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Abstract

Purpose The purpose of this study was to compare the
effect of upper and lower body high-intensity intermittent
exercise (HIIE) on immunometabolism profile.

Methods Seven male judo athletes completed two exper-
imental sessions separated by at least 48 h. The athletes
completed four bouts of the upper and lower body Win-
gate tests separated by 3-min recovery periods. The blood
samples were collected at rest and immediately after
the fourth bout of lower and upper body Wingate tests.
Serum was analysed for IL-1ra (Interleukin-1 Receptor
Antagonist), interleukins (IL-1) IL-2, IL-4, IL-6, IL-10,
TNF-a (tumor necrosis factor alpha), cortisol, glucose,
and NEFA (non-ester fatty acid). Peak power (maximum
power attained during the 30 s test), mean power were
calculated. In addition, after 1 and 2.5-min of each Win-
gate bout, blood samples from the ear lobe were collected
for lactate analysis.

Results  Our data demonstrated that lower body HIIE pro-
moted a greater metabolic rate (values pre- vs. post-Win-
gate, for lactate: 1.02 £ 0.16 vs. 14.44 £ 1.08 mmol/L;
for glucose: 112.5 + 16.7 vs. 147.9 £ 23.5 mg/dL) and
resulted in higher mechanical (mean power: 621 & 46 vs.
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427 £ 40 W, peak power: 794 + 61 vs. 602 £ 109 W)
performance compared to the upper body HIIE (lac-
tate: 0.85 £ 0.18 vs. 12.69 £ 0.74 mmol/L; for glucose:
1153 £+ 204 vs. 123.7 £ 28.6 mg/dL; mean power:
480 % 46 vs. 341 4+ 45 W; and peak power: 672 £ 83 vs.
501 + 120 W), but NEFA showed a similar response to
both conditions, with increased IL-10 levels.

Conclusions In conclusion, our results demonstrated
that despite the higher performance in lower body HIIE,
the inflammatory response did not differ between exercise
modalities.

Keywords High-intensity intermittent exercise -
Metabolism - Inflammation - Upper body - Lower body

Abbreviations

HIIE High-intensity intermittent exercise

IL-10 Interleukin 10

IL-13 Interleukin 13

IL-13Ral Interleukin 13 receptor alpha 1
IL-1ra Interleukin-1 receptor antagonist
IL-2 Interleukin 2

IL-4 Interleukin 4

IL-4Ra Interleukin 4 receptor alpha
IL-6 Interleukin 6

NEFA Non-ester fatty acid

TNF-a Tumor necrosis factor alpha
Introduction

Several factors are involved in the performance of high-
intensity intermittent exercise (HIIE), including substrate
availability, acid-base equilibrium, key-enzymes activ-
ity and energy systems interaction (Buchheit and Laursen
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2013). Alterations of cortisol and interleukin 6 (IL-6) lev-
els can regulate the availability of substrate in the exercise,
and these alterations are modified by the type, intensity and
duration of exercise (Petersen and Pedersen 1985). Acute
immune—metabolic response to exercise is connected to
glucose homeostasis in muscle cells and triglyceride bal-
ance in adipose tissue (Steinacker et al. 2004; Rosa et al.
2011). Moreover, acute increases of the IL-6 promoted by
exercise sessions can be beneficial to health because of its
anti-inflammatory effect (Petersen and Pedersen 1985).

Previous studies have mainly focused on alterations
in inflammatory cytokines (especially IL-6, TNF-a and
IL-1B), post-moderate intensity aerobic and strength
exercise sessions and/or training (Ostrowski et al. 1999;
Neto et al. 2011; Libardi et al. 2012). Pro-inflammatory
cytokines, such as IL-18, IL-2, IL-6 and TNF-a can pro-
mote several metabolic events, such as lipolysis and gly-
cogenolysis, during acute and chronic exercise training
(reviewed by Lira et al. 2014). This effect can favor great
availability of substrate for exercise performance. On the
other hand, anti-inflammatory cytokine, such as IL-Ira,
IL-4, IL-10 and adipopectic exert protective action against
an inflammatory sustained response (Lira et al. 2011; See-
laender et al. 2012). However, a small number of studies
have explored the alterations on metabolic and inflamma-
tory profiles (immunometabolism profile) by HIIE (Meckel
et al. 2009, 2011; Gokbel et al. 2012).

Although it is known that exercise duration can explain
51 % of the increase of IL-6 during aerobic exercise (Fis-
cher 2006), HIIE studies have shown that this kind of exer-
cise can increase the IL-6 (~2.5-fold), even when short
total exercise volume is performed (1000 m) (Meckel et al.
2009, 2011). Moreover, HIIE can induce a greater increase
in IL-6 compared with continuous moderate-intensity exer-
cise, when work performed was equalized between proto-
cols (Leggate et al. 2010). However, while there are a few
studies involving HIIE or HIIT (high-intensity intermittent
training), other cytokines were not investigated nor were
associations with the metabolism (immunometabolism pro-
file) analysed.

HIIE studies analysed lower body performance (Meckel
et al. 2009, 2011) probably because few people have a high
upper body physical fitness level, making the utilization of
a protocol of intense exercise for this region difficult. This
fact makes it difficult to investigate and to compare the
performance and immunometabolism responses in upper
and lower body to high-intensity intermittent protocols.
However, many athletes and disabled people execute tasks
involving a high upper body demand.

Judo athletes are recognized as presenting a moder-
ate to highly developed lower and upper body aerobic and
anaerobic capacity (Franchini et al. 2011), aspects that are
important for performance in high-intensity intermittent
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exercises (Buchheit and Laursen 2013). The knowledge of
the effect of upper and lower body exercises can be useful
to understanding if the amount of muscle mass is important
to cytokine responses, given that they are produced in the
skeletal muscle (Pedersen 2009).

Until now, there were no studies evaluating metabolic
and inflammatory responses during acute exercise in both
conditions (upper or lower body) in athletes trained for
both upper and lower body segments. Thus, the objective
of this study was to evaluate the immunometabolism profile
in upper and lower body high-intensity intermittent exer-
cises. Our hypothesis was that both HIIE protocols would
result in an increase in energetic substrate availability and
cytokine levels but a higher response would be found in
the lower body protocol due to the higher muscle mass
involved in this exercise mode.

Methods
Subjects

Seven male judo athletes (69.7 & 6.2 kg; 172.7 &= 3.1 cm;
20.1 & 3.4 years; black or brown belt; 11.6 £ 5.4 years of
training experience; state and national level; tested dur-
ing their competitive season) voluntarily participated in
the present study after reading and signing an informed
consent form explaining all the risks and benefits of the
present investigation. All athletes were nonsmokers, and
none of them received any pharmacological treatments or
had any type of neuromuscular or cardiovascular disor-
der, or respiratory or circulatory dysfunction. All athletes
were evaluated during their competitive period, a phase
in which they were training at least four times per week.
No athlete was losing weight or competed in the heavy-
weight category. All procedures received local ethics com-
mittee approval. Before conducting the study we checked
the sample size needed (n = 6) to guarantee 80 % power
and 5 % significance level, using studies that measured the
IL-6 pre- and immediately post-exercise as referenced by
similar protocol (lower body high-intensity intermittent
exercise) (Meckel et al. 2009, 2011; Leggate et al. 2010;
Arent et al. 2010).

Procedures

Subjects completed two experimental sessions separated
by at least 48 h. In one session, they performed an upper
body Wingate test and in the other session they performed
a lower body Wingate test. The order was randomized.
The athletes were required to refrain from intense physical
activity for 24 h prior to each session, and to maintain con-
stant diet and sleep routines throughout the study.
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High-intensity intermittent test

The athletes completed four bouts of the upper and lower
body Wingate tests separated by 3-min recovery peri-
ods. The load was set at 0.09 kg kg~! of body mass and
0.06 kg kg~! of body mass for lower and upper body,
respectively (Inbar et al. 1996). Before Wingate tests a
standard warm-up was conducted. It was composed by 5
bouts of 30 s (20 s at 70 rpm, and 10 s at 100 rpm), with
approximately, 100 W for lower body and 50 W for upper
body. They started the Wingate test after 3-min of interval,
and left from zero velocity.

The upper body Wingate test was performed using a spe-
cifically designed cycle ergometer (EB 4100, Cefise, Brazil)
equipped with handgrips for arm testing. The subjects were
seated on a chair and secured by their legs. The lower body
Wingate test was conducted on a cycle ergometer (Excalibur,
Lode, Netherlands) equipped with toe-clips to prevent the sub-
ject’s feet from slipping. At the start signal, participants were
instructed to pedal as fast as they could for 30 s and instructed
to remain seated during the test. Strong verbal encouragement
was given to maintain an all-out effort during the test.

Peak power (maximum power attained during the 30 s
test), mean power (average power generated during the 30 s
test) and total work performed were calculated.

Blood sampling and analyses

The blood samples were collected at rest, and immediately
after the fourth lower and upper body Wingate bouts. The
blood samples (15 ml) were immediately allocated into
two 5 ml vacutainer tubes (Becton-Dickinson, BD, Juiz
de Fora, MG, Brazil) containing EDTA for plasma separa-
tion and into one 5 ml dry vacutainer tube for serum sep-
aration. The tubes were centrifuged at 2,500g for 12 min
at 4 °C, and plasma and serum samples were stored at
—20 °C until analysis. Cytokines (IL-1ra, IL-2, IL-4, and
IL-10—R&D Systems, 614 McKinley Place NE, Minne-
apolis, MN 55413, USA) and (IL-6 and TNF-a—RayBio-
tech, 3607 Parkway Lane suite 100 Norcross, GA 30092)
were assessed using ELISA commercial kits. Glucose was
assessed using commercial kits (Labtest®, Sao Paulo, Bra-
zil). Non-ester fatty acid (NEFA) was assessed by a col-
orimetric method with a commercial kit (ZenBio, 3200
Chapel Hill-Nelson Blvd., Suite 104). Serum cortisol was
assessed using commercial kits (Alpha Diagnostic Inter-
national). The cytokines (IL-1ra, IL-2, IL-4, IL6, IL-10
and TNF-a), cortisol and glucose levels were assessed
using serum, and NEFA levels was assessed using plasma.
Additionally, 1 and 2.5-min after each bout (except after
the last bout—1, 3 and 5-min), blood samples from the ear
lobe were collected. The blood samples collected from the
ear lobe were utilized to analyse the lactate concentration

(La). This measurement was obtained using the Yellow
Spring 1500 Sport lactometer (Yellow Springs, United
States of America).

Statistics

The data normality was verified using the Shapiro-Wilk
test. For each variable, mean and standard deviation were
calculated. Total work performed during the Wingate tests
was compared through paired Student’s ¢ test. For this
variable, the effect size was calculated as average lower
body—average upper body/standard deviation of both exer-
cise modalities pooled. A two-way analysis of variance
with repeated measurements in the second factor was used
to compare lactate concentration, mean and peak power in
each Wingate test (exercise modality and bout) and to blood
variables pre- and post- Wingate tests (exercise modality
and moment of measurement). The Mauchly test was used
to check compound symmetry and the Greenhouse—Geis-
ser correction was used when necessary. The Bonferroni
test was used as post hoc when differences were found in
the ANOVA. Effect sizes were calculated using eta squared
(7). The significance level was set at 5 %.

Results

During the high-intensity intermittent tests (Table 1),
there was an effect of exercise modality (F,;; = 6.45;
P = 0.028; 772 = 0.37) and an effect of test bout
(F333 = 18.53; P < 0.001; n2 = 0.63) on peak power, but
no interaction effect was found (F53; = 0.32; P = 0.809;

Table 1 Peak and mean power during four bouts of lower and
upper body Wingate tests in male judo athletes (n = 7; values are
mean = standard deviation)

Lower body Upper body
Peak power Wingate 1 (W) 794 + 61*° 672 + 83°
Peak power Wingate 2 (W) 720 £ 41*¢ 583 £ 70°
Peak power Wingate 3 (W) 675 £+ 100* 568 £73
Peak power Wingate 4 (W) 602 + 109* 501 + 120
Mean power Wingate 1 (W) 621 + 46° 480 =+ 46°
Mean power Wingate 2 (W) 503 =4 4434 417 4 324
Mean power Wingate 3 (W) 469 + 36° 377 + 14
Mean power Wingate 4 (W) 427 + 40° 341 £ 45

# Different from upper body for peak and mean power (main effect of
exercise modality—P < 0.05)

b Different from second, third and fourth bouts (main effect of repe-
tition—P < 0.05)

¢ Different from the fourth bout (main effect of repetition—P < 0.05)

4 Different from the third and fourth bouts (main effect of repeti-
tion—P < 0.05)
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Table 2 Lactate concentration pre- and post- four bouts of lower
and upper body Wingate tests in male judo athletes (n = 7; values are
mean =+ standard deviation)

Lower body Upper body
Pre-Wingate 1.02 + 0.16*° 0.85 4+ 0.18°
Post-Wingate 1 7.37 £ 1.25% 6.62 £ 1.74°
Post-Wingate 2 11.10 £ 1.35%¢ 10.26 £ 0.92¢
Post-Wingate 3 12.70 + 1.54%¢ 11.07 £ 1.14¢
Post-Wingate 4 14.44 + 1.08* 12.69 +0.74

 Different from upper body (main effect of exercise modality—
P <0.05)

® Different from post 1, 2, 3 and 4 (main effect of repetition—
P <0.05)

¢ Different from post 2, 3 and 4 (main effect of repetition—P < 0.05)
4 Different from post 4 (main effect of repetition—P < 0.05)

n* = 0.03). Higher peak power was achieved during the
lower, compared to the upper body, exercise modality
(P = 0.028; 95 % CI = 51.3-178.5), and in the first bout
compared to the second (P = 0.015; 95 % CI = 6.9-155.4),
third (P < 0.001; 95 % CI = 36.9-185.5) and fourth bouts
(P < 0.001; 95 % CI = 108.8-257.4), and higher values
in the second compared to the fourth bout (P = 0.002;
95 % CI = 27.7-176.2). For the mean power, there was
an effect of exercise modality (F; ;; = 37.03; P < 0.001;
n* = 0.77) and an effect of test bout (F333 = 48.67;
P <0.001; n2 = 0.82), but no interaction effect was found
(F333 = 1.33; P = 0.282; n* = 0.11). Higher mean power
was achieved during the lower compared to the upper body
exercise modality (P < 0.001; 95 % CI = 67.2-133.2),
and in the first Wingate bout compared to the second
(P < 0.001; 95 % CI = 44.9-134.9), third (P < 0.001;
95 % CI = 82.3-172.3), and fourth bouts (P = 0.001;
95 % CI = 121.8-211.8) as well as higher values in the
second bout compared to the fourth (P < 0.001; 95 %
CI =31.8-121.8).

Total work during the high-intensity intermittent tests
was higher (r = 3.30; P = 0.016; effect size = 1.44) during
the lower (844 & 85 J kg~!) compared to the upper body
exercise modality (696 & 54 J kg™ ).

For the blood lactate response (Table 2), there was
an effect of exercise modality (F; s = 6.57, P = 0.042;
n* = 0.52) with higher values in the lower body compared
to the upper body test (P = 0.042; 95 % CI = 0.04-1.62).
There was an effect of test bout (F, 54 = 262.28; P < 0.001;
n? = 0.98), with lower values at rest compared to all post-
Wingate test peak values (P < 0.001 for all comparisons;
95 % CI = —7.46 to —4.74; —11.36 to —8.65; —12.26 to
—9.55; —13.86 to —11.15), lower values after Wingate bout
1 compared to Wingate bouts 2, 3 and 4 (P < 0.001 for all
comparisons; 95 % CI = —5.23-2.54; —6.16-3.44; —7.76
to —5.04), lower values after Wingate bout 2 compared
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to after Wingate bout 4 (P < 0.001; 95 % CI = —3.85 to
—1.14), and lower values after Wingate bout 3 compared
to after Wingate bout 4 (P = 0.008; 95 % CI = —2.95 to
—0.24). There was no effect of interaction (Fy,, = 2.10;
P =0.112; n* = 0.26).

Figures 1 and 2 presents the cytokine and substrate
responses to lower and upper body protocols, respectively.

For IL-1ra there were no effects of exercise modal-
ity (Fjq = 0.99; P = 0.359; »* = 0.14), moment
(Fi¢ = 0.05; P = 0.835; n* = 0.01) or interaction
(Fi6 = 2.97; P = 0.136; nz = 0.33). For IL-2, no effects
of exercise modality (F, 4 = 0.57; P = 0.480; n* = 0.09),
moment (F, ¢ = 1.57; P = 0.256; n* = 0.21) or interac-
tion (F1,6 = 1.28; P = 0.302; 772 = 0.18) were observed.
For IL-4 there was an effect of moment (F; 4 = 13.93;
P = 0.010; > = 0.70), with a lower value after the
HIIE test compared to the rest value (P = 0.010; 95 %
CI = 0.53-2.57), but no effects of exercise modal-
ity (Fig = 0.19; P = 0.678; 172 = 0.03) or interaction
(F = 1.26; P = 0.304; n* = 0.17) were found.

For IL-6 levels no effect of exercise modal-
ity (F,¢ = 1.00; P = 0.356; n* = 0.14) and moment
(F16=0.17, P = 0.693; n2 = 0.03) were found. However,
there was an effect of interaction (F' 6= 6.87; P = 0.040;
n? = 0.53), but the post hoc test did not confirm any dif-
ference. No effect of exercise modality (F,¢ = 0.06;
P =0.822; 172 = 0.01) was found for the IL-10, but effects
of moment (Fi6= 941; P = 0.022; n2 = 0.61) and inter-
action (Fig = 7.89; P = 0.031; 772 = 0.57) were found.
Pre-values were lower than post-values (P = 0.022;
95 % CI = —1.83 to —0.20). When the interaction effect
was tested, the post hoc did not confirm any difference.
For TNF-a no effects of exercise modality (F; 4 = 0.14;
P = 0.726; n2 = 0.02), moment (F, ¢ = 1.59; P = 0.254;
n* = 0.21) or interaction (F|, = 0.01; P = 0.909;
n* = 0.01) were observed.

For cortisol levels no effects of exercise modality
(F1,6 =5.41; P =0.059; r)2 = 0.47), moment (F1,6 = 1.08;
P = 0.339; 172 = 0.15) or interaction (F1,6 = 0.13;
P=0.727; 172 = 0.22) were observed.

For blood glucose an effect of exercise modality was
found (Fig= 10.28; P = 0.018; n2 = 0.63), with higher val-
ues in lower body compared to upper body (P = 0.018; 95 %
CI = 2.54-18.95). An effect of moment was also found
(Fig=06.15; P =0.048; n* = 0.51), with higher values after
compared to before the tests (P = 0.048; 95 % CI = —43.53
to —0.28). However, no effect of interaction was observed
(F1¢ = 1.70; P = 0.240; 172 = 0.22). No effects of exercise
modality (F; 4 = 3.80; P = 0.099; n2 = 0.39) or interaction
(F1,6 =2.96; P = 0.136; 172 = 0.33) were found for NEFA.
However, an effect of moment of measurement was found
(Fig= 8.82; P = 0.025; nz = 0.60), with lower values at
rest compared to post-HIIE (P = 0.025).
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Fig. 1 Cytokine levels before and after four bouts of lower and
upper body Wingate tests in male judo athletes (n = 7; values are
mean =+ standard deviation). a (IL-1ra), b (IL-2), ¢ (IL-4), d (IL-

Discussion

To the best of our knowledge, this is the first study to com-
pare the metabolic and inflammatory responses to lower
and upper body high-intensity intermittent exercise. Our
initial hypothesis was that HIIE would result in an increase
in energetic substrates and cytokine levels and that a more
pronounced response would be found in the lower body
HIIE. Our data demonstrated that lower body exercise pro-
moted greater metabolic performance (peak lactate and
glucose concentrations) and resulted in higher mechanical
(mean and peak power) performance compared to the upper
body modality, but NEFA showed a similar response to
both conditions, with increased IL-10 levels.

Previous studies have mainly focused on the effects of
aerobic and strength exercise sessions and/or periods of
training on the inflammatory cytokines (Ostrowski et al.

Q Q
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=
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L)
Q°°}

6), e (IL-10), f (TNF-a). a lower body different from upper body
(P < 0.05); b pre different from post (P < 0.05)

1999; Neto et al. 2011; Libardi et al. 2012). These stud-
ies have demonstrated that alterations in the immunome-
tabolism profile are affected by the type of exercise, as
well as the intensity and duration of exercise. However, a
small number of studies have investigated the alterations
on the metabolic and inflammatory profile (immunome-
tabolism profile) during HIIE exercise (Meckel et al.
2009; Leggate et al 2010; Meckel et al. 2011; White et al.
2014).

Meckel et al. (2009) have demonstrated that sprint inter-
val exercise (4 bouts of a 250 m at 80 % of the maximal
speed) induced increases in lactate and IL-6 levels, but not
in cortisol, IL1ra and IL-10 levels, in elite handball players.
In addition, Meckel et al. (2011) showed that sprint interval
exercise (100, 200, 300, 400 m, at a constant work rate of
80 % of the personal maximal speed) induced increases in
lactate and IL-18, IL-1ra, IL-6 levels, in similar subjects.
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Fig. 2 Metabolic levels before and after four bouts of lower and
upper body Wingate tests in male judo athletes (n = 7; values are
mean =+ standard deviation). a (Glucose), b (NEFA), ¢ (Cortisol). a

The data of the present study showed changes in the
glucose, NEFA, IL-4 and IL10 levels, after the HIIE. The
increase of glucose and NEFA levels can be, at least in part,
explained by the increased glycogenolysis and lipolysis,
for maintenance of the muscle contraction during exercise.
Howeyver, as the exercise executed was intermittent, all-out
and of short-duration (Wingate test), the glucose and free
acid uptake by the skeletal muscle can be impaired, expos-
ing the blood circulation to high concentrations of glu-
cose and NEFA. The cortisol can lead to the catabolism of
hepatic glycogen (glyconeogenesis pathway), and can be
involved in the lipolysis process (glucocorticoids stimulate
the beta adrenergic receptors that contribute to high lipoly-
sis, via hormone-sensitive lipase) (Lee Kong et al. 2014),
favoring increased glucose and free fatty acids in blood.
However, in our study no statistically significant difference
was found in cortisol levels (7 % increase post-exercise vs.
pre-exercise) after both HIIEs. Meckel et al. (2009) have
found changes in metabolic parameters without alterations
in cortisol levels after sprint interval exercise (4 repetitions
of a 250-m at 80 % of the maximal speed).

The protocol utilized by (Meckel et al. 2009, 2011)
involved a type of HIIE in which the effort is done with a
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lower body different from upper body (P < 0.05), b pre different from
post (P < 0.05)

fixed intensity (i.e. speed), while our protocol was an all-
out exercise. Thus, although both protocols would result
in high anaerobic demand, in our protocol, the athlete per-
formed his maximal effort during the entire exercise and
thus is subjected to a higher physiological stress (Buchheit
and Laursen 2013).

The alterations in metabolic parameters are related to
inflammatory response, since IL-6 and TNF-a contribute
to glucogenolysis and lipolysis processes. (Laskowski
et al. 2011) have found that 3 days of judo training (ran-
dori combat training) induced a significant change in
blood cytokine levels and this alteration was correlated
with lipid peroxide levels. In the present study, we found
reduced IL-4 and increased IL-10 levels after exercise,
but we did not find alterations in IL-6 and TNF-a lev-
els. The maintenance of the IL-6 levels can be related to
higher serum glucose after exercise sessions (Starkie et al.
2001). In addition, highly aerobically trained individuals
normally present higher muscle glycogen storage, which
would, in turn, lower the need of IL-6 as an energy sensor
(Pedersen 2012), especially because muscle glycogen is
spared in highly aerobically trained individuals (Pedersen
and Febbraio 2008).
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IL-4 and IL-10 cytokines are important in the anti-
inflammatory response. Prokopchuk et al. (2007) estab-
lished that IL-4, IL-13, IL-4Ra and IL-13Ral are expressed
in skeletal muscle and are up-regulated after strength train-
ing. IL-4 is involved in the regulation of muscle cell fusion
and muscle growth through the IL-4 receptor. In addition,
IL-4 is an important cytokine involved with polarization
macrophages for M2 phenotype. The function of IL-4-acti-
vated macrophages, include high IL-10 production (Biswas
and Mantovani 2012). However, we suggest that increased
IL-10 levels, at least in part, cannot be related with IL-4-ac-
tivated macrophages. Future studies are needed for a better
understanding of the mechanisms involved.

The anti-inflammatory effect induced by exercise comes
first from the increase in IL-6, followed by the increase in
IL-1ra and in IL-10. IL-10 is the main molecule respon-
sible for the orchestration of anti-inflammatory reac-
tions (reviewed by Lira et al. 2009). Nevertheless, IL-6
and TNF-a levels did not alter after exercise; we found
increased IL-10 levels only. IL-10 can affect different
cell types and induce the suppression of the inflammatory
response. We speculate that although our data of IL-6 and
TNF-a levels did not change significantly, IL-10 levels
increased to deal with some type of persistent inflamma-
tory status, and/or to inhibit exacerbated catabolic stimuli,
such as glycogenolysis and lipolysis pathways. In addition,
Antosiewicz et al. (2013) have demonstrated that high-
intensity interval exercise (three Wingate bouts) promotes
increases in IL-6 and IL-10 1 h post-exercise. However,
more studies are necessary to better understand the mecha-
nisms involved in HIITs.

In the present study, our results contribute to the con-
sideration of the mechanisms involving energetic metabo-
lism and cytokines to the immunometabolism response and
HIIE. Our study has some limitations. No data were availa-
ble regarding total and regional muscle mass, which would
allow a better interpretation of differences in immunometa-
bolic response between exercise modalities (lower/upper
body). Furthermore, one cannot be sure to which extent the
response was local or systemic because the two exercise
modalities shared a common static muscle activity (trunk
stabilization) that was inseparable from dynamic activity
(extremities) and probably contributed to the immunome-
tabolism. Also, the post-exercise kinetics of cytokine and
hormone activity during a longer recovery period was not
followed. Future studies are needed to better understand
the interplay between inflammatory response and energetic
metabolism. In addition, these findings should be con-
firmed in other athletic populations.

In conclusion, our results demonstrated that despite the
higher performance in lower body HIIE, the inflammatory
response did not differ between lower and upper body exer-
cise modalities.
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