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ABSTRACT: To examine the effects of two high-intensity intermittent training (HIIT) programs of varying
intensities (100% vs. 110% of maximal aerobic velocity [MAV]) on metabolic, hormonal and inflammatory
markers in young men. Thirty-seven active male volunteers were randomly assigned into: HIIT experimental
groups (100% MAV [EGyg0, N = 9] and 110% MAV [EG;;, n = 9]) and a control groups (CGyqp, N = 9 and
CGyq, N = 9). Particpants performed high intesity intermittent exercise test (HIIE) at 100% or 110% MAV.
Venous blood samples were obtained before, at the end of HIIE and at 15 min of recovery, and before and
after 8 weeks of HIIT programs. After training, Glucose was lower (p < 0.01) in EGyq (d = 0.72) and EGy;
(d = 1.20) at the end of HIIE, and at 15 min recovery only in EG;;o (d = 0.95). After training, Insulin and
Cortisol were lower than before training in EG,q, and EG,; at the end of HIIE (p < 0.001). After HIIT, IL-6
deceased (p < 0.001) in EG;qq (d = 1.43) and EG;o (d = 1.56) at rest, at the end of HIIE (d = 1.03; d = 1.75,
respectively) and at 15 min of recovery (d = 0.88;d = 1.7, respectively). This decrease was more robust
(p < 0.05) in EGy1o compared to EGyqq. After HIIT, TNF-a deceased (p < 0.001) in EG,qo (d = 1.43) and EGy4q
(d = 0.60) at rest, at the end of HIIE (0.71 < d < 0.98) and at 15 min of recovery (0.70 < d < 2.78). HIIT
with 110% MAV is more effective in young males on the improvements of some metabolic (Glucose), hormonal
(Cortisol) and inflammatory (IL-6) markers at rest, at the end of HIIE and 15 min of recovery than training at
100% MAV.
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Low-grade systemic inflammation (characterized by small rise the
pro-inflammatory cytokines such as interleukin-6 (IL-6), tumor ne-
crosis fator alpha (TNF-a) and C-reactive protein (CRP)) may ex-
hibit links with the development of insulin resistance, type 2 diabe-
tes, metabolic syndrome and cardiovascular disease [1]. These
markers are prognostic indicators of an increased risk for several
chronic diseases [1]. A sedentary lifestyle leads to increased vis-
ceral adipose tissue fat accumulation, and promotes, at least in part,
increased pro-inflammatory cytokine levels.

On the other hand, regular physical exercise is an important me-
diator of reductions in systemic inflammation (such as TNF-a and
IL-6) and related metabolic parameters (such as glucose, insulin,

insulin resistance, and lipids) [2]. Numerous studies have shown the
effectiveness of regular exercise training on metabolic disorders, both
as a prevention and treatment, and its anti-inflammatory effects [2].
Likewise, IL-6 play an anti-inflammatory role and have been observed
in increased amounts in response to exercise [3-5]. This interleukin
participates in the immune system and metabolism regulations dur-
ing a physical exercise. |IL-6 contribute to glycogenolysis and lipoly-
sis processes, alterations in metabolic parameters/proceess can be
linked to the inflammatory response [6]. New evidence supports that
high-intensity intermittent training (HIIT) is a very effective method
in improving cardio respiratory fitness and cardiovascular health.
HIIT consists of repeated, brief, and high-intensity efforts interspersed

a BioLoGy oF SporT, VoL. 39 No2, 2022 263



with active or passive recovery, it has gained attention as a time-
efficient strategy for improving cardio respiratory fitness with very
low time commitment in a variety of populations, including trained [7]
and untrained individuals [8]. Moreover, the inflammatory and met-
abolic response to acute high-intensity intermittent exercise (HIIE)
is less known. A recent study of Lithgow and Leggate [9] observed
that single bout of HIIT (5 km run intermittently; being 1-min at
maximal aerobic velocity [MAV] followed by 1min of passive recov-
ery for 3 times per week) exercise affects only the insulin response
but not the glycaemic response to a glucose load, insulin sensitivity
and inflammatory markers (TNF-q, IL-6, CRP). On the other hand,
study of Meckel et al. [10] showed that a single bout of HIIE (4 sets
of 250-m runs on a treadmill at 80% MAV with 3 min of rest between
each of the 250-m runs) increases inflammatory mediators. It has
been reported that an acute bout of HIIE resulted in a significant
increases in serum concentrations of several inflammatory cytokines
(IL-6, TNF-a, and IL-10) and chemokines (IL-8 and MCP-1) [5, 61,
however, the inflammatory response to a different HIIE intensity has
not been examined, and requires further investigation.

Recent studies have shown that short-term (5-8 weeks) of HIIT
only or HIIT associated with strength training was enough to improve
the anti-inflammatory profile in health young physically active sub-
jects [11]. Additionaly, sprint intervals including short time (few
seconds) of high intensity effort have been reported to improve pe-
ripheral muscular adaptations induced by maximal workloads [12].
Pedersen and Hoffman-Goetz [13] showed that HIIE at 90-100%
MAV induces immunosuppression and may explain the increased
risk of infection in athletes following exercise. In endurance sports,
during the cycles of increased training volume and intensity, that
include consecutive training sessions with shorten recovery time,
athletes may experience a temporary diminished performance con-
comitant with an immunodepression state [14]. However, other
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authors have shown that increasing HIIE intensity from 90 to 110%
VOymax [15] or from 100% to 110%MAV [16] could allow a greater
increase in aerobic performance.

To the best of our knowledge, no findings have been published
concerning the effects of different high intensities of HIIE during
training on inflammatory and metabolic indices. Therefore, the main
aim of the current study was to investigate the effects of two HIIT
programs of varying intensities (100% vs. 110% MAV) during 8 weeks
on changes in TNF-a, IL-6, insulin, glucose in healthy young men.
We hypothesed that increasing interval-training intensity by +10%
MAV could lead to better aerobic performance during an interval-
training session accompanied by an adaptation in inflammatory and
metabolic systems.

MATERIALS AND METHODS
Particiapnts

Thirty-seven male physical education students volunteered to par-
ticipate in this study were assigned in randomized order to two
control groups who resealed intermittent test with 100% MAV (CG g,
n = 9)and 110% MAV (CG;;o = 9), and two HIIT experimental
groups (EG): intermittent exercise with 100% MAV (EG;p, N = 9)
a HIIE with 110% MAV (EG;1o, n = 9) (Tablel). Prior to participa-
tion, the participants underwent a medical examination and were
fully informed about the experimental procedures and a signed con-
sent was obtained from them. This study had been approved by the
University of Rennes 2 Research Ethics Committee.

Study design

After familiarization session with all the material of the experimente,
all participants performed a maximal graded test (MGT) accordin to
the protocol of Cazorla-Léger [17] to determine their maximal oxygen
uptake (VO,.,) and maximal aerobic velocity (MAV) before and

TABLE 1. Mean (= SD) data measured for the age and anthropometric data

EGi100 EG110 CG100 CGi1o

Before HIIT  After HIIT  Before HIIT  After HIIT  Before HIIT  After HIIT  Before HIIT  After HIIT
Age (an) 21311 21411 21913 220=x15 220x12 221 +14 220=x12 221 +x1.4
BM (kg) 728 £7.8 722 =x7.7 729=*x62 724=x6.1 72542 72342 726=47 723 =37
Height (cm) 178.6 x5.4 179.0+5.3 180.9 +6.8 181.0+6.7 180.1 +6.2 180.2 +6.2 1793 £5.6 179.5 £5.7
BMI (kg-m?) 227 +13 225+12 223 +14 221 +13 224+10 223+08 226=+09 225=*1.0
BF (%) 11612 11512 114+15 11314 11814 11914 11.7+x14 11714
FFM (kg) 642 £ 6.6 63963 646 =53 642 =50 600=*38 63737 64140 639 =35
MAV (km-h?!) 158 +1.6 16715 161 +21 176=+22 161+19 161 +18 157 +15 160+ 1.3

Data are mean values (= SD), BM: body mass, BMI: body mass index, BF: Body fat, FFM: fat free mass, EG;qq: trained group with
100% MAYV, EGyqg: trained group with 110% MAYV, CG; o and CG;,q: control groups, HIIT: high intensity intermittent training, MAV:
maximal aerobic velocity. *: significant differences between before HIIT and after HIIT (p < 0.05).
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Randomized tests

Hihg intensity intermittent

DL T

Randomized tests
e . i S
~ N A =
h Intensity Interval
Pre-tests Hig Post-tests
Training program (HIIT)
Maximal graded test 2 series of 30sIE with active Maximal graded test
(MGT) recovery at 50 % MAV. (MGT)

Exercise at 100% MAV for
the EG100

Hihg intensity intermittent

: exercise (HIIE) and 110% MAV for EG110 exercise (HIIE)
FIG. 1. Study design for both experimental groups and control groups.
TABLE 2. Training program.
EGi00
Week Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
Set x 2% 2% (125; 2% 2% 2% 2% 2%
(repetition) (8x 30slE)  (9x30slE) 30sIE) (11x30slE) (10x30slE) (12x30slE) (12x30slE) (11x30slE)
Intensity 100% 100% 100% 100% 100% 100% 100% 100%
MAV/50% MAV/50% MAV/50% MAV/50% MAV/50% MAV/50% MAV/50% MAV/50%
TL 1200 ATU 1350 ATU 1500 ATU 1650 ATU 1500 ATU 1800 ATU 1800 ATU 1650 ATU
EG;10
Week Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
Set % 2% 2% 2% 2% 2% 2% 2% 2%
(repetition) (8% 30slE)  (9%30slE) (10x 30slE) (11x30slE) (10x30slE) (12x30slE) (12x30slE) (11x30sIE)
Intensity 110% 110% 110% 110% 110% 110% 110% 110%
MAV/50% MAV/50% MAV/50% MAV/50% MAV/50% MAV/50% MAV/50% MAV/50%
TL 1280 ATU 1440 ATU 1600 ATU 1760 ATU 1600 ATU 1920 ATU 1920 ATU 1760 ATU

MAV: Maximal aerobic velocity; EG;gg: 100% MAV training group; EGE;19: 110% MAV training group; TL: Training load; ATU: Arbitrary
training units. Example: [2 x (8 X30slE) 100/50% MAV]. It means that the subject had to run two series of eight times 30sIE
composed of 30 s running at 100% of MAV and 30 s active recovery at 50% of MAV. The subject recovers passively 5 min between

each series. Each session is repeated 3 times a week.

after the HIIT. Before and after the HIIT, EG,9 and EG;;o groups
carried out an intermittent exercise test consisting of repeating as
long as possible 30 s intensive run at 100% MAV (EG;qo) or 110%
MAV (EG, o) alternating with 30 s active recovery (50% MAV) (FIG 1).
The CGyggand CGyq only performed two MGT and HIIE (see details
in following sections). They did not participate to any physical train-
ing program.

All the tests took place in the morning on a 400 m outdoor tartan
track calibrated with cones, at the same time of the day, with 48 h of
rest between each test.

Ant/)ropomem'c measurements

Body mass was measured to the nearest 0.1 kg, with the subject in
light clothing and without shoes, using an electronic scale (Kern,
MFB 150K100). Height was determined to the nearest 0.5 cm with
a measuring tape fixed to the wall. All measurements were performed
by the same examiner in accordance with the positions and techniques
established by the International Biological Program [18]. Percent
body fat was determined using four skinfolds and a Harpenden
caliper. The fat free mass was calculated by subtracting the fat mass
from the body mass.
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The high intensity interval training program (HIIT)

EG oo and EG;;q groups participated in HIIT program three times
per week for 8 weeks (24 sessions in total) (Table 2). HIIT sessions
were separated by at least 48 h to allow adequate recovery. All ses-
sions included three different periods according to the procedure
described by Rhibi et al. [19]: the sessions were preceded by a stan-
dardized warm-up, which consisted of 15 min continuous jogging,
followed by 5 min stretching exercises and 5 short bursts of accel-
erations on an outdoor track (400 m). During every training session
on the track there was one subject per lane. All different distances
for each athlete (running and recovery intervals) were fixed by the
examiner before every session. The subjects start from a standing
position, behind a cone. Then, they performed their HIIT session.
For these training sessions, the subjects’ pace was given by an ex-
aminer emitting sounds at regular intervals up to the end of the
exercise. During the 30s recovery, subjects had to cover a distance
determined according to their own MAV. At the end of the HIIT ses-
sion, subjects cooled down for about 5 min, running at low inten-
sity and performing static stretching.

Maximal grated test (MGT)

The maximal graded test was performed according to Rhibi et al. [19].
The initial speed was 8 km.h! and this was increased by 0.5 km.h™!
every minute. The velocity at the last and complete stage was con-
sidered as MAV. If the subject did not succeed to complete a given
stage, but stopped after the half of this stage, the velocity correspond-
ing to the last complete stage was increased by 0.5 km.h™*. The
accuracy of MAV was considered to be equal to the velocity during
the previous stage plus 0.5 km h' [20].

Hihyg intensity intermittent exercise (HIIE) test

The HIIE test consisted in repeating as long as possible a 30s run
at 100% MAV (EGqp) or 110% MAV (EG;,0) alternating with 30s
active recovery (50% MAV) according to the procedure described by
Rhibi et al. [19]. These tests were carried out on the same track as
the maximal graded test. Before each test we calculated, as a func-
tion of the MAV of each subject, the required distance to be covered
during the 30s intensive runs at 100% MAV, 110% MAV and the
30s active recovery at 50% MAV. 30 s intermittent exercise were
preceded by a standardized warm-up consisting of 10 min continu-
ous jogging, followed by 5 min of the participant’s usual stretching
routine, five short bursts of accelerations on the track and 2 min rest.

Blood sampling and analysis

Three venous blood samples were drawn: upon arriving, a heparin-
ized catheter (Insyte-W, 1.1 mmo.d. x 30 mm, Biopol, Tunis, Tu-
nisia) was inserted into an antecubital vein. Subjects then rested
quietly, for 20 min and then the first blood sample (10 mL) were
taken to determine resting (rest) biomarker concentrations, a second
immediately after the intermittent exercise test (end) and the third
after 15 min of recovery (15min). Samples were placed in an ice
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bath and centrifuged immediately. Aliquots of the extracted plasma
were stored at -80° C until analyzed.

Insulin (Ins), glucose (Glu), CRP and cortisol (Cor) concentrations
were determined from plasma samples. Specifically, insulin was
determined by Radiolmmunoassay (RIA) using a specific kit (cis bio
international, orisindustrie sa, france). The detection limit of insulin
in the described method was 2uu.ml™ and the interassay coefficient
of variation was 5.5%. Plasma glucose was assayed by the glucose
oxidisemethod (boehringer mannheim kit, meylan, France). The sen-
sitivity ofthe assay was 0.12 mmol.I"! and the coefficient of intra-
assay variation was 2.4%. Homeostasis model assessment (HOMA-IR)
index was estimated by the the formula: HOMA-IR = [fasting insu-
lin (mU/1) x fasting glucose (mmol/l) / 22.5)]. Cortisol concentration
was determined enzymatic method using kinetic method (UV). CRP
activity was determined using an Immunoturbidimetry method using
commercially available reagents and a COBAS Integra 400 system
(Roche Diagnostics, Mannheim, Germany). The intra-assay coefficient
of variation for the CRP kit was 1.7%. Plasma cytokine concentra-
tions were determined by enzyme-linked immunosorbent assay
(ELISA) using Human IL-6 Quantikine ELISA Kit (R&D Systems,
D6050, Minneapolis, MN, USA) and Human TNF-alpha Quantikine
ELISA Kit (R&D Systems, DTAOOC, Minneapolis, MN, USA). The
plasma levels of interleukin IL-6 (100 uL EDTA Plasma) and tumor
necrosis factor-alpha (TNF-a; 200ul EDTA plasma) were analyzed
according to the manufacturer’s instructions. The sensitivity was
5.5 pg/mL for TNF-a and 0.7 pg/mL for IL-6 measureents. The assay
Range was 15.6 — 1,000 pg/mL for TNF-a and 3.1 — 300 pg/mL
for IL-6.

Statistical analysis

Data were summarized as mean and the standard deviation of the
mean (+ SD) and statistcail analyzed using Statistica Version 13.2
software (StatSoft, France). After testing for normal distribution (Kol-
mogorov—Smirnov test), differences within and between the groups
were analyzed using a two-way analysis of variance (ANOVA) for
repeated measurements (time x groups). After confirming significant
group differences over time, a LSD-fisher post hoc test was performed.
To analyze delta values, we used ANOVA for one way (4 groups).
Effect size (ES) was computed using the equation ES = (mean_post
—mean_pre) / SD. ES of 0.20-0.60, 0.61-1.19 and > 1.20 were
considered as small, moderate and large, respectively [21]. The%
of variation (%) was measured by the application of the following
formula:

(final value—initial value
initial value

) x 100.

Intraclass correlation coefficients (ICC) and coefficients of variation
(CV) were computed to assess relative and absolute test-retest reli-
ability. A value of p < 0.05 was accepted as the minimal level of
statistical significance.
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All subjects had a 100% adherence rate and compliance to study
procedures. No significant between-groups (EG; g, EG;10, CG190 and

TABLE 3. Intraclass correlation coefficients (ICCs) for relative
reliability and coefficients of variation for absolute reliability of the
applied physical fitness tests and blood parameters measurements.

CGy1) baseline differences were found for any anthropometric mea- ~ Measures ICC 95% ClI % CV
sures neither before nor after HIIT (Tablel). No significant differ-  MAV 0.92 0.91 - 0.99 4.4
ences were found after the HIIT program compared to before for the ~ GLUCOSE 0.95 0.84 - 0.98 4.0
following measures: body mass (p = 0.21; ES = 0.09), height  INSULIN 0.89 0.76 — 0.88 3.0
(p=0.25;ES=0.11), BMI (p = 0.16; ES = 0.04), BF (p = 0.54;  CORTISOL 0.84 0.83 - 0.96 2.7
ES = 0.02), fat free mass (p = 0.91; ES = 0.13). No testor  |_.g 0.97 0.74 — 0.97 27
training-related injuries occurred over the course of the study. Reli- TNF-o 0.89 0.61 — 0.97 29
ability measures (ICC) for assessment tests ranged from 0.84 to CRP 0.94 0.76 — 0.98 41

0.97, while percentage values for coefficients of variation ranged
from 2.2 to 4.4% (Table 3).

ICC - intraclass correlation coefficient; Cl — confidence interval;
CV — coefficient of variation. MAV: maximal aerobic velocity;
IL-6: interleukin 6; TNF-a: tumor necrosis factor alpha; CRP:
C-reactive protein.

TABLE 4. Plasma glucose (Glu), insulin (Ins), Cortiol (Cor) concentrations and HOMA-IR values measured during HIIE before (pre-

test) and after (post-test) HIIT in all groups (EG1qg, EG119, CGigo and CGy1g).

EGiqo EG;qo CGigo CGig p (Cohen’s d)
. Before Before Before Before Main effect Main effect Interaction
Variables HIT After HIIT HIT After HIIT HIT After HIIT HIT After HIIT group time group x time
Rest 4.8 4.6 4.7 4.6 4.7 4.7 4.8 4.7
+ 0.3 + 0.3 + 0.5 + 0.5 + 0.5 + 0.4 + 0.5 + 0.4
2 End 6.4 5.6 8.2 6.9 6.2 6.2 8.1 8.1 p=0.021 p<0.001 p<0.001
S +13, =10, =10, =11%c =07, =07, =08, =08, (0.48) (0.72) (0.33)
15 5.8 5.3 7.5 6.3 5.9 5.5 7.2 7.1
min +10, =08, =*=16, ==10° =12, =08, =09, =07,
Rest 12.8 12.2 12.3 11.4 12.8 12.6 12.6 12.6
+ 2.1 + 1.5 +25 +19 + 0.7 + 0.6 +15 +14
2 End 16.9 15.5 18.7 14.7 16.6 16.4 18.7 18.4 p=0.017 p<0.001 p=0.007
= +17, =178, =44, =27%c =14, =08, =26, =18, (0.18) (0.77) (0.16)
15 18.3 17.2 19.4 18.3 18.2 18.3 19.5 19.4
min +29, =18, =*33, =19, =*=18, =26, =16, =17,
HOMA-IR 2.7 2.51 2.58 2.3 2.7 2.6 2.7 2.7 p=0.427 p=0.132 p=0.69
index + 0.4 + 0.3 + 0.5 + 0.3 + 0.3 + 0.2 + 0.6 + 0.5 (0.12) (0.54) (0.18)
Rest 275.3 293.6 270.3 292.7 271.2 270.2 275.7 292.7
+746 +687 =705 +608 =815 +73.0 =686 =*558
5 gnq 3860 4657 4124 5493545 3903  397.9 4237 4502 p=0342 p<000l p=0.030
© +959, £600%, =785, , c' +849, +£700, =743, =908, (0.09) (0.62) (0.14)
b
15 370.4 393.7 395.8 458.0 366.6 360.1 396.6 372.7
min =+ 1269, + 1353, =69.7, =87.8%, 1022, =684, =847, =86.1,

Data are mean values (= SD), glucose (Glu), and insulin (Ins) and cortisol (Cor) concentrations measured at rest (rest), at the end
of HIIE (end) and after 15 min of recovery (15min); EG;qo: trained group with 100% MAV, EG;: trained group with 110% MAYV,
CGjp and CGyq: control groups without HIIT, HIIT: high intensity interval training. a: significant difference between before and after
HIIT. b: significant difference compared to rest values. c: significant difference between EG;qy and EGyp.
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TABLE 5. IL-6, TNF- a and CRP concentrations measured during HIIE before (pre-test) and after (post-test) HIIT in EG;q9, EG110,

CGog and GCyqg.

EGIOO EG]]O cGloo CGuo P (Cohen’s d)
. Before Before Before Before Main effect Main effect Interaction
Variables HIT After HIIT HIIT After HIIT HIT After HIIT HIT After HIIT group Time group x time
rest 2.1 1.5 2.0 1.4 1.9 1.8 1.9 1.9
+06 03 =05 =+=03% =+0.6 + 0.4 + 0.4 + 0.5
IL6 end 4.7 3.5 4.7 2.8 4.5 4.4 4.6 4.5 p=0.139 p<0.001 p=0.030
+12, =113 =+11, +=10% =16, =10, =11, =1.1, (0.14) (0.81) (0.26)
15 min 4.3 3.2 4.3 2.7 4.3 4.3 4.5 4.5
+11, +13%, =10, +x09% =+1.1, =08, =09, =09,
rest 3.2 2.7 2.9 2.2 2.9 2.9 3.0 2.9
es +12 +112 +13 +12% =+12 +12 =+11 =11
TNE- end 6.8 5.2 6.7 5.3 6.4 6.3 6.2 6.0 p=0.88 p<0.001 p=0.007
« +17, =16% =19, *19% =15, =11, =13, =10, (0.17) (0.84) (0.16)
15 min 6.4 5.1 6.2 4.9 6.1 6.1 6.17 5.8
+16, =16% =19 =+=20% =14, =12, =13, =12,
rest 4.0 3.5 3.5 3.2 3.8 3.7 3.3 3.3
+08 =052 =+1.1 =*+08* =07 + 0.7 + 0.5 + 0.8
CRP end 4.6 4.5 4.5 4.4 4.4 4.6 4.2 4.4 p=0.168 p<0.001 p=0.063
+0.7, =05, =+08 =08, =05, =05, =07, =07, (0.09) (0.41) (0.02)
15 min 4.8 4.6 4.5 4.4 4.7 4.3 4.3 4.2
+04, +=0b5, =08 =08, =*=05, =09, =05, =07,

Data are mean values (= SD), interleukin 6 (IL-6) and tumor necrosis factor alpha (TNF-a) concentration measured at rest (rest), at
the end of the HIIE (end) and after 15 min of recovery (15min); EG;o: trained group with 100% MAV, EGy,o: trained group with
110% MAV, CG;qg ang CG110: control groups without HIIT, HIIT: high intensity intermittent training. a: significant difference between
before and after HIIT. b: significant difference compared to rest values. c: significant difference between EG;yy and EG; .

Main effect of time

The physical fitness test and all biological parameters displayed
significant main effects of time (before HIIT vs. after HIIT). ES mag-
nitudes ranged from small-to-large for all tests. Significant main effect
of time was recorded for MAV (p < 0.001, d = 0.71) (Table 1).
Main effects of time across training were observed for Glu (p < 0.001,
d =0.72), Ins (p < 0.001, d = 0.77), HOMA-IR (p = 0.132,
d = 0.54). Similarly, main effects of time were also observed for Cor
(p < 0.001,d = 0.62), IL-6 (p < 0.001; d = 0.81), TNF-«
(p < 0.001, d = 0.84) and CRP (p < 0.001, d = 0.41) (Ta-
bles 4 and 5).

Main interaction effects
Tables 4 and 5 present group x time interactions for all assessed
variables. Results revealed significant interactions for MAV
(p <0.001;d=0.61),Glu(p <0.001;d = 0.33), Ins (p = 0.007;
d = 0.16), Cor (p = 0.030; d = 0.14). Moreover, significant inter-
actions were found for IL-6 (p = 0.030; d = 0.26) and TNF-a
(p =0.007; d = 0.16). However, presents no significant interactions
for CRP (p = 0.063; d = 0.02) were detected (Table 5).

Relative to the HIIE response, before and after HIIT, our results
showed significant increase (0.001 < p < 0.035;0.31 <d < 1.55)
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in concentration measures at the end of the HIIE and after 15 min
of recovery compared to rest values for Glu, Ins, Cor, IL-6 and TNF-ain
all groups.

Concerning HIIT effect, post- hoc tests revealed significant before-
to-after HIIT increase for MAV (p < 0.001, d = 0.58, +5.4%) and
for Corgng (p < 0.001,d = 1.04, +17.1%) for EG; . Moreover, For
EG;gg0ur post hoc analyses presented significant before-to-after HIIT
decrease for Glug,g (p = 0.009,d = 0.72, -14.7%), Insg,q (p < 0.001,
d = 0.85,-9.5%), IL-6,e5t (p < 0.001, d = 1.43, -34.4%), IL-64,4
(p <0.001,d=1.03,-33.7%) and IL-6; 5, (p < 0.001, d = 0.88,
-32.8%), as well as for the TNF-oes; (p = 0.002, d = 0.45, -19.0%),
TNF-0gg (p < 0.001, d = 0.98, -30.9%), TNF-at;5min (p < 0.001,
d = 2.78, 19.65%) and for the CRP (p = 0.02, d = 0.77,
-14.28%) (Tables 4 and 5).

For EG10, post-hoc tests also revealed significant before-to-after
HIIT increase for MAV (p < 0.001, d = 0.70, 8.5%) and for
Corgg (p < 0.001, d = 1.45, +24.1%), Corysmin (p = 0.040,
d = 0.79, +13.6%). Moreover, for EG;;o our post hoc analyses
presented significant before-to-after HIIT decrease for Glugyg
(p < 0.001, d = 1.20, -18.8%), Gluys, (p = 0.002, d = 0.95,
-19.9%), Insg,q (p < 0.001,d = 1.12,-27.2%), IL-6,4 (p < 0.001,
d = 1.56, -40.8%), IL-6.,4 (p < 0.001, d = 1.75, -22.8%) and
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IL-615min (p < 0.001,d =1.7,-14.2%), as well as for the TNF-oq:
(p < 0.001, d = 0.60, -30.5%), TNF-a, (p < 0.001,d = 0.71,
-25.1%), TNF-ay5.;, (p < 0.001, d = 0.70, -27.4%) (Ta-
bles 4 and 5).

Our results showed significantly greater values in EG; ;o compared
to EGigg for MAV (p = 0.017, d = 0.49, 5.11%) and Corgyq
(p = 0.04,d = 0.97, +0.14%). Results showed that Glug,y was
significantly lower (p = 0.012;d = 0.26) in EG;10(-15%) comprared
to EGigg (-12%). Results showed also that responses of Ins,.q and
IL-6,,4 Were significantly lower (p = 0.008; p = 0.030, respect-
vively) in EG;q (-21%; -39%, respectevely) comprared to EGqq
(-8%; -25%, respectevely). However, no significant difference in
TNFg.q values was observed between EG;qq and EG;,q after HIIT
program.

DISCUS S 1O /N 15—
The primary finding of our study is that 8 weeks of HIIT induced
a significant increase in MAV in both EG; oo and EG ;. Furthermore,
the increased MAV performance was associated with reduced Glu,
Ins, Cor, TNF-a and IL-6 at the end of and HIIE test, in response to
the HIIT program. These decreases were greater after the HIIT pro-
gram using 110% MAV, except for TNF-a, and the 100% MAV
program.

Our results showed an increase in TNF-a and IL-6 concentrations
at the end of HIIE and at 15 min of recovery compared to rest values
in all groups before and after HIIT. These results are in accordance
with previous studies [4, 22]. In fact, the exercise induced a gen-
eral response to the stress involving the activation of immune sys-
tem [10]. Cabral-Santos et al. [4] demonstrated that HIIE of a 5 km
run induced an increase of TNF-q, IL-6 and IL-10 levels. Similarly,
Dorneles et al. [23] demonstrated that 85-90% MAP intensity
separated by 75s at 50% MAP might cause a progressive increase
of IL-6 levels immediately and 30 min after the end of exercise.
Wadley et al. [24] deomstrated that IL-6 increased significantly after
30 min of recovery following a HIIE. Finally, Nieman et al. [25]
showed that an extended and intense exercise at 70% MAV until
exhaustion increased muscular protein concentration and IL-6 plas-
ma levels.

No studies have verified if a lower duration level of intermittent
exercise could produce the same inflammatory response. However,
Cabral-Santos et al. [26] showed that both HIIE protocols (~6 or
11 bouts, 1:1 at 100% at sVO,,,) Using the same intensity were
effective to increase IL-6 after acute exercise. These authors observed
that only IL-10 response was related to exercise durantion. In the
literature, contradictory findings do exists, but do not describe any
changes of plasma TNF-a induced by physical activity [27]. In this
context, Laskowski et al. [28] revealed a decrease of IL-4 and an
increase of IL-10 after exercise, but no variation was observed in
IL-6 and TNF-a level. Wedley et al. [24] suggested that the cytokine
level (e.g., TNF-a) increase in response to exercise depends on its
intensity of the activity. This hypothesis has also been suggested by

other researchers [5, 6] who demonstrated that higher anti-inflam-
matory responses after a HIIE related to the activities intensity. How-
ever, our results demonstrated no significant difference between the
two intensities of HIIE (granted though, our intensity difference, were
relatively small). Thus, one might speculate that IE duration (more
extended |E) might also be an important variable in addition to ex-
ercise intensity. In fact, skeletal muscle is a major source of some
cytokines and the response depend on exercise duration and inten-
sity [29]. The increase of IL-6 at the end of HIIE could be explained
by glucose variation in response to the HIIE. In fact, muscle glycogen
concentrations were negatively correlated with muscular protein lev-
els of IL-6 modifications [25]. These result are in accordance with
our findings in which glucose decreased at the end of IE in EGq
and EG;q to the same extent among the two groups.

Additionally, our results revealed a significant decrease of TNF-a
and IL-6 at rest, at the end of HIIE and at 15 min recovery in EG;qg
and EGjq after HIIT in comparison with concentrations measured
in baseline. Our results showed an important decrease in EGg
compared to GE;ggonly in IL-6.,4 after HIIT. These results agree with
the results of Croft et al. [30] who demonstrated that 6 weeks of
HIIT (at 90% MAV) significantly reduced responses to IL-6 by 40%.
These authors increased the HIIE intensity by 5% every 2 weeks of
training, the intensity of exercise was reduced at last exercise to
ensure good conditions for blood sampling. Similarly, in our training
program, we increased our HIIT training volume progressively by
increasing the number of repetitions, but did reduce the volume
during its last week. Similarly, Laskowski et al. [28] demonstrated
a significant modification in blood cytokine level (TNF-a) after three
days of judo training sessions (i.e., randori fight). Zweetsoot et al. [5]
observed no significant modifications of cytokine levels two weeks
after HIIT precisely between the first and the sixth session of it. Ac-
cording to these authors, the 50% increase in exercise volume they
implimented did not increase the inflammatory responses. Addition-
ally, other studies demonstrate that athlete who took a high-intensi-
ty aerobic training program presented normally elevated muscular
glycogen storage which would reduce the needs in IL-6 as an ener-
getic sensor [31], which can explain the decrease of IL-6 after HIIT
in the two groups. Lira et al. [6] observed that higher levels of TNF-«
and an immune-endocrine profile can exert a potential effect on the
lipolysis process. Rosa et al. [32] also reported that an exhaustive
exercise induced pro-inflammatory response in adipose tissue which
leads to higher levels of IL-6 and TNF-a in it, which might contribute
to lipolysis and to a release of fatty acids. In fact, cytokines exert
many functions and play a crucial role in energy metabolism. As an
example, IL-6 and TNF-a, which play an important role in anti-in-
flammatory response and exert effects on glucose and lipids me-
tabolism, stimulating increases in lipolysis which is a process of
glycogenolysis to provide energy supply to skeletal muscles [6]. In
the current study, positive changes in inflammatory and metabolic
indices were observed in EG;qo and EG; after HIIT without reduc-
tion of body mass can mainly be explained by the absence of CRP
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concentrations variation after HIIT in both groups. In fact, previous
studies observed significant correlations between plasma inflamma-
tory markers concentrations and% body fat and fasting plasma glu-
cose [33]. However, Bliiher et al. [34] showed that body fat content
was only a significant predictor of CRP plasma concentration varia-
tions.

Our results demonstrated an increase of Glugng, INSeng, GlU15min
and Ins;sn,;, when compared to measured values at rest in the two
groups before and after 8 weeks of HIIT. However, our results also
showed that Ins concentration varied depending on IE intensity. Ins
was lower in EGy;q compared to EG;qq after HIIT program. In this
context, Galbo [35] demonstrated that Ins variations depends di-
rectly on exercise intensity and duration. This investigator observed
that Ins decreases at intensities lower than 70% and increases beyond
it. This decrease was found to reach 50% of initial value after two
hours of moderate intensity exercise (40-50% MAV). However, Ben
Abderrahman et al. [36] demonstrated an increase of Glu and Ins
when stopping IE and after 10 min of recovery following a maximal
graded exercise. These results are in accordance with our finding
which also showed increases in Glu and Ins in response to IE at
100% and 110% MAV. Importantly, IL-6 does have beneficial effects
on metabolism [37], since, this response exerts effects on the trans-
location GLUT4 in the muscle which increases glycogen synthesis,
insulin sensitivity in muscular central and peripheral organs [38].
Moreover, since IL-6 and TNF-a contribute to glycogenolysis and
lipolysis processes, alterations in metabolic parameters/proceess can
be linked to the inflammatory response. Our results mentionned above
(Glu and Ins variations) might be due to many physiological adapta-
tions, as the insulin sensitivity and glucose transit during high inten-
sity training [39]. Thus one could speculate that a probable mecha-
nism associated to HIIT which promoted Glu uptake. Hence, the
decrease of Glu might be explained by the decrease of its transport
under insulin action and the rise of the insulin sensitivity [371.

The current results demonstrated an increase of Cor,,gand Corysmin
in comparison with Cor, in the four groups before and after HIIT.
These results are in accordance with literature, as a number of authors
have demonstrated an increase of Cor from 60% MAV intensity and
this increase became more important when power is increased [40].
In contrast, during low intensity exercise, Cor level increase is so low
that its nyctohemeral variations may be undetectedable [41]. How-
ever, a decrease of Cor during exercise with intensity lower than 60%
MAV had been observed [42].
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On the other hand, our results demonstrated a significant increase
of Corg,qin EGygp and EG; g after HIIT, this increase was signifi-
cantly greater in EG;;othan EG;qo. In fact, it was demonstrated that
an intensive training (maximal effort exercise of 30s) increased Cor-
rest and Corg,q concentrations [43]. These results might be explained
by the subjects training level; in fact, cortisol response to physical
exercise is more important in subjects with high level training prac-
tice [44].

The present study has few limits. The first is the small sample
size in each of our 4 groups (experimental and control groups). In
addition, our study focuses only on healthy, active and young men.
Hence, our results can not be generalized to women or to unhealthy,
sedentary or old people.

CONCLU SO /N S 5
In conclusion, this study provides evidence to suggest that varying
intensities (100% vs. 110% MAV) HIIE may be an effective interven-
tion strategy for promoting metabolic and inflammatory adaptations
after 8 weeks of HIIT program. Both protocols to lead to improvements
in the anti-inflammatory status (decreases IL-6 and TNF-a levels in
rest), although the EG; ¢ exhibited a greater impact on MAV. Nonethe-
less, future studies are required to provide a more comprehensive
understanding of the effects of 110% MAV HIIT on inflammatory and
metabolic function, particularly during intermittent exercise.

Practical applications

The present study can potentially help the sports trainers and coach-
es to prescribe more efficient training programs. As a best practice,
we recommend the HIIT program based on IE at 110% MAV to as-
sure greater aerobic performances without increasing inflammatory
(IL-6, TNF-a and CRP) concentrations.
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