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in high-intensity interval training (HIIT)

on maximal aerobic velocity, hematological
and muscle-damage markers in healthy young
adults
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Abstract

This study aimed to examine the effects of two high-intensity interval training programs (HIIT) on maximal aerobic
velocity (MAV), hematological variations and muscle damage markers in young healthy adults. Twenty-nine male
physical education students, aged 20.3 4= 3.3 years, volunteered to participate in this study, and were randomly
assigned to a control group (CG, n=9) or two intervention groups (group 1 or 2). Intervention group 1 (n=10)
exercised at 100% of their MAV (EG, o) while group 2 (n=10) exercised at 110% MAV (EG,,,). Before and after the
eight week training program, blood samples were drawn at rest, before, and after an intermittent exercise. Aspartate
aminotransferase (ASAT), alanine aminotransferase (ALAT), C reactive protein (CRP), creatine kinase (CK) concentra-
tions and hematological parameters (white blood cells [WBC], monocytes [MO], lymphocytes [LY], neutrophil [NE])
and lactate dehydrogenase (LDH) were measured. Post-hoc tests showed that MAV was significantly higher in EG, 4
compared to EG,, after HIIT (p<0.01, np2 =0.05), whilst ALAT, ASAT, and CPR were significantly lower (p <0.01;
002< np2 <0.11) in EG,;, compared to EG, . Moreover, post-hoc tests indicated that LY decreased significantly
(p<0.001, npz =0.21) only for EG,,. Furthermore, there were significant positive correlations for both EG,, and
EG;, between MAV and ALAT (r=0.66, p=0.044 and r=0.64, p=0.041 respectively), CK (r=0.67, p=0.031 and
r=0.86, p=0.030, respectively), LDH (r=0.74, p=0.014, and r=0.071, p=0.021, respectively). In addition, there was
a significant positive correlation for both, EG,,, and EG,,, between MAV and LY (r=0.79, p<0.01;r=0.72, p < 0.05,
respectively). Concerning the relationship between MAV and NE, there was a significant positive correlation (r=0.66;
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p <0.05) only for EGy,,. Findings from this study revealed that HIIT at 110% MAV was more efficient to improve MAV
and reduce muscle damage. In addition, we observed significant associations between performance improvements

(MAV) and markers of muscle damage.

Keywords: Performances, Immunological parameters, Intermittent exercise, Hematological parameters

Background

It is well-established that acute high intensity physical
exercise can have negative effects on inflammatory medi-
ators [1, 2]; concurrently, however, long-term physical
training has the potential to enhance performance mark-
ers such as maximal aerobic velocity (MAV), improve
immune function, and reduce inflammation [3]. Training
intensity appears to play a key mediating role in direct-
ing the effects of exercise bouts towards biopositive or
negative responses. In fact, several studies showed signi-
cant MAV improvements after 3.5 to 7.0 weeks of HIIT
[4—6]. Recently, Rhibi et al. [5] showed a significant MAV
enhancement after 8 weeks of HIIT in male physical
education students. Furthermore, the exercise immunol-
ogy literature is consistent regarding post-exercise cell
count increases (leucocytosis, neutrophil [NE], mono-
cytosis [MO], and lymphocytosis [LY]) after a single
bout of high-intensity swimming [6, 7] or cross-country
skiing [8]. Brancaccio et al. [9] showed that white blood
cells (WBC) increased significantly during high-intensity
maximal tasks. There is evidence that physical activ-
ity may also alter homocysteine metabolism by increas-
ing protein and/or methyl-group turnover [10]. In fact,
Nieman [11] proposed a model of immune response
to training named the inverted-U model. In fact, the
immune status was gradually improved in response to an
increase in physical activity. However, it was decreased in
response to high intensity training. Moreover, different
studies showed a slight decrease in the immune parame-
ters in response to high intensity training or overtraining
programs in athletes [12, 13]. However, no modification
was observed in mitogens activity after 60 min of run-
ning at 95% of VMA in trained runners. Interestingly,
there is also evidence that the leucocytosis induced by
intense exercise (90-105% of maximal aerobic velocity
[MAV]) could be due to the general increase in muscle
damage [14].

It is well-established that prolonged physical exercise
results in transient elevations of biochemical markers
of muscular damage such as aspartate aminotransferase
(AST), alanine aminotransferase (ALT), creatine kinase
(CK), and lactate deshydrogenase (LDH) [9]. Previous
studies reported a signifcant increase in CRP [15, 16],
CK [15-17], and LDH [15, 18] after training programs. In
fact, Andelkovi¢ et al. [15] found that CRP, CK, and LDH
concentrations increased after 90 days of soccer training.

Silva et al. [16] showed an increase in CRP and CK lev-
els at the end of a soccer season in professional soccer
players. In contrast, Requena et al. [19] observed that CK
remained unaltered and LDH concentration decreased
after the off-season rest period. Gharahdaghi et al. [20]
showed a significant reductions in LDH and CK concen-
tration at rest in response to 4 weeks of high-intensity
aerobic training.

The literature also suggests that long-term training
could affect the different muscle damage markers men-
tioned above [21]. Thus, it is important to determine
the optimal intensity and duration during high-inten-
sity interval training (HIIT) to achieve performance
improvements (e.g., MAV) and at the same time to
minimize the muscular damage and the potential injury
risks [22]. Likewise, exercise intensity is an important
factor contributing to sarcolemma disruption, allow-
ing the release of enzymes of damaged muscle into the
blood [23]. In recent years, trainers/coaches and athletes
have sought contemporary training modes to yield per-
formance improvements and induce optimal adaptation
[24]. Indeed, moderate exercise (55—-75% MAV) stimu-
lates the immune system and may be somewhat respon-
sible for exercise related reduction in fatigue and illness
[25]. However, high intensity exercise (90-100% MAV)
induces immunosuppression in the recovery period and
may explain the increased risk of infection in athletes
[25]. In endurance sports, during the cycles of high train-
ing volume and intensity that include consecutive train-
ing sessions with little recovery time in between, athletes
may experience a temporarily diminished performance
concomitant with an immunodepression state [26, 27].
Indeed, stiffness and soreness following a period of exer-
cise are less when the exercise is repeated a week later;
the result of adaptation by the muscle [28]. However,
none of these studies have examined the variation in
muscular damage markers in response to a HIIT exercise
program, despite the known efficiency of this training
type for performance improvement.

In addition, HIIT protocols enable individuals to
maintain sub-maximal (90% MAV at least), maxi-
mal (100% MAV), or supra maximal (>100% MAYV)
intensities. In this context, Millet et al. [29] showed
that the time recorded at 90% of VO, ,, were signifi-
cantly higher during 30 s IE at 105% VO,,,, than IE
at 100% VO,,,... Ballor and Volovsek [30] showed that
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increasing exercise intensity (from 90 to 110% MAV)
could improve the mean VO, (from 63.5 to 69.6%
MAV) measured during IE. In addition, Thevenet et al.
[31] showed that no significant difference was found in
t90 VO, .y OF t95 VO, values in response to 100%
or 110% MAYV IE. Indeed, IE at 100-110% MAV did
not allow all participants reaching at least 90 or 95%
of VO,,.« (only 2 out of 9 tested participants) [31].
Thus, it is plausible that higher exercise intensities
might allow a greater improvement in aerobic per-
formance and the fatigue resistance at high intensity
effort. However, a high exercise intensity can induce
central or peripheral fatigue which could possibly
impair sports performance [32]. To our knowledge,
there are no published longitudinal data pertaining to
the effects of increasing the exercise intensity of inter-
mittent exercise and the resultant muscle damage and
hematological responses. Given the lack of research in
this area, the aim of the current study was to exam-
ine the influence of eight weeks of HIIT, at different
intensities (100% MAYV vs. 110% MAV), on MAV, mus-
cle damage markers and hematological parameters in
young adults. Based on the extant literature [33, 34],
we hypothesized that increasing training intensity
could lead to better muscular adaptations in order
to reduce muscular damage markers after short and
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intense intermittent exercise, and that any HIIT would
yield greater changes than the control group.

Methods

Participants

Twenty-nine male physical education students volun-
teered to participate in this study, and were randomly
assigned into three groups: a control group (CG, n=9;
age: 22.0£ 1.2 years) and two experimental groups (EG).
EG,y, comprised n=10 individuals aged 21.4£1.1 years
and EG;;, included n=10 participants aged
21.9+1.3 years. More information on the experimental
groups will be provided in the next paragraph. Age of
participants and their physical characteristics were meas-
ured before and after HIIT and are displayed in Table 1.
The participants were informed of all the procedures of
the experiment including performance of the exercise
training protocols and possible risks associated with its
administration in accordance with the Helsinki Declara-
tion. Prior to participation, the participants underwent
a medical examination and were fully informed about
the experimental procedures and signed consent was
obtained from the participants. Approval was granted
by the Research Ethics Committee of the University of
Rennes 2, Rennes, France.

Table 1 Mean (£ SD) values for age and anthropometric characteristics for all groups

Variables Group Pre Post p (eta-squared [npz])
main effect of main effect of time group
group X time
interaction
Body mass (kg) EGigo 72.7£8.1 722+7.7 0.532 0910 0.233
EGyo 729462 72446.1 0.12) (0.01) (0.13)
CG 72.5+£42 723+£37
Body height (cm) EGioo 1788+54 1790£5.3 0.786 0.340 0.345
EGy1o 1809468 1810468 0.03) ©.17) (0.08)
CG 180.1+6.2 1799£57
BMI (kg.m™?) EG00 227413 225412 0368 0.162 0.197
EGy1o 23414 221413 (0.09) ©.12) ©.1
CG 224+10 223409
BF (%) EGyg0 116+£11 115412 0.791 0.103 0.174
EGy1o 114415 11314 (0.02) (0.16) (0.13)
CG 118+£14 119+14
MAV (km.h~") EGigo 15824161 16.74+148 a 0.591 <0.001 <0.001
EGy1o 16.14£2.10 17.58+£2.16 ac (0.05) 071) 061)
CG 16.094+1.95 16.134+1.83

Data are mean values (£ SD), BM, body mass; BMI, body mass index; BF, Body fat; EG;, trained group with 100% MAV (n = 10); MAV, Maximal aerobic velocity; EG, o,
trained group with 110% MAV (n = 10); CG, control group (n=9); HIIT, high intensity interval training program; pre-test, before HIIT; post-test, after HIT

a: significant difference between before and after HIIT

c: significant difference between EG, o, and EG,;,
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Experimental approach

All subjects visited the laboratory for a familiarization
session to get to know the applied experimental set-up
(e.g., tests). During this session, anthropometrics (i.e.,
body height and mass, percentage body fat) were taken.
All measurements were performed by the same investi-
gator in accordance with the positions and techniques
established by the International Biological Program [35].

Study exclusion criteria comprised any contraindica-
tions to maximal exercise testing (e.g., cardiovascular or
pulmonary disease), endocrine disorders, and metabolic
syndrome symptoms (e.g., hypertension). All participants
were healthy, without any injuries during the past six
months prior to the start of the study.

Before and after HIIT, all participants performed a
maximal graded test [36] to determine their maximal
aerobic velocity (MAV). Thereafter, subjects in the EG,
and EG,;, groups carried out an intermittent exercise test
consisting of repeated 30 s intensive runs at 100% MAV
(EGygp) or 110% MAV (EG,;,) (Fig. 1). Between the bouts,
a 30 s active recovery was allowed (50% MAV). The runs
were repeated until exhaustion. The CG only performed
the maximal graded test and the intermittent exercise
test before and after HIIT. Participants of both EG;, and
EG,,, performed another maximal graded test at the mid
of the HIIT program (at the 5% week) in order to assess
MAYV and to update the training speeds for the remaining
weeks of the training program. All tests took place in the
morning and were performed until full exhaustion on a
400 m outdoor tartan track, at the same time of day, with
48 h of rest between tests. Our study took place in ambi-
ent temperatures ranging from 16 to 22 °C and humidity
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from 50 to 75% with a wind speed <2 m/s. For each test,
the participants were verbally encouraged to run at maxi-
mal effort. Testing was stopped if participants could not
maintain the required speed or if they stopped the tests
due to exhaustion. Before and after the HIIT programs,
all tests (maximal graded test and intermittent exercise)
were completed within 2 weeks (Fig. 1).

Anthropometric measurements

Body mass was measured to the nearest 0.1 kg, with the
participants in light clothing and unshod, using an elec-
tronic scale (Kern, MFB 150K100). Height was deter-
mined 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. Percent body fat was determined using four
skinfolds and a Harpenden caliper [37]. The fat free mass
was calculated by subtracting the fat mass from the body
mass.

Maximal graded test

To determine participants’ MAV, a maximal graded test
was performed on a track, in a stadium according to
Cazzorla and Léger [36] The initial speed was 8 km h™*
and this was increased by 0.5 km h™! every minute. The
running pace was given by an examiner, equipped with a
whistle and a chronometer and made a short sound when
the subject had to pass a cone to be able to maintain a
constant speed. A longer sound marked the change in

Randomized tests
—

Randomized tests
—_—

Pre-tests

2 weeks 8 weeks

Maximal graded test
(MGT)

48h

Intermittent exercise test

\—;

High Intensity Interval
Training program (HIIT)

Post-tests

2 weeks

Maximal graded test
(MGT)

48h

‘ Intermittent exercise test

\

~ Blood sample H Intermittent exercise test »

d Catheter H Breakfast
<«

20 min

S —
1h30

Fig. 1 Study design for both experimental groups and control groups and experimental design for blood sampling
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the running stage. The velocity at the finally completed
stage was determined as MAYV. The accuracy of MAV was
considered to be equal to the velocity during the previous
stage plus 0.5 km h™! [38].

Intermittent exercise (IE) test

Participants performed, as long as possible, a 30 s run
at 100% MAV (EG,q,) or 110% MAV (EG,,,) alternating
with 30 s active recovery (50% MAV). These tests were
carried out on the same track as the maximal graded test.
Before each test, we calculated, as a function of the MAV
of each subject, the required distance to be covered dur-
ing the 30 s intensive runs at 100% MAYV, 110% MAYV, and
the 30 s active recovery at 50% MAYV. During the recovery
period, a longer sound was made at mid-period (15 s) to
inform the athletes of the remaining time for the end of
recovery and make a U-turn. The distance performed for
30 s at both intensities (100% or 110% MAV) was calcu-
lated based on the following equation: Distance = Veloc-
ity x time. The 30 s IE was preceded by a standardized
warm-up consisting of 10 min continuous jogging, fol-
lowed by 5 min of the participant’s usual stretching rou-
tine, five short bursts of accelerations on the track, and
2 min rest.

High intensity interval training programs

EG,y, and EG;;, groups participated in the HIIT pro-
gram three times per week for a total of 8 weeks making
up 24 exercise sessions (Table 2). The HIIT sessions were
separated by at least 48 h to allow sufficient recovery. All
HIIT sessions included three different periods accord-
ing to the procedures previously described by Rhibi
et al. [5, 39]. In brief, the sessions started with a stand-
ardized warm-up which consisted of 15 min continuous
jogging, followed by 5 min dynamic stretching exercises
and 5 short bursts of accelerations on the track. During
every training session on the track, there was one subject

Table 2 Exercise characteristics of the two intervention groups
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per lane. All different distances for each athlete (run-
ning and recovery intervals) were fixed by the examiner
before every exercise session. The subjects began from
a standing position, behind a cone. Thereafter, they per-
formed the HIIT session. For these training sessions,
the subjects’ pace was provided by an examiner emitting
sounds at regular intervals up to the end of the exercise
session. During the 30 s recovery period, subjects had
to cover a distance determined according to their own
MAV. At the end of each HIIT session, subjects cooled
down for~5 min by running at low intensity, and per-
forming dynamic stretching. Two members of our labo-
ratory supervised all HIIT sessions. The two intervention
groups (EG,,, and EG;,,) performed similar training vol-
umes across the study period. In contrast to EG;,, and
EG,;p CG did not participate in any additional exercise
program, but continued their regular compulsory physi-
cal education program at the university.

Blood sampling and analysis

Pre and post the intervention period, blood samples
were taken before the 30 s intermittent exercise test.
All venous blood samples were drawn upon arriving at
the laboratory, where a heparinized catheter (Insyte-W,
1.1 mmo.d. x 30 mm) was inserted into an antecubital
vein. Subjects then rested quietly, for 20 min. Thereaf-
ter, a blood sample (10 mL) was taken to determine rest-
ing concentration. Samples were placed in an ice bath
and centrifuged immediately. Aliquots of the resulting
plasma were stored at — 80 °C until analyzed. Blood was
collected in two tubes: the first heparinized tube was
used to determine aspartate aminotransferase (ASAT),
alanine aminotransferase (ALAT), C reactive protein
(CRP), creatine kinase (CK) and lactate dehydrogenase
(LDH) concentrations. The second EDTA tube was used
to determine hematological parameters (i.e., white blood
cells—WBC) and principal derivative subpopulations

Week Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8

EGygp

Set X (rep- 2 x (8 x 30slE) 2 x (9 x 30slE) 2 x (10 x 30slE) 2x (11 x 30slE) 2 x (10 x 30slE) 2 x (12 x 30slE) 2 x (12 x 30slE) 2x (11 x 30slE)
etition)

Intensity 100% MAV/50%  100% MAV/50%  100% MAV/50% 1009% MAV/50% 100% MAV/50% 1009% MAV/50% 100% MAV/50% 1009% MAV/50%
TL 1200 ATU 1350 ATU 1500 ATU 1650 ATU 1500 ATU 1800 ATU 1800 ATU 1650 ATU

EGyip

Set x (rep- 2 % (8 x 30sIE) 2 % (9 x 30slIE) 2% (10 x 30slE) 2% (11 x 30slE) 2% (10 x 30slE) 2% (12 x 30slE) 2% (12 x 30slE) 2% (11 x 30slE)
etition)

Intensity 110% MAV/50%  110% MAV/50%  110% MAV/50% 110% MAV/50% 110% MAV/50% 110% MAV/50% 110% MAV/50% 1109% MAV/50%
TL 1280 ATU 1440 ATU 1600 ATU 1760 ATU 1600 ATU 1920 ATU 1920 ATU 1760 ATU

MAV, Maximal aerobic velocity; EG; 4o, 100% MAV training group (n=10); EG,,,, 110% MAV training group (n=10); TL, Training load; ATU, Arbitrary training units;
Example: [2 x (8 x 30 s/30s) 100/50% MAV]; It means that the participant had to run two series with eight repetitions each 30 s composed of 30 s running at 100% of
MAV and 30 s active recovery at 50% of MAV. The participant recovers passively 5 min between each series. Each session was repeated 3 times per week
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such as monocytes (MO), lymphocytes (LY) and neu-
trophil (NE). The ALAT, ASAT, CRP, CK and LDH con-
centrations were determined using a multiparametric
analyzer Konelab 30™ (Thermo Electron Corporation).
ALAT and ASAT activities were determined enzymatic
method using kinetic method (UV). The intra-assay
coefficient of variation for the ALAT and ASAT kit was
1.4 and 1.8%, respectively. CRP activity was determined
using an Immunoturbidimetry method. The intra-assay
coefficient of variation for the CRP kit was 1.7%. CK
activity was determined using UV method (IFCC) by the
N-acetyl-cysteine method. The intra-assay coefficient of
variation for the CK kit was 1.8%. LDH activity was deter-
mined by enzymatic rate method (IFCC). The intra-assay
coefficient of variation for the LDH kit was 1.1%. Haema-
tological parameters were generally performed within 3 h
in a multichannel automated Hematology Analyzer Sys-
mex XS-1000i. We measured simultaneously red blood
cells, WBC and principal derivative subpopulations such
as NE, LY and MO.

Statistical analyses

Data were reported as means and standard deviations
(£SD). Normality of data was tested and confirmed for
all variables using the Kolmogorov—Smirnov procedure.
Levene’s test was used to determine homogeneity of
variance. Test—retest reliability for all tests was assessed
using intra-class correlation coefficients (ICCs) [40]. The
effects of exercise were evaluated using a two-way anal-
ysis of variance (ANOVA) with repeated measures (3
groups x 2 times). If group by time interactions turned
out to be significant, Bonferroni adjusted post-hoc tests
were computed. Greenhouse—Geisser corrections were
used when the assumption of sphericity (Mauchly’s
test) was violated. Partial eta-squared (np?) was calcu-
lated to assess the practical significance for all ANOVA
outcomes. Values of 0.01-0.059, 0.06—0.13, and >0.14
were considered as small, intermediate and large effects,
respectively [41]. We also calculated predefined contrasts
analyses [42] to specifically test the following hypothesis,
H1) any HIIT condition would yield greater improve-
ments in the outcome measures than the control group.
Accordingly, we compared the control condition vs EG;,
and EG,;, (coded as — 0.667, 0.333, and 0.333, respec-
tively). This approach yielded a comparison of one (or
more) condition(s) vs. the grand mean of the specified
contrasts. Indeed, post-hoc analysis, while useful, does
not, alone, yield sufficient insight into multiple levels or
detailing patterns in response; whereas, contrast analy-
sis allows researchers to test theory-driven expectations
directly against empirically derived group or cells means
[43, 44]. In addition, we plotted pre-post changes (del-
tas A) of performance measures (MAV) with deltas in
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hematological variations and muscle damage markers
using Pearson’s product moment correlation coefficients
(r). Statistical significance was set, a priori, at p<0.05.
The statistical analysis was carried out using Statistica
Version 13.2 software (StatSoft, France) and R (R Core
Team (2018). R: A Language and environment for statis-
tical computing. [Computer software]. Retrieved from
https://cran.r-project.org/) using the Car:Anova pack-
age (Fox & Weisberg [45]; car: Companion to Applied
Regression. [R package]. Retrieved from https://cran.r-
project.org/package=car).

Results

An a posteriori power calculation was computed using
G*Power (Version 3.1, University of Diisseldorf, Ger-
many) and the primary outcome parameter of this study
MAV. As input parameters for G*power, we used the
following variables from this study: effect size for MAV
group by time interaction (qp2=0.61, equals Cohen’s
f=1.25), alpha error=0.05, N=29 total sample size,
three groups and two tests. The post hoc power analysis
showed an actual power of 0.99.

No testing or training related injuries occurred over the
study period, and the attendance rates were 100% for the
two exercise groups (e.g., EG,y, and EG,,). Pre and post
test results are outlined in Tables 3 and 4. No significant
between-group baseline differences were found for any of
the analyzed parameters.

Maximal aerobic velocity (MAV)

A significant main effect of time was observed for
MAV  performances (F=84.39; p<0.001; n,>=0.71;
power=0.99). A significant group x time interaction
was found for MAV (F=18.26; p<0.001; qp2=0.61;
power=0.99). Post-hoc tests revealed significant
(p<0.001) pre-to-post improvements for MAV per-
formances in EGy, (r]P =0.08,4+5.8%) and EG,
(r]p =0.10,+8.9%) compared to CG. Post hoc tests
revealed also higher MAV performances (p=0.01;
r]p2 =0.05) in EG,;, compared to EG, after HIIT. A pilot
study was recorded to assess the reliability and the sensi-
tivity of this test using 29 participants and showed 0.94
ICC and 95% CI (0.88-0.98).

Muscle damage markers

Significant main effects of time were observed for
ALAT (F=27.21; p<0.001; r]p 2=0.68; power=0.99),
ASAT (F=14.49; p<0.001; n, 2=0.66; power=0.95),
CRP (F=6.05; p<O0. 001 Mp 2=0.41; power=0.66), CK
(F=18.31; p<0.001; n, —0 82; power=0.98), and LDH
(F=13.45 p<0.001; n, 2=0.61; power=0.95). Sig-
nificant group X time interactions were identified for
ALAT (F=1554 p=0.007; n,>=0.16; power=0.99),
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Table 3 Mean (= SD) values for muscle-damage markers measured during 30 s intermittent exercise before and after HIT

Variables Group Pre Post p (eta-squared [npz])
Main effect of Main effect of time Group
group X time
interaction
ALAT (UI/L) EGyg0 204434 186+34a 0379 <0.001 <0.001
EGy1o 200434 170£35ac (0.08) (0.44) 057)
CG 204436 207435
ASAT (UI/D) EGyg0 211444 192+35a 0.851 <0001 0.006
EGy1o 203448 174437 ac 0.02) (0.56) 0.29)
CG 202437 196429
CRP (mg/L) EGyg0 40408 354+05a 0.395 <0.001 0.019
EGy1o 35411 324082 (0.08) 041 ©.17)
CG 38407 37407
CK(UID) EGi00 20194657 17954586 0831 <0.001 0.008
EGy1o 197.04£43.7 166.0+£408 a 0.02) (0:48) (0.28)
CG 20534687 19294518
LDH (UI/D) EGyg0 199.7426.0 17354283 a 0.843 0.004 0012
EGy1o 20884678 167.047.8 ac (0.07) (0.29) (0.37)
CG 19484245 19284186

EG; oo trained group with 100% MAV (n =10); EG,,,, trained group with 110% MAV (n =10); CG, control groups without HIIT (n=9); HIIT, High intensity interval
training program; pre-test, before HIIT; post-test, after HIIT; ALAT, alanine aminotransferase; ASAT, aspartate aminotransferase; CK, creatine kinase; CRP, C-reactive
protein, LDH, lactate dehydrogenase

a: significant difference between before and after HIIT

c: significant difference between EG, o, and EG, ;4

Table 4 Mean (+SD) values for hematological parameters measured during 30 s intermittent exercise pre, post HIIT

Variables Group Pre Post p (eta-squared [np2])
Main effect of Main effect of time Group
group x time
interaction
WBC (10° /ul) EG00 AESN 67+1.1a 0.646 <0001 0013
EGy 10 71411 66+123a (0.04) (043) (0.26)
CG 73+08 73+08
NE (10° /ul) EGioo 40+£06 37£05a 0.632 <0.001 0.031
EGy1o 41409 374+08a (0.04) 041 0.22)
CG 39+06 40406
LY (10° /ul) EGioo 26+08 25+08 0919 <0.001 0.005
EGy1o 27408 2.1402ac (0.02) (0.33) ©.19)
CG 25406 25+0.7
MO (10% /ul) EG00 06402 0540.1 0.886 0.051 0351
EGy 10 0640.1 0540.1 (0.02) (0.10) (0.08)
CG 06+0.1 05+0.1

EG, oo trained group with 100% MAV (n = 10); EG,,,, trained group with 110% MAV (n =10); CG, control groups without HIIT (n=9); HIIT, High intensity interval
training program. pre-test, before HIIT; post-test, after HIIT; WBC, white blood cells; NE, neutrophils; LY, lymphocytes; MO, monocytes

a: significant difference between before and after HIIT
c: significant difference between EG, o, and EG;,

ASAT (F=1.92; p=0.004; r]P2 =0.17; power=0.88), LDH (F=5.97; p=0.006; r]p2 =0.33; power=0.93).
CRP (F=8.50; p=0.009; r]p2 =0.02; power=6.21), Post hoc tests revealed significant pre-to post decreases
CK (F=9.28; p=0.003; r]p2=0.08; power=0.84), and (p<0.001) in both EG,,, and EG,, for ALAT (qp2=0.06;
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qp2:0.16, respectively) and ASAT (np220.05; np2:O.10,
respectively). Post hoc tests revealed that ALAT
(p=0.04; 1,>=0.05) and ASAT (p=0.02; n,>=0.06)
were significantly lower in EG;;, (ALAT:—3.0+1.6;
ASAT: — 29437) compared to EG;,, (ALAT:
— 1.84+0.9; ASAT: — 1.941.7) after HIIT. Post hoc tests
revealed signiﬁcant pre-to post decreases for CRP in
EGi0 (=0.03; n, 2=0.12; — 12.5%) and EG,,, (p=0.02;
r]p =0.02; — 86%) and for LDH in EGy, (p 0.005;
n,2=0.19; — 13.1%) and EG,;, (p<0.001; n,>=0.11;
— 20%). However, CK decreased only for EG,;, (»=0.01;
n,”=0.12, — 15.7%), after HIIT.

A pilot study was recorded to assess the reliability and
the sensitivity of this parameters using 29 participants
and showed 0.91 ICC and 95% confidence interval (CI)
of 0.83-0.95 for ALAT, 0.89 ICC and 95% CI of 0.72-0.96
for ASAT, 0.93 ICC and 95% CI of 0.75-0.98 for CRP,
0.95 ICC and 95% CI of 0.89-0.96 for CK and 0.95 ICC
and 95% CI of 0.84—0.98 for LDH.

Contrast analysis (muscle damage)

Contrast analysis indicated that adherence to any HIIT
condition (EG,,, and EGy,) significantly reduced ALAT
(Est:2.62, SE:0.51, t(28)=5.07, p<0.001) and LDH
(Est:32, SE:9.09, t(28)=3.51, p=0.001) vs. the control
condition. However, contrast analysis highlighted no sig-
nificant changes for ASAT (Est:1.73, SE:1.06, t(28) =1.63,
p=0.11), CRP (Est:0.28, SE:0.26, t(28)=1.08, p=0.28),
and CPK (Est:14.25, SE:14.82, t(28)=0.96, p=0.34), for
HIIT conditions vs. control.

Hematological parameters
Significant main effects of time were found for WBC

(F=14.92; p<0.001; r]p =0.82; power=0.96), NE
(F=24.72; p<0.001; qp 2=0.59; power=0.99), LY
(F=1241; p<0.001; n,"=0. 73 power=0.93), and
MO (F=7.22; p< 0.001 qp =0.62; power=0.74).

Significant group x time effects were observed for
WBC (F=0.81; p=0.022; r]p =0.14; power=0.99),
NE (F=5.49; p=0. 015; n,2=0.15; power=0.71), LY
(F=8.97; p=0.002; r]p =0.17; power=0.83), and MO
(F=5.76; p=0.004; n, 2=0.10; power=0.63). Post hoc
tests revealed significant pre-to post decreases in both
EGig and EG;q0 for WBC (p=0.013, p=0.002, respec-
tively; p 2=0.03, Np 2=0.04, respectively, — 5. 6A>, — 7.0%,
respectlvely) and for NE (p<0.001; np =0.07, qp =0.05,
respectively; — 7.5%, — 9.8%, respectively). However, post
hoc tests revealed a significant decrease in LY (p=0.02;
n,”=0.21, — 22.2%) only in EG,, after HIIT.

A pilot study was conducted to assess the reliability and
the sensitivity of this parameters using 29 participants,
and showed an ICC of 0.97 and 95% CI of 0.91—0.99 for
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WBC, 0.89 ICC and 95% CI of 0.78—0.94 for NE, 0.87
ICC and 95% CI of 0.69—0.88 for LY and 0.89 ICC and
95% CI of 0.78—0.93 for MO.

Contrast analysis (hematology)

Contrast analysis indicated that any HIIT condition
(EGyo and EGy,) significantly reduced WBC (Est:0.45,
SE:0.11, t(28)=4.29, p=0.002) and NE (Est:0.33,
SE:0.07, t(28)=4.68, p<0.001) vs. the control condi-
tion. However, contrast analysis highlighted no sig-
nificant changes for LY (Est:0.32, SE:0.16, t(28) =2.03,
p=0.06) and MO (Est:0.06, SE:0.06, t(28)=1.12,
p=0.27), for HIIT conditions vs. control.

Relationships between deltas in MAV with deltas

in hematological parameters and muscle-damage markers
Table 5 illustrates that pre-post changes in MAV cor-
related with pre-post changes in hematological and
muscle-damage markers in the range of 0.40 to 0.79.
Significant correlations were found between MAV
and ALAT (r=0.66, p<0.05), MAV and CK (r=0.67,
p<0.05), MAV and LDH (r=0.74, p<0.05), MAV and
LY (r=0.79, p<0.01) for EG,,,. However, there were no
significant correlations between MAV and ASAT, CRP
and WBC for EG, .

For EG,;, significant correlations were found
between MAV and ALAT (r=0.64, p<0.05), MAV
and CK (r=0.86, p<0.05), MAV and LDH (r=0.071,
p<0.05), MAV and LY (r=0.72, p<0.01) and MAV and

Table 5 Correlations between percentage changes of maximal
aerobic velocity (MAV) and deltas in hematological and muscle-
damage markers

% Change Pearson’s r (p values)

EGigo EGyyo EGigo EGyyo
MAV +59 +8.9%
ALAT (UI/L) —9.0% —152%  0.66(0.0438)*  0.64(0.041)*
ASAT (UI/L) —83% —124% 0.54 (0.107) 0.39(0.265)
CRP (mg/L) —11.0% —4.8% 0.40 (0.252) 0.07 (0.487)
CK(UI/L) —10.7% —14.6% 0.67 (0.031)* 068 (0.030)*
LDH (UI/L) —13.4% —185% 0.74 (0.014)* 0.71 (0.021)*
WBC (10° /ul) —5.7% —7.5% 0.58 (0.078) 0.55 (0.099)
NE (10° /ul) —7.1% —82% 61 (0.061) 0.66 (0.037)*
LY (10% /) —5.1% —192%  0.79 (0.006)** 0.72

(0.018)**

MO (10% /ul) —126%  —104%  042(0.226) 0.22 (0.541)

EG, o trained group with 100% MAV (n = 10); EG,,,, trained group with 110%
MAV (n = 10); MAV, maximal aerobic velocity; ALAT, alanine aminotransferase;
ASAT, aspartate aminotransferase; CK, creatine kinase; CRP, C-reactive protein;
LDH, lactate dehydrogenase.WBC, white blood cells; NE, neutrophils; LY,
lymphocytes; MO, monocytes. *Significant correlation, *p<0.05, **p<0.01
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NE (r=0.66; p<0.05). However, there were no signifi-
cant correlations between MAV and ASAT, CRP and
WBC for EGy;,

Discussion

This study compared the effects of eight weeks of HIIT, at
100% MAV vs. 110% MAYV, on performance development
(i.e., MAV), muscle damage markers, and hematological
parameters in young active men. The main findings of
this study were that HIIT at 110% MAV induced higher
MAYV values compared to 100% MAYV. Indeed, HIIT at
110% MAYV induced lower ASAT, ALAT, LDH, NE, and
LY concentrations than exercising at 100% MAV. There
were significant correlations (p<0.05) between MAV
and ASAT, ALAT, LDH, NE, and LY in EG,,, and EGy,.
However, no statistically significant effect of any exercise
modality was observed for MO, WBC, CRP, and CK.

Effects of increasing intensity on performance
development

Our results showed a significant improvement in aero-
bic performances after HIIT in both trained groups
compared to pre-intervention. Our findings agree with
previous results reported in the literature. Indeed, sev-
eral studies reported significant increases in VO, .. and
MAV after 4 to 7 weeks of a HIIT program [46, 47]. In
addition, in our study, MAV performances recorded
after HIIT were significantly better in EG;;, compared
to EGy, These differences seem to be dependent on
the intensity of exercise, since EG,, presented smaller
improvement in MAV performance compared to EG;,
[39], whilst both HIIT conditions yielded significant
improvements vs. the control group.

Muscular damages markers variations in response to HIIT
After HIIT training, we found significantly decreased
responses compared to pre-intervention in ALAT, ASAT,
CRP, and LDH, in both EG,, and EG,,, groups. Further-
more, after HIIT, ALAT and ASAT concentrations were
significantly lower in EG,;, compared to EG,,. Further-
more, specific contrast analysis indicated that adherence
to any HIIT condition (EG,y, and EG,;,) significantly
reduced ALAT and LDH compared to the control condi-
tion. This study showed significant positive correlations
between pre-post changes in MAV with deltas in ALAT
for EG, (r=0.66; p<0.05) and EG;, (r=0.64; p<0.05).
These findings suggest that high intensity exercise has
an impact on selected biochemical markers of muscular
damage.

How training programs reduce inflammation and CRP
levels is not well defined [48]. However, exercise training
related reductions in fat mass have been associated with
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a larger reduction in CRP [34]. Musa et al. [33] showed
significant decreases in high-density lipoprotein (HDL)
cholesterol and triglycerides levels after 8 weeks of HIIT,
whilst Kessler et al. [49], in their literature review, also
reported that HIIT improved HDL cholesterol after a
minimum of 8 weeks of HIIT. Physical activity is related
to several factors that are independently correlated with
lower CRP levels [50]. Moreover, Mauger et al. [51] noted
that CRP production was significantly positively cor-
related with IL-6, and inversely correlated with HDL-C
levels. Indeed, CRP metabolism has been linked to liver
fat deposition, and therefore altered uptake of triglyc-
eride-rich lipoprotein would be predicted to affect CRP
metabolism [52]. Thus, the decrease of CRP observed in
the present study could be explained by cholesterol and
triglycerides’ concentrations.

After the HIIT program, CK levels were significantly
lower in the EG;;, group compared to before training.
Our results are concordant with those of Baird et al
[53], who showed that, although the mechanism(s) by
which CK is cleared from the blood has not been fully
elucidated, it is likely that the observed serum CK levels
reflect complex interactions associated with energy sta-
tus and scale of muscle disturbance [53]. In agreement,
Brewster et al. [54] showed that higher levels of tissue
CK activity may increase the cellular energy and improve
muscular contraction. However, it is less clear why physi-
cal exercise should result in release of CK into the blood
[53]. Moreover, according to Baird et al. [53], when total
work time is equalized by inversely varying intensity
and duration, the greatest rise in CK levels occurs in the
highest-intensity (80% MAV) exercise with the shortest
duration (170repetitions), compared to the session with
a longer duration (524 repetitions) and lower intensity
exercise (30% MAV). Indeed, these results support the
possibility of higher CK levels with increasing exercise
intensity.

Main et al. [55] showed that increases in muscle dam-
age could explain the decrease in muscle performance
after 8 weeks of endurance training program. Thus, the
decrease of muscle damage we observed (i.e., CK) after
HIIT, in both EG;y, and EG,;, could be partly explana-
tory for the increasing performance. Furthermore, in our
study, after HIIT, MAV values were significantly higher in
EG,;, than EG,,. In this study, we observed a significant
positive correlation between deltas in MAV with pre-post
changes in CK (r=0.67; r=0.86; respectively; all p <0.05)
for EG,yy and EGy .

Therefore, HIIT seems to improve aerobic perfor-
mances, by increasing intermittent exercise intensity,
without a notable difference in muscular damage mark-
ers level. According to Morgan [56], the inflamma-
tory response during exercise is related to the muscular
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metabolism and the degree of muscular lesion develop-
ment. Morgan [56] suggested that the subsequent mus-
cular adaptation process involved an increase in the
number of sarcomeres in series of muscle fibers after a
training program, based on specific repeated running
training. Thus, after a HIIT program, compared to before,
the decrease of muscular damage markers observed
in both groups in the present study could be manifest
through muscular adaptations processes. Accordingly, we
speculate that the 30 s intermittent exercise with 110%
MAV probably lead to non-uniform sarcoma elonga-
tion, that could explain muscles adaptations compared to
100% MAYV [56]; of course, the veracity of this claim must
be addressed in further mechanistic studies.

Our study showed that LDH concentrations were sig-
nificantly lower in EG;;, compared to EG,,, after the
HIIT program. The LDH decrease in EG;, after HIIT
could be mainly attributed to aerobic pathway interven-
tion. Indeed, according to the duration, the human body
uses increasingly aerobic pathway to produce a sufficient
quantity of ATP for exercise [57]. This action promotes
the decrease of LDH activity [58, 59], and can explain the
diminution of LDH found in our study after HIIT using
110% MAV. Previous studies have reported a significant
increase of LDH in response to acute exercise, such as
weightlifting, high intensity exercise, and after maximal
graded tests [60, 61]. This increase could be explained by
the increase of VO, during exercise which causes oxida-
tive stress and muscle damage [62]. This study showed
significant positive correlations for between MAV and
LDH (r=0.74, r=0.071, respectively; p<0.05) for EG,,
and EG,,.

Hematological parameters variations in response to HIIT

Our study showed that WBC and NE decreased signifi-
cantly in both EG,,, and EG,;, after HIIT compared to
pre-intervention. However, LY decreased significantly
only in the EG,;, group after HIIT compared to before.
Furthermore, specific contrast analysis indicated that
adherence to any HIIT condition (EG,,, and EG,;,) sig-
nificantly reduced WBC and NE compared to the control
condition. There was a significant positive correlation
between MAV and and LY (r=0.79, r=0.72, respectively;
p<0.01) for EG,,, and EG,;,. The decreases in WBC, NE
and LY previously defined after HIIT could be reflective
of the "open window" concept [63]. Indeed, in monitoring
the changes in humoral and cellular immune parameters
following endurance exercise, it has been proposed that
this type of exercise can induce a suppression of some
immune variables which may make the individuals more
susceptible to pathogens [64]. Our results were in accord-
ance with those of Morgado et al. [7], who showed that
the cumulative effects of training loads induced an overall
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reduction of the ability of the immune system to respond
after a training program. Kakanis et al. [65] found that
intermittent exercise training (at 90% of the subject’s sec-
ond ventilatory threshold) provoked a temporary reduc-
tion in immune function (i.e., respiratory burst response,
proliferation). However, Nieman [66] found that moder-
ate intensity (<3 moderate-to vigorous aerobic session
of >20 min) training program, over 15 weeks (5 sessions
/ week), induced an increase (+20%) in immunoglobulin
and a diminution in LY. Likewise, many studies do not
indicate changes in immune function past 2 h after the
completion of exercise.

Strengths and limitations of the study

The present study represents a novel addition to the lit-
erature; indeed, to our knowledge, there are no published
data concerning increasing the exercise intensity of inter-
mittent exercise and the resultant muscle damage and
hematological responses. We hypothesized that increas-
ing intensity training could lead to better performance
development (MAV) in order to reduce muscular damage
markers after short and intense intermittent exercise, and
that any HIIT would yield greater changes than the con-
trol group. Accordingly, these hypotheses were robustly,
statistically, addressed using ANOVA and post-hoc test-
ing, including specific contrast analysis. As to this study’s
limitations, we acknowledge that a greater sample size
would have been preferable, and further work that is
appropriately powered is now required. However, we
assert that this work represents the first of its’ type, and
will provide a platform for further research. While our
study focused on measures of aerobic performance, bio-
chemical and hematological parameters to examine the
muscular damages, a comparison of muscle soreness and
muscular strength could further strengthen and explain
our findings.

Practical applications

When coaches prescribe exercise programs, two essential
aims are sought; improve performance and avoid injuries.
To that end, we suggest the HIIT program based on IE at
110% MAV appears feasible, because it does not induce
additional muscle damage compared to the intervention
group that performed at 100% MAYV. However, based on
contrast analysis, it is evident that participating to either
HIIT protocols outlined in the present study would elicit
significant muscular and hematological improvements.

Conclusions

In conclusion, 8-weeks of HIIT, at both 100% and 110%
MAV, had significant positive effects on damage and
hematological measures, vs. control. Moreover, train-
ing HIIT at a 110% MAYV intensity was more efficient for
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improving MAV with+9.07 +3.38% and reducing dam-
age biomarkers (ALAT, ASAT, CK and LDH), vs. 100%
MAY, in physically active young men.
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