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Abstract
Introduction: Caffeine is commonly used by athletes to improve exercise performance but the effects of caffeine 

supplementation on strenuous intermittent exercise performance, perceived muscle pain, muscle damage markers and 
immunological response in soccer players are not conclusive. 

Objective: To evaluate the effect of caffeine supplementation on strenuous intermittent exercise performance, perceived 
muscle pain, muscle damage markers and immunological response in soccer players. 

Methods: Twenty male professional soccer players completed a placebo-controlled double blind test protocol. At 45 min 
before exercise, participants ingested 5.5 mg·kg-1 body mass of caffeine (CAF, n=10) or cellulose (PLA, n=10). The exercise 
was 2 trials of 6 sets of 10 sprints (20m each) with 10s recovery time between sprints, 2 min between sets and 15 min 
between trials followed by a strenuous intermittent exercise (Yo-Yo intermittent recovery test; Yo-Yo IRT). The performance 
of Yo-Yo IRT, the perceived muscle pain before exercise protocol, after sprints and after Yo-Yo IRT were recorded. Blood 
samples were collected before, immediately, 24 and 48h after exercise for serum creatine kinase (CK) activity quantification 
and immunological cell count. 

Results: Caffeine improved the performance during the strenuous intermittent exercise and reduced the perceived 
muscle pain along the exercise protocol (sprints and Yo-Yo IRT), without influence on muscle damage markers and im-
munological response. 

Conclusions: Our results suggest that caffeine (5.5 mg·kg-1 BM) produce large reduction in pain resulting from strenuous 
intermittent exercise which is associated to the performance gains of soccer players. Additionally, the used caffeine dosage 
has no influence upon serum CK activity, reflective of muscle integrity and damage, and upon immunological cell count.
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Introduction
In 2004 caffeine (1,3,7-trimethylxanthine) was 

removed from the list of prohibited substances of the 
World Anti-Doping Agency (WADA) and since then 
has been increasingly used as ergogenic resource [1-4]. 
Bassini-Cameron et al. [5] described a synergic effect 
between caffeine and exercise on muscle damage mark-
ers (MDM) and leukocytes count in soccer players mea-
sured before and immediately after a simulated soccer 
match, demonstrating a greater increase of MDM and 
leukocytes after exercise for supplemented group, but 
blood samples were obtained only immediately after the 
exercise. Furthermore, Pettersson et al. [6] and Machado 
et al. [7] reported a  significant rise in muscle injury 
markers after 24-72 h after exercise. These investigators 
suggested data blood samples obtained immediately af-
ter exercise can be insufficient and additional measures 
are necessary to verify hypothetical caffeine synergic 
effect on exercise-induced muscle damage.

Studies support that caffeine has a large effect on 
reducing leg-muscle pain during high-intensity ex-
ercise [8,9]. Motl et al. [8] proposes that this caffeine 
ergogenic effect is caused by pain reduction (subjective 
perception). However, this hypoalgesic effect with ef-
fort perception (reduced pain) potentially could cause 
higher exercise-induced muscle damage, because pain 
is a signal to tissue protection and the absence of signal 
augment damage possibility. 

Exercise induces an increase in sympathetic ner-
vous system activity with subsequent increases in 
circulating hormones such as epinephrine, norepi-
nephrine and cortisol [10]. The increases in circulating 
hormones may coincide with perturbations in immune 
cell circulation and function [11]. Additionally, re-
sistance exercise-induced mechanical and metabolic 
stresses can lead to disruption of muscle cell mem-
branes and release of pro-inflammatory cytokines 
and leukocytes [12]. The disruption of muscle cell 
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membranes increases membrane permeability and 
intracellular calcium ions, which promotes the activa-
tion of proteolytic enzymes [13-15].

Previous studies demonstrated that caffeine 
ingestion prior to exercise increased the inflamma-
tory response, as demonstrated by greater increases 
in markers of muscle damage and leukocyte levels 
[5,16]. Several potential mechanisms exist by which 
caffeine may influence immune cell trafficking and 
function. Caffeine’s role as an adenosine receptor 
antagonist could result in blockage of A2A adenosine 
receptors that are expressed on neutrophils. Addition-
ally, a blockade of adenosine receptors could reduce 
perceptions of pain during exercise [17], allowing 
for a  greater volume of work to be performed fol-
lowing caffeine ingestion. This could indirectly lead 
to a  greater immune response, as a  larger volume 
of work completed leads to a greater disturbance of 
homeostasis. 

More directly, caffeine causes an increase in circu-
lating catecholamines [18], which are largely respon-
sible for the increase in leukocytes seen immediately 
post exercise via activation of β2 receptors located on 
leukocytes [11].

Caffeine has been used as an ergogenic supplement 
in many sports, and is presently very popular with 
soccer players [1,19]. Soccer sports training typically 
involve a variety of physical exigencies as well as skill 
development activities. Furthermore it is currently 
very popular in soccer training to include stressful 
intermittent-interval training [20,21]. However, re-
search on how this type of exercise training affects 
muscle damage responses is limited and results are 
controversial [5,7,22].

With the above issues in mind, the purpose of this 
study was to examine the effect of caffeine supplemen-
tation on muscle damage markers (MDM), leukocyte 
count and muscle pain perception in soccer players 
after a  strenuous intermittent exercise. Specifically, 
the intent was to examine the hypothesis that caffeine 
usage would result in enhanced levels of MDM, leuko-
cytes and muscle pain following such stressful exercise.  

Materials and methods
Participants

The study group included 20 low caffeine–consum-
ing professional soccer players (18±3 years old; 177±4 
cm height; and 71±4 kg weight), healthy, non-smokers, 
who used no drugs, dietary supplements, or anabolic 
steroids, and participated voluntarily. All procedures 
were approved by the local Ethics Committee accord-
ing to the Declaration of Helsinki. Written informed 
consent was obtained from the subjects, who were 
instructed as to the nature and procedures of the study. 
Because the habituation can change the caffeine effects 
[19,23], we selected athletes who reported using less 

than 100 mg per day. The experimental conditions 
were in accordance with the norms of the Brazilian 
National Health Council, under Resolution No. 196, 
promulgated in October 1996, referring to scientific 
research on human subjects.

Experimental protocol
In a randomized double-blind, placebo-controlled 

design, the subjects were divided into 2 groups: ex-
perimental (CAF; n=10) and control (PLA; n=10). No 
caffeine, xanthines, or other substance that could mask 
the results were ingested by the athletes for 12 h before 
blood collection. A morning blood specimen was col-
lected 1h (T0) after a standardized breakfast consisting 
of: bread (~50g), Minas cheese (~20g) and skimmed 
milk (200 ml). Ten minutes of warm up (jogging, joint 
mobilization and stretching) was carried out 45 min 
after receiving the supplement (see below). 

Diet supplementation
The different supplements were in identical cap-

sules so that the subjects were not aware of which 
substance they were ingesting. Caffeine (Jilin Shulan, 
China) was given to the group CAF at a dose of 5.5 
mg·kg-1 in one 500 mg capsule, which also contained 
enough cellulose to fill the capsule (Gujarat Microwax, 
India). This dose was chosen because it is within the 
supplementation range shown (3.0-9.0 mg·kg-1 body 
weight at 30-60 min prior exercise ingestion) to im-
prove athletes’ performance [2,19]. The control group 
(PLA) received one capsule with 500 mg cellulose only. 
The supplements were ingested immediately after the 
blood sample collection.

Test protocol
All subjects ran 12 sets of 10 maximum sprints at 20 

meters each with 10 seconds passive recovery between 
each sprint and two minutes active recovery (walking) 
between sets. Between set 6 and set 7 the athletes rested 
for 15 minutes. At the end, all the athletes had run the 
same distances. After the sprints, a Yo-Yo intermittent 
recovery test (Yo-Yo IRT) was carried out to drive the 
athletes to exhaustion. This test ended at different 
times for each athlete, and immediately afterwards 
blood was collected for laboratory analyses using 
a  double blind procedure. The digital sound signal 
for Yo-Yo IRT was provided for Beat Test & Training 
(CEFISE, Brazil). 

Data collection
Venous Blood samples (~3 mL) were withdrawn 

using a 5-cc syringe and a 25 gauge needle in a seated 
position. The first sample (T0) was collected in the 
morning and other samples immediately (T1), 24 
(T24), 48h (T48) after. After collection, the sample was 
divided in two glass tubes (one with anti-coagulant eth-
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ylenediaminetetraacetic acid (EDTA) for evaluation of 
hematological variables and the other was centrifuged 
for serum separation). The serum was quickly frozen 
and stored at -70°C. The Hematocrit (Hct) and Hemo-
globin (Hb) values were used to calculate the changes 
in plasma volume via the Dill and Costill [24] method. 
All tubes were kept on ice until processed. The samples 
were centrifuged (4°C, 3000g) and the plasma or serum 
was decanted and frozen at -80°C for later analysis.

From the serum sample, creatine kinase (CK) 
activity was measured. An enzymatic method was 
used for enzymes activity analysis with commercial 
kits (BioTécnica - Brazil) in Cobas Mira Plus ana-
lyzer (Roche - Germany). From the EDTA sample, 
total leukocytes, basophils, eosinophils, neutrophils, 
lymphocytes and monocytes were counted through 
an automated hematology analyzer (Cobas Mira Plus 
analyzer, Roche - Germany).

Leg muscle pain ratings
Leg muscle pain intensity was measured before, 

after intermittent exercise and after Yo-Yo IRT by use 
of a previously described and validated category scale 
[8,9]. The scale has 12 categories from 0 to 10 with 
verbal anchors associated with the following numbers: 
0 = no pain at all, 0.5 = very faint pain (just notice-
able), 1 = weak pain, 2 = mild pain, 3 = moderate pain, 
4 = somewhat strong pain, 5 = strong pain, 7 = very 
strong pain, and 10 = extremely intense pain (almost 
unbearable). No verbal anchors are given in associa-
tion with numbers 6, 8 and 9. Pain ratings assessed 
by the category scale were significantly correlated (r 
= 0.79-0.94) with concurrent pain intensity assessed 
by a standard 10-cm visual analogue scale with verbal 
anchors of “no pain” and “worst possible pain” [25]. 
Subjects inform the perceived muscle pain before the 
exercise protocol, immediately after the sprints sets 
and immediately after the Yo-Yo IRT. The category 
scale was used in the present study both because of the 
evidence of its reliability and validity and because of its 
advantages over a visual analogue scale applied during 
exercise (e.g., no physical mark needs to be made on 
a sheet of paper). The participants were provided with 
previously described written and oral instructions on 
the use of the pain scale [25].

Statistical analyses 
The data from serum CK activity, muscle pain 

and blood cell profile were analyzed with a two-way 
(group by time) ANOVA with repeated measures 
where the groups where the PLA and CAF treatments. 
The performance data were analyzed with Student T 
test. Significant ANOVA results were followed by ap-
propriate post hoc tests with Bonferroni corrections. 
A significance level of P < 0.05 was used to identify 
statistical significance.

Results
The analysis of Yo-Yo IRT performance demon-

strated a significant difference between groups (P < 
0.05), with a  better performance (~12.5%) to CAF 
group when compared to PLA group (Fig. 1).

Fig. 1. Performance (distance in meters) in the Yo-Yo IRT from caffeine (CAF) 
and placebo (PLA) groups (Data is presented as mean±SD). (*) Difference 
between groups (P < 0.05).

Muscle pain data demonstrated a significant main 
effect for groups (F1,9 = 12.24, P < 0.01; observed power 
= 0.874; eta2 = 0.576) and for time (F2,18 = 262.15, P 
< 0.001; observed power = 1.00; eta2 = 0.976). Addi-
tionally, a significant group x time interaction (F2,18 = 
7.31, P < 0.001 observed power = 0.891; eta2 = 0.448) 
was observed. For both groups the perceived muscle 
pain increased along the task (P < 0.01), with higher 
values to PLA group when compared to CAF group 
immediately after sprint sets (POS1) (P < 0.05) and 
immediately after Yo-Yo IRT (POS2) (P < 0.01) (Fig. 2). 
We also observed that the perceived muscle pain was 
higher at POS1 measure when compared to POS2 (P < 
0.05) for PLA group, what was not observed for CAF 
group (P > 0.05).  

Fig. 2. Muscle pain from caffeine (CAF) and placebo (PLA) groups before 
(PRE), immediately after sprints (POS1) and immediately after Yo-Yo IRT 
(Data is presented as mean±SD). (*) Significant difference between groups 
(P<0.05); (#) Significantly different from PRE (P<0.05)
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Hematological data are presented in Table 1. A sig-
nificant difference between groups at the baseline 
measure (i.e., prior to the strenuous exercise protocol) 
was not observed. Hematocrit data demonstrated 
a  significant main effect for time (F3,27 = 15.36, P 
< 0.001; observed power = 1.00 ; eta2 = 0.631) and 
a significant group x time interaction (F3,27 = 13.79, P 
< 0.001; observed power = 0.987 ; eta2 = 0.493), with 
an significant increase immediately after the strenuous 
exercise protocol for CAF group. Erythrocytes data, as 
well as haemoglobin concentration had a significant 
main effect only for time (F3,27 = 11.93, P < 0.001; ob-
served power = 0.999 ; eta2 = 0.570 for erythrocytes 
(F3,27 = 12.26, P < 0.001; observed power = 0.999 ; eta2 
= 0.577 for haemoglobin), increasing immediately 
after the strenuous exercise protocol only for the CAF 
group (P < 0.05).   

The analyses of blood cell and plasma enzyme 
activity may be influenced by the plasma variations, 
as expected immediately after a  strenuous exercise 
protocol like carried out here. Then, serum CK ac-
tivity was analyzed with and without correction in 

function of plasma variation (Fig. 3). The results for 
serum CK activity without corrections by plasma vol-
ume demonstrated a significant main effect for time 
(F3,27 = 26.17, P < 0.001; observed power = 1.00; eta2 
= 0.744) but there were not significant main effect for 
group (F1,9 = 0.134, P > 0.05; observed power = 0.062; 
eta2 = 0.015) or significant group x time interaction 
(F3,27 = 0.700, P > 0.05; observed power = 0.178; eta2 
= 0.072). Similar results were found when serum CK 
activity results were corrected in function of plasma 
variation for time (F3,27 = 26.50, P < 0.001; observed 
power = 1.00; eta2 = 0.746), group (F1,9 = 0.295, P > 
0.05; observed power = 0.078; eta2 = 0.032) and group 
x time interaction (F3,27 = 0.812, P > 0.05; observed 
power = 0.202; eta2 = 0.083).

The serum CK activity with and without correc-
tion in function of plasma volume increased along the 
analyzed time (i.e., T0-T48) for both groups (P < 0.05), 
but it is important to note that the CK data without 
correction of CAF group was significantly higher (7%) 
than corrected CK data at T1 (P < 0.001) (Result not 
shown in Fig. 3). Despite of plasma volume influences 

Table 1. Hematological data (Mean±SD) from caffeine (CAF) and placebo (PLA) groups before (T0), immediately (T1), 24 
(T24) and 48h (T48) after a strenuous exercise protocol

CAF Group(n=10) PLA Group(n=10)
T0 T1 T24 T48 T0 T1 T24 T48

Hematocrit (%) 44.9±1.2 48.4±0.8§* 45.1±1.5 45.1±1.1 45.8±1.0 46.2±2.4 46.4±1.4 44.1±2.3
Erythrocytes  
(x106/mm3) 5.1±0.3 5.4±0.4* 5.0±0.2 5.0±0.3 5.2±0.2 5.3±0.5 5.3±0.3 5.0±0.4

Haemoglobin 
(mmol/l) 8.9±0.3 9.5±0.4π 9.0±0.4 8.8±0.4 9.1±0.3 9.2±0.4 9.3±0.3 8.9±0.4

MCV (fl) 88.6±4.7 88.3±5.7 89.8±3.8 90.2±4.6 88.3±2.2 87.4±4.0 87.8±3.7 87.9±3.5
MCH (pg) 28.2±1.6 28.3±2.0 28.8±1.2 28.4±1.9 28.2±1.2 28.2±1.8 28.4±1.7 28.6±1.8
MCHC (%) 31.9±0.7 31.7±1.1 32.1±1.3 31.5±1.2 31.9±0.8 32.3±0.7 32.4±0.7 32.5±1.0

MCV = mean corpuscular volume; MHC = Mean Corpuscular Hemoglobin; MCHC = Mean Corpuscular Hemoglobin Concentration. (§) Significan-
tly different from T0, T24 and T48 (P < 0.05); (π) Significantly different from T0 and T48; (Ŧ) Significant difference between groups (P < 0.05).

Fig. 3. (A) Serum CK activity from caffeine (CAF) and placebo (PLA) groups before (T0), immediately after (T1), 24 (T24) and 48h (T48) after a strenuous 
exercise protocol. (B) Serum CK activity corrected in function of plasma variation from caffeine (CAF) and placebo (PLA) groups before (T0), immediately 
after (T1), 24 (T24) and 48h (T48) after a strenuous exercise protocol (Data is presented as mean±SD). (#) Significantly different from T0 (P<0.05); (†) 
Significantly different from T1 (P<0.05)
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the serum CK activity was not significantly different 
between groups (P = 0.07 and P = 0.201 for CK data 
with and without plasma volume correction). In ad-
dition, only CAF group demonstrated a  significant 
difference between T1 and T0 independently of plasma 
volume correction of serum CK activity (P < 0.01 and 
P < 0.001 for CK data with and without plasma volume 
correction respectively).      

The leukocytes count demonstrated a significant 
main effect for time (F3,27 = 46.74, P < 0.001; observed 
power = 1.00; eta2 = 0.839), but a main effect for group 
(F1,9 = 0.226, P > 0.05; observed power = 0.071; eta2 = 
0.024) or group x time interaction (F3,27 = 0.707, P > 
0.05; observed power = 0.180; eta2 = 0.073) was not 
observed (Fig. 4). The number of leukocytes increased 
immediately after the strenuous exercise protocol 
(P < 0.05) for both groups similarly and return to the 
pre-exercise values 24h following the exercise. 

Fig. 5.  Basophils (A), neutrophils (B), eosinophils (C), lymphocytes (D) and monocytes (E) count from caffeine (CAF) and placebo (PLA) groups before (T0), 
immediately after (T1), 24 (T24) and 48h (T48) after a strenuous exercise protocol (Data is presented as mean±SD). (§) Significantly different from T0, T24 
and T48 (P<0.05)

Fig. 4. Total Leukocyte count from caffeine (CAF) and placebo (PLA) groups 
before (T0), immediately after (T1), 24 (T24) and 48h (T48) after a strenuous 
exercise protocol (Data is presented as mean±SD). (§) Significantly different 
from T0, T24 and T48 (P<0.05)
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The number of basophils, neutrophils, eosinophils, 
lymphocytes and monocytes are shown in Figure 5. 
The basophils and eosinophils count were not sig-
nificantly affected by the strenuous exercise protocol 
and/or caffeine supplementations (P > 0.05 for group, 
time and group time interactions). But neutrophils, 
lymphocytes and monocytes count demonstrated 
a similar behavior with a significant main effect for 
time (F3,27 = 20.54, P < 0.001; observed power = 1.00; 
eta2 = 0.695 for neutrophils / F3,27 = 29.71, P < 0.001; 
observed power = 1.00; eta2 = 0.768 for lymphocytes 
/ F3,27 = 11.88, P < 0.001; observed power = 0.999; eta2 
= 0.569 for monocytes), but a main effect for group 
(F1,9 = 0.017, P > 0.05; observed power = 0.052; eta2 = 
0.002 for neutrophils / F1,9 = 0.780, P > 0.05; observed 
power = 0.124; eta2 = 0.080 for lymphocytes / F1,9 = 
0.0001, P > 0.05 observed power = 0.050; eta2 = 0.0001 
for monocytes) or group x time interaction (F3,27 = 
0.521, P > 0.05; observed power = 0.142; eta2 = 0.055 
for neutrophils / F3,27 = 0.509, P > 0.05; observed power 
= 0.140; eta2 = 0.054 for lymphocytes / F3,27 = 1.082, 
P > 0.05; observed power = 0.259; eta2 = 0.107 for 
monocytes) was not observed. We found an exercise-
induced increase effect for neutrophils, lymphocytes 
and monocytes without influence of caffeine supple-
mentation.   	

Discussion
Our results indicate that caffeine supplementation 

enhance the performance in Yo-Yo IRT and serum CK 
activity. Additionally, the immunological response to 
exercise is not influenced by caffeine supplementation.

Previous reports suggest that caffeine ingestion 
affect muscle pain during moderate intensity exercise 
[8,9] and enhance the risk of muscle damage in soccer 
players [5], because of this we analyzed four MDM 
in soccer players before and 24 and 48h after strenu-
ous intermittent exercise with and without caffeine 
supplementation. We found a  significant ergogenic 
effect, which was associated to a hypoalgesic effect, and 
refuted the hypothesis of an increased risk of muscle 
damage with caffeine supplementation.

The ergogenic effect of caffeine on endurance 
sports are well described, but in other modalities is 
still debatable, however Glaister et al. [26] found a sig-
nificant improvement in performance in intermittent 
activities. Our findings corroborate the findings of 
Glaister et al. [26], the subjects underwent supple-
ment had ~12.5% better performance than those who 
did not use the supplement. According to Motl et al. 
[8] and O’Connor [9], this may occur by decreasing 
the perception of pain induced by muscular exercise. 
We identify a  significant difference in pain percep-
tion, where the subjects supplemented with caffeine 
reported lower values on the scale of muscle pain per-
ception. It is important to note that previous studies 

used a moderate intensity exercise protocol [8,9,27] 
or a high intensity exercise protocol [28] limited to 
the duration of 30 minutes. Differently, we used an 
exercise protocol where the subjects were demanded 
to the maximum up to the exhaustion, which may 
determine a highest muscle pain.  

Orally ingested caffeine by humans has effects on 
both the peripheral and the central nervous system 
because caffeine crosses the blood-brain barrier. Then, 
several possible mechanisms for the caffeine-induced 
reduction in muscle pain during exercise exist. The 
hypoalgesia might stem from caffeine acting on pe-
ripheral or central adenosine A1 and/or A2a receptors 
involved in the nociceptive system [29,30]. Alterna-
tively, caffeine might indirectly influence the nocicep-
tive system, for instance, by altering muscle sensory 
processes [31] or by acting on neurons involved in 
regulating the cardiovascular system [32].

Adenosine is a potent algesic agent, which is re-
leased during tissue injuries [33], and as caffeine is an 
adenosine antagonist, it is plausible that our findings 
resulted from caffeine attenuating nociceptive activ-
ity induced by adenosine in the periphery. As the 
adenosine receptors are widespread located on the 
nervous system and caffeine crosses the blood-brain 
barrier, many other ways of action could be postulated, 
as nociceptive afferent fibers, the dorsal horn of the 
spinal cord, and brain areas involved in pain such as 
primary and secondary somatosensory, insular, an-
terior cingulate, and prefrontal cortices [34,35]. The 
precise mechanism for the reduction in pain found 
in this experiment is uncertain because caffeine is 
a  nonselective adenosine receptor antagonist with 
high affinity for both A1 and A2 Adenosine receptors 
present at different locations of nervous system [29].

Lazarim et al. [36] measures plasma CK activity 
in professional soccer players during one season and 
our data corroborate with the results found in that 
study. Furthermore, our data are similar with MDM 
alterations in other sports modalities too [6,7,37,38]. 

In contrast to our data, Bassini-Cameron et al. 
[5] demonstrated a synergistic effect of caffeine and 
exercise on MDM. In that study, subjects performed 
a  Yo-Yo IRT after a  simulation of a  soccer match, 
which could result in differing individual exercise per-
formance outcomes. Regrettably the performance on 
Yo-Yo IRT was not reported in the Bassini-Cameron 
et al. [5] findings. This omission makes interpreta-
tion of these data somewhat difficult because of the 
varying exercise level performed by their subjects. It 
is important to note that caffeine could play a role on 
exercise-induced muscle pain attenuation [8,9] and 
thus improve physical performance during exhaus-
tive exercise [2,39]. In the present study we controlled 
athletes’ performance, which was better in caffeine 
supplemented subjects.   
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Many studies [37,40] verify great inter-individual 
differences on serum CK activity following exercises. 
This variability can explain the differences between 
groups on Bassini-Cameron et al. [5] study. The small 
sample, the immediately post exercise blood collection 
and statistical method can cause confusion on results 
interpretation. To avoid misinterpretations, we verify 
the serum CK activity dosages for a long time (up to 
48 hours after the exercise) to verify real differences in 
supplemented and control groups and observed differ-
ences only immediately after exercise protocol. These 
results may indicate that the caffeine do not enhance 
the exercise-induced muscle damage risk because the 
peak of serum CK activity has been observed at 24-
48h following the exercise [7,38]. It is possible that 
the immediately in serum CK activity result from 
a greater effort during the exercise protocol promoted 
by the ergogenic effect of caffeine. Then, it seems that 
caffeine supplementation does not act synergically 
with exercise to increase the exercise-induced muscle 
damage, since it was not observed differences between 
groups in serum CK activity at 24-48h following the 
exercise. The absence of synergic effect between caf-
feine supplementation and exercise to increase the 
exercise-induced muscle damage corroborate previous 
studies [7, 41].

During the present study, there were differences 
in Hematocrit, Erythrocyte counts, and Hemoglobin, 
which represents a  lack in volumetric variation due 
to the exercise. This find is important because hemo-
concentration or hemodilution could result in errone-
ous data interpretation [42]. It is interesting to note 
that Bassini-Cameron et al. [5] observed significant 
hematocrit-hemoglobin increases pre-post exercise 
in their caffeine supplemented subjects, but without 
differences for control group (placebo). However, 
these authors did not indicate whether their changes 
in MDM were adjusted for the hemoconcentration 
effects. Our findings also show that volumetric differ-
ences in the blood collection was present immediately 
after exercise, so we also noticed that volumetric differ-
ences may tend to overestimate the serum CK activity, 
which can lead to misinterpretations.

Increases in leukocytes and lymphocytes count, 
followed by a decrease to the baseline along the re-
covery time, are expected after a strenuous exercise 
[43-45]. It is hypothesized that changes in the circu-
lating epinephrine, which is positively related to ex-
ercise intensity [46] and may be increased by caffeine 
supplementation (18), may induce leukocytosis owing 
to the β2 receptors located on leukocytes [11]. Ad-
ditionally, caffeine may opposite the inhibitory effect 
of endogenous Adenosine, biding A2a receptors, over 
the polymorphonuclear leukocytes and lymphocytes 
[47]. Our results demonstrated an enhancement of 
total leukocytes and lymphocytes as expected, but 

fail to demonstrate an additional caffeine influence 
on blood cell content.

The absence of difference between groups on 
immunological response could be related to some 
limitations of the present study. Firstly, we have done 
only the total lymphocytes count, without discrimina-
tion of lymphocyte subpopulations. It is known that 
the exercise-induced muscle damage is associated to 
increase of NK cells and CD8+ T cells [48,49]. In addi-
tion, caffeine can influence blood cells activity, which 
was not measured here. Thereby, further studies are 
necessary to explain these topics.

In conclusion, this study indicates that short-term 
caffeine (5.5 mg·kg-1 body mass) supplementation 
improve the performance of the strenuous intermit-
tent exercise of a variety used with soccer training, 
which may be related to the hypoanalgesic effect of 
caffeine. Additionally, caffeine supplementation did 
not influence the exercise-induced muscle damage 
and/or immunological response. Further researches 
are necessary to examine the response of lymphocytes 
subpopulations and the effect of long supplementation 
periods and varying dosage levels.	  

Declaration of interest
The author reports no conflicts of interest.

References
1.	 De Hon O, Coumans B. The continuing story of nutritional 

supplements and doping Infractions. Br J Sports Med 2007; 
41: 800-5.

2.	 Jones G. Caffeine and other sympathomimetic stimulants: 
modes of action and effects on sports performance. Essays 
in Biochemistry 2008; 44: 109-23.

3.	 Mohr M, Nielsen JJ, Bangsbo J. Caffeine intake improves 
intense intermittent exercise performance and reduces 
muscle interstitial potassium accumulation. J Appl Physiol 
2011; 111: 1372-9.

4.	 Madigan DJ, Willems MET. Effect of caffeine on fatigue 
during submaximal isometric contractions at different knee 
angles. Med Sport 2011; 15: 194-200.

5.	 Bassini-Cameron A, Sweet E, Bottino A, Bittar C, et al. Effect 
of caffeine supplementation on haematological and bioche-
mical variables in elite soccer players under physical stress 
conditions. Br J Sports Med 2007; 41: 523-30.

6.	 Pettersson J, Hindorf U, Persson P, et al. Muscular exercise 
can cause highly pathological liver function tests in healthy 
men. Br J Clin Pharmacol 2007; 65: 253-9.

7.	 Machado M, Zovico PVC, Silva DP, et al. Caffeine does not 
increase resistance exercise-induced microdamage. J Exerc 
Sci Fit 2008; 6: 115-20.

8.	 Motl RW, O’Connor PJ, Dishman RK. Effect of caffeine on 
perceptions of leg muscle pain during moderate intensity 
cycling exercise. J Pain 2003; 4: 316-21.

9.	 O’Connor PJ, Motl RW, Broglio SP, Ely MR. Dose-dependent 
effect of caffeine on reducing leg muscle pain during cycling 
exercise is unrelated to systolic blood pressure. Pain 2004; 
109: 291-8.

10.	 Kraemer WJ, Ratamess NA. Fundamentals of resistance 
exercise: progression and exercise prescription. Med Sci Sports 
Exerc 2004; 36: 674-88.

11.	 Pedersen BK, Kappel M, Klokker M, et al. The immune sys-
tem during exposure to extreme physiologic conditions. Int 
J Sports Med 1994; 15: S116-21.



29
Pereira L.N., Machado M., Antunes W.D., Tamy A.L.M., Barbosa A.A.L., Pereira R./ Medicina Sportiva 16 (1): 22-29, 2012

12.	 Tidball JG. Inflammation in skeletal muscle regeneration. 
In: Schiaffino S, Partridge T, eds. Skeletal muscle repair and 
regeneration. 1st ed. New York: Springer Science & Business 
Media, 2008: 243-68.

13.	 Liu JF, Chang WY, Chan KH, et al. Blood lipid peroxides 
and muscle damage increased following intensive resistance 
exercise of female weightlifters. Ann NY Acad Sci 2005; 1042: 
255-61.

14.	 Peake JM, Suzuki K, Wilson G, et al. Exercise-induced muscle 
damage, plasma cytokines, and markers of neutrophil activa-
tion. Med Sci Sports Exerc 2005; 37: 737-45.

15.	 Magaudda L, Di Mauro D, Trimarchi F, Anastasi G. Effects of 
physical exercise on skeletal muscle fiber: ultrastructural and 
molecular aspects. Basic Appl Myol 2004; 14: 17-21.

16.	 Walker GJ, Finlay O, Griffiths H, et al. Immunoendocrine 
response to cycling following ingestion of caffeine and car-
bohydrate. Med Sci Sports Exerc 2007; 39: 1554-60.

17.	 Maridakis V, O’Connor PJ, Dudley GA, McCully KK. Caffeine 
attenuates delayed-onset muscle pain and force loss following 
eccentric exercise. J Pain 2007; 8: 237-43.

18.	 Bishop NC, Fitzgerald C, Porter PJ, et al. Effect of caffeine 
ingestion on lymphocyte counts and subset activation in 
vivo following strenuous cycling. Eur J Appl Physiol 2005; 
93: 606-13.

19.	 Graham TE. Caffeine and exercise: metabolism, endurance 
and performance. Sports Med 2001; 31: 785-807.

20.	 Ferrari Bravo D, Impellizzeri F, Rampinini E, et al. Sprint vs. 
interval training in football. Int J Sports Med 2008; 29: 668-74.

21.	 Stølen T, Chamari K, Castagna C, Wisløff U. Physiology of 
soccer - an update. Sports Med 2005; 35: 501-36.

22.	 Pereira LA, Curti JO, Camata TV, et al. Caffeine does not 
change the anaerobic performance and rate of muscle fatigue 
in young men and women. Med Sport 2010; 14(2): 67-72.

23.	 Gliottoni RC, Meyers JR, Arngrimsson SA, et al. Effect of 
caffeine on quadriceps muscle pain during acute cycling 
exercise in low versus high caffeine consumers Int J Sport 
Nutr Exerc Metab 2009; 19: 150-61.

24.	 Dill DB, Costill DL. Calculation of percentage changes in 
volumes of blood, plasma, and red cells in dehydration. J Appl 
Physiol 1974; 37: 247-8.

25.	 Cook DB, O’Connor PJ, Eubanks SA, et al. Naturally occurring 
muscle pain during exercise: assessment and experimental 
evidence. Med Sci Sports Exerc 1997; 29: 999-1012.

26.	 Glaister M, Howatson G, Abraham CS, et al. Caffeine supple-
mentation and multiple sprint running performance. Med Sci 
Sports Exerc 2008; 40: 1835–40.

27.	 Motl RW, O’Connor PJ, Tubandt L, et al. Effect of caffeine on 
leg muscle pain during cycling exercise among females. Med 
Sci Sports Exerc 2006; 38: 598–604.

28.	 Gliottoni RC, Motl RW. Effect of caffeine on leg-muscle pain 
during intense cycling exercise: Possible role of anxiety sensi-
tivity. Int J Sport Nutr Exerc Metab 2008; 18: 103-15.

29.	 Sawynok J. Adenosine receptor activation and nociception. 
Eur J Pharmacol 1998; 317: 1-11.

30.	 Sawynok J, Liu XJ. Adenosine in the spinal cord and peri-
phery: release and regulation of pain. Prog Neurobiol 2003; 
69: 313-40.

31.	 Plaskett CJ., Cafarelli E. Caffeine increases endurance and 
attenuates force sensation during submaximal isometric 
contractions. J Appl Physiol 2001; 91: 1535-44.

32.	 Bruehl S, Carlson CR, McCubbin JA. The relationship be-
tween pain sensitivity and blood pressure in normotensives. 
Pain 1992; 48: 463-7.

33.	 Levine J, Reichling D. Peripheral mechanisms of inflamma-
tory pain, In: Textbook of Pain. Wall P, Melzack R, Bonica J. 
Edinburgh, Scotland, Churchill Livingstone, 1994: 59-73.

34.	 Ribeiro J, Sebastiao A, de Mendonca A. Adenosine receptors 
in the nervous system: Pathophysiological implications. Prog 
Neurobiol 2003; 68: 377-92.

35.	 Apkarian AV, Bushnell MC, Treede R, Zubieta J. Human brain 
mechanisms of pain perception and regulation in health and 
disease. Eur J Pain 2005; 9: 463-84.

36.	 Lazarim FL, Antunes-Neto JMF, Silva FOC, et al. The upper 
values of plasma creatine kinase of professional soccer players 
during the Brazilian National Championship. J Sci Med Sport 
2009; 12: 85-90.

37.	 Brancaccio P, Maffulli N, Limongelli FM. Creatine kinase 
monitoring in sport medicine. Br Med Bull 2007; 82: 209-30.

38.	 Chevion S, Moran DS, Heled Y, et al. Plasma antioxidant status 
and cell injury after severe physical exercise. Proc Natl Acad 
Sci 2003; 100: 5119–23.

39.	 Hogervorst E, Bandelow S, Schmitt J, et al. Caffeine improves 
physical and cognitive performance during exhaustive exer-
cise. Med Sci Sports Exerc 2008; 40: 1841-51.

40.	 Chen TC. Variability in muscle damage after eccentric exer-
cise and the repeated bout effect. Res Q Exerc Sport 2006; 
77: 374-83.

41.	 Machado M, Koch AJ, Willardson JM, et al. Caffeine does not 
augment markers of muscle damage or leukocytosis following 
resistance exercise. Int J Sports Physiol Perform 2010; 5: 18-26.

42.	 Del Coso J, Esteves E, Mora-Rodriguez R. Caffeine effects 
on short-term performance during prolonged exercise in the 
heat. Med Sci Sports Exerc 2008; 40: 744-51.

43.	 Gabriel H, Schwarz L, Born P, Kindemann W. Differential 
mobilisation of leucocyte and lymphocyte subpopulations 
into the circulation during endurance exercise. Eur J Appl 
Physiol 1992; 65: 529–34.

44.	 Nieman DC, Henson DA, Sampson CS, et al. The acute im-
mune response to exhaustive resistance exercise. Int J Sports 
Med 1995; 16: 322-8.

45.	 Shek PN, Sabiston BH, Buguet A, Radomski MW. Strenuous 
exercise and immunological changes: a multipletime-point 
analysis of leukocyte subsets, CD4/CD8 ratio, immuno-
globulin production and NK cell response. Int J Sports Med 
1995; 16: 466–74.

46.	 Nieman DC, Miller AR, Henson DA, et al. Effect of high- 
versus moderate-intensity exercise on lymphocyte subpo-
pulations and proliferative response. Int J Sports Med 1994; 
15: 199-206.

47.	 Krump E, Lemay G, Borgeat P. Adenosine A2 receptor-indu-
ced inhibition of leukotriene B4 synthesis in whole blood ex 
vivo. Br J Pharmacol 1996; 117:  1639-44.

48.	 Kantamala D, Vongsakul M, Satayavivad J. The in vivo and 
in vitro effects of caffeine on rat immune cell activities: B, T 
and NK cells. Asian Pac J Allergy Immunol 1990; 8: 77–82.

49.	 Pizza FX, Mitchell JB, Davis BH, et al. Exercise-induced mu-
scle damage: Effect on circulating leukocyte and lymphocyte 
subsets. Med Sci Sports Exerc 1995; 27: 363-70.

Received: October 26, 2011
Accepted: March 15, 2012
Published: March 30, 2012

Address for correspondence: 
Rafael Pereira
Department of Biological Sciences 
– Universidade Estadual do Sudoeste da Bahia (UESB)
Rua José Moreira Sobrinho s/n, 
Jequiezinho/Jequié 45210-506, BA 
Brazil
Phone number: +55 73 35289616
e-mail: rafaelpereira@brjb.com.br

Lucas N Pereira: lucasnovaes@globo.com
Marco Machado: marcomachado@brjb.com.br
Welton D Antunes: wdantunes@hotmail.com
Andre Luiz M Tamy: rpfisiologia@gmail.com
Ana Angélica Leal Barbosa: anhabarbosa@yahoo.com.br
Rafael Pereira: rafaelpereira@brjb.com.br

Authors’ contribution
A – Study Design

B – Data Collection
C – Statistical Analysis

D – Data Interpretation
E – Manuscript Preparation

F – Literature Search
G – Funds Collection


