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ABSTRACT

Received: 11 Dec 2020 [XT5E Physical inactivity is associated with low-grade systemic inflammation and increased risk of chronic

Accepted: 27 Jan 2021 : diseases. Beneficial effects of caffeine on adipocytes metabolism and its anti-inflammatory properties
Available Online:010ct2021 have been reported. This study aimed to evaluate the impact of 12 weeks of combined training and caf-
: feine on plasma levels of inflammatory and anti-inflammatory indices in obese men.
In a quasi-experimental trial, 44 obese men were purposefully and accessibly se-
lected and assigned into four groups each 11 samples: 1) control, 2) combined (resistance-endurance)
training, 3) caffeine, and 4) combined training with caffeine. The study subjects received 6 mg of caffeine
per kilogram of body weight daily for 12 weeks. The combined training program was performed for 12
weeks, 3 sessions per week. The plasma levels of inflammatory (interleukin[IL]-1B) and anti-inflammatory
(IL-10) indices were measured using an ELISA kit. The obtained data were analyzed by dependent t test,
1-way ANOVA, and Tukey post hoc test at the significant level of P<0.05.
[T The results showed that 12 weeks of combined training, caffeine, and combined training-caffeine

Key words: significantly reduced IL-1B levels and increased IL-10 in obese men at posttest compared to the pretest
Combined training, : (P=0.001). Also, changes in IL-1B and IL-10 levels were greater in the combined training-caffeine group
Caffeine, Interleukin-  :  (P=0.001).
1B, Interleukin-10, © [ETETERT Combined training with caffeine positively affects body composition and improves inflamma-
Obesity : tory and anti-inflammatory indices in obese people.
English Version and environmental factors. In obese people, excessive fat
accumulation negatively affects almost all body’s physi-
1. Introduction ological functions. With the increase of fat cells, the pro-
duction of inflammatory cytokines from fat cells increases.
he obesity epidemic is on the rise, and ap- On the other hand, cytokines and anti-inflammatory che-
proximately one-third of the world’s popu- mokines decrease, leading to a mild systemic inflammation
lation is now overweight or obese [1]. Al- [2]. Interleukin(IL)-1 is an inflammatory cytokine with var-
though genetic factors are involved in body weight, obesity ious physiological and pathological functions and plays an
is caused by many factors, including lifestyle, metabolism, important role in health and disease. The levels of this inter-
leukin in obese people are higher than people with a normal
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weight and are involved in developing chronic inflamma-
tion caused by obesity [5-3]. In contrast, IL-10 plays a key
role in regulating the immune response and limiting inflam-
mation. IL-10 suppresses inflammation through various
mechanisms, including inhibiting the synthesis of inflam-
matory cytokines, such as IL-1p, and suppressing nuclear
factor (NF)-kB and c-Rel activity in macrophages [6]. Evi-
dence suggests that low circulating IL-10 is associated with
obesity, cardiovascular disease, and type 2 diabetes [7]. In
adults, IL-10 plays a protective role against obesity [8].

Exercise is recommended because it improves energy
balance and potentially affects inflammatory signaling
cascades. Regular exercise is associated with an anti-in-
flammatory status characterized by higher levels of anti-
inflammatory markers, such as IL-10, and lower levels of
inflammatory cytokines, including IL-1p [9, 10]. Accord-
ing to studies, 8 weeks of resistance training causes a sig-
nificant increase in IL-10 in obese women [10]. However,
Fath Elahyan et al. did not observe a significant change
in IL-10 levels in diabetic women after a period of com-
bined (resistance-endurance) training despite a substantial
decrease in IL-1f expression [11]. Also, in one study, the
results showed that IL-1p did not change significantly after
8 weeks of resistance training in obese men [12].

In exercise, some herbal supplements boost muscle
growth and burn fat. Caffeine (1,3,7-trimethylxanthine) is
a heterocyclic organic compound with a purine base called
xanthine, which consists of a pyrimidine ring attached to an
imidazole ring [13]. It is an alkaloid because it is a plant me-
tabolite derived from purine nucleotides and has a hetero-
cyclic nitrogen atom [14]. Caffeine consumption stimulates
consumers’ consciousness, improves mood, and secrets cat-
echolamines that benefit human behavior [15]. In addition,
caffeine has other beneficial effects, such as antioxidant and
anti-inflammatory properties that are very important for hu-
man health [16]. Caffeine consumption is associated with
reduced inflammation in humans, and treatment of human
macrophages with caffeine inhibits IL-1p secretion [17].
Caffeine has also been shown to increase serum levels of
the anti-inflammatory cytokine IL-10 [18].

The effects of exercise on inflammatory factors have al-
ways been of interest to researchers. The anti-inflammatory
effects of exercise can be caused by reducing fat accumu-
lation. Metabolic pressure exerted by exercise correlates to
the type, duration, and intensity of exercise. Since the sports
activities vary in terms of intensity, duration, and organs in-
volved, different exercise programs seem to affect weight
loss and inflammation [19]. Besides all the positive effects
of both types of endurance and resistance training, due to
more variety and less pressure, combined (resistance-endur-
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ance) exercise has a greater impact on weight loss and body
fat mass than each of these exercises alone [20]. On the
other hand, caffeine can be effective in reducing inflamma-
tion and improving the body composition of obese people
by reducing inflammatory factors. However, the interac-
tive effects of combined exercise and caffeine on inflam-
matory and anti-inflammatory agents in obese individuals
are unclear. Therefore, considering the potential benefits of
caffeine and regular physical exercise in reducing obesity
and the potentially beneficial consequences of their interac-
tive effect, this study investigated the impact of 12 weeks
of combined exercise and caffeine on plasma inflammatory
and anti-inflammatory parameters in obese men.

2. Materials and Methods

The present research is an applied study, and its method is
quasi-experimental. This study was approved by the Ethics
Committee with the number IR IAU.M.REC.1399.009 in
Islamic Azad University, Ayatollah Amoli Branch in 2020.
The study population consists of obese male volunteers in
Tehran selected through a call in public and administra-
tive centers. Accordingly, after initial clinical evaluations,
including taking history of cardiovascular disease, clinical
and diagnostic examinations, 44 obese men (aged 23-32
years) with a body mass index above 30 who were not on
drug treatment were selected based on the inclusion crite-
ria. The study subjects completed a health form to ensure
disease-free and personal satisfaction. The inclusion crite-
ria were no chronic diseases according to the medical his-
tory questionnaire (cardiovascular disease, diabetes, vari-
ous cancers, and kidney and gastrointestinal disorders or
any injury or problem that restricts them from engaging in
physical activity), with BMI > 30, and waist-to-height ratio
> (.5 and no history of exercise in the last six months, no
record of sleep disorders, no smoking and not taking any
supplements, alcohol, caffeinated substances, and drug
treatment. The exclusion criteria were the absence of more
than one session in the exercise program, the occurrence of
accidents, injuries, contracting diseases, and the occurrence
of any interfering factor that affected the effective participa-
tion of the subjects in the training sessions. In a separate
session after the medical examination, the purpose of the
study and how to perform it were explained to the subjects.
After filling in the personal information questionnaire and
signing the consent form, each subject came to the test site
the next day to perform the tests. At the beginning of the
session, anthropometric features, including height, weight,
and body composition, were measured. In the second ses-
sion, the subjects were tested for determining a maximum
repetition. Subjects were then homogeneously divided into
4 groups based on maximum repetition and demographic
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characteristics (each group with 11 people): 1) control, 2)
caffeine, 3) exercise (resistance-endurance), and 4) caffeine
plus exercise. After three days, the subjects went to the lab-
oratory, and their blood samples were taken to assess the
levels of IL-1B and IL-10. The experimental groups then
performed a 12-week combined exercise and caffeine in-
tervention program. In the end, anthropometric and blood
sampling features were obtained again.

The combined (resistance-endurance) exercise protocol
was performed for 12 weeks, 3 sessions per week. Subjects
in the training group, after 5 minutes of warm-up, per-
formed circular resistance activity (3 sets with 14 repeti-
tions in 50% of one maximum repetition and 30 seconds
rest between each station and 2 minutes rest between each
turn for 6 stations) (1-3). Stations included squats, chest
presses, back of the machine legs, shoulders, ankles, and
boat [21]. Then, after 10 minutes of rest, they performed
aerobic activity with an intensity of 70% of the maximum
heart rate for 30 minutes. To determine a maximum of
one repetition (1RM), the subjects of the 1RM resistance
training group were taken by the Barziski method. In this
way, weight is selected for the subject that the subjects do a
maximum of 6-8 repetitions. The weight was then placed in
the appropriate formula with the repetitions. Measurements
were taken for all 6 stations.

The caffeine group received 6 mg of caffeine per kilo-
gram of body weight per day (manufactured by the German
company Merck and licensed by the Ministry of Health
with registration number 0225.02584.01). Subjects in the
caffeine with exercise group consumed 3 mg per kg body
weight twice a day on training days, 90 minutes before and
30 minutes after the exercise. The control group also con-
tinued their daily activities and only received a placebo of 6
mg per kilogram of body weight [22].

To evaluate biochemical variables, blood sampling was
performed after 12 to 14 hours of fasting before and 12
weeks after the intervention (72 hours after the last train-
ing session). At each stage, 10 mL of blood was taken from
the brachial vein of the subjects’ right arm at rest and in a
sitting position by a laboratory expert. Blood samples were
stored at -80°C after centrifugation, and plasma separation
was done after the tests were performed. To prevent the ef-
fect of circadian rhythm, blood sampling was performed
at certain times of the day (8§ AM to 10 AM). Plasma IL-
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1P was measured using an ELISA kit (Abcam Company
of America) with a detection range of 15.6-500 pg/mL, a
sensitivity of 6.5 pg/mL, and a coefficient of variations of
4.5%-8.7%. Plasma IL-10 was measured using an ELISA
kit (Abcam Company of America) with a detection range
of 9.4-3000 pg/mL, the sensitivity of 1.4 pg/mL, and coef-
ficient of variations of 3.2%-5.2%

The Shapiro-Wilk test was used to ensure the normal
distribution of variables. After the normality of the data
distribution was determined, the dependent t test, 1-way
analysis of variance, and Tukey’s post hoc test were used
to compare the mean changes in protein levels of the
groups. The significance level was considered P<0.05 in
all cases. All statistical operations were performed with
SPSS software version 23.

3. Results

Table 1 indicates the mean and standard deviation of an-
thropometric characteristics of subjects in different groups.
Analysis of the results of plasma IL-1p in obese men us-
ing repetitive analysis of variance with intergroup factor
showed that regardless of the type of group, there was a
significant difference between before and after 12 weeks of
the research period in plasma IL-1f value (P<0.001). Also,
the interaction between the studied groups and the time of
the study showed a significant difference in plasma IL-1§
levels (P<0.0001). The highest change in plasma IL-1§
levels was observed in the combined training with caffeine
group and the lowest in the caffeine group. Based on the
results of the Tukey post hoc test, plasma IL-1f levels had
a significant decrease in the combined training group, caf-
feine group, and combined training-caffeine compared to
the control group (P=0.001). Plasma IL-1p levels were sig-
nificantly reduced in the combined training with caffeine
group compared to the caffeine and combined training
groups (P=0.0001). Also, plasma IL-1p levels significantly
decreased in the combined training group compared to the
caffeine group (P=0.003). The results of the paired t test
to examine the intragroup changes in plasma IL-1p levels
showed that the difference between before and after in the
combined training, caffeine, and combined with caffeine
training groups were significant (P<0.0001, P<0.0001,
P<0.0001, respectively) (Figure 1).

Analysis of the results obtained on plasma IL-10 levels
in obese men using repeated-measures ANOVA with inter-
group factor showed that regardless of the type of study,
there is a significant difference between times before and
after 12 weeks of the study period in plasma IL-10 levels (P

Ghaderi Goodarzi Sh, et al. 12 Weeks Combined Training and Caffeine on Plasma Levels of Interleukin-1B and Interleukin 10. The Horizon of Medical Sciences. 2021; 27(4):450-465
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Figure 1. Changes in Plasma IL-13 Levels in Obese Men by Different Groups
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Table 1. The Mean and Standard Deviation of anthropometric characteristics of subjects in different groups

Mean+SD
Variable
Group . . - . - .
Control Caffeine Combined Training Combined Training - Caffeine
Age (y) 2743 28+2 2743 29+4
Height (cm) 170.22+5.61 169.87+4.91 174.23+4.6 171.66+9.00
Weight (kg) 98.91+8.40 96.1049.51 97.36+10.21 95.4249.46
Body mass index (kg/m?) 33.91+3.54 33.68+2.48 32.3343.33 32.53+4.74
uarterly of
he Horizon of Medical Sciences

caffeine compared to the control group (P=0.001). Also,
plasma IL-10 levels increased significantly in the combined
training and combined training with caffeine groups com-
pared to the caffeine group (P=0.001). The results of the
paired t test to examine the intragroup changes in plasma
IL-10 levels showed that the difference between before and
after in the control groups (P=0.014), combined training,
caffeine, and combined training with caffeine is significant
(P<0.001, P<0.001, P<0.001, respectively ) (Figure 2).

4. Discussion

The current study results showed that 12 weeks of com-
bined exercise intervention significantly reduced IL-1p lev-
els and increased IL-10 in obese men. Significant decrease
in IL-1P levels and increase in IL-10 in obese men in the
current study are consistent with the results of some previ-
ous studies [9, 10, 23, 24]. The results of Balducci et al.
show that IL-1p decreases when people perform high-in-
tensity aerobic and resistance training for 12 months. How-
ever, anti-inflammatory cytokine (IL-10) was increased
only in the combined training group [23]. These results sug-
gest that the anti-inflammatory effects of exercise are relat-
ed to the nature of the exercise and its duration. Combined
training (aerobic and resistance) is much more effective in
reducing inflammatory markers than resistance or aerobic
training alone, despite consuming the same calories. The
exact mechanism of the effects of training on reducing in-
flammation is not yet fully understood. However, training
protocols that reduce body fat and significantly improve
body mass index are effective in reducing inflammatory
factors and increasing anti-inflammatory factors [25]. IL-
1P is an inflammatory cytokine that is chronically elevated
in obesity and can destroy P cells and alter insulin sensi-
tivity [26]. IL-1P is positively correlated with body mass
index (BMI) [27], so after 12 weeks of combined training,
weight and body mass index decreased, which could be a
possible reason for the results. IL-10 is more elevated in

response to an increase in inflammatory cytokines to sup-
press them. One of the reasons for the increase in 1L-10
after training is the increase in fat oxidation and thus the
reduction of adipose tissue, including splanchnic fat. It has
been shown that a decrease in adipose mass along with a
reduction in the penetration of macrophages into adipose
tissue and the conversion of M1 macrophage monocytes
to the M2 macrophage monocyte phenotype causes anti-
inflammatory cytokines, such as IL-10 to increase and pro-
inflammatory cytokines to decrease [28]. Another mecha-
nism involved in increasing IL-10 is an increase in IL-6
due to training. Training increases muscle metabolism and
leads to an increase in IL-6 in muscle and blood. A high
IL-6 level increases IL-10 secretion in macrophages [29].
In addition, long-term exercise reduces the production of
atherogenic cytokine mononuclear cells, such as tumor ne-
crosis factor-alpha (TNF-o) and interferon-gamma (IFN-y),
while increases producing anti-inflammatory cytokines,
such as IL-10 [30]. These multiple effects of exercise turn
resting cytokine balances into anti-inflammatory states. Ac-
cording to molecular mechanisms, by negatively regulating
the activity of nuclear factor-kappa bi (NF-«B), the exercise
increases the secretion of IL-10 by monocytes and T cells
through the Th2 pathway [31]. Contrary to the results of the
current study, no significant change in IL-1p was reported
after 10 weeks of resistance and aerobic training in inactive
and overweight young men [32]. The inconsistency can be
attributed to the baseline level of cytokines and the type of
training. A base level of cytokines and repetition of training
affect the results. In another study by Rahimian et al., after
8 weeks of resistance training with an intensity of 60% to
85% of a maximum repetition, a significant change was not
observed in IL-10 levels in obese women [33]. The discrep-
ancy in the reported research can be related to factors, such
as the health status and initial weight of the subjects and
the insufficient duration of the training period. It seems that
resistance training in the current study can be a good way to
reduce chronic inflammation in obese people.

Ghaderi Goodarzi Sh, et al. 12 Weeks Combined Training and Caffeine on Plasma Levels of Interleukin-1B and Interleukin 10. The Horizon of Medical Sciences. 2021; 27(4):450-465
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The current study results also showed that 12 weeks of
caffeine consumption significantly reduced IL-1p lev-
els and increased IL-10 in obese men. Few studies have
shown that chronic caffeine consumption reduces inflam-
matory damage and chronic inflammation in the liver and
brain [34, 35], consistent with the current study results.
These studies have attributed the protective effect of caf-
feine to its antioxidant properties and reduced activation
of resident macrophages (Cooper cells) and microglia. In
addition, caffeine consumption reduces the expression
of inflammatory cytokines in blood monocytes and mac-
rophages and suggests that it may locally reduce chronic
inflammation (expression of inflammatory cytokine IL-1[)
[36-38]. Studies have shown that caffeine, as an oral alka-
loid in coffee, blocks adenosine receptors, increases cyclic
adenosine monophosphate, decreases the production of free
bases, produces prostaglandins, and expresses the gene for
inflammatory factors and the production of proinflamma-
tory cytokines. The current study results also support that
caffeine reduces chronic inflammation in obese people.
In the current study, the combined training for 12 weeks
with caffeine had more beneficial effects on body composi-
tion and improved plasma interleukin-1 beta (IL-1B) and
interleukin-10 (IL-10) levels in obese men. These findings
are consistent with the results of some previous research
[18, 39]. The effect of regular caffeine consumption, physi-
cal activity, and inactivity (including any sedentary activ-
ity) on the inflammatory status in healthy people has been
studied. Caffeine consumption was a negative predictor of
anti-inflammatory protein [18]. One of the possible mecha-
nisms involved in changing the level of IL-10 by caffeine
is increasing the level of cyclic adenosine monophosphate
in muscle [40]. Caffeine is an adenosine receptor antago-
nist. Chronic caffeine consumption may increase the ex-
pression of adenosine A2A receptors and extracellular
adenosine levels. Therefore, increasing ADA activity indi-
cates compensatory properties to reduce adenosine levels
and neutralize caffeine antagonist function [41]. Caffeine
consumption during training can increase changes in the
immune response and facilitate lipolysis and glycogenoly-
sis to provide energy to skeletal muscle and other tissues
during and after the exercise. Caffeine may improve train-
ing performance by inhibiting glycogen phosphorylase en-
zymes and reducing glycogen deficiency [42]. In addition,
caffeine accelerates the release of B-endorphins, epineph-
rine, cortisol and increases IL-6 levels, and these changes in
the immune response contribute to the benefits of caffeine
in training performance [40]. Caffeine supplementation
with combined training has been more effective in reduc-
ing the inflammatory status of obese subjects than either of
these interventions alone. Therefore, caffeine consumption
in combination with training is likely to have more benefits
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for obese people prone to inflammation. Combined training
was one of the strengths of the current study because it can
have different responses and adaptations than other training
programs. There were some limitations in the current study,
such as the lack of measurement of other inflammatory
and anti-inflammatory factors in obese subjects. However,
more research is needed in this area.

5. Conclusion

Briefly, the current study results showed that combined
training with caffeine has a beneficial effect on body com-
position and improves inflammatory and anti-inflammatory
indicators in obese people. It is suggested that combined
training and caffeine intervention be considered a treatment
method to reduce chronic inflammation in obesity.
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