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Introduction: Physical activity (PA) is widely known for its outstanding benefits
across several health domains including physical, psychological, social, and
cognitive in children and adolescents. However, global trends indicate how low
levels of PA and physical fitness among adolescents are increasing, with over
80% failing to meet the World Health Organization (WHO) guidelines of 60 min
of moderate-to-vigorous physical activity (MVPA) daily.

Methods: This study aimed to evaluate the effects of an 8-week high-intensity
interval training (HIIT) intervention based on strength and endurance trainings
protocols during physical education (PE) classes on body composition, physical
fitness, and cognitive functions in adolescents aged 13-17 years. A quasi-
experimental pre-post design was employed with experimental group (EG) and
control group (CQ).

Results: Results indicated significantimprovements in the EGin cardiorespiratory
fitness (VO,max), strength (hand grip, horizontal jump), and speed-agility
(4 x 10 m test). Cognitive outcomes assessed via the D2 attention test revealed
notable enhancements in concentration, a reduction in errors, and improved
processing speed in the EG relative to the CG (p > 0.05).

Discussion: Future studies should explore the long-term impacts of HIIT on
cognitive growth and academic achievement, as well as determine the ideal
duration and frequency of sessions to optimize benefits in various educational
contexts. The results obtained reinforce the use of HIIT in school environments
and are further research on its application.
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1 Introduction

Physical activity (PA) is recognized for its extensive benefits across
various domains of health, including physical, psychological, social,
academic, and cognitive in children and adolescents (Chaput et al.,
2020; WHO, 2020). In particular, moderate-to-vigorous physical
activity (MVPA) has been positively correlated with several health
indicators, such as improved cardiovascular health, favorable body
composition, and better metabolic function (Poitras et al., 2016).
However, despite the well-documented advantages of PA, a concerning
trend has emerged: fitness levels among adolescents are alarmingly
low and have significantly declined over recent decades, constituting
a major global health concern. The current epidemiological data show
a concerning global trend: over 80% of adolescents have inadequate
levels of physical activity and fall short of the minimum
recommendations set by the WHO (2020). This widespread pattern of
physical inactivity raises significant concerns for public health because
it is linked to an increased risk of cardiovascular disease, obesity, and
adverse mental health outcomes (Guthold et al., 2020). These findings
highlight the urgent need for evidence-based interventions to address
this serious public health issue.

Recent studies have begun to explore the specific effects of
strength training on various components of executive function.
Empirical evidence suggests that there is a very significant correlation
between cognitive processes and strength performance in the
population and specifically in the adolescent population (Olvera-Rojas
etal., 2023). We can, therefore, establish a robustly founded framework
for understanding the mechanisms underlying learning and cognitive
processes in general. According to the scientific literature, cognitive
function constitutes a broad neuropsychological construct that
encompasses multiple interrelated neurophysiological processes that
allow the encoding, processing, storage and manipulation of
information, whether sensory or kinesthetic (Cooper et al., 2016).
From a neuropsychological perspective, cognitive architecture is
structured into six fundamental domains: mnemonic processes,
attentional mechanisms, executive functioning, perceptual processing,
psychomotor skills and psycholinguistic skills, each of which presents
specific subcomponents (visual, verbal, spatial and auditory
modalities). A high-intensity interval training (HIIT) program is an
alternative training methodology characterized by the application of
short-duration exercise repetitions performed at near-maximal effort
(around 90-95% of HRmax). This training approach consists of 45 s
to 2-4 min bursts of high-intensity activity, such as cycling or
sprinting, interspersed with designated recovery times. HIIT
procedures produce equal or better improvements in subsequent
cardiorespiratory fitness measures compared to traditional training
methods, according to recent literature (Mattioni Maturana et al.,
2021). One of the characteristics of HIIT is the low volume of time it
requires to produce physiological responses comparable to those
observed after conventionally prolonged aerobic training sessions
(Buchheit and Laursen, 2013). For instance, Costigan et al. (2016)
observed significant improvements in cognitive flexibility among
adolescents participating in a high-intensity interval training (HIIT)
program that incorporated body-strength exercises. Similarly, Tottori
etal. (2019) reported notable enhancements in working memory after
four weeks of strength training and HIIT in children aged 8-12 years.
Early evidence suggests that incorporating strength exercises within a
HIIT regimen may produce unique cognitive benefits compared to
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traditional aerobic interventions. In line with this a previous study
(Gonzalez-Galvez et al., 2024) found that a HIIT cardiovascular
protocol integrated into physical education (PE) classes improved
both body composition and cardiorespiratory fitness in overweight
and obese adolescents, outperforming a different PE intervention that
showed only limited improvements in lipid composition.

Within the context of PE classes, optimizing the benefits of PA in
the shortest possible timeframe is crucial. To achieve this, it is essential
to implement effective and efficient strategies to promote PA (Ruiz-
Ariza etal., 2017b). However, there remains ongoing debate regarding
the most effective type of activity, methodology, intensity, and
duration for inducing the most significant and sustained
improvements in physical fitness (Costigan et al., 2016; Ruiz-Ariza
etal, 2017b). HIIT has emerged as a promising approach, offering a
time-efficient way to maximize the benefits of PA while simultaneously
enhancing various components of physical fitness (Batacan et al.,
2017; Eddolls et al., 2018). Typically consisting of short bursts of
vigorous activity lasting between 45s and 2 min, performed at
intensities greater than 85% of maximum heart rate (HRmax), HIIT
is interspersed with brief rest periods (Costigan et al., 2016). This
approach not only improves physical fitness but also appears to
positively impact cognitive functions. According to the scientific
literature, one of the key mechanisms responsible for the beneficial
effects of high-intensity exercise on cognitive function is the brain-
(BDNF) and
concentrations induced by high-intensity exercise (90-95% HRmax)

derived neurotrophic factor catecholamine
(Winter et al., 2007). What is more, the adolescents who practice
regular exercise concentrate higher amounts of neurotrophic factors,
such as BDNE Moreover, these adolescents have superior cognitive
function compared to obese adolescents (Leahy et al., 2020). This
suggests that neurotrophic factors, such as BDNE, play a fundamental
role in the cognitive function of young people. Research indicates that
both acute and chronic exercise can lead to improvements in executive
functions, with meta-analytic studies demonstrating substantial
cognitive benefits associated with regular physical activity (Alvarez-
Bueno et al., 2017). HIIT interventions, in particular, have shown
varying outcomes across different populations and health conditions
and using the cardiovascular or the strength training approaches. For
example, it was reported a 19.4% increase in VO,max following a HIIT
program in individuals with cardiometabolic diseases, compared to a
10.3% improvement with moderate-intensity continuous training
(Weston et al., 2016) A growing body of literature (Costigan et al,
2016; Faria et al., 2020; Kao et al., 2017; Martinez-Lépez et al., 2018;
Stankovic et al., 2023) provides evidence that HIIT protocols yield
cognitive benefits in adolescents. A recent meta-analysis compared
systematically various PE interventions and concluded that HIIT
protocol was the most effective for reducing body mass index (BMI)
and improving VO,max and 20-meter sprint performance, while
strength training demonstrated superior outcomes for enhancing
standing long jump performance (Wu et al., 2023). Based on the
current literature, we hypothesize that a combined strength and
endurance training program within a school-based HIIT framework
in PE classes will lead to improvements in physical fitness (PF)
variables, including cardiorespiratory fitness (CRF), handgrip
strength, and long jump performance. Additionally, we anticipate
improvements in cognitive functions, particularly attention and
concentration. Thus, the main aim of this study was to analyze the
effects of 8-weeks of strength and endurance training in school-based
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HIIT intervention on physical fitness and cognitive functions
in adolescents.

2 Materials and methods

2.1 Study design

A quasi-experimental pre-post intervention design was used with
two groups: a CG and an EG focused on HIIT protocols. The students
in the intervention group were assigned according to the class to
which they belonged. Both groups belonged to the same educational
center and the assignments to the EG were made equivalently. The CG
received regular physical education classes taught by a different
teacher at the same center, who was blinded to the details of
the intervention.

This study was conducted between October and November 2023,
during the school year and within the schedule of PE classes, which
lasted 2 h per week. The students were already familiar with the
teaching methodologies of the teachers and vice versa. In addition,
they were familiar with the training protocols and the subjective
perception of exertion scale (Borg Scale or RPE). The RPE scale is a
simple and reliable tool that allows individuals to quantify the intensity
of physical effort during exercise, estimating their own level of effort
on a scale from 0 to 10, depending on how hard they feel they are
working. To examine the effects of two 8-week physical exercise
interventions, aimed at improving physical fitness and executive
functions, compared to conventional PE classes, students in the CG
and EG were asked to maintain their usual training routines and
practices, as appropriate. Importantly, students in the CG did not
perform any specific activities related to improving physical fitness
during PE classes.

2.2 Participants

The present investigation comprised a total sample of 84
secondary education students who participated voluntarily in the
(n=42 in the [CG],
age = 15.19 + 0.74 years; n =42 in the Experimental Group [EG],

study Control  Group mean
mean age = 15.03 + 0.18 years). the following exclusion criteria were
implemented to ensure methodological rigor and participant safety:
(i) presence of pre-existing medical conditions or physical
impairments that could potentially confound experimental outcomes
(including, but not limited to, cardiovascular diseases, severe
respiratory conditions, or musculoskeletal disorders), (ii) acute or
chronic injuries that would preclude full participation in the
intervention protocol, (iii) absence of written informed consent from
legal guardians or subsequent withdrawal of consent during the study
period, (iv) non-attendance exceeding 20% of Physical Education
sessions throughout the intervention period, (v) presence of medical
conditions requiring pharmacological treatment that could potentially
influence physical performance or physiological responses, and (vi)
previous participation in analogous intervention studies within a
six-month period prior to the commencement of this investigation.
Before the beginning of the study, all participants completed the
feasible and validated YAP questionnaire on healthy lifestyle habits,
including PA levels, sedentary behaviors and screen time (Segura-Diaz
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etal, 2021). The adolescents were informed of both the protocol and
the objectives of the study. In addition, we provided informed consent
to their families since they are minors. Participants were informed that
participation was voluntary and that they could withdraw from the
study at any time, with the guarantee that the student’s data would not
be used in the event of withdrawal. The study followed the ethical
standards established in the 1964 Declaration of Helsinki for research
involving human subjects and obtained approval from the Research
Ethics Committee of the University of Granada (case number 2496/
CEIH/2021).

2.3 Procedure

2.3.1 Pre-intervention

Before starting the study, the school’s management team was
informed about the possibility, need, and objective of the research and
intervention. To do so, informed consent was obtained from the
students’ families and legal guardians, indicating that the intervention
would take place during PE classes and within regular school hours
without any additional risks associated with regular PE classes. As a
next step, we proceeded to design the intervention protocols for
EG. Furthermore, to ensure uniformity, all PE teachers received
specific training (5 h) with information, content, explanation of risks,
and feedback strategies to ensure student adherence to the program.

In sessions prior to the intervention with each group, the D2 test
(Brickenkamp, 2002) was presented and explained in detail, resolving
the participants’ doubts. Subsequently, anthropometric assessments
and a warm-up were performed to facilitate the administration of the
ALPHA-Fitness battery (Ruiz et al., 2011) in the following order: long
jump without running and speed-agility 4 x 10 meters. In addition,
participants were given the necessary recovery time due to the
neuromuscular demands in each of the tests used in this session. The
sequence of test administration was the same for all participants
throughout the study, thus ensuring the standardization of recovery
measures. In the second session prior to the intervention, participants
performed the Course Navette test after completing the individualized
warm-up activities. Measurements were performed during regular
school hours. Each task or test was supervised by a researcher, who
was also a PE instructor and was properly trained in data collection
techniques, especially with regard to the assessment of physical fitness.
Before the intervention itself, a series of familiarization sessions with
POLAR heart rate monitors and POLAR H10 bands were applied so
that each student could see their aerobic and anaerobic threshold
individually. Furthermore, during the pretest phase, a series of
instructions were given prior to the intervention, as well as during the
Course Navette test, to show the students their HR max. In addition,
the use of the heart rate monitor during the intervention allowed each
subject to moderate their intensity in case they reached frequencies
close to the maximum for too long. For more information, please see
the Figure 1.

2.3.2 Intervention

The CG students underwent 8 weeks of standard PE classes,
whereas the EG engaged in 8 weeks of HIIT focused to endurance and
strength interventions within the PE class schedule during school
hours. The HIIT protocols focusing on strength and endurance were
not conducted in the same session. Instead, they were developed in
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Graphical description of an Endurance HIIT session (4 Sets including 30 working — 30 rest)
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Graphical description of a Strength HIIT session (4 Sets including 30 working — 30 rest)
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FIGURE 1

monitor.

Schematic representation of endurance HIIT and strength HIIT. The sessions consisted of 7-8 exercises with 30 s of high-intensity followed by 30 s
resting. The sequences were repeated 4 times each exercise for a total of 35-40 min training session followed by cool-down and retirement of HR

separate classes, following a standardized routine of two days per week:
one HIIT session focused on strength and one on endurance. In total,
participants completed 8 strength-based HIIT sessions and 8
endurance-based HIIT sessions. Familiarization with functional
training, endurance and strength training through recreational
activities and games occurred during initial physical education classes
in the first month of the academic year. The training program was
designed specifically for physical education teachers and tailored to
adolescents. A pilot test confirmed its feasibility and positive student
response. The program included engaging exercises, such as martial
arts-inspired punch and kicks for cardiovascular improvement and
unconventional strength exercises like lifting kettlebells, TRX strap
training, Tic-tac-toe game during a plank exercise and heavy wheels
to motivate students. Sessions were structured to ensure logical
progression in intensity, variety and participant grouping. The
participant’s heart rate (HR) was monitored throughout the different
sessions to ensure that the appropriate intensity was maintained. Both
the CG and the EG were provided with a POLAR Ignite 2 HR monitor
and a HR monitor chest strap Polar H10. During the sessions, the HR
monitors were given to the students and it was ensured that the
students connected the HR monitor correctly and logged in.
Afterwards, the general and specific warm-up for each session began.
To avoid alterations in the results, the HR monitor data corresponding
to the warm-up have been excluded, which corresponds to the first
10 min of each session, both CG and EG. Each PE session in GC and
CG lasts 55 min, although it used 40 min of time, since the previous
explanations, distribution and logging of the HR monitors, warm-up
and cool-down take a certain amount of time, as well as a POLAR
IGNITE 2 watch to monitor their HR at all times in order to try to
perform physical activity at the highest intensity possible. HR zones
were determined using the standard formula HRmax = 220 - age
HRmax = 220 — age. Although this method is common in physical
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intervention studies, we recognize that the use of individualized values
(e.g., maximal exercise tests) would have allowed for greater precision
in training intensity. For the CG, PE classes predominantly featured
cooperation-opposition games and sports emphasizing factors of
lesser significance in terms of strength and endurance. It should
be noted that in PE sessions time is dedicated to prior explanations,
organization of materials and cool-down and stretch phase. It must
add that the H10 polar bands of each of the students should be put and
removed before and after each PE session. Even so, a maximum of
35-40 min of engagement motor time (EMT) have been reached in
some sessions, working with HIIT methodology in all session to
maximize EMT. For more information, please, see the Figure 1. During
the phase cooling down or stretch part, the pulsometers were removed
and a common set was made, also asking about the subjective
perception of each student’s effort (RPE), registering this data in a table
of each student. Furthermore, music was used in the interventions to
increase the motivation and movement of the adolescents, encouraging
higher levels of commitment in each PE class and ergogenic values that
positively influence physical performance during the task (Aburto-
Corona and Aragoén-Vargas, 2017; Alamo-Martinez et al., 2024), even
better post-exercise recovery (Karageorghis et al., 2018).

2.3.3 Post-intervention
After the eight-week intervention period, both the CG and the EG

underwent evaluation within the same week, albeit on separate days,
consistent with the two post-interventions, within the same conditions.

2.4 Measures

All the following measurements were evaluated pre- and
post-intervention.
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2.4.1 Anthropometry

For anthropometric measurements, height and weight were
measured for each student as part of the anthropometric
measurements. To ensure consistent results, the principal investigator
used a scale accurate to 0.1 kg to record the weight of each student.
Height was measured with a stadiometer (Model SECA 225, Hamburg,
Germany) that offered an accuracy of 0.1 cm. Participants were asked
to remove their shoes and any accessories that might affect the
accuracy of the measurement. For the measurement, they were asked
to stand upright, with their arms extended at their sides, looking
straight ahead and not moving. Two height and weight measurements
were taken for each student, and the average of both measurements
was used. All anthropometric measurements, including waist
circumference, were taken by the same experienced investigator to
ensure consistency in the data. Although no formal indicators of
reliability were assessed, the investigator’s vast experience in taking
these measurements minimized the possibility of variations.

2.4.2 Physical fitness

The ALPHA-Fitness battery of tests was used to assess the fitness
level of the students. In addition, the protocols established for this
battery were followed, as well as the guidelines of the American
College of Sports Medicine (ACSM) to ensure the safety of the
participants. Before the assessment using the battery, all students were
informed about the protocols necessary for accurate data collection.
Fitness measurements included hand grip strength, which assesses
upper extremity strength of the body, and the long jump without
running, which assesses lower extremity strength and explosive power.
In addition, cardiorespiratory capacity and speed-agility were assessed.

2.4.2.1 Standing long jump

This test assessed the explosive strength of the lower extremities.
Each participant had to perform 2 horizontal jumps to reach the
maximum possible distance (in centimeters). Each participant
performed the long jump without running twice, with a 20-s recovery
interval between attempts to mitigate the effects of fatigue. The best
jump was recorded as the final result.

2.4.2.2 Speed-agility test 4 x 10 m

This test assessed coordination, agility and speed. Participants
were required to complete four repetitions of a 10 m distance, running
at top speed. Each participant had two attempts and the best
performance was recorded in seconds using a Casio hand-held
stopwatch (HS-3 V-1).

2.4.2.3 Course Navette

CRF was assessed using the shuttle run test (Navette Course).
Students were required to run between two lines 20 m apart while
synchronizing their pace to audio signals broadcast by a loudspeaker
following the test protocol. The initial speed was set at 8.5 km/h and
increased by 0.5 km/h every minute. The last completed half-day was
recorded as an indicator of CRE In addition, VO2 max was estimated
using the equation VO2 max = 5.857 x speed (km/h) - 19.45.

2.4.3 Cognitive functions D2 test

The D2 test (Brickenkamp, 2002) evaluates participants’ capacity to
respond to specific visual stimuli. The instrument consists of 14
sequential rows, each containing 47 elements comprising the letters ‘d’
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and ‘p. Participants were allocated a 20-s interval per row to identify and
mark instances of the letter ‘d’ that featured two dashes positioned either
above or below the character, while disregarding other configurations.
Participants were instructed to maintain optimal speed within the
designated timeframe, responding to verbal signals indicating row
transitions. Performance accuracy was critically important, as both
commission and omission errors resulted in score penalties. The D2 test
yielded three fundamental metrics: concentration performance, error
rate, and processing velocity. The evaluation protocol encompassed
multiple parameters: total elements processed (TR), accurate responses
(TA), omission errors (O), and commission errors (C). Further analytical
components included task efficiency indices (TOT), concentration
measures (CON), and comparative analyses between maximum and
minimum stimulus processing rates (TR+ and TR— respectively). The
protocol also incorporated a variation index (VAR) to assess
performance fluctuations between processed stimuli. The instrument
demonstrated robust psychometric properties, with test-retest reliability
coefficients reaching 0.90 in the original validation study. The
concentration metric was computed by subtracting both omission and
commission errors from the total processed elements, thus providing a
comprehensive measure that integrated both speed and accuracy
components. The error parameter quantified incorrectly processed
items, while processing speed was determined by the aggregate number
of detected elements.

2.5 Statistical analysis

Data were analyzed using Statistica software (version 13.1;
Statsoft, Inc., Tulsa, OK, USA) and the significance level was set at
P <0.05. Normal distribution and homogeneity tests (Kolmogorov—
Smirnov and Levene’s, respectively) were conducted on all metrics.
Paired sample t-test was used for determining differences as a repeated
measures analysis (pre-post). Effect size is indicated by Cohen d for
t-test and partial eta squared for Fs. To discover between-group
differences, an ANCOVA test was performed using the pretest as a
covariate and the times pre and post as factors. In this regard, to
interpret the magnitude of the effect size, we adopted the following
criteria: d = 0.20, small; d = 0.50, medium; and d = 0.80, large. To
interpret the magnitude of the effect size of ANCOVA we adopted the
following criteria: 7p®=0.02, small; #7p’=0.06, medium; and
np’ = 0.14, large.

3 Results

Descriptive statistics were calculated for each anthropometrical
measures were evaluated (weight, waist circumference and body mass
index), physical fitness (horizontal jump, handgrip, 4x10 m, and V0,
max), and attentional variables (TR, TA, O, C, TOT, CON, TR+, and
TR-) in each moment of intervention (see Table 1).

3.1 Heart rate

A t-test with the data from the HR showed higher values in the
EG (169.53 + 2.93) than in the CG (144.54 + 30.08), #(32) = 15,75,
p <0.001, d = 4.06.
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TABLE 1 Anthropometrical, performance, and D2 variables before (pretest) and after (posttest) the intervention period (mean + SD).

Control group (n = 42)

Experimental group Differences between groups

(n=42)
Pretest Posttest RM t-test (p) Pretest Posttest RM t-test (p) Groups
(ANCOVA)
Anthropometric measures
) 59.10 + 13.47 60.05 + 13.21 p=0.01%d=—0.07 54.27 + 13.60 55.80+13.35 | p=0.001%%d=—0.07
Weight (kg) p=0.001,73=0.98
69.90 +9.70 71.46 +9.72 p=0.06,d=-0.03 66.43 + 11.27 71.74+1121 | p=0.001%%d=—0.10
WC (cm) p=0.001, 77;27=0-70
22.72 + 4.49 2330 +5.01 p=031,d=-0.04 21.31+3.93 22.76+8.22 p=023,d=-0.10
0
BMI (%) p=0.00L,73=024
Physical fitness
131.70 + 41.42 138.64 + 33.81 p=009,d=-0.15 145.14 + 24.58 151.94 £27.45 | p=0.001%*d = —0.07
HJ (cm) _ 2_
p=0.001,75=0.64
H (kg) 23.01+6.24 23.16 +5.79 p=0.66,d=—0.02 23.11 +6.02 23.86 + 6.35 p=0.03%d=-0.06 5
g p=0.001,775=0.88
14.36 + 2.46 1475+ 2.11 p=031,d=-0.03 14.13 + 1.69 1295121  p=0.001%%d=—0.11
4x10 (sec) p=0.001, 7];2)=0.23
= - = w3 f =
ON(V0z,,) =~ 3716440 37.24+5.38 p=0.70,d = 0.00 39.14 +5.01 41.12+577 | p=0.001%*d = —0.06 5
p=0.001,775=0.63
D2 Test
348.57 + 82.37 411.24 + 66.96 p=0.12,d=—0.12 373.81 7891 430.50 +78.48  p=0.001%% d = —0.27
TR 2
p=074,75=0.00
136.661 + 41.79 152.40 + 44.45 p=001%d=—034 132.60 + 33.33 159.24 £30.81 | p=0.001%% d = —0.42
TA 2
p=0.001,775=0.43
o 28.55 + 34.77 30.86 + 36.03 p=074,d=-1.09 26.43 +29.69 123341225 | p=0.001%%d=9.97
2
p=0.03,75=0.06
10.64 +21.85 12.00 + 25.80 p=0.69,d=0.00 7.14+11.33 0.88 +2.27 P =0.001%%,d = 0.00
C 2
p=0.001,75=0.28
34538 +78.01 387.64+7757  p=0.001%%d=-021 | 339.05+76.10 398.02+68.58  p=0.001%%d=—035
TOT 2
p=0.001,775=0.48
125.98 + 38.20 140.40 + 46.93 p=001%d=—0.40 124.26 +37.25 15836 +31.82 | p=0.001% d=—0.68
CON 2
p=0.001,75=0.50
35.98 +7.00 40.57 +6.26 p=001%d=—0.18 36.12+7.48 37.74+556 | p=0.001%*d=—0.11
TR+ 2
p=0.001,775=0.18
TR 18.12 + 6.34 18.88 + 8.41 p=054,d=-0.15 17.55 + 6.52 2090638 | p=0.001%*d=—0.79 5
p=0.001,775=0.28
17.62 + 6.43 18.98 +7.31 p=0.19,d=-0.16 18.98 +7.31 16.83 +6.71 p=0.029,d=023
VAR 2
p=0.001,75=0.15

WC, Waist circumference; BMI, Body Mass Index; HJ, Horizontal Jump; H, Handgrip; 40 x10, 4 x 10 meters; CN, Course Navette; TR, Processed elements; TA, number of correct responses;
O, Omissions; C, Commissions or errors; TOT, Task efficiency; CON, concentration; TR+, stimuli analyzed in the row with the most attempted elements; TR-, fewest attempted elements, and
VAR, variation index between the last analyzed stimulus and the differences between them. *Denotes significance at p < 0.05 and ** denotes significance at p < 0.01.

3.2 Anthropometric measures

Repeated measures ANCOVA revealed significant influence of
baseline level on Weight, Waist Circumference (WC) and Body Mass
Index (BMI) (p=0.001; np>=0.98, np*>=0.70, and np>=0.24,
respectively). The within-group analysis revealed that EG and GC both
groups increased, for Weight, EG significantly increased (2.82%;
p =0.001; d =—0.07), while CG also significantly increased (1.61%;
p =0.01; d = —0.07). Regarding WC, EG significantly increased (7.99%;
p =0.001; d = —0.10), while CG showed a non-significant increase
(2.23%; p = 0.06; d = —0.03). For BMI, EG showed a non-significant
increase (6.80%; p = 0.23; d = —0.10), similar to CG (2.55%; p = 0.31;
d = —0.04). For more information, please see Figure 2.
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3.3 Physical fitness measures

Repeated measures ANCOVA revealed significant influence of
baseline levels on all physical fitness variables (p = 0.001; Horizontal
Jump: np* = 0.64, Handgrip: np® = 0.88, 4 x 10m: np” = 0.23, VO, max:
np” = 0.63). For Horizontal Jump, EG significantly increased (4.68%;
p =0.001; d =—0.07), while CG showed a non-significant increase
(5.27%; p = 0.09; d = —0.15). In Handgrip strength, EG significantly
improved (3.24%; p=0.03; d=-0.06), while CG showed no
significant changes (0.65%; p = 0.66; d = —0.02). For 4x10m test, EG
significantly improved by decreasing time (—8.35%; p =0.001;
d = —0.11), while CG showed no significant changes (2.71%; p = 0.31;
d = —0.03). Regarding VO,max, EG showed significant improvements
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(5.06%; p =0.001; d=—0.06), while CG remained stable (0.22%;
p =0.70; d = 0.00). For more information, please see

3.4 Measures of cognition

Repeated measures ANCOVA analysis showed varying effects on
attention variables. For Total Responses (TR), no significant between-
group differences were found (p = 0.74; np*> = 0.00), although EG
showed significant improvement (15.16%; p =0.001; d=—0.27)
compared to CG’s non-significant change (17.98%; p=0.12;
d=-0.12). Total Hits (TA) showed significant between-group
differences (p = 0.001; np? = 0.43), with both EG and CG showing
significant improvements (20.09%; p = 0.001; d = —0.42 and 11.52%;
p=0.01; d = —0.34, respectively). Regarding errors, Omissions (O)
showed significant between-group differences (p = 0.03; np* = 0.06),
with EG showing significant reduction (—53.35%; p = 0.001; d = 9.97),
while CG showed non-significant increase (8.09%; p =0.74;
d =—1.09). Commissions (C) also showed significant between-group
differences (p =0.001; np*>=0.28), with EG showing significant
reduction (—87.67%; p=0.001; d=0.00), while CG showed
non-significant increase (12.78%; p=0.69; d=0.007). Total
Performance (TOT) showed significant between-group differences
(p=0.001; np*=0.48), with both groups showing significant
improvements (EG: 17.39%; p =0.001; d=-0.35 CG: 12.24%;
p=0.001; d = —0.21). Concentration (CON) also showed significant
between-group differences (p = 0.001; np* = 0.50), with both groups
improving significantly (EG: 27.44%; p = 0.001; d=—-0.68; CG:
11.45%; p=0.01; d=—0.40). Finally, TR+ showed significant
between-group differences (p = 0.001; np* = 0.18), with both groups
improving significantly (EG: 4.49%; p = 0.001; d = —0.11; CG: 12.76%;

10.3389/fpsyg.2025.1568129

p=0.01; d=-0.18). TR- showed significant between-group
differences (p =0.001; np*=0.28), with EG showing significant
increase (19.09%; p =0.001; d=—0.79), while CG showed no
significant changes (4.19%; p = 0.54; d = —0.15). Variation (VAR)
showed significant between-group differences (p = 0.001; np* = 0.15),
with EG showing significant decrease (—11.33%; p = 0.029; d = 0.23),
while CG showed non-significant increase (7.72%; p=0.19;
d = —0.16). For more information, please see

The present study aimed to evaluate the effects of a strength and
endurance training in school-based HIIT intervention, designed to
improve physical fitness and cognitive functions in adolescents. The
outcomes provide critical information on how a school-based high-
intensity exercise intervention can influence these key health
parameters. Furthermore, as indicated in the scientific literature,
proximately 46% of female and 33% of male adolescents are classified
as having inadequate fitness levels, respectively, (

). Moreover, more than 80% of adolescents aged 11 to 17 fail to
meet the World Health Organization’s (WHO) recommended
guidelines for PA, which advocate for at least 60 min of MVPA daily
( )-

Results on HR responses revealed differences between EG and
CG. As expected, students participating in EG consistently achieved
higher HR values (mean = 169.53 + 2.93) compared to their peers
participating in CG (mean = 144.54 + 30.08), yielding a substantial
mean difference of 24.99 points between groups. These findings align
), it observed that young
participants routinely reached 79% of their maximum HR, with

with the literature (
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occasional peaks reaching 92% during similar HIIT interventions. The
remarkable consistency of these elevated HR responses across studies
strengthens the understanding of how adolescents respond to high-
intensity protocols, demonstrated by both a large effect size (n* = 0.82)
and impressive reliability coefficients (o* = 0.81). Furthermore, the
marked difference in response variability between groups is striking.
The EG exhibited remarkably consistent HR responses, with narrow
confidence intervals (167.32-171.73), while the CG showed
considerably larger variation (142.25-146.83). This pattern of
consistency in HIIT responses is reliable with those obtained by

who noted that well-structured HIIT protocols tend to
generate more predictable cardiovascular responses compared to
traditional physical activities. These findings build on the
comprehensive work of whose systematic review
highlighted similar patterns of cardiovascular responses in school-
based HIIT interventions in this population.

The present study provides valuable insights into the effects of an
8-week HIIT intervention on anthropometric measures of adolescent
students, although it is critical to note that improvements in
anthropometric measures were not the primary focus of this
investigation. The findings reveal interesting patterns that open new
perspectives in the field of school-based interventions. The repeated-
measures ANCOVA demonstrated a significant influence of baseline
values on weight, waist circumference (WC), and body mass index
(BMI) (p = 0.001), with notable effect sizes (np* = 0.98, np* = 0.70, and
np” = 0.24, respectively), providing valuable insights into the role of
baseline characteristics in adolescents’ adaptations to exercise.
Anthropometric measurements revealed positive increases in both
groups that warrant careful consideration within the broader context
of adolescent development and uncontrolled variables. The EG

Frontiers in

showed increases in weight (2.82%; p = 0.001; d = —0.07), WC (7.99%;
p=0.001; d = —0.10) and BMI (6.80%; p = 0.23; d = —0.10), while the
CG also showed increases in weight (1.61%; p = 0.01; d = —0.07), WC
(2.23%; p = 0.06; d = —0.03) and BMI (2.55%; p = 0.31; d = —0.04).

The research brings to light interesting directions that complement
the existing literature. While observed reductions in
body composition after 6 months of intervention, our 8-week program
reveals increases in BMI and WC. The patterns observed in this study
are in line with the research of who reported
negative changes, i.e., increases after 12 weeks of HIIT intervention
and underline the complexity of interpreting anthropometric changes
in adolescents. These observations highlight the importance of
implementing more comprehensive monitoring systems in school-
based interventions that can account for the multiple factors
influencing adolescent physical development. These increases could
be attributed to several factors inherent to the school intervention
context: natural development of muscle mass, normal adolescent
growth patterns, which would reveal a positive effect of the increase
in BMI and WC, and several uncontrolled external factors such as
eating habits, sleeping patterns and extracurricular activities, which
would translate into a negative evolution in these variables. The
limitation of assessing anthropometric changes without addressing
critical variables underscores the necessity for more comprehensive
evaluation methods. Recent findings published by
indicate that BMI did not significantly change. Additionally,

highlight that BMI can act as a confounding

variable when measuring anthropometric outcomes following
strength training interventions.

Several investigations corroborate the findings on the efficacy of
physical activity interventions to improve physical fitness.
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Cardiorespiratory fitness (CRF) is widely recognized as a key indicator
of health among adolescents (Tomkinson et al., 2017). Specifically, it
was demonstrated significant improvements in inhibitory control
among children and adolescents following aerobic exercise
interventions (Hillman et al., 2009). Furthermore, acute bouts of PA
have been linked to improvements in attentional performance in
children (Hillman et al., 2011) highlighting the role of PA in enhancing
cognitive abilities, particularly in younger populations. These results
showed that baseline levels significantly influenced all physical fitness
variables (p = 0.001), with particularly strong effects on handgrip
strength (np* = 0.88) and horizontal jump (np* = 0.64). For horizontal
jump performance, the EG showed significant improvements (4.68%;
p=0.001; d =—0.07), while the CG’s increase was not significant
(5.27%; p = 0.09; d = —0.15). This is in line with previous scientific
literature that observed expected strength gains of 30-40% in
untrained youth after participation in an introductory resistance
training program in 8 to 20 weeks (Faigenbaum et al., 2009). Is
highlight in the scientific literature, i.e., subjects with a better level of
physical fitness are those who experience greater gains because they
have greater room for improvement (Guijarro-Romero et al., 2019).

Strength has been shown to yield beneficial adaptations not only
in the cardiovascular system but also in cognitive function
(Altermann and Gropel, 2023). Regarding handgrip strength, the EG
significantly improved (3.24%; p = 0.03; d = —0.06), while the CG
showed no significant changes (0.65%; p = 0.66; d = —0.02). These
findings align with Garcia-Hermoso et al. (2018) who reported
significant improvements in muscle strength after a structured
physical activity program.

In the 4x10m test, measuring agility, the EG significantly
improved by decreasing time (—8.35%; p = 0.001; d = —0.11), while
the CG showed no significant changes (2.71%; p = 0.31; d = —0.03).
Therefore, in line with the literature reviewed in this study, results
similar to those reported by Miti¢ et al. (2024) were obtained. In their
study, a 12-week school-based HIIT intervention led to significant
improvements in agility, as assessed by the 4x10m test, as well as an
increase in upper body power in the EG compared to the CG, also
measured using the 4x10m test agility test. Moreover, in recent years,
HIIT interventions in school-based training have shown significant
effects on the PF of adolescents (Duncombe et al., 2023). The ALPHA-
Fitness battery (Ruiz et al., 2011) validates the importance of this
measure for assessing PF in youth.

For cardiorespiratory fitness (VO,max), the EG showed significant
improvements (5.06%; p = 0.001; d = —0.06), while the CG remained
stable (0.22%; p = 0.70; d = 0.00). These results are consistent with
previous research, as highlighted in a review by Delgado-Floody et al.
(2019), which included multiple studies demonstrating significant
improvements in cardiorespiratory fitness through various measures
including VO,max and the Yo-Yo test (Hay et al., 2016; Lambrick
et al., 2016; Lau et al., 2015; McNarry et al., 2015; Racil et al., 2016).
Similarly, Vieira et al. (2019) found that a 12-week resistance training
program significantly improved VO,max and aerobic capacity in
adolescents. Furthermore Tottori et al. (2019) reported improvements
in Course Navette (p = 0.042), this study showed a significant increase
in VO,max (5.06%; p = 0.001; d = —0.06). It is noteworthy that both
studies implemented HIIT protocols of similar duration (8-10 min)
and comparable frequency (3 sessions/week), reinforcing the efficacy
of this training modality in improving both cognitive and physical
aspects in children. Furthermore, the convenience of schools, teaching
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schedules, and established curriculum made it difficult to incorporate
a longer duration of the intervention. Therefore, further research is
needed to understand the effects on body composition and physical
fitness related to this type of exercise intervention in the school
context. Regarding cardiorespiratory capacity, the findings are in the
same line with the general trend obtained in the scientific literature.

Analysis of cognitive variables revealed significant effects in
reducing omissions and commissions in the sample subjects, as well
as improvements in reaction time and a decrease in slow reactions.
Specifically, EG demonstrated a greater reduction in omissions and
commissions, as well as a decrease in slow reactions. The analysis
revealed significant group main effects on cognitive variables. In
particular, we observed a significant main effect of time for TR+,
indicating temporal improvements in specific cognitive functions.
These findings align with the growing body of literature emphasizing
the cognitive advantages of PA (Altermann and Gropel, 2023).
Furthermore, a meta-analysis (Sibley and Etnier, 2003) demonstrated
the positive impact of physical activity on cognitive function,
particularly executive function, in children and adolescents, as
demonstrated by another recent study (Rodriguez-Garcia et al.,, 2022).
The outcomes are in line with the effects of physical exercise from
other interventions, specifically the effect of cooperative high-intensity
interval training (C-HIIT) (Martinez-Lopez et al, 2018). The
assessment of cognitive function used measures of attention,
specifically focusing on the D2 test (Brickenkamp, 2002) variables: TR,
TA, O, C, TOT, CON, TR+, and TR—.

When comparing the outcomes with those reported by Tottori
etal. (2019), that found significant improvements in working memory
(DSB test, p = 0.003) after a 4-week HIIT intervention (3 sessions/
week, 8-10 min/session, >85% HRmax), this study reveals broader
adaptations in attention parameters. Specifically, the EG showed
substantial improvements in concentration (27.44%; p =0.001;
np? =0.50) and notable reductions in both omission (—53.35%;
p=0.001) and commission errors (—87.67%; p = 0.001). The results
obtained comparing HR of both EG and CG show that the application
of a HIIT program in a PE school context has a positive impact on EG
cognitive variables in comparison with CG. It may be considered that
the volume and intensity of various forms of PA are positively
associated with a range of health benefits that extend beyond physical
well-being (Chaput et al., 2020). These benefits include enhanced
social interactions (Ruiz-Ariza et al., 2017a), improved academic
performance (Diamond and Lee, 2011) and better cognitive function
(Ruiz-Ariza et al,, 2017b). Regarding the HR, EG has an average of
169.53 HR in the sessions and the CG has an average of 144.54
HR. These results indicate a greater intensity of work in EG than in
CG whose results coincide with improvements in cognitive variables.
These results are in line with recent investigations that have
highlighted that high-intensity exercise can stimulate the cognitive
functions (Martinez-Lopez et al., 2018; Moreau et al., 2017). Even
more, methodologies such as HIIT have emerged, which produce
significant improvements in cardiorespiratory fitness and other areas
of physical fitness (Eddolls et al., 2018). Furthermore, a systematic
review (Wu et al., 2023) comparing various PE interventions and their
findings indicate that HIIT is the most effective intervention in
reducing BMI and improving VO,max and sprint performance, which
is in line with the findings.

The practical application of school-based HIIT can be carried out
in a fun and effective way through various activities adapted to the
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level of the students. According to the systematic review by Eddolls
etal. (2018), school HIIT programs are much more motivating when
they incorporate playful and game elements in these programs,
demonstrating significant improvements in the measurement of
cardiorespiratory fitness of students participating in these HIIT
programs. Researchers Liu et al. (2024) add that HIIT programs that
include games and modified sports activities such as small-sized
games or altered rules of the game itself to motivate or help students
to continue, are effective in improving students’ physical condition.
Furthermore, (Lubans et al., 2016) indicated that incorporating
intense but short exercises in time such as short sprints, relay games
and modified games in HIIT format are much more attractive for
students, while promoting health benefits. In addition, the use of HIIT
programs can be added to active breaks or even outings to the
environment to encourage the use of free time by students, since it has
been shown that higher PA in free time is directly related to less use
of electronic screen devices (Maher et al., 2019).

The practical implications of the present intervention extend
beyond its physical, anthropometric or cognitive outcomes, offering
substantial benefits for PE teachers and education professionals. The
justification of the study is firmly based on its potential to improve
curricular implementation and pedagogical practices in secondary
education settings. The findings of this research demonstrate that
school-based HIIT protocols can be successfully integrated into the
PE curriculum at a legislative level, specifically within the fitness
block, without requiring a series of substantial modifications to the
established academic planning. This integration represents a practical
and major advantage for PE teachers, as it provides scientific evidence-
based methodology in line with the current curriculum.

The replication of the intervention offers valuable information for
PE teachers in several key aspects. This is curricular integration: the
research demonstrates how HIIT protocols can be effectively
incorporated into regular PE sessions without altering the established
curricular structure or learning objectives and without needing to
extend weekly teaching hours during the intervention, i.e., without
disrupting the normal functioning of the school or the schedule of the
rest of the teaching staff. One aspect to highlight has been to prove to
be viable within standard school facilities, including contingency plans
for adverse weather conditions, which highlights its adaptability to
various educational contexts and resource constraints. Adaptable to
any school, student body and context. In addition, the HIIT
methodology offers PE teachers an efficient approach to develop
students’ physical conditioning within the limited time frame of regular
PE sessions. On the other hand, part of our findings indicates that the
implementation of the HIIT intervention does not require
administrative adjustments of any kind. From a practical perspective,
this research provides PE educators with: A structured, evidence-based
protocol for implementing HIIT in school, guidelines for managing
logistical challenges including shared facility use and weather-related
contingencies, and incorporating HIIT without compromising other
curricular components. This practical application directly addresses the
growing need for effective and time-efficient fitness strategies in
educational settings while maintaining alignment with educational
standards and institutional constraints, potentially serving as a model
for similar interventions in other educational contexts.

The present study has some limitations that provide an opportunity
for improvement and further research. First, the research was conducted
in a school context, therefore there are uncontrollable variables that may

Frontiers in Psychology

11

10.3389/fpsyg.2025.1568129

affect the results, such as variability in the implementation of the
program such as class schedule and differences in student participation
such as motivation, nutrition, sleep hours, etc. The length of the
intervention in time (8 weeks, 16 sessions) was conditioned by the
school calendar. Furthermore, we can consider the use of more cognitive
function measurement tools, even measuring the acute effect of the post-
exercise intervention to compare acute and chronic effects in a similar
intervention to check the duration of the physiological effect derived
from performing high-intensity PA. The implications of this study
extend beyond physical education, including areas such as psychology,
neuroscience and public health. It promotes interdisciplinary
cooperation to investigate the diverse benefits of physical activity,
fostering a comprehensive understanding of its influence on students’
overall well-being. In this regard, a strength of this research is its analysis
of both physical and cognitive abilities, providing a more comprehensive
view of the benefits of physical activity interventions. These findings may
motivate policies in the implementation of effective CF improvement
programs that address the minimum PA needs recommended by
international organizations (Chaput et al., 2020; WHO, 2020). The
implications and strengths of the study are that the findings indicate that
an exercise intervention with a HIIT protocol can produce varied results
in terms of physical and cognitive benefits.

5 Conclusion

In conclusion, the implementation of HIIT-based programs in
the school context represents an efficient and effective strategy to
address current challenges related to low levels of physical activity
and fitness in adolescents. Future research could focus on
extending the duration of interventions, exploring both the acute
and chronic effects of exercise, and considering contextual and
motivational factors to optimize outcomes and encourage
adherence to physical activity both inside and outside the school
environment. The results of this intervention indicate that a
number of significant improvements have occurred in key
parameters, with the EG displaying improved cardiorespiratory
fitness (VO2max improvement of 5.06%), notable cognitive
adaptations including improved concentration (27.44%) and
reduced attention errors (omissions-53.35% and
commissions-87.67%). The intervention results are further
complemented by the consistent achievement of target heart rates
(mean = 169.53 + 2.93 bpm) in the EG supporting its efficacy as a
time-efficient training methodology. Worthy of note is that this
research confirms that HIIT protocols can be successfully
integrated into the existing PE curriculum without requiring
substantial modifications to academic planning or additional
resources, making it a practical and sustainable approach for
educational settings. Some practical consequences include the
promotion of regular physical activity outside of school hours, as
highlighted in other studies, which will encourage students to

maintain greater participation in their free time.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

frontiersin.org


https://doi.org/10.3389/fpsyg.2025.1568129
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Pérez-Ramirez et al.

Ethics statement

The studies involving humans were approved by Research Ethics
Committee of the University of Granada (case number 2496/
CEIH/2021). The studies were conducted in accordance with the local
legislation and institutional requirements. Written informed consent
for participation in this study was provided by the participants’ legal
guardians/next of kin.

Author contributions

JP-R:  Conceptualization, Formal analysis, Investigation,
Methodology, Project administration, Validation, Writing - original
draft, Writing - review & editing. MS: Conceptualization, Formal
analysis, Investigation, Methodology, Project administration,
Validation, Writing - original draft, Writing - review & editing. JM:
Methodology,

administration, Resources, Validation, Writing - original draft,

Conceptualization, Formal analysis, Project
Writing - review & editing. FG-F: Conceptualization, Formal analysis,
Investigation, Methodology, Project administration, Validation,
Writing - original draft, Writing - review & editing. EV-G:
Methodology,

administration, Resources, Validation, Writing - original draft,

Conceptualization, Formal analysis, Project

Writing - review & editing.

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. The present study
has been funded by the University of Granada Plan Propio de

References

Aburto-Corona, J. A., and Aragén-Vargas, L. E (2017). Refinando el tempo de la
musica para un efecto ergogénico durante el ejercicio de ciclismo estacionario. Pensar
En Movimiento 15:31616. doi: 10.15517/pensarmov.v15i2.31616

Alamo-Martinez, G., Peldez- Barrios, E. M., and Vernetta, M. (2024). Musica,
condicion fisica y adolescentes: Revision sistematica. Revista Iberoamericana de Ciencias
de La Actividad Fisica y El Deporte 13, 86-103. doi: 10.24310/riccafd.13.1.2024.18901

Altermann, W., and Gropel, P. (2023). Effects of acute endurance, strength, and
coordination exercise interventions on attention in adolescents: a randomized controlled
study. Psychol. Sport Exerc. 64:102300. doi: 10.1016/j.psychsport.2022.102300

Alvarez-Bueno, C., Pesce, C. Cavero-Redondo, 1., Sanchez-Lopez, M.,
Martinez-Hortelano, J. A., and Martinez-Vizcaino, V. (2017). The effect of physical activity
interventions on Children’s cognition and metacognition: a systematic review and Meta-
analysis. J. Am. Acad. Child Adolesc. Psychiatry 56, 729-738. doi: 10.1016/j.jaac.2017.06.012

Batacan, R. B,, Duncan, M. J., Dalbo, V. J., Tucker, P. S., and Fenning, A. S. (2017).
Effects of high-intensity interval training on cardiometabolic health: a systematic review
and meta-analysis of intervention studies. Br. J. Sports Med. 51, 494-503. doi:
10.1136/bjsports-2015-095841

Brickenkamp, R. (2002). The D2 test. Test of attention under pressure (Trad. Al
Castellano por N. Seisdedos). Madrid: TEA Ediciones.

Buchheit, M., and Laursen, P. B. (2013). High-intensity interval training, solutions to
the programming puzzle: part I: cardiopulmonary emphasis. Sports Med. 43, 313-338.
doi: 10.1007/s40279-013-0029-x

Chaput, J.-P, Willumsen, J., Bull, E, Chou, R, Ekelund, U, Firth, J., et al. (2020). 2020
WHO guidelines on physical activity and sedentary behaviour for children and
adolescents aged 5-17 years: summary of the evidence. Int. J. Behav. Nutr. Phys. Act.
17:141. doi: 10.1186/s12966-020-01037-z

Cooper, S. B, Dring, K. J,, and Nevill, M. E. (2016). High-intensity intermittent
exercise: effect on young People’s cardiometabolic health and cognition. Curr. Sports
Med. Rep. 15, 245-251. doi: 10.1249/JSR.0000000000000273

Frontiers in Psychology

10.3389/fpsyg.2025.1568129

Investigacion 2016-Excellence actions: Unit of Excellence on
Exercise and Health (UCEES) and the Unite of Excellence of the
University Campus of Melilla (University of Granada, Spain).
Reference: UCE-PP2024-02.

Acknowledgments

We would like to thank all participants and institutions who
participated in the present study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation of
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Costigan, S. A., Eather, N., Plotnikoff, R. C., Hillman, C. H., and Lubans, D. R. (2016).
High-intensity interval training for cognitive and mental health in adolescents. Med. Sci.
Sports Exerc. 48, 1985-1993. doi: 10.1249/MSS.0000000000000993

Delgado—Floody, P, Latorre-Roman, P, Jerez-Mayorga, D., Caamaio-Navarrete, F,
and Garcia-Pinillos, F (2019). Feasibility of incorporating high-intensity interval
training into physical education programs to improve body composition and
cardiorespiratory capacity of overweight and obese children: a systematic review. J. Exer.
Sci. Fitness 17, 35-40. doi: 1041016/j.jesf.2018411.003

Diamond, A., and Lee, K. (2011). Interventions shown to aid executive function
development in children 4 to 12 years old. Science 333, 959-964. doi:
10.1126/science.1204529

Duncombe, S. L., Barker, A. R,, Price, L., Walker, J. L., Liu, Y, Paris, D., et al. (2023). Making
a HIIT: co-design of high-intensity interval training workouts with students & teachers
within the curriculum. BMC Public Health 23:1795. doi: 10.1186/s12889-023-16613-8

Eddolls, W. T. B., McNarry, M. A, Lester, L., Winn, C. O. N,, Stratton, G., and
Mackintosh, K. A. (2018). The association between physical activity, fitness and body
mass index on mental well-being and quality of life in adolescents. Qual. Life Res. 27,
2313-2320. doi: 10.1007/s11136-018-1915-3

Faigenbaum, A. D., Kraemer, W. ], Blimkie, C. J. R., Jeffreys, I., Micheli, L. J., Nitka, M.,
et al. (2009). Youth resistance training: updated position statement paper from the
National Strength and conditioning association. J. Strength Cond. Res. 23, S60-S79. doi:
10.1519/JSC.0b013e31819df407

Faria, W. E. D., Mendonga, E R., Elias, R. G. M., Oliveira, R. G. D., and Stabelini
Neto, A. (2020). HIIT, resistance training, and risk factors in adolescents: a systematic
review. Rev. Bras. Med. Esporte 26, 558-564. doi: 10.1590/1517-869220202606201837

Garcia-Hermoso, A., Ramirez-Vélez, R., Ramirez-Campillo, R., Peterson, M. D., and
Martinez-Vizcaino, V. (2018). Concurrent aerobic plus resistance exercise versus aerobic
exercise alone to improve health outcomes in paediatric obesity: a systematic review and
meta-analysis. Br. J. Sports Med. 52, 161-166. doi: 10.1136/bjsports-2016-096605

frontiersin.org


https://doi.org/10.3389/fpsyg.2025.1568129
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.15517/pensarmov.v15i2.31616
https://doi.org/10.24310/riccafd.13.1.2024.18901
https://doi.org/10.1016/j.psychsport.2022.102300
https://doi.org/10.1016/j.jaac.2017.06.012
https://doi.org/10.1136/bjsports-2015-095841
https://doi.org/10.1007/s40279-013-0029-x
https://doi.org/10.1186/s12966-020-01037-z
https://doi.org/10.1249/JSR.0000000000000273
https://doi.org/10.1249/MSS.0000000000000993
https://doi.org/10.1016/j.jesf.2018.11.003
https://doi.org/10.1126/science.1204529
https://doi.org/10.1186/s12889-023-16613-8
https://doi.org/10.1007/s11136-018-1915-3
https://doi.org/10.1519/JSC.0b013e31819df407
https://doi.org/10.1590/1517-869220202606201837
https://doi.org/10.1136/bjsports-2016-096605

Pérez-Ramirez et al.

Gonzélez-Gélvez, N., Loépez-Gil, J. E, Espeso-Garcia, A., Abenza-Cano, L.,
Mateo-Orcajada, A., and Vaquero-Cristébal, R. (2024). Effectiveness of high intensity
and sprint interval training on metabolic biomarkers, body composition, and physical
fitness in adolescents: randomized controlled trial. Front. Public Health 12:1425191. doi:
10.3389/fpubh.2024.1425191

Guijarro-Romero, S., Mayorga-Vega, D., Casado-Robles, C., and Viciana, J. (2019).
Una unidad didactica intermitente de acondicionamiento fisico solo mejora los niveles
de capacidad cardiorrespiratoria de los estudiantes con un perfil no saludable de
condicion fisica (An intermittent physical fitness teaching unit only improves cardior).
Retos 38, 8-15. doi: 10.47197/retos.v38i38.73605

Guthold, R., Stevens, G. A, Riley, L. M., and Bull, E C. (2020). Global trends in
insufficient physical activity among adolescents: a pooled analysis of 298 population-
based surveys with 1.6 million participants. Lancet Child Adolescent Health 4, 23-35.
doi: 10.1016/52352-4642(19)30323-2

Hay, J., Wittmeier, K., MacIntosh, A., Wicklow, B., Duhamel, T,, Sellers, E., et al.
(2016). Physical activity intensity and type 2 diabetes risk in overweight youth: a
randomized trial. Int. J. Obes. 40, 607-614. doi: 10.1038/ij0.2015.241

Hillman, C. H., Kamijo, K., and Scudder, M. (2011). A review of chronic and acute
physical activity participation on neuroelectric measures of brain health and cognition
during childhood. Prev. Med. 52, $21-S28. doi: 10.1016/j.ypmed.2011.01.024

Hillman, C. H., Pontifex, M. B., Raine, L. B., Castelli, D. M., Hall, E. E., and
Kramer, A. E (2009). The effect of acute treadmill walking on cognitive control and
academic achievement in preadolescent children. Neuroscience 159, 1044-1054. doi:
10.1016/j.neuroscience.2009.01.057

Kao, S., Westfall, D. R., Soneson, J., Gurd, B., and Hillman, C. H. (2017). Comparison
of the acute effects of high-intensity interval training and continuous aerobic walking
on inhibitory control. Psychophysiology 54, 1335-1345. doi: 10.1111/psyp.12889

Karageorghis, C. L, Bruce, A. C., Pottratz, S. T., Stevens, R. C., Bigliassi, M., and
Hamer, M. (2018). Psychological and psychophysiological effects of recuperative music
Postexercise. Med. Sci. Sports Exerc. 50, 739-746. doi: 10.1249/MSS.0000000000001497

Lambrick, D., Stoner, L., Grigg, R., and Faulkner, J. (2016). Effects of continuous and
intermittent exercise on executive function in children aged 8-10 years. Psychophysiology
53, 1335-1342. doi: 10.1111/psyp.12688

Lau, P. W. C,, Wong, D. P,, Ngo, J. K, Liang, Y., Kim, C. G., and Kim, H. S. (2015).
Effects of high-intensity intermittent running exercise in overweight children. Eur. J.
Sport Sci. 15, 182-190. doi: 10.1080/17461391.2014.933880

Leahy, A. A., Mavilidi, M. E, Smith, J. J., Hillman, C. H., Eather, N., Barker, D., et al.
(2020). Review of high-intensity interval training for cognitive and mental health in
youth. Med. Sci. Sports Exerc. 52, 2224-2234. doi: 10.1249/MSS.0000000000002359

Liu, Y., Wadey, C. A., Barker, A. R, and Williams, C. A. (2024). Process evaluation of
school-based high-intensity interval training interventions for children and adolescents:
a systematic review and meta-analysis of randomized controlled trials. BMC Public
Health 24:348. doi: 10.1186/s12889-024-17786-6

Lubans, D,, Richards, J., Hillman, C., Faulkner, G., Beauchamp, M., Nilsson, M., et al.
(2016). Physical activity for cognitive and mental health in youth: a systematic review
of mechanisms. Pediatrics 138:e20161642. doi: 10.1542/peds.2016-1642

Maher, C., Virgara, R., Okely, T., Stanley, R., Watson, M., and Lewis, L. (2019). Physical
activity and screen time in out of school hours care: an observational study. BMC Pediatr.
19:283. doi: 10.1186/s12887-019-1653-x

Martinez-Lopez, E. J., Torre-Cruz, M. J., Sudrez-Manzano, S., and Ruiz-Ariza, A.
(2018). 24 sessions of monitored cooperative high-intensity interval training improves
attention-concentration and mathematical calculation in secondary school. J. Phys.
Educ. Sport 2018, 18:232. doi: 10.7752/jpes.2018.03232

Mattioni Maturana, E, Martus, P, Zipfel, S., and Nief3, A. M. (2021). Effectiveness of
HIIE versus MICT in improving cardiometabolic risk factors in health and disease: a
meta-analysis. Med. Sci. Sports Exerc. 53, 559-573. doi: 10.1249/MSS.0000000000002506

McNarry, M. A., Lambrick, D., Westrupp, N., and Faulkner, J. (2015). The influence
of a six-week, high-intensity games intervention on the pulmonary oxygen uptake
kinetics in prepubertal obese and normal-weight children. Appl. Physiol. Nutr. Metab.
40, 1012-1018. doi: 10.1139/apnm-2015-0051

Miti¢, P, Jovanovi¢, R., Stojanovi¢, N., Barisi¢, V., and Trajkovié, N. (2024). Enhancing
adolescent physical fitness and well-being: a school-based high-intensity interval
training program. J. Funct. Morphol. Kinesiol. 9:279. doi: 10.3390/jfmk9040279

Moreau, D., Kirk, I. ., and Waldie, K. E. (2017). High-intensity training enhances
executive function in children in a randomized, placebo-controlled trial. eLife 6:e25062.
doi: 10.7554/eLife.25062

Olvera-Rojas, M., Plaza-Florido, A., Solis-Urra, P., Rodriguez-Ayllon, M., Toval, A.,
Esteban-Cornejo, I, et al. (2023). Association of muscular strength and targeted

Frontiers in Psychology

13

10.3389/fpsyg.2025.1568129

proteomics involved in brain health in children with overweight/obesity. Scand. J. Med.
Sci. Sports 33, 1738-1751. doi: 10.1111/sms.14387

Poitras, V. J., Gray, C. E., Borghese, M. M., Carson, V., Chaput, J.-P,, Janssen, L, et al.
(2016). Systematic review of the relationships between objectively measured physical
activity and health indicators in school-aged children and youth. Appl. Physiol. Nutr.
Metab. 41, S197-5239. doi: 10.1139/apnm-2015-0663

Racil, G., Coquart, J., Elmontassar, W., Haddad, M., Goebel, R., Chaouachi, A.,
et al. (2016). Greater effects of high- compared with moderate-intensity interval
training on cardio-metabolic variables, blood leptin concentration and ratings of
perceived exertion in obese adolescent females. Biol. Sport 33, 145-152. doi:
10.5604/20831862.1198633

Rodriguez-Garcia, L., De La Cruz-Campos, J.-C., Martin-Moya, R., and
Gonzalez-Fernandez, E-T. (2022). Active teaching methodologies improve cognitive
performance and attention-concentration in university students. Educ. Sci. 12:544. doi:
10.3390/educscil2080544

Ruiz, J. R., Romero, V. E,, Pifiero, J. C., Artero, E. G., Ortega, F. B., and Garcia, M. C.
(2011). Bateria ALPHA-Fitness: test de campo para la evaluacién de la condicion fisica
relacionada con la salud en nifios y adolescentes*. Nutricién Hospitalaria 26, 1210-1214.
doi: 10.3305/nh.2011.26.6.5611

Ruiz-Ariza, A., Grao-Cruces, A., De Loureiro, N. E. M., and Martinez-Lépez, E. J.
(2017a). Influence of physical fitness on cognitive and academic performance in
adolescents: a systematic review from 2005-2015. Int. Rev. Sport Exerc. Psychol. 10,
108-133. doi: 10.1080/1750984X.2016.1184699

Ruiz-Ariza, A., Sudrez-Manzano, S., Lopez-Serrano, S., and Martinez-Lépez, E. J.
(2017b). The effect of cooperative high-intensity interval training on creativity and
emotional intelligence in secondary school: a randomised controlled trial. Eur. Phys.
Educ. Rev. 25, 355-373. doi: 10.1177/1356336X17739271

Segura—Diaz, J. M., Barranco-Ruiz, Y, Saucedo—Araujo, R. G,
Aranda-Balboa, M. J., Cadenas-Sanchez, C., Migueles, J. H., et al. (2021). Feasibility
and reliability of the Spanish version of the youth activity profile questionnaire
(YAP-Spain) in children and adolescents. J. Sports Sci. 39, 801-807. doi:
10.1080/02640414.2020.1847488

Sibley, B. A., and Etnier, J. L. (2003). The relationship between physical activity and cognition
in children: a meta-analysis. Pediatr. Exerc. Sci. 15, 243-256. doi: 10.1123/pes.15.3.243

Stankovic, M., Djordjevic, D., Trajkovic, N., and Milanovic, Z. (2023). Effects of high-
intensity interval training (HIIT) on physical performance in female team sports: a
systematic review. Sports Med. 9:78. doi: 10.1186/s40798-023-00623-2

Sun, E, Williams, C. A., Sun, Q., Hu, E, and Zhang, T. (2024). Effect of eight-week
high-intensity interval training versus moderate-intensity continuous training
programme on body composition, cardiometabolic risk factors in sedentary adolescents.
Front. Physiol. 15:1450341. doi: 10.3389/fphys.2024.1450341

Tomkinson, G. R., Carver, K. D., Atkinson, E, Daniell, N. D, Lewis, L. K., Fitzgerald, J. S.,
et al. (2018). European normative values for physical fitness in children and adolescents
aged 9-17 years: results from 2 779 165 Eurofit performances representing 30 countries.
Br. J. Sports Med. 52, 1445-14563. doi: 10.1136/bjsports-2017-098253

Tomkinson, G. R., Lang, J. ], Tremblay, M. S., Dale, M., LeBlanc, A. G.,
Belanger, K., et al. (2017). International normative 20 m shuttle run values from 1
142 026 children and youth representing 50 countries. Br. J. Sports Med. 51,
1545-1554. doi: 10.1136/bjsports-2016-095987

Tottori, N., Morita, N., Ueta, K., and Fujita, S. (2019). Effects of high intensity interval
training on executive function in children aged 8-12 years. Int. J. Environ. Res. Public
Health 16:4127. doi: 10.3390/ijerph16214127

Vieira, E., Aidar, E, Santos, L., Silva, W., Estevam, C., Santos, ]., et al. (2019). The
effects of high-intensity interval training on VO2 max in different groups: a review. J.
Exer. Physiol. 22, 142-153.

Weston, K. L., Azevedo, L. B., Bock, S., Weston, M., George, K. P, and Batterham, A. M.
(2016). Effect of novel, school-based high-intensity interval training (HIT) on
Cardiometabolic health in adolescents: project FFAB (fun fast activity blasts) — an exploratory
controlled before-and-after trial. PLoS One 11:¢0159116. doi: 10.1371/journal.pone.0159116

‘Winter, B., Breitenstein, C., Mooren, E C., Voelker, K., Fobker, M., Lechtermann, A., et al.
(2007). High impact running improves learning. Neurobiol Learn Mem. 87, 597-609. doi:
10.1016/j.n1m.2006.11.003

WHO (2020). WHO guidelines on physical activity and sedentary behaviour. Geneva:
World Health Organization.

Wu, ], Yang, Y., Yu, H,, Li, L., Chen, Y, and Sun, Y. (2023). Comparative effectiveness
of school-based exercise interventions on physical fitness in children and adolescents: a
systematic review and network meta-analysis. Front. Public Health 11:1194779. doi:
10.3389/fpubh.2023.1194779

frontiersin.org


https://doi.org/10.3389/fpsyg.2025.1568129
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.3389/fpubh.2024.1425191
https://doi.org/10.47197/retos.v38i38.73605
https://doi.org/10.1016/S2352-4642(19)30323-2
https://doi.org/10.1038/ijo.2015.241
https://doi.org/10.1016/j.ypmed.2011.01.024
https://doi.org/10.1016/j.neuroscience.2009.01.057
https://doi.org/10.1111/psyp.12889
https://doi.org/10.1249/MSS.0000000000001497
https://doi.org/10.1111/psyp.12688
https://doi.org/10.1080/17461391.2014.933880
https://doi.org/10.1249/MSS.0000000000002359
https://doi.org/10.1186/s12889-024-17786-6
https://doi.org/10.1542/peds.2016-1642
https://doi.org/10.1186/s12887-019-1653-x
https://doi.org/10.7752/jpes.2018.03232
https://doi.org/10.1249/MSS.0000000000002506
https://doi.org/10.1139/apnm-2015-0051
https://doi.org/10.3390/jfmk9040279
https://doi.org/10.7554/eLife.25062
https://doi.org/10.1111/sms.14387
https://doi.org/10.1139/apnm-2015-0663
https://doi.org/10.5604/20831862.1198633
https://doi.org/10.3390/educsci12080544
https://doi.org/10.3305/nh.2011.26.6.5611
https://doi.org/10.1080/1750984X.2016.1184699
https://doi.org/10.1177/1356336X17739271
https://doi.org/10.1080/02640414.2020.1847488
https://doi.org/10.1123/pes.15.3.243
https://doi.org/10.1186/s40798-023-00623-2
https://doi.org/10.3389/fphys.2024.1450341
https://doi.org/10.1136/bjsports-2017-098253
https://doi.org/10.1136/bjsports-2016-095987
https://doi.org/10.3390/ijerph16214127
https://doi.org/10.1371/journal.pone.0159116
https://doi.org/10.1016/j.nlm.2006.11.003
https://doi.org/10.3389/fpubh.2023.1194779

	Enhancing adolescent health: the role of strength and endurance school-based HIIT interventions in physical fitness and cognitive development
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Participants
	2.3 Procedure
	2.3.1 Pre-intervention
	2.3.2 Intervention
	2.3.3 Post-intervention
	2.4 Measures
	2.4.1 Anthropometry
	2.4.2 Physical fitness
	2.4.2.1 Standing long jump
	2.4.2.2 Speed-agility test 4 × 10 m
	2.4.2.3 Course Navette
	2.4.3 Cognitive functions D2 test
	2.5 Statistical analysis

	3 Results
	3.1 Heart rate
	3.2 Anthropometric measures
	3.3 Physical fitness measures
	3.4 Measures of cognition

	4 Discussion
	5 Conclusion

	References

