
time and intensity of exercise. **P<0.05 compared to 0 min in the same condition. *P<0.05 compared to 10
min in the same condition (N = 8) (two-way ANOVA + Tukey test).

FFA (mEg/l) GLUC (mg/100 ml) LAC (mM) HR (bpm) RPE

PLA-BAT

0 0.13 + 0.05 715+ 84 0.6 £ 0.1 68.5+ 6.5 -

10 0.11 + 0.04 69.7 £ 9.2 2.8 £ 0.4** 148.5 £ 19.0** 133+ 1.1

IPE 0.26 £ 0.19** 64.4 + 3.7 2.8 + 0.5%* 157.8 + 21.5** 16.6 + 2.4"
CAF-BAT

0 0.24 = 0.06* 85.6 + 16.0 0.8 £ 0.1 70.2 + 6.7 -

10 0.14 + 0.06 71.8 + 83 3.1 + 0.6** 143.5 + 13.4** 115+ 1.7*

IPE 0.38 + 0.16** 86.8+ 9.7* 3.2 £ 0.6** 153.8 + 12.2**  14.1 + 2.5*F
PLA-AAT

0 0.16 + 0.08 789 + 4.0 0.8 £ 0.3 67.3+ 59 -

10 0.15 + 0.10 68.2+ 4.7 4.8 £ 1.3** 166.5 + 13.4** 148 £ 25

IPE 0.21 + 0.13 69.5 + 10.5 5.8 + 1.1*** 173.1 + 13.0** 17.6 + 2.3"
CAF-AAT

0 0.26 = 0.09* 81.1+ 83 0.8 £ 0.2 709 + 8.1 —

10 0.17 = 0.06 75.6 £ 9.9 4.9 £ 1.4** 170.8 + 16.1** 146 + 2.5

IPE 0.17 + 0.13 86.2 + 9.9* 6.0 £ 1.0*%** 177.0 £+ 13.0** 18.0 = 2.7*
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CAF treatment was observed to increasthat caffeine would only act as an ergogenic
plasma glucose concentration only at the engsource during an exercise performed be-
of exercise for both intensities. There was now AT, since the duration of effort above
effect of exercise duration on glucose conthis intensity is quite reduced (4).
centration for either treatment or intensity The present results confirm that, at least
(Table 2). There were no significant differ-in untrained individuals, caffeine can in-
ences in plasma lactate concentration b&rease performance only in exercise below
tween CAF and PLA treatments at eitheAT, although the period of effort without
intensity. However, a significant increase ircaffeine did not exceed 35 min.
plasma lactate concentration occurred over The existence of ergogenic effects on
time in both treatments and at both intensiendurance time only during exercise per-
ties (Table 2). formed below AT can be explained by at
The results of heart rate and RPE aréast two different mechanisms.
shown in Table 2. There were no differences Firstly, exercise performed above AT re-
in exercise heart rate between CAF and PLAults in accumulation of organic acid me-
treatments for either intensity. However, extabolites, which can impair mitochondrial
ercise heart rate increased significantlgnzyme activity, thus reducing energy pro-
(P<0.05) over time of exercise at both inteneluction and therefore exercise duration (5).
sities (Table 2). RPE was always higher itdnder these conditions, the rate of muscle
the PLA situation than in the CAF situation,glycogen utilization is high, although a cer-
but only during exercise below AT. RPEtain amount still remains in muscle after
increased significantly over time of exerciseexhaustion (14). However, in exercise per-
in both situations and at both intensitiesormed below AT there is no lactate accu-
(Table 2). mulation and exercise duration can be lim-
In order to study the effects of caffeine orited by glycogen depletion, which limits en-
time of endurance during exercise under difergy production, since carbohydrates are es-
ferent metabolic conditions (with and with-sential to Krebs cycle function (15). Since
out lactate steady-state), the present studgany studies (5,16), but not all of them (9),
used the AT concept proposed by Heck et ahave demonstrated that caffeine can increase
(8) to determine exercise intensity. Accordintramuscular triacylglycerol and/or extra-
ing to this concept, the 4-mM concentratiormuscular FFA, there may be a glycogen
corresponds to the highest intensity of efforeconomy (Randle effect) retarding the be-
where lactate steady-state can exist. In thginning of exhaustion only during exercise
present study, the lactate concentration bgerformed below AT. For exercise performed
haved according to Heck’s concept, i.e., foabove AT, the enhanced FFA supply caused
exercise intensity below AT a steady-statdy caffeine probably does not cause any
phase was found, while such phase did n@rgogenic benefit, because utilization of this
show up at intensity above AT (Table 2)substrate at this intensity is small (17). More-
Thus, the effects of caffeine could be studiedver, exhaustion does not seem to occur due
under the two metabolic conditions (belowto the depletion of glycogen sources. Some
and above AT). studies have found muscular glycogen
In spite of some contradictory results ineconomy during endurance exercise after
the literature, Jacobson and Kulling (3) pro€affeine ingestion (15,18).
posed that caffeine increases the time to However, in our study, except during rest
reach exhaustion only in endurance exei0 min), caffeine did not modify FFA con-
cises that can be sustained for more than @@ntration for either effort intensity (below
min. In the first instance, this may suggesand above AT). This result is in agreement
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with other studies (16) and does not necesver, some studies have shown that caffeine
sarily show that there was no increase ioan reduce the excitation threshold of CNS
FFA oxidation after caffeine ingestion, be-neurons (20). Thus, it is possible that these
cause FFA concentration measurement doeéfects in the CNS facilitate the recruitment
not seem to provide definitive evidence ofbf motor units and/or diminish perception of
FFA flow and oxidation during exercise (1).fatigue during exercise. These modifications
Another mechanism that has been promay be responsible for the lower RPE found
posed is that the ergogenic effect of caffeinan some studies (5). Since in our study caf-
may occur due to neuromuscular functiorieine was only capable of diminishing RPE
improvement. These modifications may ocduring exercise performed below AT, it is
cur at relatively small plasma caffeine levelpossible that the increase in time of endur-
(100 uM), which are reached after ingestiomnce occurred due to a reduction of RPE.
of only 1-3 cups of coffee (100 to 300 mg of
caffeine) (2). At the central nervous systenficknowledgments
(CNS) level, the hypothesis of neuromuscu-
lar improvement is based on studies that The authors are grateful to Angelina
have demonstrated a reversal of adenosinganesco, E. Custédio and J.R.R. Silva for
induced depression of synaptic transmissiotechnical assistance.
by caffeine in the rat brain cortex (19). More-
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