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Abstract

The purpose of this study was to explore the effects of four weeks of intermittent hypoxic (IHT)
repeated sprint training administered to athletes via a hypoxia device at sea level on their
hematological parameters, anaerobic performance, and aerobic capacity. Twenty-eight subjects
with moderate training levels participated voluntarily in the study. The subjects were randomly
assigned to either an experimental (hypoxia, n=14) or a control (n=14) group. The subjects in
the experimental group received repeated sprint training with a resistance cycle under
normobaric hypoxic conditions equivalent to approximately 2550 meters in altitude, with two
sessions per week for 4 weeks. The subjects in the control group performed the same training
as the experimental group under normoxic conditions.. Prior to and following this research,
anaerobic performance, aerobic performance, and hematological parameters (HGB, HCT, RBC,
MCYV, and MCHC) were assessed. Two-way ANOVA with mixed measurements was used to
analyze the data. Significant increases in anaerobic power and anaerobic capacity values were
detected in the experimental group (p<0.05). Significant differences were observed in the VO:
max values in terms of measurement and group*measurement interactions, and it was

determined that hypoxic training positively affected aerobic capacity (p<0.05). Conversely, no
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significant changes were detected in body weight or basic hematological parameters such as
hemoglobin, hematocrit, or erythrocyte count (p>0.05). Overall, four weeks of IHT repeated
sprint training performed with a hypoxia device at sea level is an effective method, particularly
for enhancing athletes’ anaerobic performance and aerobic capacity. However, short-term

hypoxic exposure did not elicit significant hematological adaptations.

Trial Registration: Australian New Zealand Clinical Trials Registry (ANZCTR)

ACTRN12626000865314. Registered 15 July 2026.

Keywords: Hypoxia, intermittent hypoxic training, repeated sprint, anaerobic performance,

VO:max

Introduction

In recent years, hypoxia-based methods have gained importance among training approaches
aimed at improving sports performance. Hypoxic training stimulates the physiological
adaptations of an organism to oxygen restriction and enables the emergence of various
adaptation mechanisms at the hematological, metabolic, and musculoskeletal system levels [1].
Furthermore, hypoxic conditions may contribute to both aerobic and anaerobic performance
through various effects on lactate accumulation, buffering capacity, oxygen utilization
efficiency, and muscle metabolism [2]. Hypoxia-based training methods are generally classified
under the models of live high—train high (LHTH), live high—train low (LHTL), and intermittent

hypoxic training (IHT) [3].

Intermittent hypoxic training (IHT) is a training method in which athletes reside at or near sea
level but are subjected to hypoxic conditions during specific training sessions. This exposure
can occur through environmental hypoxia or the use of hypoxia devices. Compared with

traditional high-altitude camps, IHT provides several key benefits, including greater control of
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the hypoxic dose, a reduction in logistical requirements, and maintenance of training continuity
[4]. While ITHT has been reported to elicit adaptations at certain levels in hematological
parameters (i.e., hemoglobin concentration, hematocrit, and oxygen-carrying capacity), the
magnitude of the response elicited is variable based on the duration of the training program, the

intensity of the training, and the degree of hypoxia experienced [5].

Repeated sprint training is a key determinant of performance in many individual and team sports
and is characterized by brief bouts of high-intensity muscle contractions interspersed with short
recovery periods. Compared with training in normoxic environments, repeated sprint training
performed under hypoxic conditions has been reported to induce greater metabolic stress, which
may increase the stimulation of glycolytic energy systems and peripheral muscle adaptations
[6]. Thus, hypoxic repeated sprint training is suggested to have positive effects on anaerobic

power, sprint performance, and resistance to fatigue [7,8].

Furthermore, high-intensity sprint-based hypoxic training is likely to affect not only anaerobic
performance but also aerobic performance via adaptations in recovery kinetics, muscular
oxygen utilization efficiency and mitochondrial function [9]. However, the literature does not
provide consistent evidence regarding the effects of IHT interventions on maximal oxygen
uptake (VO2 max), and it appears that aerobic improvements are possible but may be limited,

particularly after short-term hypoxic interventions [10].

The limited amount of existing research investigating the effects of short-term (4-week)
intermittent hypoxic repeated sprint training on anaerobic performance, aerobic performance,
and hematologic parameters in the same study limits our understanding of how these factors
are interrelated. In addition, further research is needed to clarify the relationship between
hematological adaptations and performance variables following controlled IHT protocols

implemented using hypoxia devices at sea level.
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Accordingly, this study aimed to explore the effects of a 4-week repeated sprint training
program implemented via the IHT method on hematological parameters, acrobic performance,
and anaerobic performance in athletes. We hypothesized that repeated sprint training performed
under hypoxic conditions would lead to significant improvements, particularly in anaerobic
performance and selected hematological variables, and would additionally contribute to aerobic

performance.

Method

Subjects

A total of 28 moderately trained athletes voluntarily participated in the study. The required
sample size was determined prior to the study using GPower software (version 3.1.9.7). Based
on an effect size of = 0.3, an alpha level of a = 0.05, and a statistical power (1 - ) of 0.80 for a
two-way ANOVA with mixed measures (2 groups x 2 time points), a minimum total sample
size of 24 participants was calculated. To account for potential dropouts, 28 participants were
recruited for the study. Participant recruitment and baseline testing were conducted between
April 2, 2018, and April 16, 2018. The 4-week supervised hypoxic training intervention and
final post-testing were completed on May 25, 2018. All participants were nonsmokers living at
sea level. None of the participants were acclimatized to altitude or had been recently exposed
to high altitude, and they were instructed to avoid exposure to altitudes above 1500 m

throughout the study protocol.

Study Design

The experimental protocol involved two testing sessions conducted before (pre) and after (post)
a four-week supervised specialized training period, including eight training sessions. Each
participant was randomly assigned to one of two study groups using a computer-generated

random number sequence (1:1 allocation ratio): a control group (CON, n = 14, age = 18.78 +
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0.80 years) and a training group (ANT, n = 14, age = 19.35 £+ 1.33 years). Participants were
randomly assigned using a computer-generated random number sequence created in Microsoft
Excel. No separate allocation concealment mechanism was implemented during participant
assignment. The random allocation sequence was generated by E.A. Participant recruitment and
enrollment were performed by E.E. and Y.K., and participants were subsequently assigned to
their respective intervention groups by A.I. Only the pre-test and post-test assessments were
completed by members of the control group; they continued their routine training without
participation in the specialized training program for the four-week period. The subjects were
previously unfamiliar with 10-second cycling sprints but were accustomed to laboratory testing
and longer-duration high-intensity cycling exercises. The participants in both groups were told
that their training sessions would be conducted at high altitude; however, the exact altitude was
withheld. Therefore, participants were blinded to their group assignment and environmental
conditions. To maintain single blinding, the hypoxicator settings and gas mixture displays were
kept out of the participants' view. Furthermore, outcome assessors and blood sample analysts at
the biochemistry laboratory were blinded to group allocations during data collection and
analysis. This trial was designed, conducted, and is reported in accordance with the CONSORT
2010 guidelines for randomized controlled trials; the completed CONSORT checklist is

provided as Additional file 1.
Supervised Training Protocol

The participants completed eight specialized cycling training sessions involving repeated
sprints over a four-week period, beginning in the week following the pre-assessment and ending
in the week preceding the post-assessment. Intermittent hypoxic training (IHT) was conducted
using a Hypoxico Everest Summit II hypoxicator (USA), which was designed to generate
hypoxic gas mixtures through membrane separation of oxygen and nitrogen molecules from

ambient air via a masking system. Training sessions were performed twice per week at the same
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time of day in a well-ventilated laboratory (80 m?) located at an altitude of 4 m (Ordu, Tiirkiye),

with an average ambient temperature of approximately 25 °C.

The participants were comfortably seated on the cycle ergometer saddle. The SpO: values were
continuously monitored during the training sessions using a Braun YK-81 (Germany) pulse
oximeter sensor. The hypoxicator was set to simulate an altitude equivalent to 2550 m (8366
feet) above sea level. The athlete breathed the prescribed hypoxic gas mixture via a tightly fitted
face mask. No adverse events, injuries, or unintended harmful effects were observed or reported

in either group during the 4-week intervention period.

Training sessions

All of the training sessions started with an initial 10-minute warm-up at 120 W. Following this
warm-up, the subjects completed 3 sets of five 10-second all-out repeated sprints. The 5-minute
active recovery at 120 W was performed between sprint and sets. Every training session
included a 10-minute cool-down at 120 W (Figure 1). The subjects were instructed to perform
each sprint with maximal effort, with the intention of reaching and maintaining maximal power
output throughout each sprint. The total length of the repeated sprint protocol was 36 minutes
and 30 seconds. The subjects spent approximately 40 minutes in the laboratory for each session
(total laboratory exposure time of 320 minutes over the four-week training period). Training
sessions were conducted via magnetically braked cycle ergometers (Monark LC6 Novo Duo,
Sweden; Lode Excalibur Sport, Netherlands), with a maximum of two subjects exercising
simultaneously. Heart rate and SpO. were continuously monitored throughout each training
session. Water was provided for the subjects to ensure that they remained hydrated during
training. After each session, the subjects reported their rating of perceived exertion on the basis
of the Borg scale (6-20). Training sessions were scheduled with at least 48 hours of rest between

sessions to facilitate optimal recovery. In addition to the laboratory setting, the subjects were
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instructed to continue performing their normal training regimens and refrain from performing

any high-intensity training.
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Figurel. Description of a typical training unit. (doi:10.1371/journal.pone.0056522.g001) [6].

Baseline (Pre) and Post Tests

The participants were instructed to avoid any training or strenuous physical activity for 48 hours
prior to each testing session. Because of the high intensity of the test, the participants were
required to report to the laboratory in a fed state; therefore, a standardized breakfast was
recommended. In all cases, the participants were instructed to replicate their least meal prior to
testing and to refrain from alcohol and caffeine consumption for three days prior to testing and
during the 24 hours preceding each test. Water was provided ad libitum during testing. Pre- and
post-tests were conducted under normoxic conditions in a well-ventilated laboratory at a

constant ambient temperature of 24 °C and in the same order for all the participants.
Hematological analyses

To assess hematological parameters such as hemoglobin (HGB), hematocrit (HCT), red blood
cell count (RBC), mean corpuscular volume (MCV), and mean corpuscular hemoglobin
concentration (MCHC), a total of 6 mL of venous blood was collected at rest under normoxic
conditions before and after the training period. Among the collected samples, 5 mL of venous

blood was transferred into ethylenediaminetetraacetic acid (EDTA) tubes for whole blood
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analysis, while 1 mL was transferred into serum separation tubes for serum analysis. The EDTA
tubes were gently inverted several times immediately after blood collection to ensure
anticoagulation and were stored at —20 °C until analysis. The venous blood samples collected
in the serum separation tubes were centrifuged at 3500 rpm for 10 minutes. The separated serum
was stored at —70 °C until analysis. The frozen serum samples were subsequently analyzed by
specialized personnel at the Biochemistry Laboratory of Ordu University Teaching and

Research Hospital.

Exercise performance tests and measurements

Anaerobic Performance:

The Wingate test was used to measure the anaerobic performance of the athletes using a
Wingate cycle ergometer (Monark 894E, Sweden). The participants’ individual adjustments to
their saddle and handlebar positions on the ergometer were established prior to testing and
remained constant throughout all testing sessions. Each participant completed a standard, low-
intensity warm-up of 5 minutes prior to testing, which consisted of several short sprints (4—6 s)
performed at the maximum pedal rate [11]. For each performance test, in addition to calculating
the peak power output (W), mean power output (W), and fatigue index (%), these results were
also normalized to the participant’s body mass and recorded as the relative power output
(W-kg™). All tests were performed for 30 seconds using the Wingate mode of the ergometer at

a fixed load corresponding to 7.5% of the body mass (Nm-kg™).

Aerobic Performance:

The 20-m shuttle run test was performed over a 20-m distance, starting at a running speed of
8.5 km-h™!, with increments of 0.5 km-h™! every minute [12]. The test was terminated when the
participant failed to reach the line in time for two consecutive audio signals. At the completion

of the test, the predicted maximal oxygen uptake (VO:max, mL-kg'-min™") values were
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calculated using an equation based on the final shuttle run level completed. The equation
developed for men was VO.max = 2.75 x A + 28.8 (r* = 0.77, SEE = 4.07 mL-kg''min™"),

where A represents the final level completed during the shuttle run test [13].
Statistical analysis

The descriptive statistics of the studies are presented as the means + standard deviations. The
normality of the data distribution was examined via the Shapiro—Wilk test. The effects of the
independent variables (group factor (experiment and control), measurement factor ( pre-test and
post-test) and interaction of group and measurement factors) on the dependent variables
(weight, anaerobic power, anaerobic capacity, fatigue index, maximum oxygen uptake
(Max.VO2), hemoglobin (HGB) concentration, hematocrit (HCT), red blood cell (RBC) count,
mean corpuscular volume (MCV), and mean corpuscular hemoglobin concentration (MCHC))
were analyzed via two-way ANOVA for mixed measures. The hypothesis of sphericity was
tested by Mauchly’s test in the analysis of two-way ANOVA for mixed measures. The SPSS
statistical package program was used for statistical analyses (SPSS 22.0, SPSS Inc., Chicago,
USA). All statistical analyses were performed according to the original assigned groups on an
intention-to-treat (ITT) basis. The denominator for each analysis was n = 14 for the
experimental group and $n = 14$ for the control group. The statistical analyses were applied at

the p<0.05 significance level.

Results

A total of 28 participants were enrolled, randomly assigned to either the experimental group (n
= 14) or the control group (n = 14), and all completed the study protocol without any dropouts

(Figure 2).

Enrolled (n = 28)

\4
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Figure 2. CONSORT flow diagram of participant progress through the phases of the trial.

Table 1. Descriptive and physical characteristics of the study groups at baseline

Group N Mean Std. Deviation
Age Experiment 14 19,3571 1,33631

Control 14 18,7857 ,80178
Height Experiment 14 174,8571 495917

Control 14 174,8571 4,57177

Table 1. Two-way ANOVA for Mixed Measures to Analyze the Results of Pre-test and Post-

test Weight Values of Athletes

Group n x (kg) SD Min. Max. Factor F p
Experiment 14 71.71 6.21 57.20 81.70
Group (Experiment/Control) 0.390 0.538
Pre-test Control 14 69.41 8.23 58.00 86.00
Total 28  70.56 725 57.20 86.00
Measurement (Pre-test/Post-test) 3.059 0.092
Experiment 14 71.64 5.67 58.00 79.00
Post-test Control 14 70.49 8.75 58.50 88.00
Group*Measurement 3.883 0.060
Total 28  71.07 7.26 58.00 88.00

As shown in Table 1, the weight values of the athletes did not differ with respect to group or

measurement factors (p>0.05). Additionally, the interaction effect of group and measurement

factors on weight values was not statistically significant (p>0.05).
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Graph 1. The Pre-test and Post-test Weight Values of the Experimental and Control Groups

Table 2. Two-way ANOVA for Mixed Measures to Analyze the Results of Pre-test and Post-

test Anaerobic Power Values of Athletes

X

Group n (watt’kg SD Min. Max. Factor F p
)
Experiment 14 12.66 1.01 11.20 14.46
Group (Experiment/Control) 5.800 0.023*
Pre-test Control 14 11.97 1.44 8.85 14.51
Total 28 12.32 1.27 8.85 14.51
Measurement (Pre-test/Post-test) 18.048 0.000*
Experiment 14 13.99 1.22 11.42 16.52
Post-test Control 14 12.50 1.59 9.11 15.00
Group*Measurement 3.340 0.079
Total 28 13.24 1.58 9.11 16.52
*p<0.05

According to Table 2, the anaerobic power values of the athletes significantly differed with

respect to group and measurement factors (p<0.05). Additionally, the interaction effect of group

and measurement factors on anaerobic power values was not statistically significant (p>0.05).
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Graph 2. The Pre-test and Post-test Anaerobic Power Values of the Experimental and Control

Groups

Table 3. Two-way ANOVA for Mixed Measures to Analyze the Results of Pre-test and Post-

test Anaerobic Capacity Values of Athletes

X

Group n (watt/kg SD Min. Max. Factor F p
)
Experiment 14 8.77 0.36 8.29 9.49
Group (Experiment/Control) 12.677 0.001*
Pre-test Control 14 8.99 0.58 7.12 9.11
Total 28 8.58 0.51 7.12 9.49
Measurement (Pre-test/Post-test) 2.194 0.151
Experiment 14 9.11 0.46 8.47 10.19
Post-test Control 14 8.26 0.53 7.20 8.89
Group*Measurement 12.135 0.002*
Total 28 8.69 0.65 7.20 10.19

#p<0.05

According to Table 3, it was seen that the anaerobic capacity values of the athletes significantly

differed with respect to the group factor (p<0.05). However, there was no significant difference

among the anaerobic capacity values of the athletes in terms of measurement factors (p>0.05).

Additionally, the interaction effect of group and measurement factors on anaerobic capacity

values was statistically significant (p<0.05).
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Graph 3. The Pre-test and Post-test Anaerobic Capacity Values of the Experimental and

Control Groups

Table 4. Two-way ANOVA for Mixed Measures to Analyze the Results of Pre-test and Post-

test Fatigue Index Values of Athletes

Group n %) SD Min. Max. Factor F p
Experiment 14 59.77 7.58 48.30 73.69
Group (Experiment/Control) 7.351 0.012*
Pre-test Control 14 63.89 12.77 40.15 90.30
Total 28 61.83 10.52 40.15 90.30
Measurement (Pre-test/Post-test) 0.454 0.506
Experiment 14 57.62 7.12 47.00 67.50
Post-test Control 14 68.97 9.48 57.20 86.70
Group*Measurement 2.746 0.109
Total 28 63.30 10.05 47.00 86.70
*p<0.05

According to Table 4, the fatigue index values of the athletes significantly differed with respect

to the group factor (p<<0.05). However, there was no significant difference among the fatigue

indices of the athletes in terms of the measurement factors or the interaction between the group

and measurement factors (p>0.05).
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Table 5. Two-way ANOVA for Mixed Measures to Analyze the Results of Pre-test and Post-

test Max.VO; Values of Athletes

X

Group n  (ml/kg/dk. SD Min. Max. Factor F P
)
Experiment 14 42.48 5.30 31.00 51.50
Group (Experiment/Control) 2917 0.100
Pre-test Control 14 42.59 3.90 34.20 49.80
Total 28 42.54 4.57 31.00 51.50
Measurement (Pre-test/Post-test) 27.210 0.000*
Experiment 14 49.37 5.08 40.80 63.20
Post-test Control 14 44.24 3.15 39.90 49.90
Group*Measurement 10.248 0.004*
Total 28 46.81 4.90 39.90 63.20

#p<0.05

Table 5 shows that the maximum oxygen uptake (Max.VO) values of the athletes were
significantly different with respect to the measurement factors and the interaction between the
group and measurement factors (p<0.05). However, there was no significant difference among
the maximum oxygen uptake (Max.VO,) values of the athletes in terms of the group factor

(p>0.05).
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Graph 5. The Pre-test and Post-test Max.VO; values of the experimental and control groups

Table 6. Two-way ANOVA for Mixed Measures to Analyze the Results of Pre-test and Post-

test HGB Concentration Values of Athletes

Group n (g/100 SD Min. Max. Factor F p
ml.)
Experiment 41‘ 14.90 0.74 13.50 15.90
" Group (Experiment/Control) 2.397 0.134
Pre-test Control 4 15.44 1.25 14.00 18.00
Total é 15.17 1.04 13.50 18.00 M B P
; easuremer;:: s(t)re-test ost- 0.046 0831
Experiment 4 14.93 0.95 13.40 17.00
Post-test Control ‘1‘ 15.47 0.97 13.80 17.00
> Group*Measurement 0.000 1.000
Total 3 15.20 0.98 13.40 17.00

According to Table 6, there was no significant difference among the HGB concentrations of the

athletes in terms of group and measurement factors (p>0.05). Additionally, the interaction effect

of group and measurement factors on HGB concentrations in athletes was not statistically

significant (p>0.05).
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Table 7. Two-way ANOVA for Mixed Measures to Analyze the Results of Pre-test and Post-

test HCT Values of Athletes

Group n %) SD Min. Max. Factor F p
Experiment 14 44.66 237 41.30 48.25
Group (Experiment/Control) 0.627 0.436
Pre-test Control 14 45.70 3.53 40.70 54.10
Total 28 45.18 2.99 40.70 54.10
Measurement (Pre-test/Post-test) 1.905 0.179
Experiment 14 44.34 3.03 40.80 51.00
Post-test Control 14 44.94 2.57 40.60 48.50
Group*Measurement 0.321 0.576
Total 28 44.64 2.77 40.60 51.00

According to Table 7, there was no significant difference among the HCT values of the athletes

in terms of group or measurement factors (p>0.05). Additionally, the interaction effect of group

and measurement factors on the HCT values of the athletes was not statistically significant

(p>0.05).
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Graph 7. The Pre-test and Post-test HCT values of the experimental and control groups

Table 8. Two-way ANOVA for Mixed Measures to Analyze the Results of Pre-test and Post-

test RBC Counts of Athletes

X

Group n (milion/uL.) SD Min. Max. Factor F p
Experiment 14 5.24 0.36 4.72 5.98
Group (Experiment/Control) 0.118 0.734
Pre-test Control 14 5.34 0.44 4.65 6.07
Total 28 5.29 0.40 4.65 6.07
Measurement (Pre-test/Post-test) 0.000 0.989
Experiment 14 5.28 0.46 4.56 6.39
Post-test Control 14 5.29 0.35 4.71 5.94
Group*Measurement 0.749 0.395
Total 28 5.29 0.40 4.56 6.39

As shown in Table 8, there was no significant difference among the RBC counts of the athletes

in terms of group or measurement factors (p>0.05). Additionally, the interaction effect of group

and measurement factors on the RBC counts of the athletes was not statistically significant

(p>0.05).
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Graph 8. The Pre-test and Post-test RBC counts of the experimental and control groups

Table 9. Two-way ANOVA for Mixed Measures to Analyze the Results of Pre-test and Post-

test MCV Values of Athletes

>

Grou, n SD Min. Max. Factor F
E"pe?me“ i 85.51 324 7990  91.30
. Group (Experiment/Control) 0.012 0.912
Pre-test Control 4 85.55 3.71 79.70 92.30
Total é 85.53 342 79.70 92.30 M P /B
' 1 easureme1:2 s(t)re-test 0st- 9.091 0.006*
E"p‘":lmen . 84.08 3.14 7930 89.70
Post-test Control 31 84.31 346  79.50 90.50
5 Group*Measurement 0.046 0.833
Total 3 84.19 324 79.30 90.50

#p<0.05

As shown in Table 9, there was no significant difference in the MCV values of the athletes in

terms of the group factor or the interaction between the group and measurement factors

(p>0.05). However, there was a significant difference among the MCV values of the athlete

students in terms of the measurement factor (p<0.05).
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319  Graph 9. The Pre-test and Post-test MCV of experiment and control groups

320 Table 10. Two-way ANOVA for Mixed Measures to Analyze the Results of Pre-test and Post-

321 test MCHC Values of Athletes

X

Group n (gr/100 SD Min. Max. Factor F p
ml)
Experiment ‘l‘ 33.49 0.64 32.70 34.54
. Group (Experiment/Control) 4.449 0.045%
Pre-test Control 4 33.82 0.79  32.80 35.67
Total ; 33.65 0.72 3270 35.67
Measuremertlé S(tlgre-test/Post- 10.643 0.003*
Experiment ‘l‘ 33.65 0.58  32.70 34.70
Post-test Control Al‘ 34.37 0.85 33.20 36.00
Group*Measurement 3.191 0.086
Total é 34.01 0.80 3270 36.00

322 *p<0.05

323  According to Table 10, there was a significant difference among the MCHC values of the
324  athletes in terms of group and measurement factors (p<0.05). However, there was no significant
325  difference among the mean MCHC values of the athletes in terms of the interaction of group

326  and measurement factors (p>0.05).

327
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Graph 10. Pretest and posttest MCHCs of the experimental and control groups.

Discussion

The main purpose of this study was to examine the effects of a sea-level IHT protocol on
anaerobic performance, aerobic capacity, and hematological parameters among athletes. These
findings indicate that IHT significantly enhanced anaerobic power, anaerobic capacity, and
VO2max, with no significant short-term changes in body mass or key hematological variables

(HGB, HCT, RBC).

No significant changes in body mass were observed following short-term hypoxic exposure,
suggesting that short-term hypoxic exposure may be insufficient to induce substantial
alterations in the energy balance or body composition. This finding is consistent with previous
studies reporting that short-duration hypoxic training does not markedly alter body mass

[1,14,15].

The significant increase in anaerobic power in both groups and measurement effects indicates

that repeated sprint training performed under hypoxic conditions positively influences
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neuromuscular adaptations and the glycolytic energy system. High-intensity interval training
conducted under hypoxia has been shown to improve phosphocreatine (PCr) resynthesis and
intramuscular buffering capacity, thus improving anaerobic power output [6,16—18]. The
nonsignificant results for the group x time interaction suggest that both groups improved with

time, but the experimental group appeared to improve at a higher magnitude than the control

group.

A significant main effect of group and the group X time interaction for anaerobic mean power
indicates that the IHT protocol had a greater effect on anaerobic performance than normoxic
training protocols [6,9,19,20]. This finding is supported by prior research reporting that
repeated sprint training conducted under hypoxic conditions increases lactate tolerance and

glycolytic enzyme activity [6,21].

A significant main effect of group on the fatigue index was observed, suggesting that the
experimental group developed a more fatigue-resistant physiological profile. The absence of
significant effects for time and the group x time interaction indicates that this adaptation may
reflect structural differences between groups rather than progressive development over time.
Previous studies have reported that hypoxia-based training can increase lactate accumulation
and stimulate intracellular buffering systems, leading to improved metabolic endurance and
thus a lower fatigue index [6,8]. However, these effects depend on the intensity and duration of

training [22-24].

One of the key findings of the current study was the significant effect of time and the group x
time interaction on maximal oxygen uptake (VO2max), which suggested that the IHT protocol
elicited a stronger physiological stimulus for improving aerobic capacity than normoxic
training. The use of interval training under hypoxic conditions has been shown to improve
peripheral adaptations, such as increases in capillary density and mitochondrial efficiency,

leading to an increase in cellular oxygen utilization [25, 26]. Numerous studies have reported



369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

greater gains in aerobic performance with IHT under hypoxic conditions [27-31]. However,
similar to other hypoxic methods, the results were inconsistent. Some researchers have reported
no significant differences in postintervention VOmax under normoxic conditions compared
with sea level training [32-34]. These inconsistencies are most likely due to the variability in
the combination of hypoxic dose, training intensity, and duration. The exercise volume,
intensity, and degree of hypoxic exposure directly influence the magnitude of improvement in
aerobic performance. Nevertheless, recent studies suggest that normobaric IHT can elicit faster
adaptations in VO2max than similar protocols performed under normoxic conditions [6, 22, 35,
36]. The absence of a significant main effect of group in the present study may be explained by

the homogeneity of baseline aerobic performance of the participants.

There were no significant differences in some key hematologic parameters (HGB, HCT, RBC),
indicating that the duration of hypoxic exposure in this study was below the threshold required
to elicit an erythropoietic response. Among recent studies, Meeusen et al. [16] reported that a
10-day IHT protocol resulted in a significant increase in HGB and HCT in elite triathletes.
However, given that the erythropoietic process is time-consuming, several studies examining
IHT protocols have reported no significant changes in hematological parameters. Indeed, 3—5-
week protocols conducted at simulated altitudes of 2,500—4,000 m, involving three weekly
sessions of 45—-60 min or totaling less than 200 h of hypoxic exposure, have not resulted in
significant changes in HCT or HGB [37-39]. A significant increase in red blood cell mass is
generally observed following daily hypoxic exposure for 12—16 h for 2—4 weeks [40]. These
findings indicate that the duration, intensity, and total hypoxic dose are key determinants of the

erythropoietin (EPO) response [5,41].

In contrast, significant changes in the MCV and MCHC across measurement time points and
between groups suggest that microlevel adaptations in erythrocyte function may have been

initiated.
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Conclusion

The results of this study indicate that a four-week hypoxic interval sprint training protocol at
sea level using hypoxia devices significantly improved anaerobic power, anaerobic capacity,
and VO:max in student athletes, whereas short-term high-intensity sprint training under
normobaric hypoxia did not elicit significant changes in body mass or key hematological

parameters (HGB, HCT, RBC).

In light of our results, short-term high-intensity interval training coupled with hypoxic
technology is a potentially viable training method for enhancing performance-specific
physiological adaptations in the context of performance, particularly in sports that target these
adaptations. However, further research involving extended training periods and varying
hypoxic doses is needed to induce hematological adaptations. Future investigations comparing
different age groups, sports disciplines, and hypoxic protocols could help fully elucidate the

mechanisms underlying the effects of hypoxic training.

Limitations of the Study

"This study has some limitations that should be acknowledged. First, the sample size was
relatively small (n = 28), although sufficient to detect statistical significance for the primary
outcomes. Second, while double blinding was maintained, subtle physiological sensations
related to hypoxia might have been perceived by some participants. Finally, the intervention
was limited to 4 weeks; future studies with longer training periods and larger sample sizes are

recommended to confirm these findings.
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