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Abstract. — OBJECTIVE: The aim of this
study was to compare the effects of 12-week
moderate-intensity interval training (MIIT) vs.
high-intensity interval training (HIIT) on body
composition, physical fitness, and psychologi-
cal valence in overweight/obese (OW/OB) female
adolescents.

PATIENTS AND METHODS: Thirty-eight OW/
OB female students were randomized into HIIT
(n=13), MIIT (n=13) or control (n=12) groups. The
participants underwent a 12-week interval-train-
ing program at 100% to 110% and 60% to 75%
of maximal aerobic speed for HIIT and MIIT, re-
spectively. The control group kept their usual
physical activity without completing the training
program. Pre- and post-training measurements
were performed to assess body composition,
aerobic capacity, and anaerobic performance
(using selected tests evaluating speed, jumping
ability, and strength). Ratings of perceived ex-
ertion and the feeling scale were evaluated ev-
ery three weeks. Enjoyment was measured at
the end of the program. A two-way analysis of
variance with repeated measurements was ap-
plied to test for “groupxtime” interactions for
body composition, physical fitness, and affec-
tive variables.

RESULTS: Significant “groupxtime” interac-
tions were detected for aerobic and anaerobic
performance, body composition indices, and the
feeling scale. HIIT resulted in more noticeable
improvements in body composition and phys-
ical performance than MIIT, while no signifi-
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cant changes were found in the control group.
Throughout the program, the feeling score has
progressively increased in the MIIT group but
decreased in the HIIT group. Ratings of the per-
ceived exertion have increased in both groups,
more noticeably in the HIIT group. At the end of
the program, the MIIT group showed a higher en-
joyment score.

CONCLUSIONS: Despite offering better body
composition improvement and physical fithess
enhancement, HIIT offered lesser enjoyment
and affective valence than MIIT in OW/OB fe-
male adolescents. MIIT might be an alternative
time-efficient protocol for improving health in
this population.
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Introduction

Childhood obesity is widely recognized as
a major worldwide public health issue'. Over-
weight/obese (OW/OB) children/adolescents are
at a high risk of health issues such as cardiovascu-
lar disease, type 2 diabetes, depression, and early
mortality>-.
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Physical exercise is an important component
of lifestyle interventions to manage obesity and
health conditions related to it'. Notably, the risk
of cardiovascular mortality is lower in obese
people with high physical fitness compared to
normal-weight individuals with poor fitness®.
Therefore, developing fitness with exercise re-
duces morbidity and mortality. High-intensity
interval training (HIIT) that alternates bouts
of intensive activity and low-intensity exercise
recovery became a popular strategy for reduc-
ing cardiometabolic risk’”. Making HIIT a key
factor for physical fitness improvement has en-
sured overall health maintenance in trained>?,
untrained®’, diabetic’, and obese®™!° populations.
Sustained evidence supports the effectiveness
of the HIIT protocols on different measures of
physical performance, including endurance,
strength, sprint, and agility in OW/OB children
and adolescents'"'2. Nevertheless, the near-maxi-
mal intensity required during HIIT induces feel-
ings of displeasure”, causing low tolerance and
weak long-term adherence to physical exercise
in obese people'". To overcome this issue, an
alternative might be moderate-intensity interval
training (MIIT), which consists of bouts of mod-
erate-intensity exercise alternated with recovery
periods'®™'®. MIIT has rarely been investigated
in obese people and has been focused on its ef-
fects on the hormonal and metabolic profiles!®6,
However, whether MIIT is as effective as HIIT
in improving physical fitness and how it affects
tolerance and adherence to exercise is still being
determined. This study aimed to compare the
effects of MIIT vs. HIIT on body composition,
physical fitness, and affective valence in OW/OB
female adolescents. We hypothesized that MIIT
is less effective than HIIT in enhancing physi-
cal fitness but is more effective for psychological
improvement in obese female adolescents.

Patients and Methods

Study Design and Ethical Aspects

A pre-/post- test study was designed involv-
ing OW/OB female adolescents. The study was
conducted in accordance with the Declaration of
Helsinki and the protocol received approval from
the ethical committee of the Institute of Sports
and Physical Education of Kef (ISSEP-3/2018). A
written informed consent to participate was ob-
tained from the girls’ guardians.

Participants

Participants were OW/OB female students
from two secondary schools in Kalaat Senan (Kef
Governorate, Tunisia). Inclusion criteria were
female gender, BMI >25 kg/m?; age, 15 to 18
years; and individual or parental/guardian writ-
ten consent. Non-inclusion criteria were medical
conditions that contraindicate intense physical
exercise, participation in another physical train-
ing program within the past 6 months (except for
physical education class), and current or recent
(within 3 months) dietary restrictions or therapy
for obesity. Exclusion criteria were consenting
retirement, non-compliance to the training pro-
gram, and incomplete data. We estimated that a
sample size of 12 participants per group would be
required to detect an effect size of 0.55 between
exercise groups and the control group, with a
power of 0.80 at an alpha level of 0.05 (G*Power
3.1 software, Dusseldorf, Germany). We enrolled
43 girls in the study. Participants were random-
ized into a high-intensity interval training group
(HIIG, n=15), a moderate-intensity interval train-
ing group (MIIG, n=15), and a non-training con-
trol group (CG, n=13). Participants were asked to
maintain nutritional behavior unchanged during
the study program. Of the 43 pre-selected par-
ticipants, five girls dropped out of the training
program for personal reasons: two in MIIG, two
in HIIG, and one in CG. Finally, 38 girls (age
16.4+1.2 years) completed the intervention; 13
in each experimental group and 12 in the control
group (Figure 1).

Experimental Protocol

The experimental protocol was conducted
from September to December 2018, with tem-
peratures ranging from 15 to 24°C and humidi-
ty varying between 59% and 69%. Physical tests
were completed in a regular outdoor field and in
a laboratory in the morning and at the same time
of day. Test sessions were performed with the
same sports equipment and by the same investi-
gator, who was blinded to training-group affilia-
tion. Anthropometric measures [i.e., body height,
body mass, waist circumference (WC), body fat
(BF), and BMI] were assessed in barefoot, light-
ly clothed subjects as previously described”. The
physical tests were undertaken on four non-con-
secutive days separated by 48 h after the familiar-
ization. On the first day, squat jump (SJ), vertical
countermovement jump (CMJ), and 30-m sprint
time (with 10- and 20-m splits) were assessed. On
the second day, standing long jump (SLJ), med-
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Figure 1. Flow diagram of study participants

icine ball throw (MBT), and agility (z-test) tests
were performed. Repeated-sprint ability (RSA)
and five jumps (FJT) tests were administered on
the third day. The Spartacus test was performed
on the fourth day. Perceived exertion (RPE) and
the feeling scale (FS) were evaluated every three
weeks in parallel with the training load increase.
Furthermore, enjoyment was assessed at the end
of the training program.

Training Program

Participants underwent a 12-week intervention
consisting of high- or moderate-intensity interval
exercise sessions performed three times per week
on nonconsecutive days. They completed a stan-
dardized warm-up consisting of 5 min jogging,
playing, acceleration running (5 min), and static
and dynamic stretching (5 min). Each training
session ended with a 10-min cool-down followed

by 5-min of static stretching. After the warm-up
period, the HIIG performed 2 sets of 6 repeti-
tions of high-intensity exercises at 100-110% of
the maximal aerobic speed (MAS) as previously
described®’. The HIIT program included 30-sec-
ond high-intensity (100-110% of MAS) bolts fol-
lowed by 30-second active recovery bolts (50% of
MAS). The rest period between series was 4 min.
The MIIG performed 2 sets of 6 repetitions of
30-second moderate-intensity (70-80% of MAS)
bolts followed by 30-second active recovery bolts
(50 % of MAS), and 4 minutes of passive recov-
ery between sets!®. The progressions of HIIT and
MIIT were as follows: 3 weeks from the start of
the program, the number of repetitions increased
from 6 to 8. After the 6 week, the intensity was
increased by 5% every 3 weeks. A detailed de-
scription of the two training programs and their
progression is displayed in Table 1.
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Table I. Summary of high-intensity interval training (HIIT) and moderate-intensity interval (MIIT) training programs.

Training progression

HIIT group MIIT group

Warm-up

5-min jogging at 50% MAS
5-min acceleration running
5-min dynamic stretching

Main stimuli

Passive recovery between sets:

Week 1 to 3: 2 setsx6 (30 s/30 s)
Week 4 to 6: 2 setsx8 (30 s/30 s)
Week 7 to 9: 2 setsx8 (30 s/30 s)
Week 10 to 12: 2 setsx8 (30 s/30 s)

100%/50% MAS 70%/50% MAS

100%/50% MAS 70%/50% MAS

105%/50% MAS 75%/50% MAS

110%/50% MAS 80%/50% MAS
4 min

Cool down

10 min running at 40% MAS
5 min of dynamic stretching exercises

MAS, maximal aerobic speed.

Participants in all the groups were encouraged
to keep their regular diet and habitual routine.
Participants continued to partake in the institu-
tional, physical education classes twice a week.

Physical Fitness Assessments

Before the experimental session, participants
performed a 12-min standardized warm-up com-
prising jogging, jumping drills, skipping exercis-
es, jumping, direction changes, short distance ac-
celerations, and a 4-min cool-down period. They
were strongly encouraged to achieve maximum
performance during testing and the best perfor-
mance of the three trials was recorded for all
performance tests (except for the Spartacus test).
The rest period between each attempt was at least
2-min and 5-10 min between different exercises.
In the meantime, participants performed low-in-
tensity activities, including ball games, to stay
ready for the next test. Before the tests session,
participants were instructed to refrain from stren-
uous exercise and were prohibited from taking
any energy beverages, supplements, or depres-
sants 48 h before testing.

Aerobic Velocity

Aerobic velocity was measured with the Spart-
acus test, which evaluates aerobic capacity in
obese adolescents'®. A rectangle of 750 m (75x10
m) was drawn with regular markings, represent-
ing different stages. Participants began at a run-
ning speed of 7 km/h, increasing by 1 km/h every
3 minutes. During each stage, the participant had
15 s to reach the corresponding mark and then 15
s of rest. Participants adjusted their running speed
simultaneously to cones and audio beep. The test
ended when the subject could no longer maintain
the pace for two consecutive occasions or when

she decided to stop due to exhaustion. Maximal
heart rate (HRmax) was recorded during the
test using a Polar heart rate monitor (Polar S810,
Kempele, Finland).

Explosive Power

Upper body explosive power

This was determined by the MBT test. Sub-
jects were seated with backs glued to the wall and
legs fully stretched, facing the direction of the
ball throwing, and holding a 2-kg medicine ball.
They were instructed to throw the ball straight
forward for the maximum possible distance. The
distance (m) was measured from the wall to the
first point at which the ball landed on the floor
and the greatest value of three trials was recorded.
Participants were prohibited from removing their
backs from the wall'.

Lower body explosive power

This was measured using the following tests:

Vertical jump: the SJ and CMJ were advocated
by Ouerghi et al®. Participants were instructed to
jump as high as possible from a semi-squat posi-
tion (90°) for SJ. The CMJ began from a standing
position with knees fully extended. Participants
performed a rapid downward movement by flex-
ing the knees’ angle of approximately 90 and then
pushing upward as rapidly as possible. For both
jumps, hands are placed on the hips to control for
arm assistance. The height of each jump (cm) was
measured with an Optojump apparatus (Micro-
gate, Bolzano, Italy).

Standing long jump test: participants were
asked to initially stand on a standardized starting
line, feet shoulder width, and arms hanging down at
the sides of their body. Then, they had to jump for-
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ward in the horizontal direction with arms swing-
ing with full strength. Participants were required to
land with both feet simultaneously in the long jump
pit without falling forward or backward. The jump
distance (m) was calculated from the starting line
to the landing point at the first heel contact.

Five-jump test: this test began and ended with
joined feet. FJT consists of 5 consecutive strides.
Participants tried to cover the greatest distance
possible with five forward jumps alternating left
and right legs. During the last stride, the subject
must bring both legs back together. The perfor-
mance (m) was measured using a tape measure
from the front edge of the feet at the starting posi-
tion to the rear edge of the last feet print®.

Agility

Agility and body control was measured with
the #-test as previously described!!. A T-shaped
course was created with 4 cones. The first cone
was placed at the course’s beginning, and the sec-
ond one was 9.14 m from the first. The third and
fourth cones were placed at 4.57 m on either the
right or the left of the second cone. Subjects were
instructed to run 9.14 m from the first to the sec-
ond cone and touch its base with their right hand.
Afterward, they had to change direction by trav-
eling 4.57 m to the left towards the third cone,
touching it with their left hand without crossing
their feet. Next, they had to sprint 9.14 m right to
the fourth cone and touch it with their right hand.
Afterward, they shuffled 4.57 m left to the sec-
ond cone and touched its base with their left hand.
Then, they had to run backward (9.14 m) from the
second cone to the first cone. Participants’ times
(s) were obtained using an electronic photocell
with an accuracy of 0.01 s (Brower Timing Sys-
tem, Salt Lake City, UT) placed at 0.7 m height
from the floor.

Ability to Repeat Sprints

The repeated sprint ability (RSA) was per-
formed indoors at the university gymnasium on
a synthetic hard floor. RSA consisted of two sets
of 5%20 m shuttle sprints, interspersed with a 15 s
active recovery between repetitions and with one
min between sets”. Each sprint was performed
with one change of direction (180° turn) and was
timed using a photocell system (Brower Timing
System, Salt Lake City, UT), positioned approxi-
mately 3 m apart, facing each other on either side
of the starting line located at the start and finish
lines. The following variables were derived from
the RSA test: (a) PT: the best time of each RSA

test; (b) TT: the sum of all 10-sprint times; (c) the
FI calculated according to Fitzsimons et al?° from
sprint running performance using the following

. _ TT _
formula: FI (%) = (PT*NUMBER OF SPRINT 1) *100

Sprint Speed

Sprinting performance was evaluated by 10 m,
20 m, and 30 m sprints. Times (s) were recorded
outdoors on a track surface using a series of paired
photocells with an accuracy of 0.01 s (Brower Tim-
ing System, Salt Lake City, UT, USA), which were
raised to a height of 0.9 m and placed in pairs at
0 m,10 m, 20 m and 30 m, 1 m apart. Participants
started standing with the front foot at 0.5 m from
the first infrared photoelectric gate and were in-
structed to run as fast as possible. The runs were
performed individually by each participant.

Affective Responses Measures

Feeling scale

General affective valence (i.e., pleasure and
displeasure) was measured using the FS question-
naire’!. FS is scored on an 11-point bipolar scale
ranging from -5 (very bad) to +5 (very good), with
anchors at zero (Neutral) in line with previous
work in adolescents®.

Physical Activity Enjoyment scale

Enjoyment was measured using the Physical Ac-
tivity Enjoyment scale®. This scale was used to as-
sess the level of enjoyment following HIIT and MIIT
using the participants’ responses to 18 items rated on
a 7-point bipolar rating scale. The assessment con-
sists of questions related to the enjoyment after in-
tervention with the instruction, “Please rate how you
feel about the physical activity you have been doing
at the moment”. Overall enjoyment of physical activ-
ity score was generated by summing the individual
item scores. Scores ranged from 18-126, with higher
scores reflecting higher levels of enjoyment.

Perceived exertion rating

RPE was assessed with the extensively vali-
dated RPE*, a 15-point scale ranging from 6 (“no
exertion at all”) to 20 (“maximal exertion”).

Statistical Analysis

Data were analyzed using the Statistical SPSS
18.0 software (SPSS Inc, Chicago, IL, USA). The
Kolmogorov-Smirnov test was performed to check
for normal distribution. The homogeneity of vari-
ance was tested using the F-test. The reliability of all
testing performances was assessed by the intra-class
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correlation coefficient, 95% confidence intervals,
and coefficient of variation. One-way ANOVA was
used to compare physical fitness components be-
tween groups. If the appropriate statistical signifi-
cance was identified, then the LSD post hoc test was
used to further distinguish differences between all
groups. The enjoyment, FS, and RPE scores were
assessed using an independent #-test between two
groups (HIIG and MIIG). A two-way analysis of
variance with repeated measures (3 groups: HIIG,
MIIG, and CGx2 times: pre- and post-interven-
tion) was conducted. Significant “groupxtime” in-
teractions were followed by post hoc analyses to
identify significant pairwise comparisons. Partial
eta squared (npz) effect size for the “timexgroup”
interaction effects was calculated. A further two-
way analysis of variance with repeated measures
(2 groups: HIIG, MIIG x 4 times: week 3, week 6,
week 9, and week 12) was applied for RPE and FS.
Cohen’s effect size (ES) statistic with 95% confi-
dence intervals was used to determine the practical
significance of observations, where the values 0.2,
0.5, and 0.8 represent small, medium, and large dif-
ferences, respectively®. A two-tailed p-value lower
than 0.05 was considered significant.

Results

Test’s Reliability

Test-retest reliability was above the established
thresholds for all physical measures, ranging from
0.277 to 0.921 for the intra-class correlation coef-

ficient and from 4.22 to 41.7 for the coefficient of
variation (Table II).

Anthropometric and Physical Measures

Table 111 displays pre- and post-intervention val-
ues for anthropometric and physical measures in the
HIIT, MIIT, and control groups as well as “groupx-
time” interactions. No baseline differences between
the three groups were found for all variables. Re-
peated measures revealed significant “groupxtime”
interactions for all anthropometric and physical
variables. Intragroup analyses showed no signifi-
cant changes for all the variables in CG. However,
both HIIT and MIIT resulted in a decrease in body
mass (p=0.009, ES=0.53 and p=0.025, ES=0.11,
respectively), but only HIIT-induced BF (p=0.002,
ES=0.49) and WC (p=0.002, ES=0.48) decrease.
In both HIIT and MIIT groups, MAS (p<0.001,
ES=1.28 and p=0.011, ES=0.91, respectively), 10-m
(p<0.001, ES=1.79 and p=0.016, ES=0.09, respec-
tively), 20-m (p<0.001, ES=0.66 and p<0.001,
ES=0.07, respectively), and 30-m (p<0.001, ES=1.44,
and p=0.025, ES=0.5, respectively) sprint times,
t-test (p<0.001, ES=0.95 and p=0.014, ES=0.26,
respectively), SJ (p<0.001, ES=1.35 and p<0.001,
ES=0.46, respectively), CMJ (p<0.001, ES=2.17
and p=0.034, ES=0.65, respectively), FJT (»p<0.001,
ES=5.03 and p=0.019, ES=0.84, respectively) and
SLJ (p<0.001, ES=0.24 and p=0.007, ES=0.06, re-
spectively) performances. Only HIIT resulted in
significant improvements in the MBT test (p<0.001,
ES=1.30), RSA-TT (p<0.001, ES=1.49), and RSA-
PT (p=0.002, ES=1.22) (Table III).

Table IlI. Reliability and coefficient of variation of performance tests.

Intraclass correlation

Coefficient 95% CI cv

10-m sprint 0.742 0.515-0.869 771
20-m sprint 0.921 0.848-0.959 4.47
30-m sprint 0.612 0.253-0.798 3.39
Squat jump 0.845 0.701-0.919 5.49
Contremouvement jump 0.413 0.129-0.695 4.22
Five jump test 0.277 0.391-0.621 5.59
t-test 0.887 0.783-0.942 7.25
Med ball throw 0.892 0.793-0.944 16.8
Standing long jump 0.499 0.036-0.740 10.7
Maximal aerobic speed 0.501 0.039-0.741 10.6
Repeated sprint ability ~ Total time 0.394 0.166-0.685 8.27
Pic time 0.504 0.046-0.742 8.18

Fatigue index 0.483 1.854-0.229 41.7

CI = confidence interval; CV = coefficient of variation.
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Table Ill. Anthropometric and physical parameters at baseline (Pre) and after (Post) the intervention program and timexgroup interaction in high-intensity (HIIT) and moderate-intensity (MIIT)
interval training groups, and control group (CG).

Control group (n=12) MIIT group (n=13) HIIT group (n=13) Interaction timexgroup
Pre Post Pre Post Pre Post F n,’?

Body mass (kg) 83.3+10.3 84.1+9.40 83.1x11.1 81.9+11.5 84.0+10.7 78.3+11.6™ 4.51 0.205
BMI (kg/m?) 33.2+5.70 33.3+4.32 33.1+5.62 32.54+5.51° 32.6+3.61 30.2+3.32" 4.12% 0.191
Body fat (%) 33.0 £3.09 33.5+3.20 33.8+2.94 32.94+2.93 33.7+3.44 32.143.42™ 5.54i 0.240
WC (cm) 100+8.05 101+£6.99 105+10.8 102+9.43 105+9.00 101+8.51™ 3.337 0.160
MAS (km/h) 11.0 £0.73 10.9+0.90 11.0 £0.91 11.8+0.92"* 10.1£1.32 11.9+1.60""* 7921 0.312
10-m sprint (s) 2.50+0.07 2.50+0.08 2.51+0.22 2.49+0.22" 2.48+0.19 2.2040.13"",% 25.85f11 0.596
20-m sprint (s) 4.69+0.21 4.73+0.19 4.64+0.15 4.63+0.15™ 4.63+0.20 4.49+0.24™" ¢ 16.7871 0.489
30-m sprint (s) 6.67+0.09 6.71+0.10 6.66+0.15 6.58+0.18" 6.67+0.19 6.29+0.34™" 18.56'11 0.515
t-test (s) 15.2+0.97 15.3+0.92 15.2+1.07 14.9+1.08™ 15.2+1.10 14.241.19"" 15.28711 0.466
SJ (cm) 17.6+0.98 17.7+1.00 17.8+0.74 18.2+0.79™ 17.8+0.86 19.1£1.15™" 7 21.827 0.555
CMIJ (cm) 20.4+0.60 20.3+0.72 20.1+0.75 20.6+0.82 20.1+0.71 21.8+0.91""%8 16.73711 0.489
FJT (m) 7.11+0.34 7.10+0.35 6.99+0.26 7.24+0.35" 7.01+0.14 8.11+0.29"" %8 44 437 0.717
MBT (m) 2.70+0.52 2.62+0.54 2.77+0.43 2.84+0.52 2.60+0.34 3.02+0.33™ 18.777f 0.517
SLJ (m) 10.7+8.16 10.6+9.53 10.6+12.1 11.3£11.9™ 10.2+8.42 12.7412.5™" #8 2475 0.586
RSA-TT (s) 49.1+3.12 49.3+3.68 49.9+4.28 48.3+2.73 49.3+4.40 44.4+42.05"" 8 6.307" 0.265
RSA-PT (s) 4.46+0.33 4.49+0.38 4.52+0.46 4.36+0.19 4.41+0.40 4.06+0.13™ % 3.36! 0.162
RSA-FI (%) 10.24+3.22 9.70+2.62 10.5+4.18 10.8+3.53 11.8+4.66 9.14+3.43 1.26 0.067

Data are expressed as mean = SD; BMI, Body mass index; CMJ, countermovement jump; FJT, Five-jump test; HRmax, maximal heart rate; MAS, maximal aerobic speed; MBT, Medicine ball throw; RSA-TT,
repeated sprint ability total time; RSA-PT, repeated sprint ability pic time; RSA-FI, repeated sprint ability fatigue index; SJ, Squat jump; SLJ, Standing long jump; WC, waist circumference. {p<0.05; p<0.01;

1p<0.001 (interaction time x group); p<0.05, “"p<0.01, **p<0.001 (compared to the pre-intervention value in each group); “p<0.05 (compared to the control group); $p<0.05 (compared to moderate intensity
interval training group).
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Figure 2. Twelve-week interven-
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Between-group analyses showed no differ-
ences in post-intervention anthropometric vari-
ables. Post-intervention values of 10 m and 30 m
times and RAS indices were lower, while CMJ,
FJT, SLJ, and MAS values were higher in HIIG
compared to MIIG and CG. HRmax, 20 m, and
t-test times were lower, while SJ was higher in
HIIG compared to CG. Post-intervention MAS
was significantly higher in both training groups
compared with the control group but did not sig-
nificantly differ between the two training groups
(Table III). Figure 2 displays the training pro-
gram-induced changes in anthropometric and

physical variables. The changes were significant
for all the variables in the HIIT group when com-
pared to the control group. The changes between
the two training groups were significant for body
mass, BF, 10 m, 20 m, CMJ, SLJ, and RAS indi-
ces.

Psychological Parameters

A significant “timexgroup” interaction was
found for FS (p<0.001, ES=0.71), but no interac-
tion was found for RPE. Figure 3 illustrates chang-
es over time in FS and RPE during the two training
modalities. FS score has gradually increased over
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Figure 3. Feeling scale (A) and rating
of perceived exertion (B) scores in mod-
erate-intensity interval training (MIIT, (A) -©-HIIT -o-MIIT
n=13) and high-intensity interval training o
(HIIT, n=13) groups after 3, 6, 9, and 12 5 - i R
weeks of physical intervention. “p<0.05;
#p<0.01; *##p<0.001 (compared to base- 4
line value in the same group; z-test for ]
paired samples); **p<0.01; ***p<0.001 2
(compared to HIIT group at the same § 3 -
week; t-test for independent samples). 50
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time during the MIIT program but gradually de- Discussion

creased over time during the HIIT program. The
between-group comparison showed a higher FS
score in MIIG than HIIG at week 6 (3.38+0.86 vs.
2.15£1.06, p=0.004, ES=1.70), week 9 (3.84+0.68
vs. 1.77+1.01, p<0.001, ES=2.50) and week 12
(4.53£0.66 vs. 1.30+1.18, p<0.001, ES=3.52), but
no difference was found at week 3 after starting
the program (Figure 3A). The RPE score has pro-
gressively increased over time during both training
programs, being significantly higher in the HIIG
than the MIIG at week 3 (11.7+0.94 vs. 10.3£1.25,
p=0.003, ES=1.31), week 6 (14.0+0.81 vs. 12.1+0.86,
p<0.001, ES=2.40), week 9 (154+0.76 vs.
13.5+0.87, p<0.001, ES=2.36), week 12 (16.0+£0.91
vs. 13.8+0.89, p<0.001, ES=2.50) after program
onset (Figure 3B). The enjoyment score was no-
ticeably higher in MIIG than HIIG (81.7£3.72 vs.
60.1+4.32, p<0.001, ES=7.36) by the end of the
training program (i.e., week 12) (Figure 4).

This study compared the effects of 12 weeks
of MIIT and HIIT on body composition, physical
fitness, and affective responses in OW/OB adoles-
cent girls. It showed greater body composition and
physical fitness improvements in the HIIT group
than in the MIIT group. Participants perform-
ing MIIT improved anthropometric and physical
parameters compared to the control group and
demonstrated higher scores of enjoyment and af-
fective valence than HIIT participants.

Both HIT and MIIT programs resulted in
weight loss and BF decrease, although results
were more significant in the HIIT group. The
HIIT protocols resulted in beneficial effects on
body mass and fat in overweight and obese in-
dividuals®'®?. The impact of interval training on
body composition depends on the training inten-
sity, frequency, and duration®.
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Figure 4. Post-intervention enjoyment level in
high-intensity (HIIT, n=13) and moderate-intensity
(MIIT, n=13) interval training groups. ***p<0.001
(compared to HIIT group; #-test for independent sam-
ples).

The twelve-week programs for both HIIT and
MIIT improved lower body performance with
respect to sprint times and vertical and horizon-
tal jumps with greater effect for HIIT. Previous
studies®!*1227 reported enhanced running speed
and vertical and horizontal jump performances
in OW/OB adolescents and youth after 8- or 12-
week HIIT. Enhanced sprint performance is like-
ly due to anthropometric changes (i.e., body mass
reduction). Moreover, training programs specific
to running performance positively influence run-
ning velocity?®. Muscle morphology and neural
adaptations, including enhanced motor unit acti-
vation of lower extremity muscles, better syner-
gistic, improved intermuscular coordination, and
decreased co-activation of antagonistic muscles®
might participate in maximal force production
and thus improves explosive performance. HIIT,
but not MIIT, resulted in gains in upper body limb
strength as demonstrated by the improved MBT
test. This finding further supports the observation
that high effort elicits physiological responses in-
dependent of exercise modality. Ramos Da Silva
et al”? reported enhanced MBT in OW/OB ado-
lescents after 12 weeks of HIIT. Improvement in

upper-body muscle strength might result from the
interference of lower limb muscle enhancements
with arm muscle hypertrophy and strength*°.
Agility enhanced with both HIIT and MIIT
protocols. Previous research! showed increas-
es in change-of-direction speed after 12-week
HIIT in OW/OB children. The high number of
change-of-direction maneuvers might cause en-
hanced change-of-direction speed occurring in
interval training. The improvement could reflect
improvements in the anaerobic metabolism, re-
cruitment of fast-twitch muscle fibers, and better
control of peripheral and central nervous system
activity. However, the exact mechanisms are still
unclear’’. The improvements in agility were more
noticeable in the HIIT group. The superior gains
with higher loads may be related to higher mus-
cle activation when compared with lower loads®.
RSA-PT and RSA-TT improved in HIIT but not
MIIT participants. Previous research®? confirmed a
significant effect of the HIIT program over 6 weeks
on RSA in healthy young athletes, but no previous
studies investigated the effect of HIIT or MIIT on
RSA in obese individuals. The present study high-
lighted the role of HIIT in increasing the ability of
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obese girls to repeatedly produce maximal sprints
and to recover between these sprints. HIIT-induced
RSA improvement might result from enhanced an-
aerobic metabolism, a faster rate of phosphocre-
atine resynthesis®, and improved muscle ion trans-
ports*. The lack of an effect of MIIT on RSA is
in line with previous data* on the association of
muscle failure and lack of RSA improvement with
low-load training programs.

Both interval training protocols in OW/OB
girls resulted in an increase in MAS, which was
more noticeable in the HIIT group. The findings
agree with a relevant meta-analysis, which con-
cluded a greater aerobic capacity increase in OW/
OB youth following high- than low-intensity in-
terval training’. Increases in oxygen availability
from central effects such as cardiac output, total
hemoglobin, and blood plasma volume insured by
intermittent exercise could explain the enhance-
ment of aerobic capacity’’. Increased muscle ox-
idative potential® and mitochondrial enzymes®
might also participate in such improvements.

Affective valence, enjoyment, and RPE re-
sponses are paramount for exercise adherence®.
HIIT is deemed to cause unpleasant sensations
and displeasure in sedentary obese people!®1541,
resulting in poor exercise tolerance and adher-
ence to the training program. However, some
studies*** have shown a beneficial or a null ef-
fect of HIIT on affective valence and enjoyment.
High enjoyment levels were reported in OW/
OB adults over 3 weeks of very high-intensity
training*. Another research revealed no differ-
ences in enjoyment and adherence to training
between HIIT and moderate aerobic training®.
Discrepancies in exercise enjoyment responses
could be attributed to differences in the exercise
protocols (e.g., work-to-rest ratio, exercise inten-
sity, and total exercise duration)**. The current
study presents novel data on affect, enjoyment,
and RPE responses for HIIT and MIIT in ado-
lescent obese girls. The FS score has gradually
increased over time throughout the program pe-
riod in the MIIG but has gradually decreased in
the HIIG. MIIT caused higher enjoyment, great-
er affective valence, and lower perceived exer-
tion to exercise compared to HIIT. Unlike enjoy-
ment, the RPE score has progressively increased
over time in both training groups, being higher
in the HIIT group. This finding is predictable
since HIIT applies intense physical exercises that
are disproportionate to the low cardiorespiratory
fitness and muscle performance in these seden-
tary untrained OW/OB girls. Hence, it could be

assumed that MIIT elicits higher tolerance and
adherence to physical training than HIIT.

Study Strengths and Limitations

This is the first study to investigate the effects of
interval training at different intensities on anthro-
pometric, physical, and psychological traits in OW/
OB female adolescents. It is one of the rare studies
to examine the effects of interval training protocols
on anaerobic performance in obese individuals. We
examined the effects of interval training on multiple
facets of aerobic and anaerobic physical performance
and affective valence. The inclusion of a non-train-
ing control group allows us to attribute the observed
changes to the effect of the training program with
high confidence. Despite its original aspects, the
study has limitations that should be acknowledged.
A key limitation was the difference in energy expen-
diture between groups. The HIIT group had a high-
er energy expenditure during each session, which
makes it not equivalent to the MIIT group. This pa-
rameter would significantly influence body composi-
tion, but its impact on physical fitness and psycholog-
ical valence would be weaker. Future research should
address this limitation by increasing the duration or
the frequency of MIIT sessions. The study involved
adolescent girls with gender-specific hormonal and
body composition characteristics. Thus, the results
are not necessarily applicable to male adolescents.
The study did not control for dietary intake and phys-
ical activity. However, no participant changed their
eating habits or usual tasks (apart from the training
program) during the intervention period, making it
unlikely that these factors influenced the results. BF
was estimated based on the bioelectric impedance
method, which is less accurate than DEXA scanning
and MR imaging for this purpose. The latter meth-
ods are unreachable by the research team. However,
the latter techniques are expensive, less available,
and not accessible to the research team. Finally, no
mechanistic explanations can be identified underly-
ing the training-induced gains.

Practical Applications

The study findings could help to optimize
training gain in OW/OB adolescents. Either HIIT
or MIIT could be employed, depending on the
training goal. If the goal is to improve body com-
position or physical fitness, HIIT may offer more
significant gains than MIIT. If the training aims
to achieve physical and psychological gains and
adherence to the training program is paramount,
MIIT can be an effective and time-efficient alter-
native protocol.
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Conclusions

The study findings suggest that HIIT is more
efficient than MIIT in improving body composition
and physical fitness in obese adolescent girls. MIIT
seems to elicit greater enjoyment and better affec-
tive responses in obese people than HIIT, which
warrants its implementation to improve health in
this population. Our results would be taken cau-
tiously since the two training groups’ differences in
workload and energy expenditure might have influ-
enced the results. Future studies should compare the
physical and psychological effects of MIIT protocols
to other workload-equivalent physical protocols.
MIIT could be an alternative time-efficient protocol
to improve body composition and physical fitness
in obese people with low tolerance to high-intensity
exercise. However, larger studies are needed to con-
firm this proposal and evaluate the long-term effect
of MIIT on cardiovascular risk in obese people.
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