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Abstract

This study aimed to compare the effects of individualized versus
non-individualized HIIT programming, based on players’ loco-
motor profiles, on the magnitude of adaptations in aerobic, anaer-
obic, and neuromuscular capacities. A randomized, controlled,
parallel-group design was conducted with 46 male youth soccer
players (age: 16.5 + 0.5 years), who were allocated into four
groups: individualized HIIT (HIITind), long-interval HIIT only
(HIITlong), repeated sprint training only (RST), and a control
group that maintained regular training without any HIIT interven-
tion. In the HIITind group, players were assigned to either HIIT-
long or RST based on their locomotor profile - endurance or
speed-oriented - determined by the difference between maximal
sprint speed (MSS) and maximal aerobic speed (MAS), respec-
tively. In contrast, players in the HIITlong and RST groups fol-
lowed the same protocol regardless of their profile. The training
intervention lasted six weeks, with sessions conducted twice per
week. Players were assessed at baseline and post-intervention for
countermovement jump (CMJ), MSS over 30 meters (km/h), re-
peated sprint ability (RSA), and MAS, using the 5-minute running
test. Significant improvements were found in all training groups
compared to the control. RST showed greater improvements in
CMJ (p < 0.001), MSS (p < 0.001), anaerobic speed reserve
(ASR) (p <0.001), and RSAmean (p <0.001) compared to HIIT-
ind and HIITlong. No significant differences were observed be-
tween HIITind and HIITlong. Locomotor profiles influenced
MSS (p < 0.001) and ASR (p < 0.001). These findings suggest
that while both individualized and non-individualized HIIT pro-
tocols improve physical capacities, RST offers superior benefits
for anaerobic and neuromuscular adaptations, whereas both HIIT-
ind and long are more effective than RST for enhancing aerobic
capacity, with no significant differences observed between them.

Key words: Football, intermittent training, aerobic fitness, anaer-
obic fitness.

Introduction

High-intensity interval training (HIIT) has been shown to
be an effective method for improving performance in both
youth and adult soccer players, regardless of the time of
season (Kunz et al., 2019; Clemente et al., 2021). HIIT can
enhance aerobic power (the ability to take in, transport, and
utilize oxygen during exercise), anaerobic capacity (the
ability to generate energy without oxygen during short
bursts of high-intensity effort), and neuromuscular capac-
ity (the efficient coordination between the nervous system
and muscles to produce strength and power) when imple-
mented over short training periods (Hostrup and Bangsbo,

2023). When compared to traditional endurance training,
HIIT offers similar improvements in aerobic endurance
and may provide additional benefits in explosive perfor-
mance measures such as vertical jump (Howard and Stav-
rianeas, 2017). Concurrent HIIT and muscular strength
training during the preseason has been found to signifi-
cantly enhance players' sprint times, vertical jump height,
and aerobic endurance compared to regular soccer training
alone (Wong et al., 2010).

Recent studies have explored the use of anaerobic
speed reserve (ASR) for individualizing HIIT. While ASR-
based methods showed reduced coefficients of variation in
physiological and perceptual responses during 10-minute
HIIT sessions compared to maximal aerobic speed (MAS)
methods, the differences were only practically meaningful
for blood lactate and rating of perceived exertion (Bok et
al., 2023). ASR showed good reliability and moderate cor-
relations with acute physiological responses to HIIT in fe-
male soccer players (Aspin et al., 2024). In basketball play-
ers, HIIT prescribed using ASR resulted in more uniform
physiological adaptations compared to other methods, alt-
hough hormonal changes were similar across approaches
(Wang and Ye, 2024). However, another study found that
ASR-based methods were not significantly superior to
MAS-based methods in reducing inter-subject variability
of responses during short-format HIIT (Bok et al., 2023).

While training based on ASR is not the only method
for individualizing the training process, it offers an alterna-
tive by accounting for both an athlete’s maximal aerobic
and anaerobic capacities, possibly leading to more accurate
and individual conditioning (Sandford et al., 2021). As
suggested in previous research (Sandford et al., 2021), de-
fining a player's locomotor profile can be a key factor in
optimizing the training stimulus. One past study (Sandford
et al., 2021) introduced the concept of three distinct player
profiles: a 'speed profile' (characterized by low maximal
aerobic speed and high maximal sprint speed; large power
reserve), an 'endurance profile' (high maximal aerobic
speed and low maximal sprint speed; small power reserve),
and a 'hybrid profile' (moderate values for both; moderate
power reserve). These player profiles may offer more ac-
curate indicators for selecting the most appropriate type of
HIIT. In fact, among the various available HIIT formats,
few studies (Bok et al., 2023) have investigated their key
differences - or more importantly, the rationale behind pre-
scribing a specific HIIT type to one player versus another
(Buchheit and Laursen, 2013).
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Therefore, although ASR-based training is sug-
gested to be more effective than alternative approaches,
few studies have employed experimental and controlled
designs to directly compare them - particularly in sports
like soccer, where positional roles contribute to significant
variability in player profiles. By testing this approach - in-
dividualizing the type of HIIT based on a player's locomo-
tor profile - we can advance the current state of the art and
provide coaches and practitioners with practical guidance
on how individualized or non-individualized HIIT can en-
hance aerobic capacity, anaerobic performance, and neuro-
muscular function in soccer players. To address this gap in
the literature, the present study aimed to compare the ef-
fects of individualized versus non-individualized HIIT pro-
gramming, based on players’ locomotor profiles, on the
magnitude of adaptations in aerobic, anaerobic, and neuro-
muscular capacities. We hypothesize that adapting HIIT
based on ASR can lead to more meaningful adaptations
than using a non-individualized approach.

Methods

Approach to the problem

Our study utilized a randomized, controlled, parallel-group
design, comprising three experimental groups and one con-
trol group. The experimental groups completed two addi-
tional HIIT sessions per week for six weeks, supplement-
ing their regular team training. In contrast, the control
group continued with their standard training regimen, with-
out any added HIIT intervention. Two teams participated
in the study, and players from both teams were distributed
across all four groups to ensure balance and reduce bias
related to team-specific training practices. The intervention
was conducted during the early-season period. Randomi-
zation was performed using an online tool (Research
Randomizer), with stratified randomization employed to
ensure balanced representation of player profiles (speed,
endurance, and hybrid) across all groups. Blinding was

ensured only for the evaluators, who were unaware of the
participants’ group allocation.

Participants

To determine the necessary sample size for the 2 (assess-
ment moments, within-subjects) x 4 (groups, between-sub-
jects) mixed ANOVA design, an a priori power analysis
was conducted using G*Power software (Version 3.1.9.7).
Based on an anticipated medium effect size for the interac-
tion (Cohen's f=0.30), a desired statistical power of 0.80,
and a significance level (o) of 0.05, the analysis revealed a
required total sample size of 36 participants. To prevent
dropout, the researchers recruited more participants than
the recommended number.

The research team approached two local soccer teams com-
peting at the same competitive level. Both teams trained
under similar conditions, with three training sessions per
week and official matches on weekends. Team managers
communicated with the players and their legal guardians to
invite them to participate. Those who agreed were enrolled
as volunteers in the study.

The inclusion criteria, defined a priori, were as fol-
lows: (i) male players aged between 16 and 17 years; (ii)
outfield players; (iii) participation in both pre- and post-
intervention assessments; and (iv) attendance exceeded
90% across all HIIT intervention sessions. Exclusion crite-
ria included: (i) sustaining an injury in the month prior the
intervention or during the intervention period; (ii) partici-
pating in any additional strength and conditioning pro-
grams beyond regular team training; (iii) missing any of the
specific HIIT sessions or assessment time points; and (iv)
being goalkeeper.

Out of 52 potential players initially identified, 5
were excluded for being goalkeepers and 1 was excluded
due to an injury sustained prior to the first assessment (Fig-
ure 1). This left 46 eligible players to take part in the study.
All participants were male soccer players competing at the
U-17 amateur local level (age: 16.5 + 0.5 years; body mass:
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Figure 1. Flow of participants over the study. HIITind: individualized high-intensity interval training; HIITlong: long inter-
vals high-intensity interval training; RST: repeated sprint training.
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68.7 £ 3.7 kg; height: 178.5 £ 4.5 cm; playing experience:
4.8 + 1.0 years). The players belonged to teams that typi-
cally trained three times per week, in addition to playing
matches on weekends. However, during the study period,
only friendly matches were held. Each training session
lasted between 90 and 100 minutes and included a general
warm-up, a physical conditioning phase, technical and tac-
tical drills, and game-based scenarios. Although there were
natural differences in training methodologies between
teams, these were mitigated by randomly assigning players
to different groups across teams, thereby reducing the in-
fluence of any one coach’s specific training approach.

Prior to data collection, informed consent was ob-
tained from both the participants and their legal guardians,
ensuring their voluntary participation and full understand-
ing of the study's purpose, procedures, and potential risks
and benefits. All procedures adhered to the principles out-
lined in the Helsinki Declaration, emphasizing the protec-
tion of participants' well-being, confidentiality, and right to
withdraw at any time without consequence. Approval for
this research was obtained from the Nanchang Institute of
Science & Technology ethics committee (code number
NIST20250427) to ensure ethical conduct throughout the
study.

HIIT interventions

Two main types of HIIT interventions were implemented:
long-interval HIIT and repeated sprint training (RST). In
the HIITind group, players with a speed-oriented profile

were assigned to RST, while those with an endurance-ori-
ented profile were assigned to long-interval HIIT (Table 1).
Players with a hybrid profile were evenly distributed be-
tween the two interventions to maintain balance. In con-
trast, in the HIITlong group, all players performed long-
interval HIIT regardless of their locomotor profile, and
similarly, all players in the RST group followed the RST
protocol irrespective of their profile.

Following the initial assessments, each player's lo-
comotor profile was identified, and participants were then
randomly assigned to their respective groups. Allocation
was conducted prior to the intervention, and no changes
were made to the groups during the study. The intervention
began the week immediately after the assessments and was
carried out twice per week for six consecutive weeks.

Each HIIT session was conducted during the team's
first training session of the week - 48 hours of rest and be-
fore the start of the regular field training with the coaches.
The second HIIT session was delivered during the second
training day of the week, with a 24-hour interval after the
previous training session. The HIIT interventions were pre-
scribed by the research team with the support of the team’s
staff. The intervention sessions were conducted at approx-
imately 5:00 PM and began with a standardized warm-up
focused on the lower limbs. This included 5 minutes of
light jogging, 5 minutes of dynamic stretching, and 5
minutes of lower-limb potentiation exercises. Following a
3-minute rest period, players proceeded with the HIIT in-
terventions.

Table 1. Details of the high-intensity interval training interventions.

HIITlong HIITlong

RST RST

Session 1 Session 2

Session 1 Session 2

Sets: 6
Work duration: 2 min

Sets: 6
Work duration: 2 min

Sets: 6
Work duration: 4x30-m sprints

Sets: 6
Work duration: 4x30-m sprints

Week 1 Relief duration: 2 min Relief duration: 2 min Relief duration: 20s / sets: 5 min Relief duration: 20s / sets: 5 min

Work intensity: 95%MAS  Work intensity: 95%MAS  Work intensity: all-out Work intensity: all-out

Relief intensity: passive Relief intensity: passive Relief intensity: 50% MAS Relief intensity: 50% MAS

Sets: 6 Sets: 6 Sets: 6 Sets: 6

Work duration: 2 min Work duration: 2 min Work duration: 4x30-m sprints Work duration: 4x30-m sprints
Week 2 Relief duration: 2 min Relief duration: 2 min Relief duration: 20s / sets: 5 min Relief duration: 20s / sets: 5 min

Work intensity: 95%MAS  Work intensity: 95%MAS  Work intensity: all-out Work intensity: all-out

Relief intensity: passive Relief intensity: passive Relief intensity: 50% MAS Relief intensity: 50% MAS

Sets: 6 Sets: 6 Sets: 6 Sets: 6

Work duration: 2 min Work duration: 2 min Work duration: 6x30-m sprints Work duration: 6x30-m sprints
Week 3 Relief duration: 2 min Relief duration: 2 min Relief duration: 20s / sets: 5 min Relief duration: 20s / sets: 5 min

Work intensity: 100%MAS Work intensity: 100%MAS Work intensity: all-out Work intensity: all-out

Relief intensity: passive Relief intensity: passive Relief intensity: 50% MAS Relief intensity: 50% MAS

Sets: 6 Sets: 6 Sets: 6 Sets: 6

Work duration: 2 min Work duration: 2 min Work duration: 6x30-m sprints Work duration: 6x30-m sprints
Week 4 Relief duration: 2 min Relief duration: 2 min Relief duration: 20s / sets: 5 min Relief duration: 20s / sets: 5 min

Work intensity: 100%MAS Work intensity: 100%MAS Work intensity: all-out Work intensity: all-out

Relief intensity: passive Relief intensity: passive Relief intensity: 50% MAS Relief intensity: 50% MAS

Sets: 6 Sets: 6 Sets: 6 Sets: 6

Work duration: 3 min Work duration: 3 min Work duration: 8x30-m sprints Work duration: 8x30-m sprints
Week 5 Relief duration: 2 min Relief duration: 2 min Relief duration: 20s / sets: 5 min Relief duration: 20s / sets: 5 min

Work intensity: 100%MAS Work intensity: 100%MAS Work intensity: all-out Work intensity: all-out

Relief intensity: passive Relief intensity: passive Relief intensity: 50% MAS Relief intensity: 50% MAS

Sets: 6 Sets: 6 Sets: 6 Sets: 6

Work duration: 3 min Work duration: 3 min Work duration: 8x30-m sprints Work duration: 8x30-m sprints
Week 6 Relief duration: 2 min Relief duration: 2 min Relief duration: 20s / sets: 5 min Relief duration: 20s / sets: 5 min

Work intensity: 100%MAS Work intensity: 100%MAS Work intensity: all-out Work intensity: all-out
Relief intensity: passive Relief intensity: passive Relief intensity: 50% MAS Relief intensity: 50% MAS

HIITlong: long interval high-intensity interval training; RST: repeated sprint training; MAS: maximal aerobic speed.
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In addition to HIIT, the players followed their reg-
ular training programs conducted and managed by their re-
spective coaching staff, without any interference from the
research team. All players underwent the same training
within their teams, with natural variations reflecting the
specific methodologies used by different coaching staffs.
Adherence to the HIIT sessions was monitored during each
training session. The adherence rates were 94.7 + 1.2% for
HIITind, 95.1+2.1% for HIITlong, and 93.6 +0.9% for
RST.

Physical fitness assessments

Assessments were conducted during the week prior to the
start of the 6-week intervention and in the week following
the conclusion of the intervention period. Each assessment
took place after 48 hours of rest, and both occurred during
the first training session of the week. The evaluations were
carried out at 5:00 PM in the afternoon, at the team's facil-
ities. The testing began in a private room with anthropo-
metric measurements, followed by a standardized warm-up
protocol, and then proceeded with the same sequence of
tests: countermovement jump (CMJ), 30-meter linear
sprint, repeated sprint ability (RSA), and the 5-minute run-
ning test. A S-minute rest period was taken between each
test. The field tests were conducted on synthetic turf at the
team's practice field. Outdoor temperatures were approxi-
mately 19.4 + 1.2°C, with a relative humidity of 61.2 +
2.8%.

Countermovement jump (CMJ)

The capacity to generate forceful leg movements was
gauged via the countermovement jump (CMJ) protocol.
Utilizing a stable testing surface, participants performed
the CMJ, with the MyJump 2 mobile application serving as
the measurement instrument for vertical displacement.
This application has been shown to provide dependable and
accurate measurements of vertical jump height when
benchmarked against photoelectric cell technology (Bo-
gataj et al., 2020). The observations and recordings were
conducted by the same researcher, who was tested for intra-
observer reliability by assessing 10 movements with a 10-
day interval. The intraclass correlation coefficient was
0.98, indicating high reliability in data collection. The pro-
cedure required participants to initiate from a standing pos-
ture, then execute a rapid preparatory downward motion
involving bending at the knees and hips, immediately fol-
lowed by a powerful extension to propel themselves verti-
cally. Throughout the jump, participants maintained a
hands-on-hips position to specifically assess lower limb
power output. Following two successful trials, the average
height achieved during the jumps, expressed in centime-
ters, was the variable used for statistical examination.

Linear sprint speed at 30-m

To evaluate maximum running speed, a 30-meter sprint test
was administered. Participants began from a stationary
stance, positioning their dominant foot just behind the
starting line. The duration of the sprint was recorded using
the Photo Finish mobile application (Marco-Contreras et
al., 2024). This application was configured to capture times
at the starting point, at 25-m and at the 30-meter mark. A

single researcher carried out all observations and record-
ings. To assess intra-observer reliability, the researcher
evaluated seven sprints on two occasions, separated by a
10-day interval. An intraclass correlation coefficient of
0.96 confirmed the consistency and reliability of the meas-
urements. Maximal sprint speed (MSS) was calculated
based on the time taken to cover the distance between the
25-meter and 30-meter marks, as previous study have
demonstrated this method to be accurate (Zabaloy et al.,
2024). Prior research has confirmed the dependability and
accuracy of the Photo Finish application when its measure-
ments are compared to those obtained with traditional pho-
tocell systems (Marco-Contreras et al., 2024). Each partic-
ipant completed two successful sprints, and the MSS taken
to cover the 30-meter distance was the value used for sub-
sequent analysis.

Repeated Sprint Ability (RSA)

The repeated sprint ability (RSA) was assessed using a test
protocol involving six shuttle sprints, each covering 40 me-
ters (20 meters in one direction and 20 meters back)
(Rampinini et al., 2009). Between each sprint, participants
had 20 seconds of passive recovery. This test was designed
to evaluate the participants' capacity to sustain sprint per-
formance across multiple efforts, as well as their ability to
change direction quickly (Rampinini et al., 2009). Each
sprint began with the participants at the starting line, run-
ning 20 meters to touch a cone before returning to the start-
ing point. A 20-second rest period followed each sprint.
Prior to each sprint, participants were instructed to position
themselves at the start line 5 seconds before the signal to
begin. The average time of all sprints performed during the
test was used to calculate the mean RSA (in seconds).

5-minute running test

Maximal aerobic speed (MAS) was estimated through a 5-
minute continuous running test. This test has been previ-
ously validated as an accurate method for estimating max-
imal aerobic speed (MAS) when compared to the treadmill
test (Berthon et al., 1997). More recently, it has also shown
a stronger agreement in team sports players compared to
the treadmill test (Bennett et al., 2024). Participants were
instructed to cover as much distance as possible at a con-
sistent maximal effort over the 5-minute duration on the
field. The total distance covered in meters during this pe-
riod was recorded and subsequently used to calculate the
estimated maximal aerobic speed (MAS) for each partici-
pant, expressed in meters per second.

Locomotor profile

Participants were categorized based on their individual lo-
comotor characteristics using the anaerobic speed reserve
(ASR). The ASR was determined by calculating the differ-
ence between their maximal sprinting speed (MSS), as as-
sessed by the 30-meter sprint, and their estimated maximal
aerobic speed (MAS), derived from the S-minute running
test. This resulting ASR value provided a measure of the
speed range available to each player above their aerobic
threshold, reflecting their capacity for high-intensity, inter-
mittent activities. These ASR values were then used as a
basis for classifying players into distinct locomotor profiles
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for subsequent analysis.

To classify participants into endurance, hybrid, and
speed profiles based on their ASRpre values, the data was
grouped according to the training intervention (HIITind,
HIITlong, RST, and Control). Within each group, ASRpre
values were sorted in ascending order and divided into
three approximately equal parts. The division was done by
computing the integer division of the group size by 3 (i.e.,
n// 3), with any remaining individuals assigned to the mid-
dle (hybrid) category to ensure balanced grouping. The
lowest third were categorized as having an "Endurance”
profile, representing individuals with the lowest ASRpre
scores, potentially indicating higher fatigue resistance or
aerobic dominance. The middle third, including any re-
mainder from the division, were labeled "Hybrid", reflect-
ing a balanced physiological profile, while the highest third
were classified under the "Speed" profile, likely represent-
ing more anaerobically inclined or power-oriented individ-
uals. For the HIITind group, ASRpre values <13.22 were
Endurance, between 13.22 and 14.2 were Hybrid, and
>14.2 were Speed. In the HIITlong group, values <13.24
were Endurance, 13.24-14.06 were Hybrid, and >14.06
were Speed. For RST, the cutoffs were <13.22 (Endur-
ance), 13.22 - 14.24 (Hybrid), and >14.24 (Speed). Lastly,
in the Control group, values <13.4 were categorized as En-
durance, 13.4 - 14.52 as Hybrid, and >14.52 as Speed. This
classification offers a practical way to interpret physiolog-
ical tendencies based on relative ASR performance within
each training context.

Statistical procedures

A two-way ANOVA was conducted using the delta values
(post-pre) for each dependent variable, with the type of
training and locomotor profile as independent variables.
This analysis helped to control for baseline differences and
isolate the impact of the intervention on the measured out-
comes. Prior to the analysis, assumptions of normality, and
homogeneity of variances. Normality was checked using
the Shapiro-Wilk test, with p > 0.05 indicating no violation
of the assumption. Homogeneity of variances was evalu-
ated using Levene’s test, with p > 0.05 suggesting that this
assumption was met. Sphericity was assessed using Mau-
chly’s test, and when violations were detected, corrections
were applied using the Greenhouse-Geisser method. For
significant main effects or interactions, post hoc analyses
with Bonferroni corrections were performed to identify
pairwise differences between group means. The effect size
for main and interaction effects was measured using partial
eta squared (np?), with values of 0.01, 0.06, and 0.14 indi-

cating small, medium, and large effects, respectively. Co-
hen’s d was used to determine the magnitude (ES: effect
size) of pairwise differences from post hoc analyses, with
values of 0.20, 0.50, and 0.80 considered small, medium,
and large, respectively. The significance level for all tests
was set at p < 0.05, and all analyses were performed using
SPSS software (version 28.0.0, USA).

Results

Table 2 presents the pre- and post-intervention measure-
ments, along with the changes in the main outcomes ana-
lyzed. The two-way ANOVA using the delta values (post-
pre) revealed no significant interactions between the train-
ing group and locomotor profile for the outcomes of CMJ
(p = 0.652; np? = 0.110), distance covered in the 5-minute
test (p=0.923; np?=0.053), MAS (p =0.924; np*=0.053),
and RSAmean (p = 0.746; np*> = 0.092). However, signifi-
cant interactions were found for MSS (p < 0.001; np? =
0.589) and ASR (p <0.001; np* = 0.558).

Countermovement jump

Figure 2 exhibits mean values and 95% confidence inter-
vals (CI) for the delta differences (post-pre) of the main
outcomes across the different training groups. Compari-
sons between groups for CMJ delta values (post-pre) re-
vealed significant differences (p <0.001; np?=0.775). The
control group showed significantly less improvement com-
pared to HIITind (mean difference: -1.29 cm; p < 0.001,
Cohen's d = 0.41, small ES), HIITlong (mean difference: -
0.914 cm; p < 0.001, Cohen's d = 0.25), and RST (mean
difference: -1.95 cm; p <0.001, Cohen's d = 0.62, smedium
ES). Additionally, RST showed significantly greater im-
provement in CMJ compared to HIITind (mean difference:
0.67 cm; p = 0.005, Cohen's d = 0.21, small ES) and HIIT-
long (mean difference: 1.04 cm; p < 0.001, Cohen's d =
0.31, small ES). No significant differences were observed
between HIITind and HIITlong (p = 0.228). Comparisons
between locomotor profiles revealed no significant differ-
ences (p = 0.978; np*=0.001).

Maximal sprint speed

Comparisons between groups for MSS delta values (post-
pre) revealed significant differences (p < 0.001; np? =
0.538). The control group showed significantly less im-
provement compared to RST (mean difference: -1.84
km/h; p < 0.001, Cohen's d = 1.22, large ES), but not to
HIITind (mean difference: -0.06 km/h; p > 0.999, Cohen's
d = 0.04, trivial ES), and HIITlong (mean difference: 0.57
km/h; p=0.917, Cohen's d = 0.38, small ES).

Table 2. Mean and standard deviations of the outcomes in pre and post-intervention moments. Data are means (£SD).

HIITind HIITind HIITlong HIITlong RST RST Control Control
pre post pre post pre post pre post
CMJ (cm) 352+3.1 36.6 3.1 357+3.7 36.7+3.8 357+3.8 37.8+3.7 352+39 353+3.8
MSS (km/h)  292+13 291+£13 294 +1.7 28.6+ 1.6 296+1.5 30.6+ 1.5 29.7+£1.7 295+ 1.6
fl;:tl:lllce (m) 1289.2 £ 59.7 1409.8 + 64.4 1288.3 £83.9 1414.2 £ 87.5 1292.3 +76.3 1330.4 +77.9 1295.7+82.6 1302.8 £ 81.7
MAS (km/h)  15.5+0.7 169+ 0.8 155+1.0 17.0+ 1.0 15.5+0.9 16.0+ 0.9 155+1.0 15.6+1.0
ASR (km/h) 13.8+0.7 12.2+0.6 14.0+0.8 11.7£0.6 14.1£0.6 147+£23 14.1£0.7 13.8+£0.7
RSA mean (s) 7.58+0.09 733+£0.10 7.59£0.13 746+£0.13 7.59+0.11 7.3+£0.1 7.57£0.11 7.58+0.10

CMI: countermovement jump; MSS: maximal sprint speed; MAS: maximal aerobic speed; ASR: anaerobic speed reserve; RSA: repeated sprint ability;
HIITind: individualized high-intensity interval training; HIITlong: long intervals high-intensity interval training; RST: repeated sprint training.
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Figure 2. Mean values and 95% confidence intervals (CI) for the delta differences (post-pre) of the main outcomes across the
different training groups. CMJ: countermovement jump; MAS: maximal aerobic speed; ASR: anaerobic speed reserve; RSA: repeated sprint
ability; HIITind: individualized high-intensity interval training; HIITlong: long intervals high-intensity interval training; RST: repeated sprint training.
*: significant differences between-groups at p <0.05; **: significant differences between-groups at p < 0.001.

Additionally, RST showed significantly greater improve-
ment in MSS compared to HIITind (mean difference: 1.78
km/h; p <0.001, Cohen's d = 1.18, large ES) and HIITlong
(mean difference: 2.40 km/h; p < 0.001, Cohen's d = 1.59,
large ES). No significant differences were observed be-
tween HIITind and HIITlong (p = 0.650, Cohen's d = 0.31,
small ES). Comparisons between locomotor profiles re-
vealed significant differences (p <0.001; np?>=0.379), with
the endurance profile presenting greater improvements
compared to hybrid (p = 0.021, Cohen's d = 0.67, medium
ES) and speed (p < 0.001, Cohen's d = 1.24, large ES).

Distance at S-minute test

Comparisons between groups for distance covered at 5-min
test delta values (post-pre) revealed significant differences
(p <0.001; np?=0.972). The control group showed signif-
icantly less improvement compared to HIITind (mean dif-
ference: -113.19 m; p <0.001, Cohen's d = 1.94, large ES),
HIITlong (mean difference: -118.34 m; p < 0.001, Cohen's
d =1.93), and RST (mean difference: -31.53 m; p <0.001,
Cohen's d = 0.54, medium ES). Additionally, RST showed
significantly smaller improvement in distance covered at
5-min test compared to HIITind (mean difference: -81.7 m;
p <0.001, Cohen's d = 1.46, large ES) and HIITlong (mean
difference: -86.8 m; p <0.001, Cohen's d = 1.48, large ES).
No significant differences were observed between HIITind
and HlITlong (p > 0.999). Comparisons between locomo-
tor profiles revealed no significant differences (p = 0.593;
np* = 0.030).

Maximal aerobic speed

Comparisons between groups for MAS delta values (post-
pre) revealed significant differences (p < 0.001; np? =
0.972). The control group showed significantly less im-
provement compared to HIITind (mean difference: -1.36
km/h; p < 0.001, Cohen's d = 1.70, large ES), HIITlong
(mean difference: -1.42 km/h; p <0.001, Cohen's d = 1.64,
large ES), and RST (mean difference: -0.38 km/h; p <
0.001, Cohen's d = 0.44, small ES). Additionally, RST
showed significantly smaller improvement in MAS com-
pared to HIITind (mean difference: -0.98 km/h; p < 0.001,
Cohen's d = 1.21, large ES) and HIITlong (mean differ-
ence: -1.04 km/h; p < 0.001, Cohen's d = 1.18, large ES).
No significant differences were observed between HIITind
and HIITlong (p > 0.999). Comparisons between locomo-
tor profiles revealed no significant differences (p = 0.575;
np?=0.032).

Anaerobic speed reserve

Comparisons between groups for ASR delta values (post-
pre) revealed significant differences (p < 0.001; np? =
0.699). The control group showed significantly less im-
provement compared to HIITind (mean difference: -1.29
km/h; p=0.019, Cohen's d = 0.61, medium ES), HIITlong
(mean difference: -1.98 km/h; p <0.001, Cohen's d =0.95,
large ES), and RST (mean difference: -1.47 km/h; p =
0.009, Cohen's d = 0.72, medium ES). Additionally, RST
showed significantly greater improvement in ASR com-
pared to HIITind (mean difference: 2.76 km/h; p < 0.001,
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Cohen's d = 1.33, large ES) and HIITlong (mean differ-
ence: 3.45 km/h; p < 0.001, Cohen's d = 1.69, large ES).
No significant differences were observed between HIITind
and HIITlong (p = 0.558, Cohen's d = 0.26, small ES).
Comparisons between locomotor profiles revealed signifi-
cant differences (p < 0.001; np? = 0.365), with the endur-
ance profile presenting greater improvements compared to
hybrid (p=0.031, Cohen's d = 0.58, medium ES) and speed
(p <0.001, Cohen's d = 1.04, large ES).

Repeated sprint ability

Comparisons between groups for RSAmean delta values
(post-pre) revealed significant differences (p < 0.001; np?
= 0.885). The control group showed significantly worse
improvements compared to HIITind (mean difference:
0.26 s; p < 0.001, Cohen's d = 1.38, large ES), HIITlong
(mean difference: 0.13 s; p < 0.001, Cohen's d = 0.69, me-
dium ES), and RST (mean difference: 0.27 s; p < 0.001,
Cohen's d = 1.43). Additionally, RST showed significantly
greater improvement in RSAmean compared to HIITind
(mean difference: -0.14 s; p < 0.001, Cohen's d = 0.74, me-
dium ES), but not to HIITlong (mean difference: -0.02 s; p
> 0.999, Cohen's d = 0.11, trivial ES). HIITind also pre-
sented significantly greater RSAmean improvements than
HIITlong (mean difference: -0.12 s; p <0.001, Cohen's d =
0.63, medium ES). Comparisons between locomotor pro-
files revealed no significant differences (p = 0.998; np? >
0.001).

Discussion

This study aimed to investigate whether adjusting HIIT in-
terventions to youth players’ locomotor profiles would en-
hance training outcomes compared to non-individualized
approaches. The findings revealed that all HIIT modalities
- individualized (HIITind), long-interval (HIITlong), and
repeated sprint training (RST) - led to significant improve-
ments across aerobic, anaerobic, and neuromuscular capac-
ities when compared to the control group. However, RST
consistently elicited superior gains in neuromuscular and
anaerobic performance measures, including CMJ, MSS,
ASR, and RSAmean. In contrast, HIITind and HIITlong
were more effective than RST in enhancing aerobic capac-
ity, as reflected by improvements in both the 5-minute run-
ning test and MAS. No significant differences were found
between HIITind and HIITlong across most outcomes, and
the influence of locomotor profile was inconsistent, affect-
ing only MSS and ASR. These results suggest that while
individualized programming does not markedly outper-
form standardized protocols, the choice of HIIT modality -
particularly RST versus aerobic-focused HIIT - plays a
more critical role in driving specific physical adaptations.
Research suggests that RST may be more effective
than long interval high-intensity training for improving
CMJ performance in soccer players. A previous study
(Campos-Vazquez et al., 2015) reported that combining
RST with strength training improved CMJ performance in
young soccer players. Another (Tennessen et al., 2011)
observed moderate improvements in CMJ following a 40-
m RST program without strength training. Also a last

(Aguiar et al., 2008) showed that intermittent high-inten-
sity training, similar to RST, was more effective than con-
tinuous training for improving jump performance. Our re-
sults revealed that although HIITind assigned players to ei-
ther RST or HIITlong based on their locomotor profiles,
the resulting adaptations - while effective compared to the
control group - did not surpass the improvements observed
in the non-individualized RST group. The superior im-
provements observed in the RST group may be attributed
to the high neuromuscular and anaerobic demands of re-
peated sprint efforts (Collins et al., 2018). RST elicits sub-
stantial recruitment of fast-twitch muscle fibers (Ross and
Leveritt, 2001), which may help the muscle power in
movements as the CMJ. In contrast, although HIITind
matched training modalities to player profiles, the physio-
logical overlap between endurance and speed profiles may
have limited the specificity of stimulus needed to produce
superior adaptations.

A previous study (Cicioni-Kolsky et al., 2013)
showed that supramaximal interval training, a form of
RST, produced greater enhancements in sprint and RSA
performance than HIIT. These findings are consistent with
our results, which showed that RST was more effective
than both HIITind and HIITlong in improving MSS. RST
involves short, high-intensity bouts of maximal effort with
brief recovery periods, which likely stimulate neuromuscu-
lar adaptations such as increased motor unit recruitment
(Bishop et al., 2011), enhanced rate of force development
(Hermosilla-Palma et al., 2022), and improved intramuscu-
lar coordination. Additionally, repeated sprint efforts may
improve stride mechanics and the efficiency of force appli-
cation during acceleration and top-speed phases (Romero
et al., 2025). These adaptations eventually contribute to
sprint performance, making RST a particularly potent stim-
ulus for enhancing MSS compared to more aerobic-ori-
ented HIIT protocols.

Our results also showed that RST was more effec-
tive than both HIITind and HIITlong in enhancing RSA-
mean. While similar findings have not yet been reported in
soccer, evidence from tennis shows that RST leads to sig-
nificantly greater improvements in RSA compared to tra-
ditional HIIT protocols (Fernandez-Fernandez et al.,
2012), supporting our observations. The enhanced im-
provements in RSA observed with RST are likely due to its
targeted stress on both the phosphagen and glycolytic en-
ergy systems (Ross and Leveritt, 2001), which are critical
for high-intensity, intermittent efforts. RST promotes ad-
aptations such as increased muscle phosphocreatine avail-
ability (Saraslanidis et al., 2011), and improved anaerobic
energy production (Bishop et al., 2011), both possibly con-
tributing to better sprint recovery and sustained perfor-
mance across repeated efforts.

Both HIIT and RST enhance aerobic capacity, and
fatigue resistance (Arazi et al.,, 2017; Clemente et al.,
2021). However, our results showed that both HIITind and
HIITlong were more effective in enhancing aerobic capac-
ity than RST, with all training groups outperforming the
control group. Both HIIT protocols eventually placed a sig-
nificant demand on the aerobic energy system by promot-
ing cardiovascular and mitochondrial adaptations (Atakan
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et al., 2021). These adaptations likely increased the effi-
ciency of oxygen delivery and utilization during exercise
(Hafstad et al., 2011), which can be key factors in improv-
ing aerobic capacity.

One of the primary limitations of this study is the
inconsistency in the influence of locomotor profiles on
training outcomes. Although individualized HIIT interven-
tions (HIITind) fitted to players’ locomotor profiles were
hypothesized to outperform non-individualized ap-
proaches, the findings revealed no significant differences
across most outcomes. This suggests that individualized
programming, while effective in improving performance
compared to a control group, may not provide substantial
benefits over standardized HIIT modalities. However, a
limitation is that we grouped players into tertiles; a more
refined approach may be needed to better approximate the
individual needs and characteristics of each participant.
Additionally, the study was limited by the variability in the
adaptation responses of different athletes, especially given
the complex interplay of factors like endurance and speed
profiles, which may have influenced the specificity of the
training stimulus. Also, confounding factors such as die-
tary and recovery strategies were not analyzed; future re-
search should consider these to minimize potential bias. Fi-
nally, conducting the study within different teams may in-
herently carry specific effects from each team's regular
training. Although allocation and randomization were per-
formed within each team to minimize contextual bias, fu-
ture research should aim to detail and monitor all training
methodologies and their potential impact on observed ad-
aptations.

In practical terms, the results highlight the im-
portance of selecting the right type of HIIT modality based
on the specific physical adaptations desired for youth soc-
cer players. While RST was particularly effective for im-
proving neuromuscular and anaerobic performance, it may
not be as effective as HIITind or HIITlong for enhancing
aerobic capacity. Individualization may ultimately be more
beneficial for managing acute stimulus and player toler-
ance rather than for long-term practical adaptations; how-
ever, this requires further research and exploration. There-
fore, practitioners aiming to enhance anaerobic power or
sprint performance might prioritize RST, involving multi-
ple short sprints with limited recovery, especially during
phases focusing on speed development. On the other hand,
HIIT with longer intervals (e.g., 3-4 minutes at high inten-
sity) have can be more interesting for improving aerobic
power and aerobic endurance, suggesting their usefulness
when the goal is to enhance high-intensity running ability.
Further research is needed to investigate the long-term ef-
fects of these interventions and the role of locomotor pro-
files across more diverse competitive levels. Additionally,
it is important to determine the relevance of specific HIIT
interventions depending on the time of the season - an as-
pect that our study was unable to address.

Conclusion
The findings confirm that all HIIT interventions - whether

individualized (HIITind), long-interval (HIITlong), or re-
peated sprint training (RST) - result in significant improve-

ments in aerobic, anaerobic, and neuromuscular perfor-
mance compared to a control group. However, RST
emerged as the most effective approach for enhancing neu-
romuscular and anaerobic performance, particularly in
measures like MSS and RSA. In contrast, HIITind and
HIITlong were more beneficial for improving aerobic ca-
pacity. Despite the individualized approach, which aimed
to match training to players' locomotor profiles, no clear
advantage was observed over non-individualized training
modalities. This suggests that the choice of training modal-
ity - particularly the emphasis on sprint- or endurance-fo-
cused protocols - may play a more significant role in driv-
ing specific physical adaptations than the individualization
of the training program itself. However, this should be
carefully considered in youth players, and further research
is needed across other competitive levels.

When designing HIIT programs, coaches can prior-
itize the specific performance goals of your players. If the
goal is to boost speed, power, and repeated sprint ability,
repeated sprint training (RST) can be a more recommended
option. For enhancing aerobic endurance, both individual-
ized and long-interval HIIT are effective. Importantly, de-
signing HIIT sessions to individual player profiles does not
necessarily provide added benefits over standard protocols.
This possibly means coaches should focus more on choos-
ing the right training modality. The current results stress
the importance of selecting the right HIIT modality to
achieve desired performance outcomes, while further in-
vestigation into the long-term effects and broader applica-
bility of these training strategies is warranted.
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Key points

e Individualized HIIT programming based on locomotor pro-
files did not produce significantly greater performance ad-
aptations than non-individualized approaches, suggesting
limited added value in youth soccer contexts.

e Repeated sprint training (RST) elicited superior improve-
ments in anaerobic and neuromuscular capacities, highlight-
ing its effectiveness as a time-efficient conditioning strategy
for young athletes.

AUTHOR BIOGRAPHY

DongMing ZHU

Employment

College of Sports and Health,Nanchang
Institute of Science & Technology,
Nanchang, China

Degree

MEd

Research interests

Sports humanities and sociology, etc.
E-mail: m15717910402@163.com




512

Individualized vs. non-individualized HIIT adaptations

DongMei SONG

Employment

College of Sports and Health,Nanchang
Institute of Science & Technology, Nan-
chang, China

Degree

MEd

Research interests

Sports humanities and sociology, etc.
E-mail: e1234qwer2025@163.com

ZhiDa HUANG

Employment

College of Sports and Health,Nanchang
Institute of Science & Technology, Nan-
chang, China

Degree

MEd

Research interests

Sports training and physical fitness, etc.
E-mail: huangzhidal988@163.com

4 ZhiDa Huang

College of Sports and Health,Nanchang Institute of Science &
Technology, 330100 Nanchang, China



