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Abstract

Introduction. Physical inactivity is linked to poorer mental health and an increased risk of chronic diseases. High-intensity
interval resistance training (HIRT) may be a strategy for improving well-being. The aim of this pilot study was to examine the
feasibility and preliminary effects of a six-week equipment-free HIRT program on physical fitness, body composition, and men-
tal health symptoms in university students. Material and Methods. In a longitudinal, non-randomized controlled study, 16
undergraduates (intervention group [IG], n = 7; control group [CG], n = 9; mean age 21.0 + 2.3 years; 94% male) were assessed
before and after the intervention. The IG completed biweekly 31-minute HIRT sessions for six weeks. Outcomes included push-
up test, handgrip strength, squat jump, medicine ball throw, Yo-Yo Intermittent Recovery Test Level 1, and mental health meas-
ured by the Hospital Anxiety and Depression Scale. Baseline-adjusted ANCOVA tested group differences at post-intervention.
Results. Significant group effects favoured the IG for push-up performance (p = .014) and cardiorespiratory fitness (Yo-Yo test;
p = .025). No significant between-group differences were found for handgrip strength, squat jump, seated medicine ball throw,
body composition, anxiety, or depressive symptoms (all p > .05). Within the IG, total minutes of high-intensity activity were
negatively correlated with fat mass (r = -0.856, p = .014) and depressive symptoms (r = -0.943, p = .001). Conclusions. This
non-randomized pilot study suggests that a six-week equipment-free HIRT intervention is feasible and may improve upper-body
muscular endurance and cardiorespiratory fitness in university students. No significant between-group effects were observed
for anxiety, depressive symptoms, or body composition. Associations between time spent at high intensity, fat mass, and depres-
sive symptoms should be interpreted as exploratory and hypothesis-generating, requiring confirmation in adequately powered

randomized controlled trials.
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Introduction

The transition to university education represents a critical
phase in young adults’ lives in terms of health-related behavio-
urs. This transition is often accompanied by greater academic
demands and changes in living conditions, contributing to
a decline in physical activity (PA) and an increase in sedentary
behaviours [1, 2]. Importantly, this period also coincides with
elevated vulnerability to mental health symptoms, including
anxiety and depression, which can negatively affect quality of
life and academic functioning [3]. Among children and ado-
lescents, PA enhances physical fitness, bone health, and body
composition [4]. Physical fitness (encompassing strength, fle-
xibility, body composition, and cardiorespiratory fitness [CRF])
reflects an individual’s functional capacity and directly impacts
health promotion [5, 6, 7]. Despite its well-documented bene-
fits, physical inactivity remains a major concern: in 2022, about
31% of the global population did not meet PA recommendations
[8]. In Portugal, approximately 14% of annual deaths are linked

to physical inactivity [9], with a particularly high prevalence
among university students, who also show increased depressive
symptoms associated with sedentary behaviour and poor sle-
ep quality [10]. Common barriers to regular PA include lack of
time, motivation, and financial resources [9, 11]. In this regard,
High-Intensity Interval Training (HIIT) stands out as an effecti-
ve and accessible strategy, given its short duration, low cost, and
minimal equipment requirements, supporting the promotion of
healthier lifestyles [12].

Although exercise interventions are generally associated
with better mental health in university students, the psycho-
logical effects are not uniform. Meta-analytic evidence sugge-
sts reductions in depression and anxiety, but these findings are
tempered by substantial heterogeneity and low certainty, and
several randomized trials have reported null or inconsistent
effects, particularly for anxiety and when exercise is compared
with active controls. Direct evidence for equipment-free HIRT
in university students remains scarce [13, 14].
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HIIT and High-Intensity Resistance Training (HIRT) are
training approaches that can improve physical fitness and re-
duce chronic disease risk, benefiting both physical and mental
aspects. From a physiological perspective, these methodologies
involve efforts above 70% of VO,max. In terms of heart rate, the
target training zone is typically between 85% and 95% of the
maximum [15]. Authors such as Buchheit and Laursen [16] state
that spending several minutes at 290% of VO,max can be an ef-
fective stimulus for promoting cardiovascular adaptations. The-
re are also reported reductions in fat mass and improvements
in VO,max in participants, which may be related to the higher
post-exercise energy expenditure that HIIT implements in the
body [17, 18]. Several studies have demonstrated that HIIT is
associated with increases in overall energy expenditure and im-
provements in body composition, particularly when compared
to traditional moderate-intensity exercise. Rather than attribu-
ting these effects primarily to post-exercise oxygen consump-
tion, which appears to be modest and may be compensated
for over 24 hours, the benefits of HIIT can be better explained
by its time-efficient nature and high training stimulus [18, 19,
20]. At this point, the body tries to metabolize fat, recovers the
muscle glycogen reserve used during the stimulus, there is an
increase in the sympathetic nervous system, and the activity of
some hormones (insulin, cortisol, growth hormone) increases
[21, 22]. Although HIRT has traditionally been described with
external loads, resistance stimuli can also be delivered thro-
ugh bodyweight exercise when the movements are performed
at sufficient intensity. For this reason, the HRmax and VO, max
thresholds cited here should be understood as general markers
of high-intensity effort derived from interval-training literature,
rather than as direct surrogates of mechanical or neuromuscu-
lar loading in resistance exercise.

On a mental and psychological level, it is necessary to con-
tinue investigating the relationship between these topics. Ho-
wever, there are some studies that report improvements not
only in mental health and associated disorders, but also in co-
gnitive function, attention, and concentration in adolescents
and young adults [23, 24, 25, 26]. Evidence from the study by
White et al. [27] indicates that the relationship between PA and
mental health is mediated by multiple factors, including affect,
self-esteem, self-efficacy, body image satisfaction, resilience, so-
cial support, and perception of physical health, highlighting the
multifactorial pathways through which exercise can influence
psychological well-being. Considering these mediators when
designing and prescribing PA interventions may increase their
impact on mental health outcomes.

Both methodologies, HIRT and HIIT, offer improvements
in physical condition, motor development, sports performance,
prevention of cardiometabolic diseases, as well as benefits in
blood pressure control, insulin sensitivity, and body composi-
tion [28]. HIRT shares the interval-based organization of HIIT
(work bouts interspersed with recovery) but differs in modality
and in how intensity is operationalized. Whereas HIIT typical-
ly refers to interval-based aerobic/cyclical exercise (running or
cycling) quantified by speed/power or physiological markers,
HIRT applies the same principle to resistance exercises. As ori-
ginally described by Paoli et al. [20], HIRT often uses relative-
ly high external loads and short intra-set recovery (rest-pause/
cluster-type configurations) to maintain high effort across brief
bouts, thereby targeting muscular strength and endurance in
a time-efficient manner. The “resistance” component of HIRT
does not necessarily require traditional free weights or machi-
nes; resistance-type stimuli can also be delivered through struc-
tured bodyweight exercises performed at high effort, providing
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a practical and accessible alternative when equipment or faci-
lities are limited [29, 30]. These approaches align with global
fitness market trends, as demonstrated in the American College
of Sports Medicine (ACSM) report for 2025, where this type of
training ranks sixth in the top trends, and other practices such
as mental health training and functional training also gain pro-
minence [31]. HIRT adapts interval principles to emphasize
repeated bouts of multi-joint, whole-body exercises that may
improve muscular endurance and functional capacity while ma-
intaining a low logistical burden. Although a growing body of
literature has examined HIIT in young populations [18, 23, 24,
25], evidence specifically investigating HIRT, particularly equip-
ment-free protocols, among university students remains scarce,
especially regarding its combined effects on both mental health
and physical fitness outcomes. Given the increasing interest in
scalable, low-cost exercise strategies, evaluating HIRT feasibility
and preliminary effects on both physical fitness and mental he-
alth in university students is a relevant research gap.

Therefore, considering the alarming data on physical inac-
tivity and its health impacts, the barriers to PA practice, and
its relationship with depressive symptoms, the study intends to
contribute valuable insights into strategies for promoting both
mental and physical well-being among university students, pro-
viding preliminary evidence on the feasibility and potential ef-
fects of innovative and time-efficient training methods in com-
bating sedentarism and its associated consequences. The aim of
this pilot study was to examine the feasibility and preliminary
effects of a six-week equipment-free HIRT program on physi-
cal fitness, body composition, and mental health symptoms in
university students. Specifically, it seeks to assess the impact of
HIRT on symptoms of anxiety and depression, as well as on up-
per- and lower-limb muscular power, maximal strength, body
composition, and aerobic fitness. Given the limited prior data
and feasibility constraints, this investigation was prospectively
positioned as a pilot study with an estimation focus. Accordin-
gly, this pilot study aimed to evaluate feasibility (recruitment,
retention, adherence, and safety) and estimate preliminary ef-
fects of a six-week, equipment-free HIRT program on (i) men-
tal health symptoms (anxiety and depression) and (ii) physical
fitness outcomes (upper-body muscular endurance, lower-limb
power, upper-limb power, handgrip strength, body composi-
tion, and CRF). However, evidence regarding the effects of brief
high-intensity exercise interventions on anxiety and depressive
symptoms remains mixed, particularly in small samples, non-
-clinical populations, and short-duration interventions. The-
refore, psychological outcomes in pilot trials should be inter-
preted cautiously and primarily used to generate hypotheses for
future studies.

Material and Methods

Study design

This study followed a longitudinal, non-randomized con-
trolled intervention design conducted between October and
December 2024. This study was conducted in accordance with
the ethical principles of the Declaration of Helsinki. The study
involving human participants was reviewed and approved by
the Polytechnic University of Beja Institutional Ethics Com-
mittee (Approval No. 39/2024). All participants were informed
about the study procedures and provided written informed con-
sent prior to participation.

Participants were allocated into two groups: an intervention
group (IG) that completed the HIRT program, and a control
group (CG) that maintained their usual daily routines witho-
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ut structured exercise. The allocation was based on voluntary
enrolment and availability, rather than random assignment.
This pragmatic allocation procedure was adopted because the
intervention required attendance at fixed supervised sessions,
and participants’ academic schedules limited the feasibility of
random allocation. However, this approach introduces a risk
of self-selection bias. Students who volunteered for the HIRT
group may have differed from controls in motivation, availabi-
lity, baseline exercise preferences, perceived need for exercise,
or expectations regarding the intervention. Therefore, between-
-group differences should be interpreted cautiously and cannot
be attributed solely to the intervention.

Both groups underwent baseline (pre-intervention) and
follow-up (post-intervention) assessments conducted under
standardized laboratory conditions by the same evaluator, who
was not blinded to group allocation. Because allocation was
self-selected based on availability and willingness to participa-
te, baseline differences and selection bias cannot be ruled out;
interpretation of between-group effects, particularly for mental
health outcomes, is therefore cautious.

The study was designed as a pilot feasibility trial, aiming
to examine the preliminary effects of HIRT on physical fitness
(muscular strength, power, body composition, and CRF) and
mental health (anxiety and depression symptoms). The inte-
rvention adhered to the Consensus on Exercise Reporting Tem-
plate (CERT) to ensure reproducibility of exercise protocols, in-
tensity monitoring, and adherence reporting (32).

Eligibility criteria

Students were eligible if they were enrolled in higher edu-
cation, were available to attend the scheduled assessments and
training sessions and provided written informed consent. Parti-
cipants were excluded from the final analysis if they missed one
or both assessment sessions or, for the HIRT group, attended fe-
wer than 75% of the planned training sessions (<9/12 sessions).

Subjects and Research Context

The target population of this study consisted of univer-
sity students. From this population, a total sample of 16 par-
ticipants was recruited and allocated into two groups: an IG
(n = 7), which completed a six-week HIRT protocol, and a CG
(n =9), which did not engage in any structured training during
the same period. The study followed a non-randomized design.
Although the total sample consisted of 16 participants, the in-
itial sample was larger at the beginning of the study. It was ne-
cessary to establish some eligibility criteria to ensure the quality
of the study. Poor attendance at training sessions and pre- and
post-intervention assessments was the main factor for exclusion
for many of the participants in this study. This allowed us to ar-
rive at the final total sample, ensuring that all participants had
completed all the pre- and post-intervention assessments and,
in the case of the IG, had attended at least 75% of the training
sessions.

Participant flow was as follows: 123 students were reached
and 23 completed baseline assessments, corresponding to
a recruitment/enrolment rate of 18.7%; 16 completed post-inte-
rvention assessments and were included in analyses (IG n = 7;
CG n = 9), corresponding to a retention rate of 69.6% from ba-
seline and an attrition rate of 30.4%. The final analysed sample
represented 13.0% of the students initially invited. Attrition oc-
curred due to missing assessment sessions and, in the IG (<75%
of sessions), insufficient training attendance. “Poor attendance”
was defined as missing one or both assessment sessions and/or
attending fewer than 9 of 12 planned training sessions. In the
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IG, four participants were lost to follow-up due to missing one
or both assessment sessions and/or attending fewer than 9 of
12 planned sessions. In the CG, three participants were lost to
follow-up due to missing post-intervention assessments. No wi-
thdrawals were attributed to adverse events (Fig. 1).

Enrollment ‘

Invited (n= 123) I

Excluded (n= 100)
+ Declined to participate (n= 100)

Enrolled (n=23)

l Allocation | l

L
Allocated to intervention group (n= 11)
+ Received allocated intervention (n= 11)

Allocated to control group (n= 12)

Follow-Up l

Lost to follow-up (n= 3)

Lost to follow-up (n=4)

+ missing one/both assessments (n= 4)

l Analysis l

‘ Analysed (n= 7) ‘ ‘ Analysed (n= 9)

+ missing one/both assessments (n= 3)

Fig. 1. Study design.

Participants in the IG were those who voluntarily commit-
ted to and took the initiative to participate in the proposed pro-
gram. The mean age of the overall sample was 21.0 + 2.3 years.
In terms of sex distribution, the sample included 94% male par-
ticipants and 6% female participants. In this study, the term sex
refers to biological attributes (male or female) as reported by
participants.

The final sample included 16 participants, of whom 15 were
male (94%) and one was female (6%). The mean age of the ove-
rall sample was 21.00 + 2.34 years. Participants were allocated
to the IG (n = 7) or CG (n = 9). The IG consisted of participants
who voluntarily committed to and initiated participation in the
proposed programme, reflecting the non-randomized nature
of the study design. Baseline characteristics by group are pre-
sented in Table 1. Participants in the IG were slightly younger
than those in the CG (20.43 + 1.90 vs. 21.44 + 2.65 years), cor-
responding to a standardized difference of d = -0.43. The sex

Table 1. Baseline characteristics of the participants by group

Variable 16 (n=1) co=g) | Standardzed
Age, years 20.43+1.90 2144 265 -043
Male, n (%) 7(100) 8(88.9) —

Female, n (%) 0(0) 1(11.1) -

Height, m 1.67 £0.06 1.73+0.08 -0.76
Weight, kg 63.90 £ 11.15 7249 +8.09 -0.90
BMI, kg/m? 22.96 + 3.39 2444 +3.03 -0.46
Fat mass, % 15.57 +5.99 18.02 £ 7.85 -0.34

Lean mass, kg 53.47+6.18 58.54 £ 7.19 -0.75

Note. Values are presented as mean + standard deviation unless otherwise stated.
Standardized differences were calculated as Cohen’s d using the pooled standard
deviation and expressed as IG - CG. Negative values indicate lower baseline values
in the IG compared with the CG. IG = intervention group; CG = control group; BMI =
body mass index.
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distribution was also imbalanced, with all participants in the IG
being male, whereas the CG included eight male participants
and one female participant. Standardized baseline differences
suggested that, compared with the CG, the IG had lower baseli-
ne values for body mass, height, lean mass, BMI, and fat mass.
The largest standardized differences were observed for body
mass (d = -0.90), height (d = -0.76), and lean mass (d = -0.75),
suggesting relevant baseline imbalance between groups. These
baseline differences were considered when interpreting the in-
tervention effects, and post-intervention outcomes were analy-
sed using baseline-adjusted ANCOVA models.

Sample size estimation and justification

As this investigation was prospectively positioned as a pilot
trial, no formal a priori power calculation was performed. Si-
xteen university students were enrolled and allocated to the IG
(n=7)and CG (n =9). The pilot objectives were to assess feasibi-
lity and to obtain preliminary parameter estimates to inform the
sample-size planning of a future definitive trial. Consistent with
this positioning, analyses emphasize effect sizes and 95% con-
fidence intervals for the pre-specified outcomes (HADS, push-
-ups, Yo-Yo, handgrip, SMBT, squat jump).

Assessment Procedures

The pre- and post-intervention assessments were conduc-
ted in the gymnasium of the Polytechnic University of Beja, pre-
ferably in the morning for most participants, following a con-
sistent and logical sequence of tests. When participants were
unable to attend the morning sessions, alternative times were
scheduled according to individual availability.

Mental health was assessed first, followed by body compo-
sition. The physical assessment began with strength tests, alter-
nating between lower and upper limbs to minimize fatigue that
could affect performance. Finally, CRF was evaluated. This se-
quence was maintained throughout all assessments, with each
protocol strictly followed and every test carefully demonstrated
and explained to ensure participants’ full understanding.

Participants were asked to maintain their usual routines du-
ring the study period. However, additional PA outside the inte-
rvention was not objectively monitored, and dietary intake, sle-
ep behaviour, and other lifestyle factors were not systematically
recorded. These factors are therefore acknowledged as potential
confounders.

Research instrument

The data collection instrument was a questionnaire that
included sociodemographic questions and questions characte-
rizing the participants, as well as the HADS - Hospital Anxiety
and Depression Scale validated for the Portuguese population
by Pais-Ribeiro et al. [33]. In the present study, internal con-
sistency estimates were not calculated because the very small
sample size precluded reliable estimation of Cronbach’s alpha.
This questionnaire is directed towards mental health, specifical-
ly anxiety and depression. The questionnaire consists of a total
of 14 multiple-choice questions. Of the 14 questions, 7 are direc-
ted towards depressive symptoms and the remaining 7 towards
anxiety. All questions have an associated scale, and at the end,
the total points associated with each part of the questionnaire
will be summed.

Measures

Yo-Yo test

The Yo-Yo Intermittent Recovery Test Level 1 (YYIR]) was
used to test CRF as it is recommended to ensure the battery
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provides a complete understanding of the athlete’s physical ca-
pabilities (34). The test consists of incremental shuttle running
starting from the speed of 8 km-h-1 until exhaustion. The ma-
ximum 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. There are multiple shuttle
runs within each speed stage. A pre-recorded audio track dicta-
tes the running speed. By the time each audio is played, parti-
cipants must have crossed the 20 m line completely with both
feet. The test ended after two consecutive failures to reach the
line in time. Using the following equation, the total number
of laps were utilized to estimate VO2max: IRT1 distance (m) x
0.0084 + 36.4 (ml kg-1-min-1) [35]. During testing, telemetric
heart rate (HR) was used to monitor HR. The maximum HR was
represented by the peak HR observed during the test [35, 36].
The primary Yo-Yo outcome used for analysis was the number
of completed shuttles. Estimated VO,max was calculated de-
scriptively using the published equation but was not used as the
primary inferential outcome.

Push-up test

Upper-body muscular endurance was assessed using the
push-up test [37]. The test started with the participants’ hands
and feet touching the floor, and their body in a plank position,
with their feet apart and their hands positioned below the sho-
ulder line. With the body straight (without arching up or slum-
ping down) and only the hands and toes touching the floor the
participants should lower the body until forming a 90° angle
between the arm and the forearm and then return to the star-
ting position. This action was repeated with a previously defined
cadence of 20 push-ups per minute. Repetitions were counted
only if participants maintained a straight body alignment (no
excessive trunk flexion/extension), reached approximately 90°
elbow flexion at the bottom position, and returned to full elbow
extension at the top. A metronome guided the cadence (20 rep/
min). The test was terminated when the participant could not
maintain cadence for two consecutive repetitions, failed to meet
form criteria, or voluntarily stopped. Pauses were not permitted
beyond the cadence interval.

Handgrip test

Grip strength was assessed using a Hand Dynamometer
(Hydraulic Hand Dynamometer, Jamar, Warrenville, USA), with
participants seated, their elbow positioned at a 90-degree angle
by their side, and their wrist in a neutral position. The seated
position with the elbow at 90-degree and wrist neutral follows
widely used standardized testing recommendations, supporting
comparability and measurement reliability. The mean of three
trials for each hand was calculated, following a standardized
protocol that has been well-documented for its reliability [38].

Seated medicine ball throw

The upper-limb power was assessed through Seated Medi-
cine Ball Throw (SMBT). The SMBT consists of a medicine ball
(2 KG) throw, performed as a chest pass while sitting with legs
extended and the head resting against a wall. During the throw,
the participant must maintain contact with the wall, both with
their back and head. The evaluator measures the distance from
the starting point to the first point of contact of the ball with the
ground. Each participant performed three trials separated by 90
s of rest. The best distance (m) was retained for analysis [39].

Squat jump test

The lower-limb power was assessed using the Squat Jump
(S)). In S test (OptoJump version 1.13.24, Microgate®) partici-
pants start from an isometric semi-squat position before perfor-
ming a vertical jump. It is crucial that the participant mainta-
ins full extension of the hips, knees, and ankles while airborne,
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avoiding knee flexion that could compromise the test's validity.
Jump height (cm) was derived from flight time recorded by the
OptoJump system using the manufacturer’s standard algorithm.
Each participant is allowed three attempts, with a minimum of
two minutes of rest between trials, to minimize fatigue effects
and improve reliability [34]. The best of three valid trials was
retained for analysis.

Body composition

Participants’ body composition and body mass were measu-
red to the nearest 0.1 kg in light sportswear on a bioelectrical
impedance scale (TANITA SC-330; Tanita Corporation, Tokyo,
Japan), and height was measured to the nearest 1 mm using a
portable stadiometer (Seca 213, Seca, Hamburg, Germany).
Body composition measurements (body fat, lean body mass and
basal metabolic rate) were performed through a bioelectrical
body impedance. To reduce variability in bioelectrical impe-
dance outcomes, assessments were scheduled at a similar time
of day for each participant when possible. Participants were in-
structed to avoid strenuous exercise and alcohol for 24 h, and
caffeine for 3 h prior to testing, to maintain usual hydration, and
to void their bladder immediately before measurement. Altho-
ugh standardized pre-assessment instructions were provided,
bioelectrical impedance is sensitive to hydration status, recent
exercise, food intake, and other factors. Therefore, body compo-
sition outcomes should be interpreted cautiously.

HIRT protocol

For the HIRT exercise sessions, it was important to find a
protocol that met the objectives of our study. The chosen proto-
col was created by Bento and Loureiro [40] which is described
in detail below based on CERT [32].

The training program uses a model similar to calisthenics or
circuit training, with exercises chosen for not requiring additio-
nal equipment and for engaging most major muscle groups. The
sequence aimed to alternate the main muscle groups engaged,
minimizing localized muscle fatigue.

The program lasted six weeks, every Tuesday and Thursday,
from November 5 to December 12, 2024, totalling 12 sessions.
Each exercise session lasted 31 minutes. The program did not
include any external load, with all exercises performed using
body weight. However, participants were encouraged and moti-
vated to perform the maximum number of repetitions per work
interval and to respect work and rest times, ensuring each work
interval was performed at maximum volition effort. In this pro-
gram, the “resistance” component was provided by multi-joint
movement patterns, high exercise density, short recovery pe-
riods, and maximal intended effort during each work interval.
Therefore, this intervention should be interpreted as an equip-
ment-free/bodyweight HIRT protocol rather than as a traditio-
nal load-based resistance-training intervention.

The exercise session structure lasted 31 minutes, divided
into three distinct phases: five minutes of warm-up, 24 minu-
tes of the conditioning phase, and two minutes for stretching
exercises (Fig. 2). The IntervalTimer app was used for work and
rest time control and timing, and a speaker was used to ensure
the sound was audible to all participants. The warm-up phase
lasted about five minutes and included three sets of two exer-
cises (Jumping Jack and Mountain Climber), with 45 seconds
of rest between each set. Each exercise lasted 30 seconds, inter-
spersed with 15 seconds of rest between them. The main phase
of the protocol lasted about 24 minutes and consisted of four
sets of seven exercises (squat jump, push up, jumping lunge,
spiderman plank, burpee, superman plank, high knee skipping
in place), interspersed with 45 seconds of rest. For each 30-se-
cond work interval, participants were instructed to perform as
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Fig. 2. Training session structure.

many repetitions as possible with maximal intended effort whi-
le maintaining proper technique. Tempo was self-selected but
standardized verbal instructions emphasized controlled lan-
dings and full range of motion. The self-selected tempo allowed
participants to perform each work interval at maximal intended
effort while maintaining correct technique. However, because
repetition tempo was not externally standardized, differences
in movement speed may have influenced mechanical load and
training stimulus between participants.

The cool-down phase lasted about 2 minutes and consisted
of stretching movements for the main muscle groups engaged
during the session. Progression was standardized rather than
individually prescribed. During the first two weeks, participants
completed three sets to allow familiarization and adaptation.
From week three onwards, the conditioning phase increased to
four sets. Individual exercise modifications were allowed when
participants reached fatigue, but these modifications were used
to maintain technical quality and safety rather than to prescribe
individualized progression. When participants reached exhau-
stion or muscle fatigue, they had the option to perform exer-
cises without jumping or with less impact (squat jump, lunge,
skipping), with knee support on the ground (push up), or rema-
in in a plank position (spiderman plank, superman plank). All
sessions were supervised by the same two professional trainers
with degrees in Sport and Exercise Sciences. The trainers correc-
ted technical execution and provided standardized verbal en-
couragement focused on maintaining effort, correct technique,
and adherence to work/rest intervals.
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Before each session, an HR monitor (Polar OHI, Polar, Kem-
pele, Finland) was correctly placed on each participant. HR was
monitored throughout the session (warm-up, conditioning, co-
ol-down), with the signal transmitted in real-time via Bluetooth
technology from the Polar OHI to an iPad (iPad 8th generation,
Apple, Cupertino, USA) running the Polar Team app version
1.9.5. Data from each participant were subsequently recorded in
Excel. Data on the Rated Perceived Exertion (RPE) of each par-
ticipant were recorded on a sheet and collected at various points
during the training, namely: at the end of the warm-up, at the
end of each series of the main phase, and at the end of the stret-
ching phase. At the end of each series, the adapted version of
the Borg scale (0-10) was individually shown to the participants,
who had to point to the value corresponding to their perceived
effort at that moment [41].

In the first two weeks of training, which served as an ada-
ptation period to the protocol, participants had to remain for at
least 10 minutes and 30 seconds in a high-intensity zone =90%
of their maximum HR to achieve the desired internal training
load. In the remaining weeks, they had to remain for at least 14
minutes in this high-intensity zone.

The HR values were expressed as a percentage of the indi-
vidual HRmax determined according to the peak HR recorded
during the Yo-Yo test. A cut-point of 290% of maximal HR was
a criterion for satisfactory compliance to high-intensity exercise
[16]. The =90% HRmax threshold was used as an indicator of
internal cardiovascular intensity and training-load monitoring,
rather than as a direct measure of mechanical or neuromuscular
load. For each session, the total minutes spent in high-intensity
activity were recorded (t-RED).

The subjective and physiological loads were quantified
using training impulse (TRIMP). In this approach, Foster’s
session RPE (b-IL) method [42] was used to assess subjective
fatigue levels, while Edwards’ five-zone TRIMP (e-IL) [43] was
applied based on HR characteristics. The b-IL was computed by
multiplying the duration of the exercise based on RPE [44]. The
e-IL was determined according to Edwards [45] based on the
time spent in five specific training zones in relation to each in-
dividual maximum HR. The zones were categorized as follows:
zone 1 (50-59% of HRmax), zone 2 (60-69% of HRmax), zone
3 (70-79% of HRmax), zone 4 (80-89% of HRmax) and zone 5
(90-100% of HRmax). The e-IL for each session was calculated
by multiplying the duration of time spent in each training zone
by the corresponding zone number (1-5), and the values obta-
ined were added together to generate a cumulative score.

In addition to the training program, the professional tra-
iners created a welcoming and friendly environment during the
sessions, trying to maintain adherence and encouraging partici-
pants to complete the training program. Verbal feedback, both
individual and group, and more enjoyable music choices for the
participants were strategies to motivate them.

Retention was calculated as the proportion of participants
who completed post-intervention assessments (n = 16) among
those who completed baseline assessments (n = 23), yielding
a retention rate of 69.6%. Adherence within the IG was defined
as attendance =75% of planned sessions (=9/12).

Regarding adverse events, the training sessions rarely star-
ted at the scheduled time. The delay was due to the waiting
period required to ensure the presence of as many study parti-
cipants as possible, which ended up disadvantaging those who
were punctual. On some occasions, the heart rate monitor straps
(Polar OH1) became misaligned during the session, requiring
special attention from the supervising professionals. Although
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no injuries or emergencies occurred, all study participants were
covered by insurance.

With respect to the estimated economic cost, the expenses
associated with the program were limited to the remuneration
of the Physical Education professionals for each training ses-
sion. Based on a session rate of €15, and considering the 12 tra-
ining sessions, the time allocated for assessments, and the invo-
lvement of two professionals, the total estimated cost amounts
to €660.

As for equipment, each heart rate monitor costs €47.92;
multiplying this by the seven units needed totals €335.44. Ad-
ding the cost of the iPad used (approximately €300), the total
for necessary materials amounts to €635.44. Therefore, the ove-
rall estimated cost of the study, including both personnel and
equipment, was €1,295.44.

Data analysis

Descriptive statistics are presented as mean * standard
deviation (SD) for continuous variables and frequencies and
percentages for categorical variables at baseline and post inte-
rvention, alongside within group changes (A = post — baseline)
and the between group difference in change. Given the non-ran-
domized design, standardized baseline differences were calcu-
lated to describe the magnitude of between-group imbalance
at baseline. For continuous variables, Cohen’s d was calculated
as the difference between the IG and CG means divided by the
pooled SD. Positive values indicate higher baseline values in the
IG, whereas negative values indicate lower baseline values in the
IG compared with the CG. Due to the small sample size, baseline
differences were interpreted descriptively rather than through
null-hypothesis significance testing.

For each outcome, a baseline-adjusted ANCOVA was con-
ducted, with the post-intervention value as the dependent va-
riable, group as the fixed factor, and the corresponding baseline
value as the covariate. Adjusted marginal means, adjusted mean
differences between groups, 95% confidence intervals, F values,
p values, and partial eta-squared values were reported.

The assumptions of ANCOVA were assessed before inter-
preting the models. Homogeneity of error variances was exami-
ned using Levene’s test. No significant violations were observed
for any outcome, with Levene’s test p values ranging from .162
to .970. Residual normality, homoscedasticity, and influential
observations were assessed through inspection of residual plots,
Q-Q plots, standardized residuals, and Cook’s distance.

Corrections for multiple comparisons were considered. Ho-
wever, given the pilot and exploratory nature of the study, the
small sample size, and the emphasis on estimation rather than
confirmatory hypothesis testing, no formal multiplicity correc-
tion was applied. Therefore, unadjusted p values are reported
alongside adjusted mean differences, 95% confidence intervals,
and effect sizes, and the findings are interpreted cautiously.

Additionally, a bivariate analysis was conducted within the
IG to explore associations between variables, using Pearson’s
correlation coefficient for parametric data or Spearman’s rank
correlation for non-parametric data. Correlation strength was
interpreted as follows: r < 0.49 (weak), 0.50 < r < 0.74 (mode-
rate), and r = 0.75 (strong), according to Portney and Watkins
(46).

All statistical analyses were performed using SPSS software
version 31.0 (IBM Corp., Armonk, NY, USA), with a significance
level set at p < 0.05.
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Results

To evaluate between-group differences in physical fitness
outcomes, baseline-adjusted ANCOVAs were conducted for
each variable, with the post-intervention score entered as the
dependent variable and the corresponding baseline value inclu-
ded as a covariate.

Descriptive means at baseline and post intervention are
presented in Table 2, whereas baseline-adjusted ANCOVA re-
sults are presented in Table 3. The largest improvements were

Table 2. Descriptive Statistics by Group at Baseline and

Post-Intervention (M + SD)

Outcome Grou n Baseline Post
P (M SD) (M £SD)
IG 7 36.14 £11.20 39.14 £ 15.01
Yo-Yo (shuttles)
CG 9 40.11 + 22.06 33.44 +15.27
IG 7 27.71+6.85 3414 +7.90
Push-ups (reps)
CG 9 20.00 +3.77 19.78 £ 5.40
IG 7 469 +0.55 491+0.75
SMBT (m)
CG 9 483+0.77 5.04+0.71
IG 7 15.57 +6.00 16.34 +£5.85
Fat mass (%)
CG 9 18.02+7.85 19.16 £ 6.48
(kg) CG 9 4222 +7.76 45.00 + 6.52
, IG 7 4257 +£9.62 41.86 £ 10.37
Handgrip left (kg)
CG 9 42.56 + 6.69 43.78 +6.65
) IG 7 35.33 £5.05 32.79+6.19
Squat jump (cm)
CG 9 29.80 +5.32 3048 +£6.20
) IG 7 457 +£1.72 443 +1.81
Anxiety (score)
CG 9 467 +3.00 522+ 363
Depression |G 7 557 + 162 614 +1.77
(score) CG 9 556 + 2.01 6.22 + 3.60

Note. Values are means (M) and standard deviations (SD). No inferential statistics
are shown in this table; between-group comparisons are reported in the text using
baseline-adjusted ANCOVA.
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observed in the IG for push ups (A +6.43) and the Yo Yo test
(A +3.00 versus -6.67 in CG), whereas changes were small
or comparable between groups for the SMBT and handgrip
strength. Isometric strength showed minimal net differences
between groups (rightarm: A +2.29 vs +2.78; leftarm: A —0.71vs
+1.22). For squat performance, the IG showed a modest decrease
(A -2.54), while the CG showed a slight increase (A +0.68). The-
se descriptive patterns are consistent with the baseline adjusted
ANCOVA findings reported (significant group effects for push
ups and Yo Yo; no significant effects for SMBT, handgrip, isome-
tric strength, or squat).

For aerobic capacity, assessed using the Yo-Yo test, the ba-
seline-adjusted ANCOVA revealed a significant group effect,
F(1, 13) = 6.42, p = .025, partial n? = .331. Adjusted marginal
means indicated higher post-intervention scores in the IG (M =
40.82) than in the CG (M = 32.14), with an adjusted mean diffe-
rence of 8.68 shuttles, 95% CI [1.28, 16.08].

For upper-body muscular endurance, assessed using push-
-ups, the baseline-adjusted ANCOVA also revealed a significant
group effect, F(1, 13) = 8.03, p = .014, partial n? = .382. Adjusted
marginal means favoured the IG (M = 29.44) compared with
the CG (M = 23.43), with an adjusted mean difference of 6.01
repetitions, 95% CI [1.43, 10.59].

No significant baseline-adjusted group effects were obse-
rved for the seated medicine ball throw, fat mass percentage,
or handgrip strength. For the seated medicine ball throw, ad-
justed means were virtually identical between groups, F(1, 13)
= 0.00, p = .985, partial n? < .001, adjusted mean difference =
-0.005 m, 95% CI [-0.52, 0.51]. For fat mass percentage, the
adjusted mean difference was -0.76%, 95% CI [-2.84, 1.31], F(1,
13) = 0.63, p = .442, partial n? = .046. For handgrip strength, no
significant group effects were found for either the right hand,
adjusted mean difference = -0.70 kg, 95% CI [-5.65, 4.24], F(1,
13) = 0.09, p = .764, partial n? = .007, or the left hand, adjusted
mean difference = -1.93 kg, 95% CI [-7.39, 3.52], F(1, 13) = 0.59,
p = .457, partial n? = .043.

For lower-body power, assessed using the squat jump, the
baseline-adjusted ANCOVA did not indicate a significant group
effect, F(1, 13) = 3.37, p = .089, partial n? = .206. Adjusted mar-
ginal means suggested lower post-intervention values in the IG
(M =29.58 cm) than in the CG (M =32.97 cm), but the adjusted
mean difference did not reach statistical significance, adjusted
mean difference = -3.40 cm, 95% CI [-7.40, 0.60].

Table 3. Baseline-adjusted ANCOVA results for post-intervention outcomes.

Outcome AdustedG | Adusted €6 ) Bdustedmean | as% i F(1,13) b partial
Yo-Yo (shuttles) 40.82 32.14 8.68 [1.28, 16.08] 6.42 025 331
Push-ups (reps) 29.44 23.43 6.01 [1.43,10.59] 8.03 014 382

SMBT (m) 4.98 4.99 -0.005 [-0.52, 0.51] 0.00 985 <.001

Fat mass (%) 17.50 18.26 -0.76 [-2.84,1.31] 0.63 442 046
Handgrip right (kg) 4.1 44.81 -0.70 [-5.65, 4.24] 0.09 764 .007
Handgrip left (kg) 41.85 43.78 -1.93 [-7.39, 3.52] 0.59 457 043
Squat jump (cm) 29.58 32.97 -3.40 [-7.40, 0.60] 3.37 .089 206
Anxiety (score) 4.48 5.18 -0.70 [-2.73,1.32] 0.56 466 042
Depression (score) 6.13 6.23 -0.10 [-2.04, 1.84] 0.01 913 .001

Note. Values are adjusted marginal means from ANCOVA models with the post-intervention value as the dependent variable and the corresponding baseline value as covariate.
Adjusted mean difference represents IG minus CG. CI = confidence interval; SMBT = seated medicine ball throw.
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For psychological outcomes, baseline-adjusted ANCOVAs
indicated no significant intervention effects. For anxiety, adju-
sted marginal means were 4.48 in the IG and 5.18 in the CG, F(l,
13) = 0.56, p = .466, partial n2 = .042, adjusted mean difference =
-0.70, 95% CI [-2.73, 1.32]. Similarly, for depressive symptoms,
adjusted marginal means were 6.13 in the IG and 6.23 in the CG,
F(1,13) = 0.01, p = .913, partial n? = .00, adjusted mean differen-
ce = -0.10, 95% CI [-2.04, 1.84].

Overall, the intervention showed favourable baseline-adju-
sted effects on aerobic capacity and upper-body muscular en-
durance, with moderate-to-large effect sizes. For the remaining
physical and psychological outcomes, confidence intervals inc-
luded zero, indicating uncertainty around the magnitude and
direction of the between-group differences.

The mean training load response and volume during HIRT
intervention are displayed in Table 4.

Exploratory within-group correlation analyses were conduc-
ted in the IG only. A positive association was observed between
e-IL and b-IL r = 0.888 (p = 0.008), suggesting consistency be-
tween physiological and perceived training-load indicators. Ne-
gative associations were also observed between t-RED and “Fat
Mass” r = -0.856 (p = 0.014), and between t-RED and “Depres-
sion” r = -0.943 (p = 0.001). However, these findings are explo-
ratory and should not be interpreted as evidence of intervention
effectiveness (Tab. 5).

Discussion
The aim of this study was to examine the feasibility and pre-
liminary effects of a six-week equipment-free HIRT program on

physical fitness, body composition, and mental health symp-
toms in university students. Based on the results obtained, the

Table 4. Training load of IG.

IG(n=7)
Planned Sessions (n) 12
t-RED, min, mean (SD) 65.1(20.7)
e-IL, AU, mean (SD) 110.9 (2.0)
RPE/session, mean (SD) 8.6 (0.4)
b-IL, AU, mean (SD) 1728.3 (166.7)

Abbreviations: AU: arbitrary units; b-IL: Foster’s TRIMP; e-IL: Edwards’ TRIMP; RPE:
rating of perceived exertion; t-RED: Time in minutes =9o%HRmax. Note: Values are
presented as mean (SD).

Table 5. Correlations among study variables in IG.
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main conclusion is that the intervention was feasible among
completers and was associated with significant baseline-adjust-
ed between-group differences in upper-body muscular endur-
ance and cardiorespiratory fitness. No significant intervention
effects were observed for anxiety, depressive symptoms, body
composition, handgrip strength, upper-limb power, or low-
er-limb power.

The muscular endurance improvement observed in this
study is in line with the results of previous research which has
found similar gains after performing the HIRT program [47, 48].
In addition, other studies show that HIRT is effective for both
overall strength improvement and performance enhancement
[49, 50, 51, 52]. For CRF, baseline adjusted ANCOVA indicat-
ed a significant between group difference at post intervention
favouring the IG. However, studies applying higher HIRT train-
ing volumes have typically reported larger and more consistent
improvements, suggesting that training dose may moderate the
magnitude of CRF adaptation [22, 47, 53]. These findings sug-
gest that the duration and/or training volume of the interven-
tion may have been insufficient to elicit measurable changes in
CRF [54].

The SMBT has not presented any significant improvements
for the IG. These data are in line with some of the latest litera-
ture such as the meta-analysis by Wang et al. [55] that suggests
HIRT has a limited impact on upper-body muscle strength in
athletes. In the study carried out by Helén et al. [56], there were
significant improvements in upper-limb power; however, de-
spite being a HIRT-based protocol, the study used external load-
ing in its intervention. Although SMBT is an exercise commonly
used to assess upper-body strength and explosive power, the
fact that no improvements in the 1G were recorded in the study
may be related to the specificity of the HIRT training applied,
since the training did not include stimuli specifically targeting
upper-body explosive power in the seated position. In addition,
the exercise may not have been sensitive enough to reflect the
neuromuscular gains obtained in more dynamic contexts or in
kinetic chains different from those trained.

The absence of significant improvements in the handgrip
strength test reinforces the highly specific nature of training
adaptations. Although grip strength is often used as a global
indicator of strength and functional health [57], this test does
not directly assess the movement patterns or neuromuscular
demands predominant in the HIRT protocol applied. Although
the program includes exercises such as push-ups, the mechan-
ical load imposed on the grip system is relatively stable and
non-progressive and does not constitute a sufficient stimulus
to promote measurable adaptations in this test. The lack of

1 2 3 4 5 6 7 8
1. t-RED X
2. e-lL 261 X
3. ABMI -492 -,822* X
4. A Bodyweight -419 -,839* ,996* X
5. A Fat Mass -,856* -,654 731 ,691 X
6. A Yo-Yot -,334 -,222 -,259 -,259 187 X
7. A SMBT -,327 -,086 -,095 -138 ,120 ,820* X
8. A Symptoms of Depression -,943* -,106 401 ,336 ,783* 455 ,089 X

BMI: Body mass index; e-IL: Edwards’ TRIMP; SMBT: Seated Medicine Ball Throw; t-RED: Time in minutes =9o%HRmax/session. * - Correlation is significant at the 0.05 level
(2-tailed); ** - Correlation is significant at the 0.01 level (2-tailed); + - Spearman correlation coefficient. A: Post - Pre.



32 Pol. J. Sport Tourism 2026, 33(3), 24-36

improvement in the handgrip strength test was also observed
in other studies, where the authors did not identify significant
gains in this measure [58, 59]. In the case of studies such as Ad-
ami et al. [60] and Chukhlantseva et al. [61], where HIRT train-
ing was applied with an external load, it proved to be effective
in improving the handgrip test. For future studies, it could be
interesting to incorporate specific exercises for the upper limbs
into the HIRT protocols with the use of external loads, which
can lead to changes in the previously mentioned upper-body
capacities.

Despite the inclusion of plyometric exercises in the proto-
col, such as SJ, no significant improvements in lower-limb power
were observed. In contrast, a systematic review with different
studies suggests that HIRT may have a positive effect on low-
er-limb power [55]. The same authors also point out that there
may be other, more efficient methodologies for improving this
ability. Other research also showed that HIRT can improve low-
er-limb power by using external load [61, 62]. The decrease in
SJ performance observed in the IG was unexpected. Possible
explanations include residual fatigue from the high-density
bodyweight protocol, insufficient recovery between sessions or
assessments, familiarization effects, and measurement varia-
bility. Although the protocol included jumping exercises, these
were performed under fatigue, which may not have provided an
optimal stimulus for improving maximal lower-limb power. In
addition, the absence of external load, limited progressive over-
load, and possibly insufficient frequency or volume may have re-
duced the neuromuscular stimulus required to induce measur-
able adaptations in SJ performance. Since S] requires a high rate
of force development, future HIRT protocols aiming to improve
lower-limb power should consider more specific progression
strategies, greater neuromuscular specificity, and standardized
recovery before assessment.

The primary baseline-adjusted analyses did not demon-
strate significant between-group effects for anxiety or depressive
symptoms. Nevertheless, exploratory within-group correlations
in the IG suggested an inverse association between time dedi-
cated to high-intensity activities and depressive symptoms. This
finding, however, is based on a very small sample and should be
interpreted with extreme caution, as it may be unstable and in-
fluenced by individual data points. Therefore, this result should
be considered hypothesis-generating rather than evidence of
intervention effectiveness and requires confirmation in ade-
quately powered randomized studies. The observed association
is consistent with previous findings by Wang et al. [63], who re-
ported similar relationships, although the present study cannot
confirm a causal effect of HIRT on mental health. Martland et
al. [64] also observed improvements in mental health follow-
ing high-intensity training, and Goldfield et al. [65] suggested
that combined training, such as HIRT, may improve depressive
symptoms in adolescents, particularly among those with over-
weight or obesity. Thus, while causality cannot be assumed in
this study, equipment-free HIRT may represent a good alter-
native for those who find other longer alternatives boring and
less enjoyable [47, 66, 67]. Similarly, the correlation between
volitional intensity values and fat mass percentage indicates
a negative association, suggesting that as the time invested in
high-intensity activities increases, fat mass values tend to de-
crease. These results are in line with the findings of other studies
that used similar methodologies and reported improvements in
body composition and a reduction in fat mass percentage [21, 51,
53, 68]. Other studies have shown that the loss of fat mass tends
to be more pronounced in individuals who are overweight or
obese, and that HIRT has been associated with improvements in
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body composition in the general population [18, 69]. However,
the present study did not demonstrate a significant baseline-ad-
justed between-group effect on fat mass. Although explorato-
ry correlations suggested an association between time spent at
high intensity and changes in fat mass, this finding should be
interpreted cautiously because of the very small sample size,
short intervention duration, lack of dietary monitoring, and the
limitations of bioelectrical impedance analysis.

The internal training load and the subjective perception of
total training effort correlated positively, meaning that the sub-
jective perception of effort felt by the participants corresponds
to the real internal training load measured by the HR monitors.
Normally, training is prescribed and monitored considering an
individual's HRmax; however, these correlational results indi-
cate that subjective perception of effort appears to be a good
alternative to new technologies, as it is accessible and practi-
cal [70]. Several studies reinforce the importance of using both
methods, guaranteeing a more complete monitoring of training
[28, 71, 72, 73]. This suggests that subjective effort perception is
consistently associated with objective measures of training load,
providing a viable alternative for individuals without access to
advanced tracking technologies. This correlation suggests that
the perceived effort values reported by the participants are con-
sistent, whether considering each work set individually or the
training session. The positive correlation between e-IL and b-IL
validated the consistency of the effort perception reported by
participants, both at the individual set level and across the en-
tire training session. This reinforces the reliability of effort per-
ception as a valuable component in training assessment.

Practical and theoretical implications

From a practical perspective, the findings of this study sug-
gest that a short, equipment-free HIRT program may be a feasi-
ble and low-cost strategy to improve selected fitness outcomes,
particularly upper-body muscular endurance and cardiorespira-
tory fitness, among university students. These results make this
program a valuable alternative to more traditional, time-con-
suming workout routines. Additionally, the results emphasize
the relevance of subjective effort perception as a practical and
cost-effective tool for monitoring training intensity, offering an
accessible alternative for those without advanced fitness-trac-
king technology.

From a theoretical standpoint, this study provides preli-
minary estimates of feasibility, training load, adherence, and
outcome variability that may inform the design of future ran-
domized controlled trials. The observed correlations between
high-intensity activity, depressive symptoms, and body compo-
sition provide further evidence of the interconnectedness be-
tween physical exercise and mental well-being. Moreover, the
study reinforces the validity of subjective perception measures
in training assessment, highlighting their potential as a reliable
proxy for internal training load.

Limitations of the study and future research

One of the main limitations of this study is the small sam-
ple size, which compromises the ability to generalize the results.
Furthermore, despite the normality tests carried out, the distri-
bution of the data may also be influenced by the small sample
size. Low variability and the presence of outliers can compromi-
se the validity of the statistical tests applied (type I error). Small
samples increase the variability of the data and reduce statistical
power, which can limit the detection of significant differences
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between groups (type Il error). In addition, it is believed that
longer intervention periods, lasting more than six weeks, could
yield other results. Also, no formal correction for multiple com-
parisons was applied. Although this decision was made to avoid
increasing type II error in a small exploratory pilot study, the
results should be interpreted cautiously and confirmed in ade-
quately powered trials.

The non-randomized, self-selected allocation is a major li-
mitation. Participants who chose to enrol in the IG may have
been more motivated or more available than those in the CG,
which may have influenced adherence, effort during training,
and outcome changes. Another limitation was the high attrition
rate, with only 16 of the 23 participants who completed base-
line assessments included in the final analyses, and the fact
that the sample was recruited from a single university, which
may introduce selection bias and limit the representativeness
of the results for other populations with different sociodemo-
graphic profiles and fitness levels. In addition, sex imbalance in
the sample may limit the external validity of the findings, par-
ticularly for psychological outcomes, as anxiety and depressive
symptoms, exercise preferences, and responses to training may
differ by sex. The predominance of male participants limits the
generalizability of the findings, particularly to female popula-
tions, highlighting the need for more sex-balanced samples in
future studies. Therefore, the findings should not be generali-
zed to female university students without confirmation in more
balanced samples.

Although the study attempted to isolate the effects of the
intervention, uncontrolled external factors such as lifestyle,
diet, sleep patterns, and other types of PA may have influenced
the results. Furthermore, PA levels in the CG were not objective-
ly monitored, which may represent a methodological limitation,
as potential changes in their habitual activity could have influ-
enced between-group comparisons. Lastly, body composition
was assessed using bioelectrical impedance analysis, which is
sensitive to hydration status, recent physical activity, food inta-
ke and other pre-assessment conditions.

Recognizing these limitations is essential for a critical in-
terpretation of the results and to guide future research. Future
studies could benefit from larger more heterogeneous samples
in different educational institutions, longer interventions and
more comprehensive assessment methods to strengthen the
validity and generalizability of the results. Future studies could
also include activity diaries or objective monitoring of PA levels
outside of the intervention. Importantly, as a pilot study, the
present investigation provides preliminary effect size estimates,
variability parameters, and feasibility indicators (recruitment,
adherence, and safety), which can inform sample size calcula-
tions, outcome selection, and protocol refinements for future
randomized controlled trials designed to test the effectiveness
of HIRT more definitively in university student populations.

Despite the limitations, this study presents many positive
aspects, namely the longitudinal, non-randomized controlled
intervention design and the objective and subjective measure-
ment of internal load. HR has become one of the most com-
mon training monitoring variables. Adjusting exercise intensity
using HR has been a valid option, especially during prolonged
and submaximal training periods. The ideal duration of exerci-
se and rest intervals remain ambiguous, and the dose-response
relationships of HIIT volume and intensity are not established.
With this study, it is intended to provide new HIIT (HIRT) pro-
tocols with less volume (only twice a week) and higher density
(less rest in each interval), which include resistance exercises
through calisthenics.
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In this sense, the strengths of this study include the super-
vised nature of the intervention, the practical equipment-free
protocol, the use of both objective and subjective training-load
monitoring, and the reporting of feasibility indicators such as
recruitment, retention, adherence, and safety.

Conclusions

This non-randomized pilot study suggests that a six-week
equipment-free HIRT program is feasible among university stu-
dents who complete the intervention and may improve upper-
-body muscular endurance and cardiorespiratory fitness. No
significant between-group effects were observed for anxiety, de-
pressive symptoms, body composition, handgrip strength, up-
per-limb power, or lower-limb power. Exploratory associations
between time spent at high intensity, depressive symptoms, and
fat mass should be interpreted with caution and considered hy-
pothesis-generating only. Larger randomized controlled trials
with balanced samples, objective monitoring of PA outside the
intervention, and control of lifestyle factors are needed to deter-
mine the efficacy of HIRT for mental health and body composi-
tion outcomes.
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