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Abstract: Background/Objectives: This study aimed to analyze the effects of four weeks of HIIT on
VO2max, anaerobic power, and athletic performance in cyclists with cerebral palsy. Materials and
Methods: Three male athletes (Class: T1: n=2; age: 21.5+3.53 years; height: 158.5+3.53 cm; body mass:
53.1+2.40 kg; competitive experience: 4.5+3.53 years and Class: T2; n=1; age: 56 years; height: 171 cm;
body mass: 72.4 kg; competitive experience: 4.5+3.53 years) with cerebral palsy from the Paracycling
Departmental Commission of Cauca (Colombia) participated in the study. VO2max was determined
using an incremental test on a cycling ergometer. Anaerobic power was measured using the Wingate
test. Specific performance was evaluated with an individual time trial of 14 km for class T1 and 20
km for class T2. HIIT training was performed on a cycling ergometer over four weeks (two sessions
per week). Training intensity was based on Watts (W) measured in the incremental test for long HIIT
and the Wingate test for short HIIT. Training load was monitored through heart rate (HR) responses
and subjective perceived exertion (RPE) at the end of the training. Results: After the HIIT training
period, favorable changes were observed in VO2max (2358 vs. 2497 ml-kg-'‘min~!, p=0.180, d=0.03,
trivial), in anaerobic power during the Wingate test (342.7 vs. 399.7 W, p=0.109, d=0.52, moderate),
and a reduction in individual time trial durations for 14 km (2489 vs. 2338 sec) and 20 km (2775 vs.
2674 sec) for classes T1 and T2, respectively. Conclusions: This study reported that HIIT positively
influenced VO2max, moderate improvements in anaerobic power output, and athletic performance
in T1-T2 class athletes over a short period of four weeks.

Keywords: Paracycling; paralympic sport; HIIT; VO2max; anaerobic power; sports performance

1. Introduction

Paracycling is the third most prominent Paralympic sport, conducted under the parameters of
the International Cycling Union (UCI) and the International Paralympic Committee (IPC) [1]. The
IPC and UCI oversee the functional classification and official competitions for male and female
athletes with physical disabilities, visual impairments, and cerebral palsy [2,3].

This sport is performed in track races in a velodrome and road events on closed circuits. Track
events include time trials, individual pursuits, and team sprints. Road events consist of mixed team
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relay races and time trials. In Paralympic sports, functional classification ensures that athletic
achievement is determined by factors other than the impact of disability, fostering equity in
competition [4]. Functional classification in Paracycling assigns athletes to classes for bicycles (C1-
C5), handcycles (H1-H5), tandems (B), and tricycles (T1-T2) [5,6].

In the T1-T2 sport class, athletes are diagnosed with cerebral palsy, including hypertonia, ataxia,
and athetosis. They compete using a modified three-wheeled bicycle, with two rear wheels and one
front wheel [7]. This configuration enhances stability and helps prevent accidents during training and
competitions due to the instability of paralympic athlete [8]. Tricycle events range from 15 km to 20
km in individual time trials and from 30 km to 40 km in road races [3].

In Paracycling, energy demands during events are primarily met by the oxidative pathway
throughout most of the race, with a significant contribution from the glycolytic pathway during
inclines and at the end of the race with a sprint [9,10]. This sport requires high lower-limb muscular
power output to complete road and time trial races in the shortest possible time [11]. Thus,
monitoring and controlling these variables is essential to meet the physiological and neuromuscular
demands of competition [12].

Given this, coaches aim to enhance paralympic athlete performance throughout the season,
emphasizing sport and athlete characterization, physiological load monitoring, intensity and volume
control, physical fitness evaluation, and competition performance assessment. These factors are vital
in Paralympic sports due to the population’s variability and heterogeneity [1].

Performance in Paracycling largely depends on aerobic and anaerobic power produced during
competition. These capacities should be trained using methods that ensure optimal physiological and
competitive adaptations [13,14]. High-Intensity Interval Training (HIIT) has proven to be an efficient
and applicable method for athletes with physical or visual disabilities or cerebral palsy [15].

Numerous studies in wheelchair basketball [16,17], wheelchair rugby [18], cerebral palsy
football [19], paratriathlon [20], Paracycling [12,21] and ParaAthletics [22] have reported changes in
maximum oxygen consumption (VO2max), upper and lower body muscular power, body
composition, and athletic performance in Paralympic athletes [15].

HIIT consists of performing repeated bouts of high-intensity efforts, typically above 85% of
Maximum Oxygen Uptake (VO2max), interspersed with active or passive recovery periods at low
intensity [22,23]. In this endurance training method, the workload is characterized by low training
volume and high intensity (above 85% VO2max) during the athletic season [24]. This feature of HIIT
is generally used to improve cardiorespiratory function and the energy reserves of oxidative and
glycolytic metabolism, which translates into performance improvements in time-trial sports by
delaying the onset of fatigue [25].

To achieve the desired central and peripheral physiological adaptations, the dosing of HIIT
workload is influenced by the stage of the season and the type of HIIT applied (short HIIT or long
HIIT). Long HIIT intensities range from 2 to 6 minutes (85-100% VO2max), focusing primarily on the
oxidative pathway. In contrast, short HIIT, which predominantly involves the glycolytic pathway,
ranges from 10 to 60 seconds (100-115% VO2max), alternating with recovery intervals at 50-60%
VO2max [25].

Previous research on Paralympic sports performance has highlighted the need for more specific
studies on elite athletes with disabilities. A literature review on the use of HIIT reported studies on
Paracycling in the cycling and handcycling sport classes, but no studies were found for tricycles [15].

However, to date, these studies have primarily focused on measuring performance in controlled
environments, improving mobility, and rehabilitation to avoid exacerbating athletes' limitations [26].
Therefore, this study aims to analyze the effects on VO2max, anaerobic power, and athletic
performance of cyclists with cerebral palsy after four weeks of HIIT.

2. Materials and Methods

2.1. Study Design

d0i:10.20944/preprints202501.1361.v1
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This quasi-experimental, longitudinal analytical study was conducted with paralympic athlete
from the Departmental Paracycling Commission of Cauca, Colombia. The dependent variables were
aerobic power, anaerobic power, and specific performance. The independent variable was the four-
week HIIT training program.

2.2. Subjects

The study involved three male paralympic athlete classified in the T1 sport class (n=2; age:
21.54£3.53 years; height: 158.5+3.53 cm; body mass: 53.1+2.40 kg; competitive experience: 4.5+3.53
years) and the T2 sport class (n=1; age: 56 years; height: 171 cm; body mass: 72.4 kg; competitive
experience: 4.5+3.53 years). They actively participate in regional and national competitions
(Qualification Games and National Paralympic Games), with weekly training frequency ranging
from 3 to 7 sessions.

The sample was non-probabilistic and intentional, with exclusion criteria including
musculoskeletal injuries or inability to complete the study. Participants signed informed consent
forms before starting the study. They were informed about the research objectives, procedures, risks,
and benefits and could withdraw from the experiment at any time.

The study was approved by the Ethics Committee of the Vice-Rectory for Research at the
University of Cauca and the Autonomous University Corporation of Cauca through Resolutions No.
011 of 2023 and No. 0221 of 2024, respectively. Ethical guidelines were followed according to the
Declaration of Helsinki, Resolution 8430 of 1993 by the Ministry of Health, and Colombia's Data
Protection Law 1581 of 2012.

2.3. Procedure

The study was conducted over a six-week period. The first week was used for preintervention
evaluations; from the second to the fifth week, the HIIT training was implemented, and the sixth
week was dedicated to final evaluations.

2.4. Reference Tests

Measurements were taken before and after the four-week intervention during the first and last
weeks of the study under the same conditions of place and time. Tests were conducted on three
separate days with a 48-hour interval between tests to avoid fatigue. Participants followed their usual
diet, ensured proper hydration, refrained from high-intensity activities 48 hours before the test, and
abstained from consuming caffeine, supplements, and stimulants on test mornings.

Before starting protocols (initial and final tests) and training (during the intervention) on the
Cyclus 2 bicycle ergometer (Avantronic, Cyclus 2, Leipzig, Germany). Paralympic athlete performed
a standardized 10-minute warm-up at a self-selected cadence of 60 revolutions per minute (rpm) with
a load of 60 W. Cool-down consisted of 5 minutes at 50 W and a cadence of 60 rpm.

2.5. Body Composition

Paralympic athlete ensured proper fluid voiding to minimize measurement errors from
bioelectrical impedance. Height was recorded with a mechanical measuring tape (Seca 206,
Germany). Body composition was assessed using bioelectrical impedance (OMRON Healthcare
Technology, HBF-514C scale, Japan). The device sends a light electrical current (50 kHz) through the
body via electrodes. Participants stood upright, wearing minimal clothing and no shoes, with feet on
the platform electrodes and hands gripping the designated handles, extending arms forward at chest
height.

2.6. VO2max

VO2max was indirectly measured using a graded, incremental test, where athletes were
required to sustain increasing workloads over time. The test respected the principle of individuality,
with specific adjustments for each athlete. For T1 athletes, the initial workload was set at 70 W, with


https://doi.org/10.20944/preprints202501.1361.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 January 2025 d0i:10.20944/preprints202501.1361.v1

4 of 11

increments of 15 W every 2 minutes at a cadence of 60 rpm until exhaustion. For the T2 athlete, the
initial workload was 100 W, increasing by 25 W every 2 minutes at a cadence of 80 rpm until
exhaustion [12,27].

The test concluded when participants could no longer maintain the workload or cadence. In this
test, heart rate (HR) was monitored each time the athletes progressed to a higher stage, as well as
their maximum HR.The device used was a Polar H10 chest strap sensor (Polar Electro Oy, Kempele,
Finland) linked to the Cyclus 2. Finally, to determine indirect VO2max (ml-kg-'-min), the following
equation, used in previous studies [28], was applied: VOzmdx = (10.51 x Wmix.) + (6.35 x Weight (kg))
- (10.49 x Age (years)) + 519.3.

2.7. Wingate Test

The measurement of anaerobic power was conducted using a Cyclus 2 bicycle ergometer. The
test required the athlete to pedal against a resistance of 0.075 kg per kilogram of body mass at
maximum speed for 30 seconds to determine the peak power output in watts [29]. Participants were
instructed to reach their maximum power in the shortest time possible, maintain maximum power
until the end of the test, and were provided with auditory stimuli to encourage maximum effort [30].

The workload for T1 class athletes was set at an initial cadence of 70 rpm, while for T2 class
athletes, the starting cadence was 90 rpm. The protocol began with a starting signal, where athletes
were positioned standing on the pedals, with their dominant leg ready for the initial push. Athletes
performed three alternating attempts, with 30 minutes of recovery between each attempt, and the
best result was recorded.

2.8. Specific Performance

The performance test was conducted on a closed 1 km circuit. Athletes performed a standardized
20-minute warm-up on the track at a comfortable pace, allowing them to familiarize themselves with
the circuit. Timing was recorded using Witty-Gate photocells (Microgate, Bolzano, Italy) with a
precision of +0.4 milliseconds, positioned 40 cm above the ground and spanning a length of 2 meters.
For this test, paralympic athlete were instructed to cover the assigned distance in the shortest possible
time. A 14 km time trial was conducted for T1 class athletes and a 20 km time trial for T2 class athletes.
Both sport classes performed the test simultaneously to simulate a competitive race and were
encouraged by the coach and researchers.

2.9. Training Program

The periodization, dosage, and monitoring of the training load were conducted in collaboration
with the athletes” coach. Additionally, guidance and recommendations on volume, intensity, and
exercises applied using the HIIT method were provided by a national coach with international
experience (bronze medalist in the Tokyo 2020 Paralympic Games with a T2 class athlete in a road
race).

The classic periodization model by Matveev [31] was used, distributed into three microcycles,
with a training frequency of two sessions per week, each lasting 50 minutes. The study was
implemented during the special preparation phase before the 2023 National Para Games in Colombia.

The participants performed all HIIT training sessions using a bicycle ergometer. Based on the
aerobic and anaerobic power tests, four power training zones in Watts (W) were established to guide
the intervention: Zone 1 (40-65%), Zone 2 (70-80%), Zone 3 (85-100%), and Zone 4 (105-120%).
Additionally, five heart rate (HR) training zones were defined based on the maximum HR recorded
during the incremental protocol: Zone 1 (50-60%), Zone 2 (60-70%), Zone 3 (70-80%), Zone 4 (80—
90%), and Zone 5 (90-100%) [5].

Table 1 presents the volume and intensity of the HIIT sessions during the intervention. During
training sessions, heart rate was continuously monitored, and athletes were asked to provide their
rate of perceived exertion (RPE) using a modified Borg scale ranging from 0 to 10, where 0 indicates
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minimal intensity and 10 very intense [32,33]. This scale was familiarized with the athletes before the

study.
Table 1. External Training Load Dosing During Four Weeks of HIIT.
HIIT Work Intensity Recovery Intensity Number of Total Volume
Class Type Time (sec) (W)  Time (sec) (W)  Repetitions Power Load (W) W)
Tl Long 180 85% 180 60% 24 123.2 2956.8
T1 Short 30 100% 90 20% 40 342.7+113.3* 13708 +4532*
T2 Long 180 85% 180 60% 24 180 4320
T2  Short 30 100% 90 20% 40 490 19600

* The data are presented as mean + standard deviation. sec: seconds; W: Watts of power.

2.10. Statistical Analysis

The statistical analysis was performed using SPSS Software (Version 24.0, licensed by the
Autonomous University Corporation of Cauca). Descriptive statistics were applied using measures of
central tendency, and the non-parametric Wilcoxon test for paired samples was used to determine
significant differences in the analyzed variables, considering that the subjects could not be normally
distributed [27]. The percentage of change was calculated as (A = [postest — pretest / pretest] * 100)
[19].

The effect size (ES) was calculated using Hedges’g test [34] for VO2max and anaerobic power
variables only. Specific performance in the time trial events was not included due to the disparity in
distances for each sport class. The interpretation of effect size values was as follows: < 0.24 (trivial),
0.25-0.49 (small), 0.5-0.99 (moderate), or > 1.00 (large) [34]. Statistical significance was established at
p<0.05.

3. Results

This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions that can be
drawn.

The body composition characteristics of the participants are shown in Table 2. However, these
variables presented minimal percentage changes (< 0.2, trivial). Body weight and BMI decreased by
0.3%, muscle mass increased by only 0.2%, and body fat showed a difference of 1.3% in the post-test.
Height did not show any changes.

Table 2. Summary of Body Composition Data Before and After the HIIT Program.

Class T1 (n=2) Class T2 (n=1) All Classes (n=3)

Characteristic Protocol.

Pre  Post A Pre  Post A Pre  Post A p ES
Body Composition
Height (cm) 1585 1585 0 171 171 0 162 162 0 - -
Body weight (kg) 531 529 03 724 721 03 595 593 0.3 0,180 0,001
BMI (kg/m?) 211 214 1.1 247 246 04 223 222 03 0,180 0,02
Muscle Mass (%) 462 464 04 597 599 03 507 508 0.2 0317 0,001
Body Fat (%) 9.7 9.6 1.5 11.1 11 09 10.2 10 1.3 0,180 0,02

Data are presented as mean; Pre: Pretest; Post: Posttest; A: Percentage change; ES: Effect size in Hedges’g units;

*significant differences (p < 0.05); kg: Kilograms; BMI: Body Mass Index; %: Percentage.

The VO2max and anaerobic power results for both the pre-test and post-test are presented in
Table 3. Regarding VO2max from the incremental test, percentage changes were greater for the T2
class (9.4%) compared to the T1 class (8.2%). Overall, there was a 7.7% improvement (d = 0.02, trivial)
in the post-test. The maximum watts (Wmax) in the Wingate test after the HIIT program were 16.6%
higher (d =0.52, moderate) than in the pre-test. For T1 and T2 sport classes, these changes were 21.1%
and 9.0%, respectively. Mean power improved by 16.2% (d = 0.58, moderate), the fatigue index by
30.4% (d = 0.04, trivial), anaerobic power by 16.2% (d = 0.13, trivial), and anaerobic capacity by 13.4%
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(d = 0.06, trivial). Positive numerical and percentage changes were observed in all the analyzed

variables in the post-test.

Table 3. Summary of VO2max and Anaerobic Power Data Before and After the HIIT Program.

. Class T1 (n=2) Class T2 (n=1) All Classes (n=3)
Characteristic Protocol. Post A Pre Post A Pre Post A p ES
VO:max
VOomax (ml'kg! min") 2160 2337 8.2 2756 3018 9.4 2359 2497 5.8 0.180 0.03
Max Power (W) 145 1525 51 225 250 11.1 171.6 185 7.7 0.180 0.02
Max HR (bpm) 183 184 05 171 173 1.1 179 180 0.5 0.593 0.17

Anaerobic Power
Max Power Peak (W) 2774 345 21.1 47,5 5162 9.0 3427 399.7 16.6 0.109 0.52
Mean Power (W) 2225 279.4 255 388.3 4513 162 2777 336.7 21.2 0.109 0.58
Fatigue Index (W/s) 5.15 7.1 37.8 204 7.1 652 102 7.1 304 1.00 0.04
Anaerobic Power (W/kg) 5.25 6.4 228 6.7 7.1 59 57 6.6 16.2 0.109 0.13
Anaerobic Capacity (W/kg) 4.2 5.2 25 6.3 6.2 1.5 49 5.5 13.4 0.285 0.06

Data are presented as mean; Pre: Pretest; Post: Posttest; A: Percentage change; ES: Effect size in Hedges’g units;

significant differences (p < 0.05); W: Watts of power; bpm: beats per minute.

Table 4 presents the values for the sports performance variable after the HIIT training program.
These data are expressed in seconds for the individual time trial races. Overall, a reduction in time is
observed for the 14 km time trial (2489 vs. 2338.25 seconds, A = 6.05%) and the 20 km time trial (2775
vs. 2674 seconds, A = 3.6%) for the T1 and T2 sport classes, respectively.

Table 4. Summary of Sports Performance Data Before and After the HIIT Program.

Class T1 (n=2) Class T2 (n=1)
14 km Time Trial (sec) 20 km Time Trial (sec)
Pre Post A Pre Post A
2489 2338.25 6.1 2775 2674 3.6

Data are presented as mean; Pre: Pretest; Post: Posttest; A: Percentage change; Km: Kilometers; sec: Seconds.

The physiological response of the cardiovascular system, monitored through heart rate (HR),
and the perceptual response measured by RPE in Paracycling athletes after undergoing an HIIT
training program during 8 sessions over four weeks, is presented. Graph 1 illustrates the behavior of
these variables for each sport class.

For T1 sport class athletes, the HR curve showed a downward trend until the fourth week.
Similarly, the RPE curve maintained steady levels during the first two weeks but increased during
the third and fourth weeks due to the higher intensity of short HIIT sessions. Overall, HR fluctuated
above 175 bpm, and RPE remained above 8/10 throughout the study. For the T2 class athlete, HR
exceeded 165 bpm during weeks 1, 3, and 4, while RPE increased progressively during the study,
reaching a maximum perceptual response of 9/10.

Sport class T1 (n=2). Sport class T2 (n=1).
..... HR +++e+e+- RPE ====-HR -+eeeee+- RPE
190 10 190 10
185 9 185 9
5180 ~~-----__-_=,.;::::° ; §180 g
&175 e = 8 & Q175 eeeeeeeneeennt 8 ;2
Y A ~ ....‘
170 170
T 7 o .- - 7
165 165 BT
160 6 160 6
1 2 3 4 1 2 3 4
Training Weeks. Training Weeks.

Figure 1. Heart Rate (HR) and Rate of Perceived Exertion (RPE) Response During 4 Weeks of HIIT in Paracycling
Athletes.
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4. Discussion

The purpose of this research was to analyze the effects on VO2max, anaerobic power, and
athletic performance in cyclists with cerebral palsy after four weeks of HIIT. On one hand, percentage
changes were observed with an increase in VO2max;, in peak power output (in the 30-second test and
the incremental test), and in time trial performance. However, no significant differences were
detected in the studied variables from pre-test to post-test. This improvement was reflected in shorter
times for the 14 km individual time trial for the T1 class and the 20 km time trial for the T2 class.

To our knowledge, this is the first study conducted with Paracycling athletes in the T1 and T2
sport classes [15]. The results of the current study show that active participation in Paracycling
training programs is predominantly male, findings consistent with those reported by Kim et al. [12],
who included a similar sample.

The body weight of the participants was lower compared to the study by Nevin et al. [10] which
included physically disabled athletes (69.4 + 15.4 kg) who underwent an 8-week handcycling training
program. The age, weight, and height of the current study differ from findings in previous research
[35]. BMI at the end of the HIIT training showed no changes, as reported by Burkett & Mellifint [35]
in Paralympic cycling athletes.

The muscle tissue observed in this study was higher compared to previous research [7].
Anaerobic power improved after the intervention, with T1 athletes showing lower W values, while
the T2 athlete exhibited higher values. These results are consistent with the reduced recruitment of
muscle fibers for contraction and the limited contribution of phosphagen and glycolytic metabolism
in T1 athletes due to the severity of their disability compared to T2 athletes.

The results of this research show moderate improvements in anaerobic power, specifically in
maximal power peak (342.7 vs. 399.7 W, A: 16.6; p=0.109, d=0.52, moderate) and mean power (277.7
vs. 336.7 W, A: 21.2; p=0.109, d=0.58, moderate). These findings indicate that the HIIT training
program was effective in improving anaerobic power in T1 and T2 class athletes.

Anaerobic power in the study by Furno Puglia et al. [30], involving international handcycling
athletes ranged from 223.9 to 571.7 W, aligning with the W values reported in this study (277.4 to
516.2 W). However, these results are also comparable to those found in football players with cerebral
palsy, who achieved a maximum power output of 490.6 + 125.7 W [36].

It is noteworthy that these data surpass those of T1 class athletes, but the W generated by the T2
athlete were higher (516.2 W). In contrast, trained cyclists completed the same test with a power
output of 799.2 + 267.0 W [37]. In the study by Yanci et al. [36], mean power, fatigue index, and
anaerobic power were superior, as evidenced by higher W values mobilized within the first 6 seconds
of the test, where the mean W mobilized remained close to the maximum W achieved.

In this context, better performance was observed in the Wingate test, which is of short duration,
compared to the incremental protocol, which is a prolonged test. These positive numerical and
percentage changes in aerobic endurance and maximum W can be explained by the fact that the
athletes followed both long HIIT and short HIIT training programs on the bicycle ergometer during
the study.

According to our findings, Kim et al. [12], observed a decrease in VO2max in 2 out of 3 athletes
studied over the same period while using hypobaric hypoxia training at an altitude of 4,000 m. Similar
results were reported by Koontz et al. [21] and Russo et al. [38], where no significant changes (p >
0.05) in VO2max were observed after a HIIT program in handcycling.

Additionally, Russo et al. [38], in an incremental test with 5 handcycling athletes, found W values
similar to those mobilized by the athletes in the current study, but lower than those of non-disabled
cyclists who participated in the same experiment. From previous studies [4,9], heart rate (HR)
response was higher during W production in the incremental test, where positive changes were
observed in T1 and T2 class athletes.

Regarding sports performance variables, there was a reduction in the time required to complete
the individual time trials of 14 km and 20 km for T1 and T2 classes, respectively. T1 class athletes
improved their individual performance in the 14 km time trial, which is directly related to the
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findings reported by Kim et al [12], who applied the same test with physically disabled athletes at an
altitude of 4,000 m above sea level.

In contrast to the present study, Boer & Terblanche [39] and Flueck [7], observed lower time
values (2220 seconds) for completing a 20 km time trial in T2 class athletes. These differences could
be explained by factors such as variations in the age of the sample, differences in body composition,
with athletes presenting a lower proportion of fat tissue and a higher proportion of lean muscle tissue.
Additionally, these factors influence the workload dosing and training program design.

The data collected on the physiological response through heart rate (HR) and the subjective
response via RPE during the 8 training sessions provided a means to control and optimize the effects
induced by the workload. This allowed for monitoring and acting on states of overload, overtraining,
and the prevention of potential injuries in Paracycling athletes [26].

However, this study presents certain limitations. The small sample size, the absence of female
athletes, and the lack of control groups are significant constraints. Given the heterogeneity among
athletes, sport classes, and types of disabilities, the findings may vary. These challenges stem from
the difficulty and complexity of accessing the population due to territorial dispersion and their
specific characteristics. Future studies should consider working with athletes residing in institutional
settings to better control the variables under investigation.

Another limitation is that, as a non-controlled quasi-experimental study, biochemical and
physiological markers were not measured using direct methods [40]. Future studies should
incorporate these techniques. Additionally, training programs should prioritize and implement
strength, flexibility, and road work exercises to better assimilate the training loads applied in
laboratory settings.

Lastly, longer intervention studies are needed to confirm the findings over the medium and long
term. In this study, one of the limitations preventing the research from extending beyond four weeks
with the HIIT method was the cyclists' national competition schedule. Nevertheless, this experiment
is highlighted for its novelty as it opens the door to more exhaustive, controlled, and rigorous future
research.

5. Conclusions

In conclusion, this study reported that HIIT positively influenced VO2max, moderate
improvements in anaerobic power output, and athletic performance in T1-T2 class athletes over a
short period of four weeks. These changes were reflected in reduced time trial durations for 14 km
and 20 km races for each sport class. While this is the first study conducted with T1 and T2 class
athletes, it is recommended that future research include additional measurement protocols to
thoroughly analyze the effects on body composition, physical fitness, and sports performance over
the medium and long term. This will help identify the optimal training approach for Paracycling
athletes.
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