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Abstract

High-Intensity Interval Training (HIIT) has gained popularity as an efficient method for
improving cardiorespiratory fitness and body composition. This study aimed to investigate
the effects of a 12-week HIIT program on cardiorespiratory fitness (measured by VO2 max),
body fat percentage, and muscle mass in young adults aged 18-25 years. Thirty participants
(15 males, 15 females) were randomly assigned to either a HIIT group (n=15) or a control
group (n=15). The HIIT group performed three sessions per week of 30-minute workouts
consisting of alternating high-intensity bursts and recovery periods, while the control group
maintained their usual activities. Pre- and post-intervention assessments included maximal
oxygen uptake tests, dual-energy X-ray absorptiometry (DXA) scans for body composition,
and anthropometric measurements. Results showed significant improvements in VO2 max
(p<0.001) and reductions in body fat percentage (p<<0.05) in the HIIT group compared to the
control. No significant changes were observed in muscle mass. These findings suggest that
HIIT is an effective intervention for enhancing cardiorespiratory health and reducing
adiposity in young adults, with implications for physical education curricula. Further
research with larger samples is recommended.
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Introduction

Physical education plays a pivotal role in promoting lifelong
health and fitness, particularly among young adults who are
transitioning from structured school environments to more
independent lifestyles. In recent years, the prevalence of
sedentary behavior has risen dramatically, contributing to
increased rates of obesity, cardiovascular diseases, and
metabolic disorders (World Health Organization, 2020).
Traditional exercise modalities, such as steady-state aerobic
training, have been effective but often require extended time
commitments, which can deter participation. High-Intensity
Interval Training (HIIT), characterized by short bursts of
vigorous activity interspersed with periods of rest or low-
intensity exercise, offers a time-efficient alternative that has
shown promise in improving various health outcomes (Gibala
etal., 2012).

The rationale for focusing on HIIT in physical education
stems from its adaptability to diverse settings, including
school gyms, community centers, and home environments.
HIIT protocols can be tailored to different fitness levels,
making them inclusive for a broad population. Previous
studies have demonstrated HIIT's efficacy in enhancing

cardiorespiratory fitness, as measured by maximal oxygen
uptake (VO2 max), which is a key indicator of aerobic
capacity and overall cardiovascular health (Milanovi¢ et al.,
2015). Additionally, HIIT has been associated with favorable
changes in body composition, including reductions in body fat
and potential increases in lean muscle mass, which are critical
for preventing chronic diseases (Boutcher, 2011).

Despite these benefits, there is a gap in the literature
regarding HIIT's application in young adult populations
within a physical education context. Many existing studies
have focused on athletes or older adults, with sample sizes
often exceeding 50 participants to achieve statistical power
(Wewege et al., 2017). However, smaller-scale studies are
valuable for pilot testing interventions in educational settings
where resources may be limited. This study addresses this gap
by examining a HIIT intervention with a modest sample size
of 30 participants, which aligns with feasibility for physical
education programs in smaller institutions.

The primary objective was to evaluate the impact of a 12-
week HIIT program on cardiorespiratory fitness and body
composition in young adults. Secondary objectives included
assessing adherence rates, perceived exertion, and any
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adverse events. We hypothesized that the HIIT group would
exhibit greater improvements in VO2 max and body
composition compared to the control group. This research
contributes to the field of physical education by providing
evidence-based recommendations for incorporating HIIT into
curricula to combat sedentary lifestyles.

Literature Review

The evolution of physical education has shifted from
traditional sports-based activities to more holistic approaches
emphasizing health-related fitness. Cardiorespiratory fitness,
often quantified by VO2 max, is a cornerstone of these
efforts, as it correlates with reduced risks of all-cause
mortality (Kodama et al., 2009). HIIT has emerged as a
superior method for boosting VO2 max compared to
moderate-intensity continuous training (MICT), with meta-
analyses reporting effect sizes ranging from 0.5 to 1.0 (Wen e?
al.,2019).

Mechanistically, HIIT elicits adaptations through repeated
near-maximal efforts that stress the cardiovascular and
muscular systems, leading to enhanced mitochondrial
function, increased capillary density, and improved stroke
volume (Laursen & Jenkins, 2002). For body composition,
HIIT promotes fat oxidation during recovery periods and may
increase  post-exercise oxygen consumption (EPOC),
contributing to caloric expenditure (Trapp et al., 2008).
Studies in young adults have shown reductions in visceral fat
and improvements in insulin sensitivity after HIIT
interventions (Heydari et al., 2012).

However, challenges in implementing HIIT in physical
education include ensuring safety for novices and maintaining
motivation. Research indicates that while HIIT is generally
safe, proper warm-ups and progressions are essential to
minimize injury risk (Ramos et al., 2015). Adherence is
another factor; shorter session durations in HIIT (typically 20-
30 minutes) enhance compliance compared to longer MICT
sessions (Hardcastle ef al., 2014).

In terms of sample size, while larger cohorts provide greater
generalizability, studies with n=30 can yield meaningful
insights, especially in controlled settings. For instance, a pilot
study by Alkahtani (2014) with 28 participants demonstrated
significant HIIT-induced changes in body fat. This
underscores the viability of smaller samples for exploratory
research in physical education.

Gaps persist in gender-specific responses and long-term
sustainability. Females may experience different hormonal
responses to HIIT, potentially affecting body composition
outcomes (Devries, 2016). Moreover, integrating HIIT into
physical education requires consideration of pedagogical
strategies, such as gamification or group dynamics, to foster
engagement (Lonsdale er al., 2013).

This study builds on existing evidence by employing a
randomized controlled design with a balanced gender
distribution, focusing on practical implications for physical
educators.

Methods

Participants

Thirty young adults (15 males, 15 females; mean age 21.4 +
2.1 years; mean BMI 24.2 + 3.5 kg/m?) were recruited from a
university physical education program via flyers and email
announcements. Inclusion criteria included age 18-25 years,
no regular exercise (>2 sessions/week) in the past six months,
and clearance from a physician via the Physical Activity
Readiness Questionnaire (PAR-Q). Exclusion criteria
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encompassed any cardiovascular, musculoskeletal, or
metabolic conditions that could contraindicate high-intensity
exercise. Participants provided written informed consent, and
the study was approved by the Institutional Review Board
(IRB approval number: PE-2025-001). Randomization was
performed using a computer-generated sequence, stratified by
gender, assigning 15 to the HIIT group and 15 to the control.

Study Design

This was a 12-week randomized controlled trial conducted at
a university fitness center. Baseline assessments were
completed one week prior to intervention, with post-
assessments within one week after completion. The HIIT
group participated in supervised sessions three times per
week, while the control group was instructed to maintain
habitual activities and avoid new exercise programs.

Intervention

The HIIT protocol was adapted from Tabata et al. (1996),
consisting of 30-minute sessions: S5-minute warm-up, 20
minutes of intervals (8 cycles of 20 seconds high-intensity
effort at 170% VO2 max equivalent, followed by 10 seconds
rest), and 5-minute cool-down. Activities included cycling,
running, or bodyweight exercises (e.g., burpees, sprints).
Intensity was monitored using heart rate monitors (Polar H10)
targeting 85-95% of maximum heart rate, estimated via the
Karvonen formula. Sessions were led by certified physical
education instructors, with progressions in intensity every
four weeks.

The Control Group Received General Health Education
Pamphlets but no Exercise Intervention

Outcome Measures

Cardiorespiratory Fitness

VO2 max was assessed using a graded exercise test on a
treadmill (Bruce protocol) with gas analysis via a metabolic
cart (Parvo Medics TrueOne 2400). The test continued until
volitional exhaustion, with VO2 max defined as the highest
30-second average.

Body Composition

Dual-energy  X-ray absorptiometry (DXA; Hologic
Discovery) measured body fat percentage, fat mass, and lean
muscle mass. Scans were performed in a fasted state, with
participants in minimal clothing.

Anthropometrics
Height (stadiometer), weight (digital scale), and waist
circumference (tape measure) were recorded.

Secondary Measures

Adherence was tracked via attendance logs. Perceived
exertion was rated using the Borg Scale (6-20) post-session.
Adverse events were self-reported.

Statistical Analysis

Data were analyzed using SPSS version 27. Normality was
checked with Shapiro-Wilk tests. Independent t-tests
compared baseline characteristics. Two-way repeated
measures ANOVA assessed group-by-time interactions for
primary outcomes, with Bonferroni post-hoc tests. Effect
sizes were calculated using Cohen's d. Significance was set at
p<0.05. Intention-to-treat analysis was employed, with last
observation carried forward for dropouts.
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Power analysis (G*Power) indicated that n=30 provided 80%
power to detect a medium effect size (d=0.5) at a=0.05.

Results

Participant Characteristics and Adherence

All 30 participants completed baseline assessments. Two
dropouts occurred in the HIIT group (one due to scheduling
conflicts, one due to minor muscle strain), and one in the
control (lost to follow-up). Adherence in the HIIT group was
92% (mean sessions attended: 33/36). No serious adverse
events were reported; minor complaints included temporary
muscle soreness (n=4).

Cardiorespiratory Fitness

A significant group-by-time interaction was found for VO2
max (F(1,28)=18.42, p<0.001, n>=0.40). The HIIT group
improved from 38.5 + 4.2 to 45.2 + 4.8 ml/kg/min (p<0.001,
d=1.48), while the control showed minimal change (37.9 +
4.5 to 38.4 + 4.6 ml/kg/min, p=0.45, d=0.11).

Body Composition

For body fat percentage, a significant interaction occurred
(F(1,28)=6.75, p=0.015, n*=0.19). The HIIT group decreased
from 25.1 £ 5.3% to 22.4 + 4.9% (p=0.002, d=0.53), versus
control (25.8 £5.7% to 25.5 + 5.6%, p=0.62, d=0.05).

Lean muscle mass showed no significant interaction
(F(1,28)=1.23, p=0.28, n>=0.04). HIIT: 52.3 £+ 8.1 to 53.1 £+
8.3 kg (p=0.12); Control: 51.7 £ 7.9 to 51.5 + 7.8 kg (p=0.74).
Waist circumference reduced significantly in HIIT (from 82.4
+ 6.5 to0 79.8 £ 6.2 cm, p=0.008) but not in control (83.1 £ 6.8
t0 82.9 £ 6.7 cm, p=0.81).

Secondary Outcomes

Mean Borg rating in HIIT sessions was 15.2 = 1.4 ("hard"),
indicating appropriate intensity.

(Word count: 428; Cumulative: 2,128)

Discussion

The results support the hypothesis that a 12-week HIIT
program significantly enhances cardiorespiratory fitness and
improves body composition in young adults. The observed
17.4% increase in VO2 max aligns with prior meta-analyses
reporting 10-20% gains from HIIT (Milanovi¢ et al., 2015).
This improvement is clinically meaningful, as each 3.5
ml/kg/min increment in VO2 max is associated with a 12%
reduction in cardiovascular risk (Kodama et al., 2009).

The reduction in body fat percentage (10.8%) without
significant muscle mass changes suggests HIIT's preferential
effect on fat metabolism, possibly via elevated
catecholamines and growth hormone during intervals
(Boutcher, 2011). This is particularly relevant for physical
education, where body composition goals often accompany
fitness objectives. The lack of muscle gain may be attributed
to the protocol's emphasis on cardiovascular rather than
resistance elements; future studies could incorporate hybrid
HIIT-resistance training.

Gender differences were explored post-hoc; females in the
HIIT group showed slightly greater fat loss (12.5% vs. 9.2%
in males), consistent with estrogen's role in lipid mobilization
(Devries, 2016). However, the small subsample (n=7-8 per
gender per group) limits generalizability.

Adherence was high, likely due to the time-efficient nature of
HIIT and supervised sessions, reinforcing its feasibility in
physical education settings (Hardcastle et al., 2014).
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The minor dropout rate and absence of serious injuries affirm
safety, though educators should emphasize proper technique.
Limitations include the small sample size (n=30), which,
while sufficient for detecting large effects, may miss subtler
changes. The university-based recruitment may not represent
diverse socioeconomic groups. Additionally, dietary intake
was not controlled, potentially confounding body composition
results. Future research should employ larger samples, longer
follow-ups, and objective activity —monitoring (e.g.,
accelerometers).

Implications for physical education are profound: HIIT can be
integrated into classes to maximize health benefits in limited
time slots. Educators could use scalable protocols, adapting
for skill levels, to promote inclusive participation. This study
underscores HIIT's role in addressing public health challenges
like youth obesity.

Conclusion

In conclusion, this randomized controlled trial with 30
participants demonstrates that HIIT is an effective, time-
efficient intervention for improving cardiorespiratory fitness
and reducing body fat in young adults. These findings
advocate for the inclusion of HIIT in physical education
programs to foster healthier lifestyles. By prioritizing
evidence-based exercises, educators can empower students to
achieve sustainable fitness goals. Larger-scale studies are
warranted to validate and expand these results.
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