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This study examined whether inter-individual variability exists in repeated sprint
training in hypoxia (RSH) and how peripheral oxygen saturation (SpO,) affects
physiological demands and mechanical output, and subsequent training
outcomes. Sixteen highly-trained sprint runners completed six sessions of RSH
consisting of two sets of 5% 10-s all-out sprints (fraction of inspired oxygen:
0.15), with pre- and post-tests involving 10 X 10-s all-out sprints in normoxia.
Average SpO,, training impulse (TRIMP), and relative total work (relative TW;
standardized by pre-test TW) during training sessions were calculated. After
the intervention, MPO increased by +3.8% (P =0.001) and sprint decrement
score by +6.0% (P=0.047). However, inter-individual variability in
performance improvement observed and nearly 20% of participants did not
obtain performance benefit. Average SpO, during training sessions correlated
significantly with relative TW (r=0.435, P=0.008), indicating that participants
with higher SpO, performed more work during training. Relative TW was
strongly correlated with performance improvement (r=0.833, P<0.001),
suggesting that those who produced more work during training experienced
greater performance gains. TRIMP showed no significant correlation with SpO,
or performance improvement. In summary, greater peripheral deoxygenation
leads to lower mechanical work and consequently smaller performance
improvement following RSH. The variability in peripheral deoxygenation and
relative TW among highly-trained sprint runners may contribute to the
heterogeneous training effects observed.

KEYWORDS

inter-individual variability, simulated altitude, non-responder, oxygen saturation,
repeated sprint training in hypoxia

1 Introduction

Altitude/hypoxic training is widely used by elite athletes (1, 2). Repeated sprint ability
(RSA), the ability to repeatedly perform all-out or near maximal efforts with incomplete
recoveries, is crucial for team and racket sports (3). Repeated all-out sprints (<10 s)
with short incomplete recoveries (<60s) in hypoxia (repeated sprint training in
hypoxia, RSH) effectively improve RSA (4-6). Consequently, RSH is widely used by
athletes engaged in these activities (4, 5). Previous studies have shown that RSH elicits
significant physiological adaptations and improves RSA compared with equivalent
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normoxic training (4, 6). A meta-analysis demonstrated that RSH
significantly increases peak (SMD =0.31) and mean (SMD = 0.46)
power outputs, confirming that this intervention boost RSA (4).
Although hypoxic training, particularly RSH, induces positive
performance adaptations, inter-individual variability in training
adaptations remains unclear. Recent suggestions indicate that
even with the same fraction of inspired oxygen (FiO,),
physiological responses may exhibit inter-individual variability,
potentially influencing training outcomes (7). Therefore, it is
recommended to monitor physiological parameters, such as
arterial oxygen saturation (SpO,) for personalized hypoxic
training prescriptions (7). However, it remains unclear whether
there is inter-individual variation in response to RSH.
Inter-individual variation in arterial oxygen saturation (SpO,;
internal hypoxic response) exists when identical hypoxic
exposure (external hypoxic stimulus) is applied (8, 9). This
variation in SpO, has been linked to acute performance
(3,000-m trial) hypoxia
(~2,100 m above sea level), where individuals with larger arterial
(10).

Likewise, our previous study (11) found that inter-individual

responses time under moderate

deoxygenation exhibited greater performance declines

variability in SpO, under identical hypoxic conditions (FiO,:
0.150) influences RSA (10x 10-s all-out sprints with 30-s
recovery), with greater deoxygenation impairing performance.
However, it remains unclear whether SpO, fluctuations influence
training effects. Although not specifically examining SpO,
variability under identical hypoxic conditions, Gutknecht et al.
(12) reported that SpO, fluctuations during RSH training
sessions were significantly correlated with performance
improvements after two weeks of RSH at different hypoxia levels
(FiOz: 0.141, 0.162, or 0.175), suggesting that performance
improvements were diminished as SpO, levels decreased. Taken
together, these studies highlight substantial inter-individual
variation in internal responses to the same external hypoxic
stimulus, which may influence absolute training intensity and,
consequently, training outcomes.

Training effects are influenced by both physiological load and
(13).

pronounced arterial (i.e., hypoxemia) and tissue deoxygenation

mechanical output Training in hypoxia can cause

(e.g., deoxygenation in working muscles), activating signaling
pathways such as hypoxia-inducible factor-1 (HIF-1) (14), which
increased

promotes  physiological

angiogenesis and

adaptations,
enhanced

including
energy metabolism, ultimately
improving exercise performance (6, 15, 16). However, excessive
arterial deoxygenation (hypoxemia) can impair exercise
performance by reducing absolute training intensity (10, 11, 17).
Studies suggest that lower absolute exercise intensity leads to
decreased mechanical stimulus, potentially limiting training effects
(18-20).

mechanical output is crucial for optimal training outcomes. To

Therefore, balancing physiological demands and
date, there is limited evidence on the influence of inter-individual
variability in response to hypoxia on physiological demands,
mechanical output, and subsequent RSH training outcomes.
Individual responses to training interventions are believed to
vary considerably. For personalized training prescriptions, it is

necessary to identify “responders” and “non-responders” and
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understand the factors behind these differences. However, much
of the observed inter-individual variability may reflect “apparent
differences” due to measurement errors (21-23). To accurately
assess inter-individual variability, randomized controlled trials
with comparison groups are required to adjust for random errors
(21, 22). In studies involving athletes, however, it is often
difficult to include a control group receiving no intervention.
This single-arm study targeted highly trained athletes, but we
conducted a test-retest reliability assessment to estimate random
measurement noise and evaluate inter-individual variability (21).

This study aimed to test the hypothesis that inter-individual
variability in internal hypoxic response (SpO,) influences exercise
performance (mechanical output), leading to heterogeneous
training outcomes. Specifically, this study aimed to (1) determine
whether inter-individual variability exists in training effects from
a RSH intervention, and (2) identify potential factors (SpO,,
heart rate, mechanical output) associated with this variability. We
also hypothesized that participants with greater SpO, decreases
during RSH would experience larger performance decrements
(reduced mechanical output), potentially resulting in minimal or
no training benefits, and vice versa.

2 Methods
2.1 Participants
The sample size was determined using power analysis software

(G*Power 3.1.9.7, Diisseldorf,
Germany; 1-8=0.80, a=0.05) based on the mean effect size

Heinrich-Heine-Universitit
(r=0.61) for the correlation between SpO, and exercise
performance (sprint decrement score) during hypoxic repeated
sprint exercise (11). The power analysis calculated a total sample
size of 13 participants, and 16 were recruited to account for
potential dropouts. Sixteen male, highly-trained sprint runners
(Age: 20.2 + 1.7 year; Weight: 66.9 + 1.7 kg; Height: 1.74 £ 0.07 m),
categorized as Tier 3 by established criteria (24), volunteered after
providing written informed consent. Participant characteristics are
displayed in Supplementary Table SI. All participants were born
and lived near sea level and had not been exposed to hypoxic
environments in the previous three months. The study adhered to
the Declaration of Helsinki and was approved by the Research
Ethics Committee of the University of Tokyo (No. 891).

2.2 Design and procedures

This
variability in training effects as well as the physiological and

observational study investigated inter-individual
mechanical training load of RSH. The intervention involved two
weeks of RSH (two sets of 5x 10-s all-out sprints with 30-s
recovery; three times per week) in hypoxia (FiO,=0.15).
Performance tests (10 x 10-s all-out sprints with 30-s recovery)
were performed before and after the intervention (pre- and post-
test) in normoxia (FiO,=0.21). Although six sessions of RSH

training is a common protocol, the training volume in this study
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was relatively small for sprint runners, with only 2 sets compared
to 3-4 sets used in previous studies involving other athletic
cohorts [e.g., team sports, cycling, cross-country skiing athletes;
(4)]. All participants belonged to the same track and field club
and followed a similar training regimen during the experimental
period. To compare inter-individual differences in training
effects, the magnitude of pre-post mean power improvements (%
MPO improvement) was calculated. Furthermore, performance
and physiological parameters for each training session were
analyzed and compared with training outcomes to identify
factors influencing inter-individual variability in RSH effects.
Training and testing used an electrically braked cycle
ergometer (PowerMax VIII, Konami, Japan), with workloads set
at 5.0% of each participant’s body weight. Handle and seat
positions were replicated for all sessions. Before each session,
participants performed a self-selected warm-up (e.g., walking,
jogging, dynamic stretching), followed by 3 x 10s cycle sprints
(inter-sprint recovery =50 s) at increasing effort levels (60, 80%
and 100% of voluntary maximal effort) in hypoxia (FiO,: 0.15).
The training intervention consisted of six sessions of repeated
sprint training (two sets of 5 x 10-s all-out cycle sprints; recovery:
inter-sprint = 30 s, inter-set =5 min) in hypoxia (FiO,:0.15) over
two weeks (three times per week). Given the participants’ lack of
familiarity with all-out sprinting on a treadmill and to eliminate
the risk of falls or injuries and reduce the total amount of
ground contact by running, we opted for all-out sprint cycling.
All participants regularly incorporated all-out sprint cycling as
part of their training routine. Throughout the intervention,
participants maintained their regular track and field training
regimen (two to three hours per session, five sessions per week).
Performance tests were conducted before and after the training
with  30-s
recovery, in normoxia (FiO,=0.21). All tests were conducted at

intervention, involving 10x 10-s all-out sprints
~93 m above sea level, with test and training sessions spaced two
to three days apart. Participants were asked to avoid ergogenic
substances (e.g., energy drinks, supplements) for 24 h before
testing and refrain from heavy physical activity for 48 h prior.
All tests were conducted at the same time of day (+1 h) for each

participant to minimize circadian influences.

2.3 Measures

The hypoxic chamber (FCC-5000S, Fuji Medical Science,
Japan) maintained a regulated normobaric hypoxic environment
(15% O, and <1% CO,) through a nitrogen dilution technique.
Testing utilized an electrically braked cycle ergometer (PowerMax
VIII, Konami, Japan) to measure mean power output (MPO) for
each sprint. The sprint decrement score (Sqec) Was calculated as
described previously (3). Heart rate (Polar H10, Polar, Finland)
was measured immediately before the first sprint and ~10 s after
each sprint. For assessing physiological training loads, averaged
SpO, (SAT-2200, Nihonkohden, Japan)
recorded as an internal hypoxic stimulus, and training impulse

post-sprint were

(TRIMP) was calculated using heart rate data via the banister’s
method (25). To standardize performance across individuals,
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standardized total work (relative TW) was calculated by dividing
the total workload during training in hypoxia by the total
workload (TW) measured during the pre-test in normoxia. Blood
lactate concentrations (BLa) were measured from fingertip blood
samples using a portable lactate analyzer (Lactate Pro 2, Arkrey,
Japan), collected 5 min after the last sprint in both the pre- and
post-tests.

This study examined inter-individual variability in the training
effects of RSH interventions. To accurately assess inter-individual
variability, it is necessary to account for intra-individual
variability and measurement errors from the observed changes.
Typically, a control group is required to adjust for these factors;
however, due to ethical and logistical considerations, this was a
single-arm study targeting highly trained athletes (21, 22). In line
with previous recommendations, we conducted test-retest
measurements to assess the reliability of pre- and post-
intervention measurements, quantifying measurement error and
intra-individual variability (21, 26). The test-retest was performed
with 12 participants who had similar profiles to those in the
main experiment (highly trained sprint runners) and experienced
with The

environmental conditions, and procedures were used, with a two-

cycling  sprints. same measurement devices,
week interval. Statistical methods for assessing inter-individual

variability are detailed in previous studies (21, 22).

2.4 Analysis

Statistical analysis was conducted in GraphPad Prism (v10.2.2;
GraphPad Software, USA). Data normality was assessed with the
Shapiro-Wilk test, and if violated, the Wilcoxon signed-rank test
was applied. Paired t-tests (pre vs. post) and two-way repeated
measures ANOVA [repetition (sprint 1, 2, 3, ..., and 10) x time
(pre and post)] were used to compare dependent variables,
followed by Tukey’s multiple comparisons. Mauchly’s sphericity
test was employed to assess the assumptions of variance for all
ANOVA results, with a Greenhouse-Geisser correction applied
when necessary. Pearson’s correlation coefficients were computed
to investigate relationships between variables. Effect sizes were
determined using Cohen’s d (0.20-0.49 =small effect; 0.50-
0.79 = moderate effect; and >0.80 = large effect) or eta squared
(7% 0.010-0.059 = small effect; 0.060-0.139 = moderate effect; and
>0.140 = large effect). Data are presented as mean + standard
deviation (SD), with statistical significance set at P < 0.05.

To assess inter-individual variability, SD of individual responses
(SD1r) was calculated using the following equation (21, 22):

SDig = \/SD? — SD2p,

where SD; and SDcrgy, represent the SD of change scores from
training intervention result (SD;) and test-retest result (SDcrry)s
respectively. A positive SDir indicates inter-individual differences
in training adaptations, while an indeterminate or negative SDig
suggests no meaningful differences. The proportion of responders
and non-responders is determined using a normal distribution
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model, centered on the mean change score from the intervention,
with a standard deviation of SDir. This proportion is calculated as
the area of normal distribution that exceeds the smallest
worthwhile change, which is defined as 20% of the baseline
standard deviation of the training intervention (22).

3 Results

MPO significantly decreased (Asprint 1-10: —24.7 + 6.4%;
P<0.001; n2 =0.710) across repetitions and improved (+3.8 + 3.9%;
P=0.001; n°=0.027) after the training intervention (Figure 1A).
post hoc tests revealed that MPO significantly increased (all
P <0.01) in the later sprints (sprints 5-10) in post-test compared to
pre-test (Figure 1A). Averaged MPO was significantly greater
(P=0.001; d=1.191) in post-test than in pre-test (7.11+0.30 vs.
6.85+0.31 W/kg; Figure 1B). Heart rate significantly increased
across repetitions (Apost-WU-sprintl0: +50.2 +13.0%; P <0.001;
n*=0.812), irrespectively of training (P =0.399; 7% <0.001;
Figure 2A). Averaged heart rate did not differ (P=0.184; d =0.222)
between pre- and post-tests (177.0+8.5 vs. 1782+7.1 bpmy
Figure 2B). Sgqec Wwas significantly improved (—18.6+4.5 vs.
—163+42%; P=0.047; d=0.744) after the intervention
(Figure 3A), while BLa (P=0.584; d=0.118) did not differ between
pre- and post-tests (17.6 +2.7 vs. 17.9 + 2.2 mmol/L; Figure 3B).

To estimate random noise, the averaged MPO for the test and
retest were identified as 7.12+0.69 W/kg and 7.12+0.65 W/kg,
respectively. The SD of the change score for the test-retest (ie.,
SDcrri) was 0.139 W/kg, while the SD of the change score for the
intervention (ie., SDj) was 0.261 W/kg. The calculated SDjz was
0.221 W/kg, indicating inter-individual variation. The proportion of

10.3389/fspor.2025.1524437

responders was 81.3%, suggesting that nearly 20% of participants
did not experience a performance benefit from the intervention.

A significant correlation was noted between SpO, in hypoxic
condition and relative TW (r=0.435, P=0.008), as well as
between relative TW and %MPO improvement (r=0.833,
P <0.001) (Figures 4A,E). No other significant correlations were
observed: SpO, and TRIMP (r=0.281, P=0.097; Figure 4B),
TRIMP and relative TW (r=0.118, P=0.494; Figure 4C), SpO,
in hypoxic condition and %MPO improvement (r=0.257,
P=0.336; Figure 4D), or TRIMP and %MPO improvement
(r=0.118, P =0.494; Figure 4F).

4 Discussion

Six RSH sessions over two weeks produced significant training
effects (Figures 1, 3A). However, inter-individual variability
that differed
individually, with both responders and non-responders observed

analysis revealed performance improvement
despite uniform RSH implementation (Supplementary Figure S1).
Analysis of training parameters revealed a significant relationship
between arterial deoxygenation and relative TW (Figure 4A), and
™ %MPO

improvement (Figure 4E). These findings suggest that differences

a strong correlation between relative and
in TW changes during training may lead to heterogeneous

training outcomes, with varying effectiveness among participants.

4.1 Training outcomes

In this study, six sessions of RSH training (two sets of 5 x 10-s
all-out cycle sprints; recovery: inter-sprint = 30 s, inter-set = 5 min;
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Changes in mean power output across sprint repetitions (A) and averaged mean power output of ten sprints (B) for pre- and post-tests. T, training; R,
repetition; |, interaction. Blue circle markers and line indicate the pre-test, while orange triangles and line indicate the post-test values. Markers
represent individual values (n =16), and lines represent mean values. Gray connecting line indicate individual changes between pre- and post-test
Paired t-test (pre x post) and two-way repeated measures ANOVA [repetition (sprint 1, 2, 3, ..,
###P < 0.001, #P <0.05, significantly different from the previous sprint (i.e., sprint 1 vs. 2; sprint 2 vs. 3; sprint 4 vs. 5). *** P<0.001, ** P<0.01,
significantly different between pre- and post-tests. P value and effect size are expressed as P value (effect size).

and 10) X time (pre and post)] were applied.
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Changes in heart rate across sprint repetitions (A) and the heart rate of ten sprints (B) for pre- and post-tests. T, training; R, repetition; |, interaction;
post-WU, post-warm up. Blue circle markers and line indicate the pre-test, while orange triangles and line indicate the post-test values. Markers
represent individual values (n = 16), and lines represent mean values. Gray connecting line indicate individual changes between pre- and post-test.
Paired t-test (pre x post) and two-way repeated measures ANOVA [repetition (post-WU, sprint 1, 2, 3, .., and 10) x time (pre and post)] were
applied. ###P <0.001, ## P<0.01 #P < 0.05, significantly different from the previous sprint (i.e., post-WU vs. sprint 1; sprint 1 vs. 2; sprint 3 vs. 4).
P value and effect size are expressed as P value (effect size).
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Changes in sprint decrement score (A) and blood lactate concentration (B) between pre- and post-tests. Blue circle markers and line indicate the pre-
test, while orange triangles and line indicate the post-test. Markers represent individual values (n =16), and lines represent mean values. Gray
connecting lines indicate individual changes between pre- and post-tests. Paired t-test (pre x post) was applied.

FiO,: 0.15) over two weeks resulted in a ~3.8% increase in MPO and
a ~6.0% improvement in Sy during repeated sprint tests (10 x 10-s
all-out cycle sprints with passive 30-s recovery) in normoxia
(Figures 1B, 3A). These performance benefits are consistent with

sprints with 20-30 s recovery) and testing conditions (10 x 6-10 s
sprints with 20-30s recovery) under similar hypoxic conditions
(FiO,: 0.141-0.162) (6, 12, 27). The slightly smaller improvements
observed here might be attributed to the high training status of our

previous RSH studies, which reported a ~3% to 10% increase in
MPO with similar training protocols (1-3 sets of 5-8x6-10s
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sprint runners compared to less trained cohorts in previous studies,
or the smaller training load (2 sets vs. 3—4 sets) used in this study
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approximate straight lines. Pearson’s correlation coefficients were computed to investigate relationships between variables. The gray area
represents the 95% confidence interval.

(4). Although our observational study lacked a control group, our
findings indicate that two sets of five all-out sprints (total 10
sprints per training session) might be sufficient for meaningful
performance improvements. Despite the overall improvement, there
with ~20% of
participants showing no performance improvement (ie., non-

was considerable inter-individual variability,
responders) after the same RSH training (Supplementary Figure S1).

During pre- and post-test assessments, heart rate significantly
increased across repetitions, with no effect of training (Figure 2).
This
cardiovascular adaptations from RSH (6, 28-30). Peripheral

result aligns with previous studies showing no
skeletal muscle adaptations (e.g., increased capillary-to-fiber ratio,
myoglobin content, and oxidative enzyme activity) are likely the
main adaptations to repeated maximal-intensity hypoxic training
(15, 16). Previous studies have also indicated that hypoxic
training can increase glycolytic enzyme activity, especially
phosphofructokinase (31, 32). However, this study did not show
an increase in blood lactate concentrations after the training
intervention (Figure 3B), aligning with observations from

previous RSH studies (6, 12, 29, 30). During repeated sprints, the

Frontiers in Sports and Active Living

glycolytic system is highly active initially, but its contribution
decreases with successive efforts, leading to a plateau in blood
lactate levels (3, 33). Hence, potential differences in glycolytic
reflected in blood
concentrations due to this plateau effect.

enzyme activity may not be lactate

4.2 Inter-individual variability

We observed inter-individual variability in performance
improvements after the RSH intervention, including the presence
of non-responders (Supplementary Figure SI). Although the
effectiveness of RSH has been well demonstrated in meta-
analyses (4), the presence of inter-individual variability in
performance benefits and non-responders indicates that the
present RSH protocol may not benefit all athletes equally.
Gutknecht et al. (12) reported that SpO, fluctuations during RSH
training sessions were significantly correlated with performance
improvements under varying hypoxic exposures (FiO,: 0.141,
0.162, or 0.175). In contrast, our study demonstrates that this
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phenomenon also occurs under identical hypoxic conditions (FiO,:
0.150), indicating that it may be driven by inter-individual responses
to hypoxia. To explore the cause of these heterogenous training
effects, we examined the relationship between individual
performance improvement (%MPO improvement) and training
parameters (SpO,, TRIMP and relative TW; Figure 4). Internal
hypoxic response in blood level (SpO,) during training sessions
significantly correlated with relative TW (Figure 4A), indicating
that participants with greater arterial deoxygenation achieved
lower TW during hypoxic training sessions. Consistent with
these observations, our previous research showed significant
individual variations in SpO, levels (ranging from 91.6% to
82.2%), with those experiencing greater declines in SpO, also
showing larger reductions in RSA under moderate hypoxia
(FiO,: 0.15) (11). Increasing severity of arterial hypoxemia
resulted in greater peripheral muscle fatigue during repeated
sprint exercise in severe hypoxia (FiO,: 0.13) compared to
normoxia (FiO,: 0.21) and moderate hypoxia (FiO,: 0.17) (34).
Thus, decreased mechanical output during training (relative
TW) in individuals with greater arterial deoxygenation may
primarily be attributed to peripheral fatigue. Peripheral muscle
fatigue induced by arterial hypoxemia may be associated with a
decline in tissue oxygenation; however, this remains a topic for
future investigation.

There was a significant correlation between relative TW and %
MPO improvement (Figure 4E), indicating that participants with
lower relative TW (mechanical output) derived fewer benefits from
RSH. This aligns with previous studies linking reduced mechanical
output to diminished activation of the AMPK pathway and
smaller training gains (18-20). Taken together, excessive arterial
deoxygenation during training sessions may decrease relative TW
(mechanical output),
improvement. This is supported by research on RSH under
various hypoxic conditions (FiO,: 0.141, 0.162 or 0.175), which

reported a significant correlation between SpO, during training

potentially compromising performance

and performance improvement (12). Specifically, greater decreases
in SpO, were associated with smaller performance gains (12).
Interestingly, performance improvements occurred only under
mild hypoxia (FiO,: 0.162-0.175), where arterial deoxygenation
was mild (SpO,: ~93%-89%), but not under severe hypoxia
(FiO2: 0.141) with large arterial deoxygenation (SpO,: ~82%),
indicating that excessive arterial deoxygenation may negatively
affect performance outcomes (12). However, in our study, there
%MPO
improvement (Figure 4D), indicating that SpO, variability is not

was no significant correlation between SpO, and
the sole determinant of performance, and other factors may also
influence training outcomes. One possible explanation is that a
decrease in SpO, may reduce mechanical stress while increasing
physiological stress, potentially promoting adaptations through
mechanisms such as HIF activation (13, 14).

There was no significant correlation between SpO, and TRIMP
(Figure 4B), indicating that a decrease in SpO, did not affect
cardiovascular strain during RSH. This aligns with previous studies,
which observed no significant differences in heart rate responses
between hypoxia and normoxia, suggesting that changes in arterial
deoxygenation did not alter cardiovascular solicitation during RSH
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(28, 35). TRIMP also did not correlate with %MPO improvement
(Figure 4F), further suggesting that differences in cardiovascular
responses had minimal impact on RSH training effectiveness. In
contrast, previous research has shown that heart rate can decrease
with increasing hypoxia due to compensatory vasodilation (36).
Although moderate hypoxia (FiO,: 0.15) was applied in this study,
heart rate responses may differ with more severe hypoxia.

4.3 Limitations

We recruited highly-trained athletes who maintained their
regular training outside of the prescribed RSH intervention. While
this incidental training (not quantified) may have influenced the
results, all participants were from the same team and followed a
similar training regimen during the same pre-competition phase.
Several studies have consistently demonstrated positive effects
when elite athletes combine RSH with their “normal” training
routines (15, 16, 27, 28). Therefore, examining the combination of
RSH and regular training is crucial for understanding its practical
applications in real-world settings.

This study is an observational experiment involving highly
trained athletes, and the absence of a comparison group (e.g., a
normoxic training group) represents a significant limitation. Due
to ethical and logistical considerations, including a normoxic
training group that would not receive the potential benefits of the
RSH intervention was not feasible for highly trained athletes. To
examine inter-individual variability in response to the RSH
intervention, we conducted a test-retest assessment to estimate
potential random noise from the intervention. While this
approach helped mitigate the impact of lacking a comparison
group, future research should include a randomized controlled
trial with a comparison group and female participants to provide
more robust evidence.

5 Conclusion

Six RSH sessions performed over two weeks led to significant
performance improvements during repeated sprint tests, with a
~3.8% increase in MPO and a ~6.0% reduction in Sg... Inter-
that
improvements differed between individuals, with nearly 20% of

individual variability analysis revealed performance
participants not experiencing any performance benefit from
the intervention. The internal hypoxic response (SpO,) showed
a significant correlation with relative TW, which was strongly
associated with performance improvement. Taken together,
training parameters such as arterial deoxygenation and relative
TW in highly-trained sprint runners may contribute to the

observed heterogeneous training effects.
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