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Abstract

The purpose of this study was to compare the effect of high-
intensity intermittent exercise (HIIE) versus volume matched
steady state exercise (SSE) on inflammatory and metabolic
responses. Eight physically active male subjects completed two
experimental sessions, a 5-km run on a treadmill either continu-
ously (70% vVO,max) or intermittently (1:1 min at vVO,max).
Blood samples were collected at rest, immediately, 30 and 60
minutes after the exercise session. Blood was analyzed for glu-
cose, non-ester fatty acid (NEFA), uric acid, lactate, cortisol,
and cytokines (IL-6, IL-10 and TNF-a) levels. The lactate levels
exhibited higher values immediately post-exercise than at rest
(HIE 1.34 + 0.24 to 7.11 + 2.85, and SSE 1.35 *+ 0.14 to
4.06+1.60 mmol-L?, p < 0.05), but HIIE promoted higher values
than SSE (p < 0.05); the NEFA levels were higher immediately
post-exercise than at rest only in the SSE condition (0.71 £ 0.04
to 0.82+0.09 mEq/L, respectively, p < 0.05), yet, SSE promoted
higher values than HIIE immediately after exercise (HIIE
0.72+0.03 vs SSE 0.82+0.09 mEq-L™, p < 0.05). Glucose and
uric acid levels did not show changes under the different condi-
tions (p > 0.05). Cortisol, IL-6, IL-10 and TNF-a levels showed
time-dependent changes under the different conditions (p <
0.05), however, the area under the curve of TNF-a in the SSE
were higher than HIIE (p < 0.05), and the area under the curve
of IL-6 in the HIIE showed higher values than SSE (p < 0.05).
In addition, both exercise conditions promote increased IL-10
levels and IL-10/TNF-a ratio (p < 0.05). In conclusion, our
results demonstrated that both exercise protocols, when volume
is matched, promote similar inflammatory responses, leading to
an anti-inflammatory status; however, the metabolic responses
are different.

Key words: High intensity intermittent exercise, steady state
exercise, metabolism, inflammation, energy expenditure, cyto-
kines.

Introduction

Metabolic diseases are frequently observed in modern
society, primarily as persistent, chronic low-grade in-
flammation conditions. These disorders are caused pre-
dominantly by physical inactivity and food intake imbal-
ance (Pedersen, 2009). There is evidence that a single
session of exercise promotes a lower risk of chronic dis-
ease, which is associated with morbidity, compared to
sedentary individuals, and contributes to

improvements in health (Bassuk and Manson, 2005).

It is well established that, in long-term training,
physical exercise mediates and promotes improved meta-
bolic processes (such as reduced total cholesterol, triglyc-
erides and low density lipoprotein, and enhances high
density lipoprotein) and may act as a trigger for reduction
in body fat, principally through increased energy expendi-
ture and adaptations of oxidative metabolism, especially
in skeletal muscle (Gillen et al., 2013). In addition, this
training protocol is powerful in inducing the inflammato-
ry response (hence skeletal muscle is the major source of
the increase in the release of interleukin-6 (IL-6), inter-
leukin-10 (IL-10), it is an interleukin 1 receptor antago-
nist (IL-1ra), and it reduces tumor necrosis factor alpha
(TNF-a) and interleukins (1B, IL-2) (Neto et al., 2011,
Pedersen and Fabbraio, 2009).

The metabolic and inflammatory changes from
regular exercise training are dependent on duration, inten-
sity and session volume, and these are crucial aspects of
training (Lira et al., 2012; Neto et al., 2011). However,
recently, studies have suggested that aerobic exercise
performed at a high intensity (typically ~90% VO,max)
and separated by recovery periods of lower intensity or
complete rest, is a time-efficient strategy with a small
total volume work and has the potential to promote simi-
lar health benefits compared to traditional aerobic exer-
cises programs — such as improved maximal aerobic ca-
pacity functions, promotion of the reduction in body fat
and serving to control body weight (Gibala 2012).

Study have indicate that high-intensity intermittent
training (HIIT) (performed 8-12 HIIT sessions, with 60 X
75 second active rest, at 100% VO,peak) increase the
plasma concentrations levels of IL-10 during a following
prolonged exercise in recreationally active males
(Zwetsloot et al., 2014). In addition, the increase of 1L-10
levels in athletes after HIIE (4 HIIT sessions of Wingate
tests at 100% VO,peak), implying that approaches de-
signed to promote anti-inflammatory effects should be
useful in attenuating the inflammatory milieu (Lira et al.,
2015).

Especially worthy of note, the factor that probably
has the greatest impact on inflammatory responses pro-
moted by exercise session is workload, which is orches-
trated by the duration and intensity (Pedersen, 2009).
Most studies (Leggate et al., 2010; Skelly et al., 2014)
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have used protocols emphasing exercise intensity, but
these protocols have no equality of duration and volume
of exercise session, which is a relevant aspect that must
be considered in studies with the purpose of investigating
the metabolic/immune responses during different exercise
modes. The volume performed may not have been proper-
ly controlled and this is an important methodological
issue that causes leads to mistakes in the interpretation of
studies that compared the effects of steady state and in-
termittent exercise on the magnitude of responses. There-
fore, the aim of present study was to compare the effect of
HIIE versus volume matched SSE on inflammatory and
metabolic responses in young males.

Methods

Subjects

Eight physically active male subjects volunteered to par-
ticipate in this study. Participants were free of health
problems and/or neuromuscular disorders that could affect
their ability to complete the study protocol. All proce-
dures performed in studies involving human participants
were in accordance with the ethical standards of the Re-
search Ethics Committee of UNESP — Presidente Pru-
dente/SP and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards. Writ-
ten informed consent was obtained from all subjects after
participants volunteered to participate in the study, after
being informed about the purpose and risks of the study.
Before conducting the study we checked the sample size
needed (n = 6) using the G*Power 3.1 software (Dussel-
dorf, Germany) to guarantee an 80% power and a 5%
significance level based on IL-10 using studies that meas-
ured differences between both protocols (Wadley et al.,
2015) and using studies that measured the IL-6 pre and
immediately post exercise as referenced by similar proto-
col (high intensity intermittent exercise) (Meckel et al.,
2009; 2011; Legatte et al., 2010; Lira et al., 2015).

b 4
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Figure 1. Schematic representation of the study protocol. A Blood
samples (rest, immediately, and 30 and 60 minutes after exercise). IP =
immediately post-exercise; R= rest; W= warm up (n = 8).* = different
from rest (p < 0.05)

Procedures

Subjects completed three experimental sessions separated
by at least 72 hours. During the first session, anthropo-
metric, peak oxygen uptake (VO,peak) and speed associ-

ated with VO,peak (sVO,peak) measurements on a
treadmill were performed. Two more experimental ses-
sions were applied in randomized cross-over order: HIIE
— a session in which participants performed a high-
intensity intermittent aerobic exercise, and a steady state
exercise (SSE) — a session in which participants per-
formed a moderate continuous exercise. All tests took
place at the same time of the day for each subject. The
subjects were instructed to abstain from any strenuous
exercise for at least 24 hours before each testing session
and were encouraged to maintain their nutritional and
hydration routines (Figure 1).

Bioelectrical impedance

Bioelectrical impendence in individuals was measured
using the octopolar InBody 720 Composition Analyzer
(Copyright®, 1996-2006, by Biospace Corporation,
USA). The participant’s age, gender and height were
entered into the machine. The participants stood barefoot
on the metal footplate and held the handles with their
arms relaxed by their sides. Once impedance was meas-
ured, the results of Fat Mass (FM), Fat Free Mass (FFM)
and %BF for five different body locations, each arm, each
leg, and the trunk and one general overall set was printed.
All anthropometric measurements were checked by the
same person throughout the study to minimize interper-
sonal variations. Participants were asked to abstain from
eating or drinking for two hours as well as to refrain from
moderate or vigorous exercise for 24 hours before all
testing. They were told to obtain a restful night’s sleep,
remain well hydrated, refrain from alcohol, and eat a
regular meal in the morning before testing.

Maximal endurance running test

The subjects performed an incremental test to volitional
exhaustion (Panissa et al., 2013). The initial treadmill
(Inbramed, modelo MASTER ClI, Brazil) speed was set at
8.0 km-h™* and it was increased by 1 km-h™ per 2-min
stage until the participant could no longer continue.
Strong verbal encouragement was given during the test.
The oxygen uptake was measured (Quark PFT, Cosmed,
Rome, Italy) throughout the test and the average of the
last 30 s was defined as peak oxygen uptake (VO2peak).
When the subject was not able to finish the 2-min stage,
the speed was expressed according to the permanence
time in the last stage, determined as the following:
sVO,peak = speed of last stage complete + [(time, in
seconds, remained at the last stage incomplete / by 120s)
* 1 km.h™] (Kuipers et al., 1985). Heart rate was also
continuously recorded throughout the tests (Polar Vantage
NV, Electro Oy, Finlandia). The 6-20 Borg scale (Borg,
1982) was used to measure the rating of perceived exer-
tion during the test.

In order to establish whether subjects had given
all-out effort, the verification procedure used for determi-
nation was three or more of the following criteria: (i) VO2
plateau (< 150 mL-min™), (ii) attainment of the percent-
age of the age-predicted maximal heart rate (HRmax)
within + 5 beats/min; (iii) the rating of perceived exertion
(RPE) > 18; and (iv) respiratory exchange ratio (RER) >
1.10 (Howley 1995).
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Participants performed a warm-up at 50% at sVO2peak
for five minutes, and after a 1-min interval the exercise
session was started. The exercise consisted of a 5-km run
on treadmill performed in intermittently at 1-min at the
sVO,peak followed by 1-min of passive recovery. The
subjects remained standing or sitting after each exercise
bout (Table 2).

Steady state exercise

Participants performed a warm-up at 50% at sVO2peak
for five minutes, and after a 1-min interval the exercise
was started. The endurance exercise consisted of a con-
tinuous 5-km run on a treadmill at 70% of sVO2peak
(Table 2).

Exercise energy expenditure

To estimate the energy expenditure of all exercises, the
sum of the contribution of the three energy systems (aero-
bic, anaerobic lactic and alactic) was used. Aerobic me-
tabolism was estimated using the oxygen uptake during
the exercise, anaerobic alactic using the fast phase of
excess of oxygen uptake and the lactic using delta of
blood lactate (Bertuzzi et al., 2007; Di Prampero and
Ferretti, 1999; Zagatto et al., 2011).

Oxygen uptake was measured continuously and at
60 min after all the exercise sessions. At 1, 3,5 and 7 min
after the end of each test, blood was collected to measure
lactate concentration.

The highest value measured was considered the
peak lactate concentration ([La-1]peak). The difference
between the [La-]peak and pre exercise lactate concentra-
tion ([La-Jrest) was expressed as a delta value ([La-
]delta). A value of 1 mmol-L-1 [La-] delta was considered
to be the equivalent to 3 mLO2-kg" body mass (Di
Prampero and Ferretti, 1999). The fast component of
excess post-exercise oxygen consumption was determined
using a modified bi-exponential decay equation and the
anaerobic alactic metabolism corresponded to the product
of amplitude and tau (Bertuzzi et al., 2007; Zagatto et al.,
2011). The aerobic metabolism was estimated by subtract-
ing rest oxygen consumption from exercise oxygen con-
sumption. To estimate the total energy expenditure and
oxygen consumption during each protocol, the energy
expenditure were summed and converted to kcal (Skelly
etal., 2014)

Blood sampling and analyses

The blood samples were collected at rest, and immediate-
ly, 30, and 60 minutes after acute exercise sessions during
HIIE and SSE. The blood samples (15 ml) were immedi-
ately allocated into two 5 mL vacutainer tubes (Becton
Dickinson, BD, Juiz de Fora, MG, Brazil) containing
EDTA for plasma separation and into one 5 mL dry vacu-
tainer tube for serum separation. The tubes were centri-
fuged at 3.500 g for 15 minutes at 4°C, and plasma and
serum samples were stored at -20°C until analysis. Cyto-
kines IL6, IL-10 and TNF-a were assessed using ELISA
commercial kits (R&D Systems, 614 McKinley Place NE,
Minneapolis, MN 55413, USA). Glucose, uric acid, and
lactate were assessed using commercial kits (Labtest®,

Sdo Paulo, Brazil). Non-ester fatty acid (NEFA) was
assessed by a colorimetric method with a commercial kit
(Wako, 1-2, doshomachi 3-Chome, Chuo-Ku, Osaka 540-
8605, Japan). Serum cortisol was assessed using commer-
cial kits (Cayman Chemical, Michigan, USA). Cortisol
and glucose levels were assessed using serum, and NEFA
levels were assessed using plasma.

Statistical analyses

The data normality was verified using the Shapiro-Wilk
test. For each variable, mean and standard deviations were
calculated, and they were analyzed using the SAS statisti-
cal package (SAS version 9.3). Mixed models for repeat-
ed measures were used to examine differences in blood
variables according to condition, time and interactions.
The Tukey test was used post hoc when differences were
found. The unpaired t test was used to examine differ-
ences in energy expenditure. The significance level was
set at 5%.

Results

The subjects’ characteristics, anthropometry measures and
summary of incremental test are show in Table 1.

Table 1. Subject characteristics. Values are mean (+ standard
deviation).

Variable Subjects (n = 8)
Age (years) 24.56 (6.02)
Body Mass (kg) 74.69 (7.48)
Height (m) 1.75 (0.06)
BMI (kg-m?) 24.28 (1.74)
Fat Mass (kg) 12.71 (4.18)
%BF 16.85 (4.81)
FFM (kg) 35.38 (3.38)
VO,peak (ml-kg-min™) 59.93 (6.77)

BMI= Body Mass Index; %BF= % Body Fat; FFM= Fat Free
Mass; VO,peak= peak oxygen uptake; sVO,peak= Speed cor-
respondent vVVO,peak.

A summary of both exercise protocols are shown
in Table 2. For energy expenditure, heart rate, and time
commitment during exercises there was a greater effect
for condition (p < 0.01) in HIIE than in SSE exercises.

Table 2. Summary of exercise descriptors for high-intensity
exercise (HIIE) and steady state exercise (SSE) protocols (n =
8). Values are mean (+ standard deviation).

Variable SSE HIIE
Protocol run at 70% of 60 x 60-second rest of
Svozueak 100% SVOZpeak
Duration (min) 30.78 (2.09) 42.09 (2.93) *
Speed (km-h™) 9.65 (0.69) 13.79 (0.98)
EExp (kcal) 454.4 (56.7) 523.0 (40.1) *
HR max (beats-min 1) 171 (8) 182 (11) *
[La]rest (mmol-L™?) 1.35 (.14) 1.34 (.24)
[La]peak (mmol-L™Y)  4.06 (1.60) 7.11 (2.85) *
RPEfinal 15.0 (2.8) 20.0 (3.7)

EExp = Energy Expenditure HR,.,= Maximal Heart Rate in
exercise; [La’]= lactate concentration, RPE= Rate of perceived
exertion. * = different from SSE (p < 0.05).

For [La-] there was a main effect of condition (p <
0.001), with higher values in HIIE than SSE (p < 0.001),
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Figure 2. Metabolic parameters before and after a single bout of SSE and HIIE exercise in males (n = 8; values are mean * standard
deviation). Figures: 2A (Glucose), 2B (Lactato), 2C (NEFA), 2D (Cortisol) and 2E (Acid Uric). * = different from rest (p < 0.05); **
= different SSE (p < 0.05); # = different from 30 minutes; $ = different from 60 minutes.

and in moment (p<0.001), with higher values immediately
post exercise than at rest, 30 and 60 min-post exercise (p
< 0.001 for all comparisons, Figure 2B). Moreover, there
was a condition of interaction and moment (p < 0.001) in
HIIE where the values immediately post exercise were
higher than at rest, 30 and 60 min-post exercise in the
same condition (p < 0.001 for all comparisons); in SSE
the values immediately post exercise were higher than at
rest (p < 0.001), 30 (p = 0.003) and 60-min post exercise
(p =0.001) in the same condition.

For NEFA there was an interaction effect (p =
0.044), with higher values in SSE immediately post exer-
cise than in HIIE at the same moment (p < 0.050); higher
values in SSE immediately post exercise than at rest to the
same condition (p = 0.030, Figure 2C). For glucose and
uric acid there was no effect (Figure 2A and 2E).

For cortisol there was a main effect of moment (p
< 0.001) with values at rest lower than immediately (p <
0.001), post-30 (p = 0.003), and post 60-min of exercise
(p = 0.024, Figure 2D).

As regards the cytokine levels (Figure 3), for TNF-
a there was a main effect of condition (p = 0.012) with
HIIE lower than SSE (p = 0.012), and for moment (p =
0.050) with values immediately post exercise higher than
at rest (p = 0.037, Figure 3B). For IL-6 there was a main
effect of condition (p = 0.012) with HIIE higher than SSE
(p = 0.012), and moment (p < 0.001), with values at rest
lower than immediately post-exercise (p = 0.009) and
30min-post exercise (p = 0.039); at 60min-post exercise
lower than at immediately post-exercise (p = 0.001) and
30min-post exercise (p = 0.007, Figure 3A). For IL-10

there was a main effect of moment (p = 0.002), with val-
ues at rest lower than immediately (p = 0.007), 30min (p
=0.047) and 60 min-post exercise (p = 0.001, Figure 3C).

For IL10/TNF-a ratio there was a main effect of
moment (p = 0.015), with higher values immediately post
exercise than at rest (p = 0.019). There was also an inter-
action of condition and moment (p = 0.002), where, in the
HIIE condition, the values 30min-post exercise were
higher than at rest (p = 0.011), immediately (p = 0.006)
and 60min-post exercise (p = 0.042) in the same condi-
tion; and in the SSE condition 30min-post exercise the
values were higher than at rest (p = 0.005) immediately
(p=0.004) and 60min-post exercise (p = 0.020, Figure
3D).

Discussion

The main finding of the present study was that HIIE elic-
ited different total energy expenditure during exercise
from SSE, despite matched volume. By design, energy
expenditure was ~13% higher in the HIIE group (523 %
40.06 versus 453 + 56.72 kcal for SSE, p < 0.02) and
session exercise time was 39% higher than the SSE group
(30.78 £ 2.09 min versus 42.09 £ 2.93 min), whereas the
session exercise time in the HIIE group that was spent in
recovery between intense pause/session of run, thus actual
exercise time was ~21 minutes compared to SSE. Recent-
ly, study have related similar energy expenditure (EE) in
response to HIIE (10x60s at a workload that elicited 90%
maximal heart rate with 60-s of active recovery at 50 W)
and SSE (cycling at a workload that elicited 70% of
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Figure 3. Cytokine levels before and after a single session of SSE and HIIE exercise in males (n = 8; values are mean + standard
deviation). Figures: 3A (IL-6), 3B (TNF-a), 3C (IL-10), 3D (IL-10/ TNF-a). * = different from rest (p < 0.05); ** = different SSE (p
< 0.05); # = different from 30 minutes; $ = different from 60 minutes.

maximal heart rate for 50 min) after 24h (Skelly et al.,
2014), even despite the fact that the total energy expendi-
ture during the exercise session was superior in SSE than
HIIE (352 + 34 versus 547 + 65kcal, respectively; p <
0.001). This suggests that a session of HIIE may promote
greater physiological stress than a bout of SSE, principal-
ly due to an increased hormonal response. Although our
data has not exhibited significant differences between
both protocol sessions, the energy expenditure following
exercise (1h recovery) was 14% higher in HIIE than SSE.
The difference in EE during exercise bouts (SSE vs HIIE)
found in present study may be due to exercise protocols
utilized, and here, we demonstrated that when the volume
was equal between SSE and HIIE sessions, HIIE leads to
more EE.

In addition, the alterations found in our data after
both exercise sessions are due to, at least in part, of hor-
monal changes, given that acute exercise promotes the
enhancement of several hormones, principally the ones
related to lipolysis in adipose tissue and glycogenolysis in
skeletal muscle and the liver, promoting the availability of
energetic substrates mainly by NEFA and glucose for
muscle workload. Concomitant with the increased cortisol
levels, our data demonstrate that HIIE promotes greater
demands on the anaerobic metabolism (seen by peak
lactate, Figure 2B) compared to SSE, while SSE promotes
great demands on the aerobic metabolism (seen by peak
NEFA, Figure 2C) compared with HIIE.

In our data, the HIIE did not promote accumulated
NEFA levels immediately after exercise, while SSE did.

During the steady state exercise, higher utilization of
lipids in comparison with intermittent exercise is ob-
served. Moreover, Jeppense and Kiens (2012) have re-
ported that this response depends on acetyl CoA and CoA
concentration ratios, carnitine availability, and hydrogen
ion concentration. This last is likely higher during HIIE,
due to anaerobic metabolism. More studies are needed to
better understand the mechanisms involved in this re-
sponse.

The lack of accumulated NEFA levels immediately
after HIIE can be, at least in part, a result of the higher
fatty acid uptake by skeletal muscle during the repeated
metabolic perturbations in the transitions from rest to
exercise (pause/session cycles). We suggest that HIIE
may be important in stimulate the lipolysis process, how-
ever an efficient clearance during pause favored by fatty
acid uptake by skeletal muscle occurs, indicating that a
supply for energy demand by aerobic metabolism also
occurs. Studies have related that physiological adaptations
resulting from brief sessions in Wingate-based HIIT over
two weeks is a potential stimulus to enhance skeletal
muscle oxidative capacity and induce adaptations that are
apparent after several weeks, such as reduced rate of
glycogen utilization and lactate production during exer-
cise, and an increased capacity for whole-body and skele-
tal muscle lipid oxidation (Gibala et al., 2009; Burgomas-
ter et al., 2008). Recently, our group has demonstrated
that low-volume HIIE performance (4 sessions of Win-
gate-based HIIT, 30s x 3 minutes rest, ~2 minutes of
exercise) promotes accumulated serum NEFA levels after
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the last session followed by rest (Lira et al., 2015). The
higher serum NEFA levels can be a result of the lipolysis
process; the need for an available substrate for mainte-
nance of muscle contraction during exercise, but, as the
exercise performed was short-duration, free fatty acid
uptake by the skeletal muscle can be reduced, exposing
the blood circulation to high concentrations of NEFA.
Our data suggest that, HIIE performed in high-volume
(5km) provides increased fatty acid uptake, principally by
skeletal muscle.

On the other hand, a robust inflammatory response
during the exercise session is observed. Skeletal muscle is
a major source of some cytokines and the response is
dependent on duration, intensity and session volume of
exercise (Pedersen and Febbraio, 2009; Neto et al., 2011).
The cytokines exert several functions, and have a crucial
role in energy metabolism, such as IL-6 and TNF-a, that
are important in the anti-inflammatory response and exert
effects on glucose and lipid metabolism, stimulating in-
creases in the lipolysis and glycogenolysis process in
order to provide an energy supply for the skeletal muscle
and other tissue after exercise.

In the present study, we observed that together
with high cortisol levels in the SSE session, higher TNF-a
levels, and the immune-endocrine profile can exert a
potential effect on the lipolysis process, leading to accu-
mulated NEFA levels after exercise. Rosa et al. (2009)
have related that acute exhaustive exercise induces a pro-
inflammatory response in the adipose tissue (observed by
elevated IL-6 and TNF-a levels in adipose tissue) and this
increase can contribute to lipolysis and the release of fatty
acids as an energy supply for muscle and other tissues
immediately after exercise. On the other hand, in the HIIE
session higher IL-6 values were observed. Particularly,
this immune-endocrine profile can favor the glucogenoly-
sis process and the available glucose for skeletal muscle
work. The results suggest that the alterations regarding
cytokine kinetics during exercise are dependent on the
exercise mode. However, more studies are needed for a
better understanding of the mechanism involved.

In addition, increased IL-10 levels and IL-10/TNF-
a ratio were observed in both exercise protocols, showing
the anti-inflammatory role promoted by exercise sessions.
Classically, exercise leads to an anti-inflammatory status,
and its condition is induced by an increase in IL-6 produc-
tion in the skeletal muscle and, after exercise, higher IL-
1ra and IL-10 levels are observed. The increased IL-10
levels can be related to higher IL-6 and TNF-a levels, and
the principal role of these is to prevent the exacerbation of
the pro-inflammatory status, blocking a possible persis-
tent inflammatory status. Both HIIE and SSE were able to
promote an anti-inflammatory status, as seen in an in-
creased IL-10/TNF-a ratio. This suggests that both can be
utilized as strategies for different populations, such as
obesity, diabetes, dyslipidemia. More studies are neces-
sary to better understand the mechanisms involved in
HIIT in anti-inflammatory responses.

This study is limited mainly by the difference in
total work performed. Even though the exercise volume
was the same, HIIE likely induced higher internal loads.
Future studies may want to verify whether work-matched

HIIE and SSE exhibit different inflammatory and meta-
bolic responses.

Conclusion

In conclusion, our results demonstrated that in both exer-
cise protocols, when total volume is matched, the inflam-
matory response did not differ between group exercise
modalities, leading to an anti-inflammatory status; how-
ever the metabolic response is different.

To the best of our knowledge, this is the first study
comparing the metabolic and inflammatory responses to
volume matched HIIE and SSE. Our initial hypothesis
was that a more pronounced response would be found in
the HIIE, and would result in an increase in energetic
substrates and cytokine levels. However this hypothesis
was not confirmed.
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Key points

* Metabolic contribution of both exercise, HIIE and
SSE, was different.

» Both protocols leading to an anti-inflammatory
status.

e HIIE induce a higher energy expenditure take into
account total session duration.
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