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Summary
Introduction. — The short-term supplementation of caffeine with physical exercise is effective
on the homeostasis of the immune system and hormones. The purpose of this study was to investigate the consumption of caffeine supplementation on immune-endocrine responses following
one session of intense exercise.
Method. — Sixteen male students (weight 65.4 ± 4.40 kg and age 23-27 years) participated in
this study. After matching, the subjects were randomly divided into two groups of caffeine supplementation (n = 8) and placebo group (n = 8). The placebo group, dextrose and experimental
group received caffeine supplementation (6 mg/kg) and participated in a 90-minute exercise of
pedaling on a bicycle ergometer at 70% VO2max. Blood samples (neutrophils, lymphocytes,
monocytes, cortisol, and Interleukin-6) measured in three steps, before supplementation,
immediately after exercise, and one hour later. The interactions of group versus time were
Analysis of Variance (ANOVA) for repeated measures followed by Post hoc Bonferroni test.
Results. — Caffeine supplementation signiﬁcantly increased the monocytes in 1 hour posttest
(P = 0.023), the neutrophils in immediately posttest (P = 0.032) and 1 hour posttest (P = 0.026),
and the cortisol in 1 hour posttest (P = 0.020) compared to the placebo group. There were signiﬁcant differences between the two groups in terms of the examination of white blood cells
at different times. Levels of IL-6 increased in the supplementation of caffeine in immediately
post test (P = 0.003) and 1 hour post test (P = 0.001), which this increase was more than placebo
group.
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Conclusion. — It seems that caffeine supplementation with acute severe exercise can be stressful
for short-term ﬁtness adaptation. Because in this study it was observed, the use of caffeine in
acute severe exercise led to an increase immune-inﬂammatory responses and slowdown the
reduction of cortisol catabolic hormones. However, further studies are needed.
© 2019 Elsevier Masson SAS. All rights reserved.
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Résumé
Introduction. — La supplémentation à court terme en caféine avec de l’exercice physique est
efﬁcace pour l’homéostasie immunitaire et endocrine. Le but de cette étude était d’étudier
l’action d’une supplémentation en caféine sur les réponses immuno- endocriniennes après une
séance d’exercice intense.
Méthodes. — Seize étudiants de sexe masculin (poids 65,4 ± 4,40 kg et 23—27 ans) ont participé
à cette étude. Après appariement, les sujets ont été répartis au hasard en deux groupes: supplémentation en caféine (n = 8) et placebo (n = 8). Le groupe placebo, le groupe dextrose et le
groupe expérimental ont reçu une supplémentation en caféine (6 mg/kg) et ont participé à un
exercice de pédalage de 90 minutes sur cycle ergomètre à 70 % de VO2max. Les échantillons de
sang (neutrophiles, lymphocytes, monocytes, cortisol et interleukine-6) sont prélevés à trois
reprises, avant la supplémentation, immédiatement après l’exercice et une heure plus tard.
L’analyse statistique était effectuée par analyse de variance (ANOVA) pour mesures répétées,
suivie du test post-hoc de Bonferroni.
Résultats. — La supplémentation en caféine a augmenté signiﬁcativement les monocytes 1 heure
après le test (p = 0,023), les neutrophiles immédiatement après le test (p = 0,032) et 1 heure
après le test (p = 0,026), et le cortisol 1 heure après le test (p = 0,020) par rapport au groupe
placebo. Il y avait des différences signiﬁcatives entre les deux groupes en termes de formule
leucocytaire à des moments différents. Les niveaux d’IL-6 ont augmenté lors de la supplémentation en caféine immédiatement après le test (p = 0,003) et 1 heure après le test (p = 0,001),
cette augmentation étant supérieure à celle du groupe placebo.
Conclusion. — Il semble que la supplémentation en caféine avec un exercice intense et intense
exacerbe la réponse de stress lors d’une activité physique à court terme. En effet cette étude
montre après prise de caféine lors d’un exercice physique aigu une augmentation des réponses
immunitaires inﬂammatoires et une baisse ralentie de des hormones cataboliques et du cortisol.
Cependant, d’autres études sont nécessaires.
© 2019 Elsevier Masson SAS. Tous droits réservés.

1. Introduction
The immune system is a complex system whose proper functioning is essential for health. Disrupting the system can lead
to multiple complications [1]. Researchers have shown that
low and moderate exercise can improve various aspects of
the immune system [2]. But boring and long-term physical
exercises such as marathon and ultra-marathon may have
different effects on the immune function and lymphocytes
[3]. Extreme exercise also releases stressed proteins and, as
a result, impair the immune system and increase the risk of
acute or chronic inﬂammation [2,4]. In general, the intensity of exercise was one of the main factors affecting the
immune system in post-exercise response [5], But the frequency and duration of exercise are also important factors
that affect the immune system [6].
Disorders of the immune system due to intense exercise
that athletes are involved in are rooted in many factors.
Severe long-term physical activity is associated with a large
amount of hormones and biochemical changes, some of
which have a signiﬁcant impact on the immune system.
In addition, inappropriate nutrition can double the negative impact of intense exercise [7]. Intense exercise leads

to signiﬁcant changes in the number and distribution of
circulatory leukocytes and their subtypes, so that the number of blood leukocytes can increase by up to four times
the amount of rest and may continue to do so for several
hours after exercise. In general, the amount of leukocytosis (increased number of leukocytes) is consistent with the
severity and duration of exercise [8]. Some of the changes
that occur after long-term exercise are attributed to the
effects of cortisol modulation on the immune system. Cortisol reduces the number of lymphocytes in the bloodstream
by inhibiting the entry of lymphocytes into circulation and
stimulating the migration of lymphocytes from the blood
into peripheral lymphoid tissues [9]. It has been argued
that intense and prolonged exercise (one-session or multisession) can also reduce body resistance and affect the
functioning of the immune system for several hours to a
week and even more [10]. However, diverse nutritional,
health, environmental, pharmaceutical and sports programs
can lower the risk of infection.
The mechanisms responsible for modifying the immune
system with exercise are multifactorial and include neurotransmitter factors such as epinephrine, norepinephrine,
growth hormone, and cortisol. The close relationship
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between the immune system and the intranasal nervous
system suggests that the activation of the intrinsic nervous system, such as the change in stress hormones that
occurs during exercise, is a potential source of change in
the immune system. In fact, a large part of the shortterm immune response to exercise can be related to the
adaptation to changes in the stress hormones [11]. It has
been stated that short-term and intense exercise activities
increase the amount of stress hormones, including cortisol,
in blood ﬂow. Changes in the levels of stress hormones cause
changes in the immune system [12]. It has been shown that
caffeine induces blood ﬂow cortisol after exercise [13].
Caffeine is a member of the methyl xanthine family
and is used as a synergistic factor for ergogenic purposes
that has physical [14] and cognitive [15] beneﬁts in exercise activities. The effects of caffeine include antagonism
of adenosine receptor, increased glycolytic ﬂow, increased
calcium displacement in sarcoplasmic reticulum, decreased
interstitial potassium accumulation and hormonal stimulation [16]. Caffeine is widely associated with the stimulation
of the sympathetic nervous system, followed by increased
epinephrine and norepinephrine. Recent studies have also
reported an increase in the plasma cortisol concentration
with exercise-induced caffeine. In addition to the effect on
performance, these changes can have important effects on
immune system [17]. Macrophages and natural killer cells
also exhibited a reduced activity in the presence of high caffeine doses compared to increased activity at low doses. Few
studies have evaluated the effect of caffeine supplementation on lymphocytic response [18]. Bishop and colleagues
showed that the distribution of caffeine 6.0 mg/kg body
weight, one hour before the training session, increased
the concentration of both CD4 + and CD8 + lymphocytes prior
to exercise, while 90 minutes of cycling exercise with 70%
VO2max had no effect on the content of total lymphocytes [19]. Previous studies on caffeine supplementation
and cycling activity revealed a higher response of cytotoxic T-lymphocytes [18,19]. It has been suggested that
these responses are caused by adenosine/adenylate cyclase
[20] and the receptor of ␤2 adrenergic/cyclic adenosine monophosphate (cAMP). The distribution of caffeine
increases cell death and cell migration in cytotoxic T lymphocytes in the caffeine group. It is suggested that chronic
supplementation may be the ﬁrst receptor to respond to this
cellular subset [21]. Thus, it suggested that use of caffeine
can alleviate various inﬂammatory conditions and autoimmune disruption [22].
The effects of caffeine on a number of physiological
systems, including cardiovascular, endocrine, and nervous
system, have been identiﬁed [23]. However, there has been
little research on the role of caffeine on the various aspects
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of the immune system and immunoendocrine responses [24].
Of the studies conducted, most were based on the animal
model and a few studies evaluated caffeine concentrations
in healthy human samples [25]. Therefore, the present study
examines the effect of caffeine supplementation on immune
responses to severe exercise in human samples.

2. Material and methods
2.1. Subjects
Recruitment was carried out at the Tehran University of
Physical Education and Sport Sciences (University cycling
team). The subject was healthy male volunteers, who
cycled an average of 3,500 km a year. Informed consent
was obtained after detailed explanation of the protocol
and after approval by the local Ethics Committee. Ethics
approval was obtained from the Baqiyatallah University of
Medical ScienceS (IR.BMSU.REC.1395.431). All subjects provided written informed consent, and were informed that
they could terminate their participation in the study at any
time. Body weight was measured to the nearest 0.1 kg with
a digital scale. Height was determined with a Holtain stadiometer (Holtain Ltd., Crymych, UK) to the nearest 0.1 cm.
BMI was calculated as weight in kg divided by the square of
height in meters (Table 1).
In the present study, the inclusion criteria were as follows: The willingness of the subject to participate in the
research, not being susceptible to supplementation, not
having a disability or orthopedic problem (abnormalities and
history of fractures) and not having underlying illnesses such
as kidney failure, heart disease, COPD, liver failure, blood
disorders (according to the history and results of the current test subjects). In addition, the exclusion criteria were
incident occurrence for the participant during the training
session, the subjects’ unwillingness to continue the test.
The subjects were randomly selected from 16 volunteers
and divided into experimental (caffeine + exercise) and control (placebo + exercise) groups.
After selecting the subjects, the subject matter of the
research, the purpose and method of its implementation, as
well as the applications and the potential risks to which they
may be exposed to were made known to them. One week
before the start of the test, the subjects completed a satisfaction form and health status and health questionnaire,
which indicated that there were no symptoms of infection
a month prior to the test, as well as caffeine intake in various forms of coffee, tea, drinks and drugs that contained
caffeine [26].

Physiological Characteristics of the subjects.

Groups

n

Age, y

Weight, kg

Height, cm

BMI, kg/m2

Body Fat, %

VO2max ,
ml/kg/min

Hemoglobin Hematocrit
(g/dl)
%

Placebo
Caffeine

8
8

25.7 ± 1.1
25.6 ± 1.5

66.4 ± 3.9
64.4 ± 4.9

174 ± 2.9
172.6 ± 3.9

21.7 ± 1.1
22.1 ± 1.1

12.9 ± 1.4
13.2 ± 1.2

46.4 ± 2.4
46.8 ± 2.6

15.9 ± 1.9
16.1 ± 0.9

45.2 ± 2.8
45.9 ± 1.6

Data presented as mean ± SD. Individuals were matched by age and sex in the whole sample. BMI: body mass index.
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after the activity. To reduce the effect of nighttime cycles on
the immune system, the test was performed in the morning
between 8:00 and 11:00 hours. Plasma volume changes were
also measured by the amount of hematocrit and hemoglobin
measured by the Dale and Castile formula [27]:
•
•
•
•

Figure 1 Heart rate of subject during exercise test. Values
are mean ± SD (n = 8).

2.1.1. Pre-test session
In this meeting, the height, weight and fat percent (using
caliper, Jackson/Pollock), body mass index (using body
composition analyzer) and maximum oxygen consumption
were measured. A maximal exercise test was done on a bicycle ergometer (Ergoline GmbH, Bitz, Germany) to establish
maximal aerobic capacity (VO2max). After an initial workload of 100 Watt for subject, workload was subsequently
increased by 35 W/2 min until the participant could not
maintain the required pedaling frequency of 60 rpm. Oxygen consumption was measured with indirect calorimetry
(Oxycon Carefusion, Hoechberg, Germany).

% PV = [100/(100—HCT1)] × [100 (HCT1—HCT2)/HCT2];
PV % = Percentage change in plasma volume;
HCT1 = Hematocrit before exercise;
HCT2 = Hematocrit after exercise.

The number of white cells, cortisol, and interleukin 6 was
corrected to the ﬁrst one [27]. Serum cortisol levels were
measured by radioimmunoassay (RIA) and as per the manufacturer’s instructions on each kit (Kavoshir, Iran) [7]. The
IL-6 levels of the serum samples were measured by using
a booster kit of ELISA product kit by a sandwich-shaped
enzyme immunosorbent assay. The sensitivity of the IL-6 kit
was about 0.3 pg/ml.

2.2. Statistical analysis
The data was analyzed by using SPSS 21 software. First,
Kolmogorov-Smirnov test was used to determine data distribution and the consistency of the groups. For simultaneous
comparison of the differences between the groups at three
stages, two-way ANOVA with repeated measurements and
post-hoc tests were used. T-test was used to determine the
difference between the groups. A signiﬁcant level of P < 0.05
was considered for the calculations.

3. Results
2.1.2. Test session
The subjects were given a list of caffeinated foods and drinks
that they refused to eat 60 hours before the test. In addition, 48 hours before the test, they refused to participate in
any exercise activity. On the morning of the test, blood samples were taken from the subjects in fasting state (via the
left brachial vein), and the subjects sat in the restroom for
10 minutes before the sampling. Then they were given the
standard breakfast of 45 grams of bread, 15 grams of butter and one glass of boiling water having an energy content
around 300 kilocalories. After about an hour, they took a
caffeine dose of 6 mg/kg of body weight.
2.1.3. Exercise test
The exercise test consisted of 90-min cycling. The intensity of cycling was set at 70% Vo2max of individual. The
volunteers were instructed to avoid strenuous activity 2
days before the study. The room temperature was kept
between 20 and 22 ◦ C. After warming up for ﬁve minutes,
the subjects worked with bicycles for 90 minutes with 70% of
maximum aerobic power. Heart rate was continuously monitored (every 15 minute) (Fig. 1). In order to match the ﬂuid
intake, the subjects consumed 2 ml of plain water per kg
of body weight after every 15 minutes. The second blood
sample was taken immediately after the completion of the
activity. Then, the subjects consumed 5 ml of plain water
per kilogram of body weight, and no other food or drink
was taken for one hour (ﬁnal blood sampling) after the end
of activity, and the third blood sample was taken one hour

3.1. Heart rate
The results for heart rate bets are presented in Figure 1.
There was no signiﬁcant difference in the interaction
between the groups and time.

3.2. Lymphocyte
The results for lymphocytes changes are presented in Fig. 2
and Table 2. There was no signiﬁcant difference in the interaction between the groups and time (F = 0.671, P = 0.520).
In addition, There was no signiﬁcant difference between
groups PBO and CAFF for Lymphocytes (L) (F = 0.317,
P = 0.585). However, signiﬁcant differences were observed
regarding time (F = 6.403, P = 0.005). When comparing the
moment of measurement, we found reduction of Lymphocytes in 1 hour posttest versus pre-test (P = 0.014) and 1 hour
posttest versus post-test (P = 0.014) for PBO group.

3.3. Monocyte
The results for Monocytes changes are presented in Fig. 3
and Table 3. There was signiﬁcant difference in the interaction between the groups and time (F = 6.371, P = 0.015),
with an increase in CAFF group compared to PBO group
in 1 hour posttest (P = 0.023). There was no signiﬁcant difference between groups PBO and CAFF for Monocytes (L)
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Figure 2 Lymphocytes changes in various groups. PBO:
Placebo, n = 8, CAFF: Caffeine, n = 8. The data are shown as
Mean ± SD.

(F = 1.749, P = 0.204). However, signiﬁcant differences were
observed regarding time (F = 37.853, P = 0.001). When comparing the moment of measurement, we found an increase
of Monocytes at posttest and 1 hour posttest versus pre-test
(P = 0.013 and P = 012) for PBO group. In addition, we found
an increase of Monocytes at posttest and 1 hour posttest versus pre-test (P = 0.021 and P = 002) and 1 hour posttest versus
post-test (P = 0.003) for CAFF group.

3.4. Neutrophil
The results for Neutrophils changes are presented in Fig. 4
and Table 4. There was signiﬁcant difference in the interaction between the groups and time (F = 4.758, P = 0.042). In
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Figure 3 Monocyte changes in various groups. PBO: Placebo,
n = 8, CAFF: Caffeine, n = 8. The data are shown as Mean ± SD.
*: signiﬁcant different within PBC and CAFF group in 1 hour post
test (P = 0.023).

addition, there was signiﬁcant difference between groups
PBO and CAFF for Neutrophils (L) (F = 5.983, P = 0.029),
with an increase in CAFF group compared to PBO group
in posttest (P = 0.032) and 1 hour posttest (P = 0.026). However, signiﬁcant differences were observed regarding time
(F = 14.369, P = 0.001). When comparing the moment of measurement, we found an increase of Neutrophils at posttest
versus pre-test (P = 0.019) and a reduction of Neutrophils at
1 hour posttest versus post-test (P = 0.001) for PBO group. In
addition, we found an increase of Neutrophils at posttest
and 1 hour posttest versus pre-test (P = 0.012 and P = 0.015)

Lymphocytes changes in various groups.
Condition

Lymphocytes

Pre test
Post test
1 hour post test

PBO

CAFF

2765 ± 356.53
2723 ± 484.69
2075.47 ± 558.72a,b

2614.75 ± 729.28
3096.75 ± 569.18
2174.22 ± 1097.97

The results of Lymphocytes (L) were described by mean ± SD. The interactions of group versus time was Analysis of Variance (ANOVA)
for repeated measures followed by Post hoc Bonferroni test. The level of signiﬁcance was set at P < 0.05. n = 8.
a Statistically signiﬁcant in relation to Pre test.
b Statistically signiﬁcant in relation to post test.

Table 3

Monocyte changes in various groups.
Condition
PBO

Monocytes

Pre test
Post test
1 hour post test

142.43 ± 56.6
214.29 ± 85.29
228.29 ± 92.33

CAFF
a
a

136.63 ± 72.7
257.5 ± 100.28
344 ± 81.9 a b

a

The results of Monocytes (L) were described by mean ± SD. The interactions of group versus time was Analysis of Variance (ANOVA)
for repeated measures followed by Post hoc Bonferroni test. The level of signiﬁcance was set at P < 0.05. n = 8.
a Statistically signiﬁcant in relation to Pre test.
b Statistically signiﬁcant in relation to post test.
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tion between the groups and time (F = 2.196, P = 0.131). In
addition, there was no signiﬁcant difference between groups
PBO and CAFF for IL-6 (pg/ml) (F = 2.485, P = 0.141). However, signiﬁcant differences were observed regarding time
(F = 23.91, P = 0.001). When comparing the moment of measurement, we found an increase of IL-6 at posttest versus
pre-test (P = 0.019) for PBO group. In addition, we found an
increase of Cortisol at posttest and 1 hour posttest versus
pre-test (P = 0.003 and P = 0.001) for CAFF group.

4. Discussion

Figure 4 Neutrophils Changes in different groups. PBO:
Placebo, n = 8, CAFF: Caffeine, n = 8. The data are shown as
Mean ± SD. *: signiﬁcant different within PBC and CAFF group
in post test (P = 0.032). #: signiﬁcant different within PBC and
CAFF group in 1 hour post test (P = 0.026).

a reduction of Neutrophils at 1 hour posttest versus post-test
(P = 0.029) for CAFF group.

3.5. Cortisol
The results for Cortisol changes are presented in Fig. 5 and
Table 5. There was no signiﬁcant difference in the interaction between the groups and time (F = 2.000, P = 0.156).
There was signiﬁcant difference between groups PBO and
CAFF for Cortisol (ng/L) (F = 5.788, P = 0.032), with an
increase in CAFF group compared to PBO group in 1 hour
posttest (P = 0.020). However, signiﬁcant differences were
observed regarding time (F = 82.239, P = 0.001). When comparing the moment of measurement, we found an increase of
Cortisol at posttest versus pre-test (P = 0.003) and a reduction of Cortisol at 1 hour posttest versus post-test (P = 0.001)
for PBO group. In addition, we found an increase of Cortisol
at posttest versus pre-test (P = 0.001) a reduction of Cortisol at 1 hour posttest versus post-test (P = 0.001) for CAFF
group.

3.6. IL-6
The results for IL-6 changes are presented in Fig. 6 and
Table 6. There was no signiﬁcant difference in the interac-

Table 4

The purpose of this study was to determine the short-term
effect of caffeine supplementation on immunoendocrine
responses following 90 minutes of cycling with 70% VO2max.
The study’s results revealed that lymphocyte population did
not signiﬁcantly increase immediately after the exercise,
and the difference between the two groups was not signiﬁcant at this stage. One hour after the activity, there was a
decrease in the number of lymphocytes in the two groups,
which was signiﬁcant in the placebo group as compared to
the pre-activity group. There was no signiﬁcant difference
between the two groups at this stage. The different factors for reducing the lymphocyte volume were effective
after the exercise. It has been shown that the intensity
of the exercise is one of the main factors inﬂuencing the
post-exercise response [5]. But the frequency and duration
of the exercise are important factors as well [6]. Caffeine
increases the plasma levels of caffeine and epinephrine in
the bloodstream. It has been suggested that a dose of 6 mg
per kg body weight would similarly reduce the activation of
T lymphocytic cells at one hour after 90 minutes of cycling
with 70% VO2peak [18]. Previous studies on the interaction
of caffeine and exercise have demonstrated the inhibitory
immune effect of T helper and cytotoxic lymphocyte cells
on cyclists practicing in a training session [18]. Navalta
et al. (2016) showed that caffeine supplementation signiﬁcantly increased apoptotic markers in T helper lymphocytes
immediately after exercise, but had less effect on lymphocyte migration. In the present study, the lack of increase in
lymphocytes after exercise can be attributed to their apoptosis. Caffeine also affects the movement and concentration
of intracellular calcium (calcium affecting the lymphocyte
population), which was not measured in the present study
[28]. It has been argued that caffeine inhibits the production of TNF␣ and IL-2 produced from lymphocyte [29]. In
the present study, the reduction of lymphocytes can also

Neutrophils changes in various groups.
Condition
PBO

Neutrophils

Pre test
Post test
1 hour post test

3643.57 ± 826.4
4710.76 ± 952.43
4080.57 ± 983.28

CAFF
a
b

4157.5 ± 2100.31
7860.88 ± 3313.46
6645.88 ± 2527.02

a
a b

The results of Neutrophils (L) were described by mean ± SD. The interactions of group versus time was Analysis of Variance (ANOVA)
for repeated measures followed by Post hoc Bonferroni test. The level of signiﬁcance was set at P < 0.05. n = 8.
a Statistically signiﬁcant in relation to Pre test.
b Statistically signiﬁcant in relation to post test.
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Cortisol changes in various groups.
Condition

Cortisol

Pre test
Post test
1 hour post test

PBO

CAFF

14.15 ± 2.61
24.25 ± 3.06 a
13.39 ± 2.5 b

15.92 ± 1.97
24.99 ± 3.35
16.85 ± 2.75

a
a b

The results of Cortisol (ng/L) were described by mean ± SD.
The interactions of group versus time was Analysis of Variance (ANOVA) for repeated measures followed by Post hoc
Bonferroni test. The level of signiﬁcance was set at P < 0.05.
n = 8.
a Statistically signiﬁcant in relation to Pre test.
b Statistically signiﬁcant in relation to post test.

Figure 5 Cortisol changes in different groups. PBO: Placebo,
n = 8, CAFF: Caffeine, n = 8. The data are shown as Mean ± SD.
* : signiﬁcant different within PBC and CAFF group in 1 hour post
test (P = 0.020).

be attributed to the anti-inﬂammatory effects of athletic
activity and the ergogenic supplementation of caffeine. Similar to the results of this study, Bishop et al. (2005) stated
that the distribution of a caffeine dose of 6 mg/kg body
weight one hour before training, increased the concentration of both CD4 + and CD8 + lymphocytes before exercise,
while 90 minutes of cycling exercise with 70% VO2max had
no effect on the total lymphocyte content [19]. By loading
the same dose of caffeine, Flitotrine, et al. (2012) reported
that the expression of CD69 antigen in T cells decreased,
while the activation of natural killer (NK) cells rose one
hour after extreme cycling [18]. Caffeine is also a nonselective adenosine receptor antagonist and stimulates the
release of adrenaline from adrenal medulla. Both T and
NK cells express adrenoceptor B2 and adenosine receptor
(T cells, A2A and A3, NK cells, A1, A2A and A2B). Both
adenosine and adrenaline have been shown to inhibit the
activation of primary lymphocyte by activating adenylate
cyclase and enhance it intracellularly by inhibiting [30] cAMP
[31]. Therefore, caffeine has a potential role in modulating
the activation of lymphocyte either directly by the receptor of adenosine antagonism or indirectly by stimulating the
release of catecholamines. The ﬁndings of this study are not
consistent with the results of Walker et al. (2007) because
of the incompatibility of supplemental types, supplemental
doses and the types of subject, and the exercise modalities
[22].
The number of monocytes immediately after activity
showed a signiﬁcant increase in each group, but these values were also higher in the caffeine supplement group,
and there was no signiﬁcant difference in the number of
monocytes between the two groups at this stage. One hour
after the activity, the number of monocytes signiﬁcantly
increased in both groups. At this stage, the amount in the
caffeine supplement group was signiﬁcantly increased in
comparison to the placebo group. Increasing the number of
monocytes during or after the exercise is highly dependent
on the intensity, the exercise duration, and the level of the
individual’s readiness. Since monocytes secrete a number of
regulatory factors, such as cytokines, the calling of these
cells during exercise is a factor in increasing the density of

Figure 6 Change of IL-6 groups. PBO: Placebo, n = 8, CAFF:
Caffeine, n = 8. The data are shown as Mean ± SD.
Table 6

IL-6 changes in various groups.
Condition
PBO

IL-6

Pre test
Post test
1 hour post test

2.42 ± 0.82
4.95 ± 1.79
4.17 ± 2.26

CAFF
a

2.08 ± 0.5
6.2 ± 2.1 a
5.9 ± 1.12 a

The results of IL-6 (pg/ml) were described by mean ± SD.
The interactions of group versus time was Analysis of Variance (ANOVA) for repeated measures followed by Post hoc
Bonferroni test. The level of signiﬁcance was set at P < 0.05.
n = 8.
a Statistically signiﬁcant in relation to Pre test.

these cells. The severity, the exercise duration, and the level
of ﬁtness in the two groups were the same, thereby indicating that the postoperative changes of this factor could be
attributed to the effect of caffeine. Caffeine is an adenosine receptor antagonist. Adenosine reduces Tumor necrosis
factor alpha (TNF␣) and interleukin 10 (IL-10) produced by
monocytes [32], but this study found that caffeine has a
signiﬁcant positive effect on monocyte populations.
The number of neutrophils immediately after the exercise showed a signiﬁcant increase in each group. Also, in the
caffeine supplement group, there was a signiﬁcant increase
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in the number of neutrophils compared to the placebo
group. One hour after the activity, the number of neutrophils
in both groups increased signiﬁcantly. There was also a signiﬁcant increase in the caffeine group compared to the
placebo group. Several studies have shown an increase in
performance after the consumption of a caffeine dose of 36 mg/kg body weight [25]. After taking caffeine from the list
of dopaminergic drugs, several studies have been conducted
on the use of this supplement and its ergogenic effects in
cycling [33]. 50-60% of the leukocyte population comprises
neutrophils. With the increase of reactive oxygen species
(ROS) and antibacterial enzymes, it has been shown that
the initial line is defensive against infectious agents. However, these functional responses increase after prolonged
and severe exercise [34]. It has been argued that caffeine
intake reduces N-Formylmethionyl-leucyl-phenylalanine (fMLP)-induced oxidative neutrophilic oxide in response to
observational responses after ultra-high intensity cycling
with a speciﬁed duration [35], which can be effective in
life and increase the neutrophilic population with exercise
that is similar with the results of the present study. Caffeine boosts catecholamines [25], and the reduction in the
oxidative bursitis of neutrophil response after exercise is
attributed to increased epinephrine concentration at certain thresholds [36]. Epinephrine acts through neutrophil
adrenoreceptor A-2 (which inhibits neutrophil ROS production) [37] and is therefore effective in neutrophil life.
Another mechanism of the change in the number of leukocytes is the increase in hormones such as catecholamine
growth hormones and stress hormones such as cortisol and
epinephrine. This hormone through intense exercise, which
in turn causes the use of all subclasses of leukocytes, especially neutrophils, and during the exercise, and even after
the exercise, keeps these cells at high levels, which can be
observed for several hours. Some researchers believe that
when exercises last longer than an hour, two hormones act
simultaneously and increase the number of leukocytes after
starting a long-term activity. At the end of the exercise, the
primary reduction in the number of leukocytes due to the
rapid withdrawal of epinephrine in the ﬁrst 30 minutes is
set to return. The next gradual return to the baseline levels
is due to a slower return of cortisol to resting levels. However, changes in the number, distribution, and reproduction
of leukocytes caused by exercise are temporary and unstable, and it is not clear as to how much the immune system
is affected.
Caffeine is an immune system stimulant and moderator of endocrine function. This supplement can improve
endurance performance for athletes such as average dose
runners such as 2-3 mg/kg body weight [38]. Caffeine is able
to increase the amount of catecholamine’s, especially the
levels of adrenaline [18]. Laurent et al. (2000) reported
that trained men consuming caffeine measuring 6 mg/kg
90 minutes before 120 minutes of cycling with an intensity
of 65% of maximum oxygen, showed an increased plasma
adrenaline, cortisol, and beta-endorphin compared to the
control group [39]. The study also found that the levels
of cortisol immediately after the exercise was signiﬁcantly
increased in the both groups as well as with higher levels
of cortisol in caffeine supplementation group compared to
the placebo group, there was no statistically signiﬁcant difference between the two groups. One hour after exercise,

the cortisol levels were not signiﬁcantly different in the two
groups compared to those before supplementation. At this
stage, the cortisol level of the caffeine group was signiﬁcantly higher than that of the placebo group. This result
was consistent with the study by Walker et al. (2007). The
researchers evaluated the immuno-endocrine responses of
cycling in 12 male cyclists following the intake of caffeine
and carbohydrate. One hour after taking a caffeine supplementation dose of 6 mg/kg body weight and performing two
hours of activity (ergometer) with 65% aerobic power, the
cortisol levels both during the time of activity and one hour
after the activity showed signiﬁcant increase in the caffeine
supplement group compared to the placebo group (P <0.05)
[22].
Caffeine has anti-inﬂammatory effects in humans and its
major effects are differences in dosage. It is shown that
after exercise, the NK cell activity, neutrophil activity and
IL6 and IL10 increase in the caffeine group [24]. In the
present study, there was a signiﬁcant increase in IL-6 levels in each group immediately after exercise. There was
no signiﬁcant difference in the level of IL-6 in the caffeine
supplement group in comparison with the placebo group.
One hour after exercise, the IL-6 levels in both groups were
signiﬁcantly higher than those before the supplementation.
At this stage, the IL-6 levels were higher in the caffeine
group than in the placebo group, but this difference was
not statistically signiﬁcant. Walker et al. (2007) also showed
a signiﬁcant increase for IL-6 after exercise and one hour
after exercise compared to the pre-consumption of caffeine.
Immediately after the exercise, they reported a signiﬁcant
increase in IL-6 levels in the caffeine supplement group
compared to the placebo group. Although, one hour after
exercise, the IL-6 levels were higher in the caffeine group
compared to the placebo group, it was statistically not signiﬁcant. However, our ﬁndings found that the IL-6 level was
higher in the caffeine group than in the placebo group, and
this difference was probably due to the longer duration of
activity (2 hours) in the study by Walker et al. It should be
considered that the researchers attributed the increased
level of IL-6 to the increase in the number of circulating
monocytes, which resulted in more IL-6 production [22]. It
seems that the release of stress hormones is relevant with
the release of Interleukin 6.
In summary, the results of this study shows that intensive aerobic exercise can lead to changes in the immune
responses of male athlete students, which are more than
that with caffeine supplementation. As the Figures show,
the number of leukocytes in blood samples of both groups
showed increase with exercise, but in the supplement
group, caffeine increased signiﬁcantly more compared to
the placebo group. Gleason et al. believe that the responses
accompanied by intense activity are signiﬁcantly similar
to those triggered by infection. This is due to an increase
in the number of leukocytes (especially neutrophils and
lymphocytes), which are exacerbated by caffeine. They also
believe that with severe neutrophilia (increased neutrophils
in the blood) in the end, they can drain these important
cells in the bones, which certainly indicates that neutrophil
accumulation in the blood decreases during puberty in
caffeine consumers. And the phagocytosis activity of blood
neutrophils is reduced [40]. On the other hand, although
the changes in the number of lymphocytes with caffeine
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supplementation were not signiﬁcant, they increased after
the increase in the activity in the supplement group of
caffeine and in one hour after the activity, it was lower than
the training level. Reducing the number of lymphocytes
during the period when it returns to its original state,
and lowering it from the pre-workout level, causes the
repression of the immune system (open window) [19].
The limitations of the present research include the
reduced number of participants (although their number was
acceptable for the statistical test), lack of measurement of
caffeine-induced blood metabolism and the dietary control
of the subjects a few days before the test session to reduce
the effects of caffeine, which as a residual food, may have
interfered with the test results.

5. Conclusion
Most studies have conﬁrmed the positive effects of caffeine
on endurance function, and its action mechanism is usually
to modify the substrate metabolism in endurance exercise.
However, studies on the effect of caffeine supplementation
on acute exercise are limited. In this study, the mechanism
of the effect of caffeine on severe acute exercise can be
related to the involvement of the immuno-endocrine system, since one hour after exercise, a signiﬁcant increase
was seen in some blood and hormonal factors, including the
cortisol stress hormone. Therefore, these supplements can
be stressful for short-term ﬁtness adaptation.
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