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ARTICLE INFO ABSTRACT

Keywords: Background: School and Physical Education classes (PEC) are privileged spaces, promoters of positive changes for
Fitness the rest of life. High-Intensity Interval Training (HIIT) is presented as a time-efficient alternative to aerobic
:Ie;rl[h training, as it leverages the number of exercise participants, resulting in improvements in health outcomes.

Despite the widespread interest in the advantages that the HIIT methodology reveals, there is a lack of ran-
domized controlled studies investigating the impact on adolescents, mainly adressing adolescents’ environment,
such as schools. This study aims to evaluate the utility of a HIIT program integrated into high-school PEC, as a
strategy that allows students to improve their Physical Fitness, Physical Activity (PA) level, and Motivation for
Exercise.

Methods: This study is a two-arm randomized controlled trial design with adolescents from the 10th to 12th
grades (15-17 years). The trial will aim to recruit 300 students from 1 secondary school. The HIIT sessions will be
applied in the first 10-15 min of each PEC, twice a week, for 16 weeks, ranged from 14 to 20 all-out bouts
intervals, adopting a 2:1 work to rest ratio. A cut-point of > 90% of maximal heart rate will be a criterion for
satisfactory compliance to high-intensity exercise. A rated perceived exertion scale will be measured in each
exercise session to estimate effort, fatigue, and training load. The control group will continue the usual pro-
grammed PEC. Study outcomes will be measured at baseline and after the HIIT program. Cardiorespiratory
fitness is the primary outcome. Secondary outcomes include: muscular fitness, PA and motivation for exercise.
Discussion: HIIT protocols presents wide applicability in PEC and great adaptation to the facilities. The authors
aim to provide novel HIIT protocols for schools.

Physical education
Sedentary behaviour

1. Introduction low motivation to engage in physical activities, are frequently reported

barriers to poor adherence to exercise programs [7-9]. Interventions

Insufficient physical activity (PA), overweight and obesity, poor diet,
low cardiorespiratory fitness (CRF), hypertension, chronic inflamma-
tion, and dyslipidemia are increasingly evident in the adolescent pop-
ulation [1]. Over 50% of obese children will become obese adults, with a
significant increase in the risk of developing asymptomatic diseases
including cardiovascular diseases, cancer and type 2 diabetes mellitus
[2]. In most Western countries, children and adolescents spend too much
time in sedentary behaviors, which is worsening every decade [1,3-5].
Data related to Health Behavior in School-Aged Children (HBSC) asso-
ciate a sedentary lifestyle with headaches, sadness, irritability, and
nervousness [5]. Moreover, adolescents tend to become more inactive as
their age increase [6]. Short leisure time, reduced access to facilities, and
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designed to increase moderate-to-vigorous PA in Physical Education
classes (PEC) indicate that interventions can increase the proportion of
time students spend in higher intensities during PEC and reduce
sedentary behavior, since motivational climates that emphasize effort
and improvement and provide opportunities to demonstrate leadership
and make decisions have a positive impact on PA [10]. Physical
self-perception could be considered for adherence to PA, although Rey
et al. [11] suggest that the adolescents’ psychological perception and
health might be improved in response to morphological adaptations,
without concomitant improvements in objectively measured physical
characteristics or performances.

Therefore, High-Intensity Interval Training (HIIT) is presented as a
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time-efficient alternative to aerobic training [1,12-14], as it leverages
the number of exercise participants, resulting in improvements in health
outcomes, mainly from adolescents [4,15-17]. HIIT is characterized by
relatively short periods of very intense exercise, interspersed with pe-
riods of pause or low-intensity exercise [18,19], the purpose of HIIT is
that physiological systems may perform exercises of higher intensity
than those achieved during a gradual maximal test [20]. HIIT is a
powerful stimulus in improving body composition and preventing car-
diometabolic risk in adults [21]. Preliminary studies conducted with
adolescents have shown promising results on body composition and
cardiometabolic health, and more effective and time-efficient inter-
vention for improving blood pressure and aerobic capacity levels [3,6,
15,22,23]. According to Bond et al. [24], time spent in high-intensity
activities is the most important factor in promoting vascular health
and autonomic cardiac modulation. Intense efforts have been considered
inappropriate and not motivating for the general/sedentary population
due to feelings of incompetence [25,26]. However, children and ado-
lescents have expressed a clear preference for time efficiency and plea-
sure, and the “stop-start” nature of HIIT seems to reflect the activities
traditionally observed in childhood [1-3,14]. No negative associations
in recent studies applying intense efforts are also encouraging [27,28].

Adolescents, especially older ones, are underrepresented in studies
implemented in the school context [29]. Despite the widespread interest
in the advantages that the HIIT methodology reveals, there is a lack of
randomized controlled studies investigating the impact on adolescents
[1,28], mainly adressing adolescents’ environment, such as schools [4,
16]. It is known that School and PEC are privileged spaces, promoters of
positive changes for the rest of life [30]. Recently, some studies presents
HIIT programs targeting school-aged children [31-34], and in a scoope
of 10 years we find dozens of works with students aged 10-19 years, but
only a few were implemented in the school setting. Notwithstanding
some studies have been implemented in the school setting, only a few [9,
27,33-38] were implemented in PEC, some of which replaced the entire
session with the intervention [9,36], or were applied in a classroom
[39]. This study aims to investigate whether 16-weeks of HIIT imple-
mented on PEC warm-up, compared to 16-weeks of usual PEC warm-up,
can improve Physical Fitness, PA, and Motivation for Exercise in
high-school adolescents.

The present manuscript details a protocol for a randomized
controlled trial examining the effect of HIIT in PEC. CRF is the primary
outcome and secondary outcomes includes: muscular fitness, PA and
motivation for exercise. Also we aim to provide a rationale of design
considerations for HIIT, such as appropriate length, intensity, and
modality.

2. METHODS
2.1. Study design

This project is registered on ClinicalTrials.gov (ID: NCT04022642)
and has been approved by the Ethics Committee of the University of
Evora (doc. 19017). In all aspects, this trial will be conducted according
to the Declaration of Helsinki on Human Research. Two public schools in
the city of Beja (Portugal) will be invited to participate. Written consent
will be obtained before participation from the school principal and
parents. Any protocol modifications will be communicated and regis-
tered on ClinicalTrials.gov.

2.2. Study population

This study is a two-arm randomized controlled trial design with
adolescents from the 10th to 12th grades (15-17 years old). This age
group has been selected because it is underrepresented in studies
implemented in the school context [28].
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2.3. Recruitment

Twelve from a total of 18 classes with an average of 25 students each,
recruited from a public school in the city of Beja, Portugal (Fig. 1) will be
randomized to either a 16-weeks of HIIT (HIIT-G, n ~ 150 students)
implemented on PEC warm-up or a control group (CON-G, n ~ 150
students) of usual PEC warm-up. After an invitation, the researchers will
meet with the school principal to provide information on the whole
project. After accepting to participate, adolescents and their parents will
be informed of a full description of the scientific background, objectives,
and safety.

2.4. Randomization

School principal, as a person independent of the study, will conceal
participant allocation by shaking a bag with all 18 classes, before
baseline testing. Classes will be randomized such that two classes from
each grade will be allocated to the intervention condition and the other
two to the control condition. Using this approach, each class will have an
equal chance of being allocated to the intervention condition, while
maintaining an appropriate balance of grades across the two conditions.

2.5. Inclusion/exclusion criteria

As stated above, girls and boys from the 10th to 12th grades (15-17
years old) taking part in the regular PEC will be included in the study.
For ethical reasons, adolescents who have any physical, psychiatric,
and/or psychological disability will also be included in the intervention
if both children and parents approve their participation. Once the
evaluation process is concluded, these children could be excluded from
the main analysis. Students will be ineligible if they do not provide
parental consent to participate, have physical limitations, or reveal in-
tellectual disabilities.

2.6. Sample size

Power calculations were based on the primary outcome of CRF,
assessed using the Yo-Yo Intermittent Endurance Test level one [40]. To
detect a clinically meaningful baseline-adjusted between-group differ-
ence of six laps [27,41] with 80% power at a 5% significance level will
require 158 students per treatment group (ie, 12 classes of 13 students
from each school), for a potential drop-out rate of 15% at our primary
study end point (i.e., 16 weeks).

2.7. Intervention group

Throughout the 16-weeks intervention period the HIIT-G will take
part in the regular 90min PEC twice a week, conducted by the schools’
PEC teachers following the regular curriculum. The HIIT-G replaces the
warm-ups established in the PEC curriculum with the proposed HIIT
training sessions. After the HIIT sessions, students will complete the
planned PEC.

The HIIT sessions will be applied in the first 10-15 min of each PEC,
including a brief warm-up, ranged from 14 to 20 all-out bouts intervals,
adopting a 2:1 work to rest ratio, involving a combination of aerobic and
body weight muscle-strengthening exercises, and designed to be fun and
engaging as well as vigorous in nature (Fig. 2). Most protocols in the
literature opted for 1:1 density and SPRINT as modality [23]. Some,
recording large effect sizes on CRF [9,36], PA [9], strength, power, and
speed [39], needed only 6 min three [9,36] and four times [39] a week,
and chose to use all-out bouts instead of a percentage of Maximal Aer-
obic Speed (MAS). In adults, previous findings suggest that a 2:1
work-to-rest ratio is optimal during HIIT for both men and women [42].
We aim to provide novel HIIT protocols for schools with less volume
(only twice a week) and higher density (less rest in each interval), to
implement PA interventions that retain the health-enhancing effects and
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Fig. 1. Study design.

satisfy the adolescents’ desire for enjoyment and variety.

To promote exercise adherence, sessions were designed progres-
sively from 4 min in week zero to 10 min in week three using the Tabata
protocol (20s intense work, followed by 10s rest). From week four to
week seven, the same volume but using 30s intense work, followed by
15s rest. From weeks eight to 16, sessions will be completed in pairs
(Fig. 3). Participants will be able to give additional elements of choice,
such as music, exercises, and workouts.

A cut-point of > 90% of maximal HR will be a criterion for satis-
factory compliance to high-intensity exercise. HR has become one of the
most used outcomes to assess the intensity, and several authors suggest
that each interval corresponds to a value equal to or greater than 90%
HRpax [43-45]. An optimal stimulus that promotes cardiovascular and
peripheral adaptations implies several minutes per session in the
so-called red zone, which usually means a minimum intensity of 90%
VOgamax [46]. It is expected that HR reaches maximum values (>90-95%

HRpax) close to the speed/power associated with VOgmax, which does
not always happen, especially in very short exercises (<30 s) [43,44]. It
may be related to the known delay in HR response at the beginning of
exercise, which is slower than the VO, response. During the supervised
intervention, the researchers will record HR using a technology based on
forearm plethysmography (Scosche Industries, CA, USA) to ensure
compliance with the exercise stimulus at the predetermined target HR
zone. Besides, rating perceived exertion (RPE) will also be measured in
each exercise session to estimate effort, fatigue, and training load, tar-
geting >17 on the 6-20 Borg scale [47,48].

2.8. Control group
Throughout the 16-weeks intervention period the CON-G will take

part in the regular 90min PEC twice a week, conducted by the schools’
PEC teachers following the regular curriculum.
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2.9. Outcome measures (primary and secondary)

All primary and secondary outcomes will be measured at baseline
two weeks prior the intervention, and after 16-weeks of the HIIT pro-
gram (Fig. 4). CRF is the primary outcome. Secondary outcomes in-
cludes: muscular fitness, PA and motivation for exercise. All assessments
will be conducted by the Principal Investigator at the schools partici-
pating in the study. Anthropometric assessments will be conducted
sensitively by the presence of a same-sex research staff when possible.
The Principal Investigator will provide a brief verbal description and
demonstration of each fitness test before commencement. Measures and
data collection will be evaluated by the authors, not blinded for group
allocation.

2.9.1. Physical fitness assessment

CRF will be assessed using the Yo-Yo Intermittent Endurance Test
level one. This test has been previously confirmed as valid and reliable to
assess aerobic fitness and intermittent high-intensity endurance in 9-to
16-year-old children [40]. This test consists of incremental shuttle
running starting from the speed of 8 km-h™! until exhaustion. The
maximum running speed is 14.5 km-h 1. Each shuttle run consists of 2
x 20 m interspersed by 10 s of active recovery (slow jog or walk) for a
short 2.5 m shuttle. Within each speed stage, there are several shuttle
runs. Running speed is prescribed by a pre-recorded audio track. Par-
ticipants must reach the 20 m line by the time each audio is heard. The
test is terminated if the participant is unable to maintain the required
speed for the second time during the shuttle running bout. The total
number of laps will be used to estimate maximal aerobic capacity (i.e.,
V02 max), using the following equation: IRT1 distance (m) x 0.0084 +
36.4 (ml.kg’l.min’l) [49]. Heart Rate (HR) will be monitored by tele-
metric HR during testing. The peak HR recorded during the test will be
assumed to be representative of maximal HR [50].

FITescola® is a battery used to assess physical fitness in the Portu-
guese school setting [51]. Upper body muscle force will be assessed
through the push-up test. The test starts with the participant’s hands and
feet touching the floor, and the body in a plank position, with feet apart
and the hands positioned below the shoulder line. The participants
should lower the body until forming a 90° angle between the arm and
the forearm and then return to the starting position. This action will be
repeated with a previously defined cadence of 20 push-ups per minute.

Participants’ body composition and body mass will be measured to
the nearest 0.1 kg in light sportswear on an electrical weight scale
(Tanita MC -780), and height will be measured to the nearest 1 mm
using a portable stadiometer (Seca 213 Portable Height Measuring Rod
Stadiometer). Both weight and height will be measured twice to reduce
the risk of measurement error. A third measurement will occur should
there be a difference of >0.1 kg for weight and >0.3 c¢m for height be-
tween the first and second measurements. Considering that the portable
stadiometer has a precision of 3 mm and the scale of 0.1 kg, making a
third measurement when the difference between the first and the second
exceeds these precision levels can be justified by the objective of
reducing to the maximum the technical error of measurement (TEM)
and, consequently, the reliability of the results to attain. TEM should not
be higher than 1.5% (intra-observer) or 2.0% (inter-observer) [52]. BMI
will be calculated using the standard formula (weight [kg]/height [m?]).

2.9.2. Physical activity, motivation, and dietary registration

Before the exercise intervention, both HIIT-G and CON-G partici-
pants will be instructed to maintain their dietary or lifestyle behaviors
during the intervention period, so that, in this way, possible changes in
eating habits may not contaminate the results. Daily dietary intake will
be estimated with a validated self-reported food frequency question-
naire [53], which list food types and meals typical of a Portuguese diet.
Will be assessed using a semiquantitative food frequency questionnaire
of the previous month, covering 82 food items or beverage categories,
and a frequency section with nine possible responses ranging from never
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to six or more times per day.

As has been recommended in a recent systematic review [54],
triaxial accelerometers will be used to determine PA levels, sedentary
time, and sleeping time during 24 h (seven days). Participants will be
instructed to wear an ActiGraph wGT3X-BT accelerometer on their waist
for 24 h/day (will be only removed during shower time or swimming
activities), fixed to an elasticized belt and placed on the right side of the
participant’s hip, for seven consecutive days. Adolescents will be
encouraged to wear accelerometers on their dominant wrist [55] during
the night to assess the time and quality of sleep. At least three weekdays
and one weekend day will be considered as a minimum recording time
for valid registers. Physical activity will be calculated separately on
weekdays and weekend days (i.e., mean minutes per day), using existing
thresholds for categorizing physical activity into a light, moderate and
vigorous intensity.

Moreover, a self-reported questionnaire — the International Physical
Activity Questionnaire (i-PAQ) — will assess the participants’ physical
activity behavior during the prior seven days, including the number of
days spent engaged in sporting activity, physical activity during the
school day, and physical activity out-with the school day. This ques-
tionnaire has been validated in different countries [56], and has shown
acceptable psychometric properties to assess PA levels with good
reliability.

Motivation will be assessed with the Behavioral Regulation in Ex-
ercise Questionnaire 3 (BREQ-3) [57]. BREQ-3 is a valid and reliable
measurement instrument to measure behavior regulation underlying the
self-determination theory in the exercise domain and consists of 24
items with a five-point Likert scale, which varies between 1 (“Strongly
Disagree™) and 4 (“Strongly Agree”).

2.10. Statistical analyses

The final data will be analyzed using IBM SPSS 26.0 (SPSS, Inc.,
Chicago, IL, USA). An exploratory analysis will be performed to deter-
mine the frequency, range, variability, and distribution type for each
variable, to use the most appropriate statistical test when comparisons
will be necessary. According to the subjects’ recruitment, cluster ana-
lyses (a-priori segmentation approach) will be also considered.

If necessary, analyses will be adjusted for baseline differences. In
order to avoid outcomes baseline imbalance, analysis of covariance
should be used to adjust for baseline in the data analysis stage. More-
over, a post-hoc cluster analysis could be performed using interrelated
variables from which subjects could be clustered into groups whose
average within-group similarity is high while between-group similarity
is low. The primary analysis of the data set will be carried out according
to the ‘intention to treat’ principle. Analyses will include standard
descriptive statistics, t tests, correlation, regression and two-way
repeated measures ANOVA or the comparable non-parametric test as
necessary to examine differences between and within groups. Missing
data will be handled by multiple imputation approach [58].

With the aim to minimize threats to internal validity, thereby
strengthening external validity and improving the generalizability of
results, an independent statistician will be in charge of the data analysis.

3. DISCUSSION

On adolescents, despite differences in protocols on intensity like all-
out bouts or % of MAS, modality (sprints vs calisthenics), and volume
(6min-35min/session), most of them opted for 1:1 density [23]. Almost
all programs are limited to sprints, but some were designed to be
implemented in couples [27,28,37], or individually [38] through cal-
isthenic exercises and plyometrics. Some studies that exceed 10 min per
session [8,28,59], for 12 weeks, did not go beyond the moderate effect
on body composition and physical fitness, compared to protocols below
10 min and with the same Effect Size [7,27,38,60,61]. Interestingly,
other protocols record Large Effect Size on CRF [9,36], PA [9], strength,
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power, and speed [39], needed only 6 min three [9,36] and four times
[39] a week, for only four [9,39] and seven weeks [36]. It should be also
emphasized that the same three studies that record Large Effect Sizes
chose to use all-out bouts instead of a percentage of MAS, reinforcing the
importance of including resistance training as a HIIT modality.

Few studies have objectively measured internal load by monitoring
HR [8,9,28,37,38,59,60] or RPE [38,39]. Most studies opted to set in-
tensity through external load, expressed in speed or distances. The more
traditional HIIT methodology reflects a temporal efficiency in the
improvement of several health markers and aerobic/anaerobic perfor-
mance but lowered impact strength, muscle strength, and power. New
protocols that also include resistance exercises, can induce a higher
amount of beneficial adaptations in young people [62].

Optimal exercise duration and rest intervals remain ambiguous [23].
Some studies that did not report improvements in body composition [7,
60] revealed that the CON-G significantly worsened, which gives HIIT a
possible protective effect on body composition in these populations. Like
body composition, a possible protective effect of HIIT was observed
when the improvements in physical fitness were not significant, as the
CON-G significantly worsened the performance [9,35,36,60]. Ulti-
mately, it can serve as protective factor against loss of functional ca-
pacity in youth, weight gain, and risk factors associated with physical
inactivity, as teenagers tend to become more inactive as their age
increases.

Despite some limitations, as the absence of a detailed evaluation to
determine intervention fidelity to confirm treatment/protocol adher-
ence, this project aims to evaluate the utility of a HIIT program inte-
grated into high-school PEC, on Physical Fitness, PA, and Motivation for
Exercise. Although some studies have been implemented in the school
setting, only a few [9,27,35-38] were implemented in PEC. With this
study, the authors aim to provide novel HIIT protocols for schools with
less volume (only twice a week) and higher density (less rest in each
interval), to implement PA interventions, which retain the
health-enhancing effects and satisfy the adolescents’ desire for enjoy-
ment and variety. The efficiency seems evident that HIIT protocols
implemented in schools reflects in the improvement of physical fitness
and reduction of sedentary behaviors, compared to other types of less
intense and higher volume activities. This efficiency, resulting from the
reduced time required (on average, about 10 min), reflects the wide
applicability that these protocols could have in PEC and the great
adaptation to the facilities (including classrooms). The introduction of
HIIT in the school context has a high potential for improving physical
fitness [7,8,29,38,39,59,60,63-66] and PA [37,66,67], and a moderate
effect on improving body composition in adolescents [7,38,59,63,65,
68]. Moreover, exercise protocols that result in physiological improve-
ments and adaptations in terms of health in a short time are of interest to
physical education teachers, as well as to rehabilitation, health, and
exercise professionals.
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