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ABSTRACT

Introduction: The traditional hypoxic training program used by endurance athletes was included in the
training of team and/or racquet sports players. Objective: The aim of this study is to analyse the effect of a new
lower dose of repeated-sprint training in hypoxia (RSH) as compared with previous studies on short and long-
-term physical performance of team sports players. Methods: Tests were performed before and after four weeks
of supervised specific training and after two weeks of detraining. Twenty-four team-sport players voluntarily
participated in the study (age: 22.73+2.87 years; weight: 70.20+3.42 kg; height: 176.95+1.63 cm; BMI: 22.42+2.26
kg/m2); the participants were randomly assigned to the RSH training group (n=8; FiO,= 14.6%), to the normoxia
group (RSN) (n=8; FiO,=20.9%) or to a third control group (CON) (n=8). The participants performed eight training
sessions of two sets of five 10-second repeated sprints, with a recovery period of 20 seconds between sprints
and a recovery period of 10 minutes at 120 W between sets. Body composition was measured following stan-
dard anthropometric evaluation procedures. The Wingate Test, Repeated-Sprint Ability Test, SJ, CMJ and Yo-Yo
Intermittent Recovery Test were used to evaluate aerobic and anaerobic outcomes. Results: In the hypoxia group,
maximal power increased by 14.96% and the total number of sprints performed increased by 20.36%, both with
a large effect size (ES=0.78 and ES = 0.71, respectively). Conclusion: A lower dose of repeated-sprint training in
hypoxia produces improvements in maximal power and number of sprints in the hypoxia group, in team sports
players, as shown by the large effect size in both cases. Level of evidence Il; Comparative prospective study.

Keywords: Aerobic exercise; Training; Physical fitness; Hypoxia.

RESUMO

Introducdo: O tradicional programa de treinamento em hipdxia utilizado pelos atletas de endurance foi incluido
no treinamento dos jogadores de esportes coletivos e/ou de raquete. Objetivo: O objetivo do presente estudo consiste
em analisar o efeito de uma nova dose menor de treinamento de sprints repetidos em hipoxia (SRH), em comparacdo
com estudos anteriores sobre o desempenho fisico de curto e longo prazo dos jogadores de esportes coletivos. Méto-
dos: Os testes foram realizados antes e apds quatro semanas de treinamento especifico supervisionado e apds duas
semanas de destreinamento. Vinte e quatro jogadores de esporte coletivo participaram voluntariamente no estudo
(idade: 22,73+2,87 anos; peso: 70,20+3,42 kg; estatura: 176,95+1,63 cm; IMC: 22,42 +2,26 kg/m_2); os participantes
foram aleatoriamente designados para o grupo de treinamento SRH (n=8; FiO2=14,6%) ou para o grupo de normoxia
(SRN) (n=8; Fi02=20,9%) ou para um terceiro grupo controle (CON) (n=8). Os participantes realizaram oito sessées
de treinamento de duas séries de cinco sprints repetidos de 10 sequndos com periodo de recuperagédo de 20 segundos
entre os sprints e de 10 minutos a 120 W entre as séries. A composicdo corporal foi medida sequindo os procedimentos
padrdo de avaliacdo antropométrica. Para avaliar os desfechos aerdbicos e anaerdbicos, os testes de Wingate, teste
de habilidade de sprints repetidos, SJ, CMJ e Yo-Yo teste de recuperacdo intermitente foram utilizados. Resultados: No
grupo hipéxia, a poténcia mdxima aumentou em 14,96% e o numero total de sprints realizado aumentou em 20,36%,
ambos apresentaram grande tamanho de efeito (ES = 0,78 e ES= 0,71, respectivamente). Conclusdo: Uma dose menor
de treinamento de sprints repetidos em hipdxia leva a melhorias na poténcia mdxima e no nimero de sprints no grupo
hipéxia em jogadores de esportes coletivos, conforme demonstrado através do grande tamanho de efeito em ambos
os casos. Nivel de evidéncia Il; Estudo prospectivo comparativo.

Descritores: Exercicio aerdbico; Treinamento; Aptidao fisica; Hipdxia.

RESUMEN

Introduccion: El tradicional programa de entrenamiento en hipoxia utilizado por los atletas de endurance fue incluido
en elentrenamiento de los jugadores de deportes colectivos y/o de raqueta. Objetivo: El objetivo del presente estudio consiste
en analizar el efecto de una nueva dosis menor de entrenamiento de sprints repetidos en hipoxia (SRH), en comparacién
conestudios anteriores sobre el desempeno fisico de corto y largo plazo de los jugadores de deportes colectivos. Métodos:
Los tests fueron realizados antes y después de cuatro semanas de entrenamiento especifico supervisado y después de dos
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semanas de desentrenamiento. Veinticuatro jugadores de deporte colectivo participaron voluntariamente en el estudio
(edad: 22,73+2,87 anos; peso: 70,20+3,42 kg; estatura: 176,95+1,63 cm; IMC: 22,42 +2,26 kg/m_2); los participantes fue-
ron aleatoriamente designados para el grupo de entrenamiento SRH (n=8; Fi02=14,6%) o para el grupo de normoxia
(SRN) (n=8; Fi02=20,9%) o para un tercer grupo control (CON) (n=8). Los participantes realizaron ocho sesiones de en-
trenamiento de dos series de cinco sprints repetidos de 10 seqgundos con periodo de recuperacion de 20 sequndos entre
los sprints y de 10 minutos a 120 W entre las series. La composicién corporal fue medida siguiendo los procedimientos
estdndar de evaluacion antropométrica. Para evaluar los resultados aerébicos y anaerdbicos, fueron utilizados los tests
de Wingate, test de habilidad de sprints repetidos, SJ, CMJ y Yo-Yo test de recuperacion intermitente. Resultados: En el
grupo hipoxia, la potencia mdxima aumentd en 14,96% y el nimero total de sprints realizado aumentd en 20,36%,
ambos presentaron gran tamano de efecto (ES = 0,78 y ES = 0,71, respectivamente). Conclusién: Una dosis menor de
entrenamiento de sprints repetidos en hipoxia lleva a mejoras en la potencia mdxima y en el niimero de sprints en el
grupo hipoxia en jugadores de deportes colectivos, conforme fuera demostrado a través del gran tamano de efecto en

ambos casos. Nivel de evidencia Il; Estudio prospectivo comparativo.

Descriptores: Ejercicio aerébico; Entrenamiento; Aptitud fisica; Hipoxia.
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INTRODUCTION

Team sports are activities have experienced an increase in the time
of play and energy demands during matches.! Moreover, during con-
valescence periods the level of physical conditioning and ability to
recuperate are modified. The physical demands require speed, agility,
muscular power and endurance.? Although the decisive actions of team
sports are high-intensity activities, aerobic metabolism plays an important
role.34 Considering the physiological requirements and high demands
of team-sport match-play, training modalities that specifically enhance
the capacity to repeat high-intensity efforts could have clear benefits for
these athletes>® For these reasons, coaches often seek training strategies
based on repeated maximum intensity efforts which allow meeting
aerobic and anaerobic demands in this type of sports in less time. The
traditional panorama of hypoxic/altitude training used by endurance
athletes has been updated by team-and/or racquet-sport players.! The
so-calledrepeated-sprint training in hypoxia” (RSH), based on the repeti-
tion of“all-out” efforts of short duration with incomplete recoveries’, are
increasingly popular in this field. A meta-analysis that compared RSH with
similar repeated-sprint in normoxia (RSN) demonstrated improvements
in repeated sprinting performance and fatigue resistance in favour of
RSHE For example, with well-trained rugby players® intermittent running
performance improved by 33% after 120 running sprints of 6 seconds,
using the Yo-Yo Intermittent Recovery Test (YYIR).

The efficacy of this training could be related to increase in muscle
blood flow (compensatory vasodilation) and greater microvascular
oxygen delivery to fast-twitch fibers®'°, mediated by an oxygen-sensing
pathway."" During repeated sprint, inorganic phosphate (Pi) accumulates
in muscles. These increased Pi levels may participate in decreasing the
ability for force production, especially in fast-twitch fibers. However, the
adaptations achieved with hypoxic stimulus might allow for removal of
these waste metabolites and thus delay the fatigue.'?

Regarding the specific protocol, more studies are still needed
to demonstrate the efficacy of these new training methods on the
performance of team-sport players, particularly in specific physical
conditions.'® Selection of an appropriate hypoxic dose will be critical
to maximise training adaptation, since if too severe, this is likely to
compromise training quality, and hence affect the possible benefits
to be derived from a greater physiological load. So, the aim of this
study is therefore to analyse the effect of a new lower dose of RSH
as compared with previous studies, on short and long-term physical
performance of team-sport players.
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MATERIAL AND METHODS

A total of 24 volunteers participated in the study (n=24; age:
22.73+0.87 years; weight: 70.20+3.42 kg; height: 176.940.57cm; BMI:
22.42+2.26 kg/m?). The participants were healthy adults, who were not
being subjected to any dietary supplementation plan nor acclimatized or
recently exposed to altitudes of more than 1800 m. All volunteers were
team-sport recreational players coming from different sports clubs. They
were randomly assigned to three groups: repeated sprint ability either in
normoxia (RSN, n=8) or hypoxia (RSH, n=8) or control group (CON, n=8)
which completed only testing sessions. The subjects were informed of
the experimental protocol and signed the free and informed consent
term. This project was approved by the Bioethics Committee of the
University of Extremadura and carried out according to the Declaration
of Helsinki. Participant’s characteristics are shown in Table 1.

Measures

Three testing sessions were performed by blinded assessors: before
(Pre-); a four-weeks supervised specific training session 48 hours after
the last session (Post-); and a third session after two weeks of recovery
from this training (Det-). During these two weeks of hypoxia detraining
they maintained the same physical activity level as they had done before
the intervention. Height, weight and body mass index were measured
following standard procedures. Subjects performed a standard 30 seconds
Wingate Test on the same cyclosimulator with integrated potentiometer
(Cycleops 410 pro, Cycleops, Madison, USA) as in the training sessions.
Maximal and mean power and peak and average rate were registered.
Five minutes after the end of the test, lactate concentration was evalua-
ted with a tap in the earlobe with Lactate Scout strips (SensLab, Leipzig,
Germany). The subjects conducted a repeated sprint test under normoxic
conditions, comprising the largest number of 10 seconds all-out sprints
(maximal pedalling) with a 20-sec active rest between sprints at 120 W.
Subjects were given very strong verbal encouragement and performed
as many sprints as possible until exhaustion. A minimum of 70 rom after
5 seconds or less of sprinting was set as a criterion to stop the subjects’

Table 1. Characteristics control (CON), normoxia (RSN) and hypoxia (RSH) groups.

Age Weight Height BMI
(years) (kg) (cm) (kg/m?)
CON (8) 22.7+32 69.3 £ 42 1780+ 1.1 219+ 37
RSN (8) 225+ 29 70.1 £ 3.1 1758 £2.8 22.7 £04
RSH (8) 231+ 25 713£30 1770+ 1.1 227 £26

RSH: Repeated-Sprint Hypoxia Group; RSN: Repeated-Sprint Normoxia Group; CON: Control Group; BMI: body

mass index.
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test."* Number of sprints, maximal power and average power output for
each sprint were registered. Squat Jump (SJ) and Counter Movement
Jump (CMJ) were tested using an Optojump System (OptojumpNext,
Microgate, Bolzano, Italia)'® Twenty-meter shuttle runs were performed
at increasing velocities, with 10-s periods of active recovery between
runs, until the participants were exhausted.'® The total distance covered
(including the last incomplete shuttle) was considered as the Yo-Yo Test
performance and the velocity associated with this final stage was con-
sidered as the individual's VO,peak, which is estimated by the formula:
VO,peak (ml-min-kg™) = 24.8 + (0.014*distance in meters).

The randomized controlled trial based on a longitudinal experimental
protocol consisted in a similar protocol used in a previous study carried
out by Faiss, et al." Volunteers completed eight specific cycling training
sessions with repeated sprints over four weeks. Participants performed
two sessions per week in a hypoxic chamber (CAT 310, Colorado Altitude
Training, Louisville, USA) built in our laboratory at an altitude of 457m in
Céceres (Spain). The RSH group breathed an oxygen fraction (FiO,) at 14.6%
(to simulate an altitude of 3,400m), controlled with an electronic device
(HANDH+, Maxtec, Salt Lake City, Utah, USA). In order to blind volunteers
to altitude, the system also ran for RSN with normoxic airflow into the
chamber. Training sessions were performed in the same cyclosimulator
with integrated potentiometer (Cycleops 410 pro, Cycleops, Madison, USA).
Following a 10 minutes warm-up at 120 W, all training sessions consisted of
two sets of five repeated 10-seconds sprints with a recovery of 20 seconds
between sprints and a recovery period of 10 minutes at 120 W between
sets, ending with a five min recovery at 120 W. The maximum power of
each sprint was registered and monitored by the potentiometer in real
time via the potentiometer data screen itself. Between training sessions
there were at least 48 hours of rest for an optimal recovery.

Statistical analyses

The results are presented as mean + SD. The statistical package SPSS
v.20 for MAC (IBM, New York, USA) was used for the statistical analysis. In
addition, before the analysis, for all variables the Kolmogorov-Smirnov
test for normality of distribution and Levene’s test for homogeneity of
variance were calculated. To compare responses in each variable across
the two time points, an ANOVA for repeated-measures was used. When a
global difference over time was determined, Bonferroni post hoc analysis
was used to identify where changes occurred. The p<0.05 criterion was
used for establishing statistical significance. The effect size was calcu-
lated for all variables between pre and post-testing. The magnitude of
the difference was considered small (0.2), moderate (0.5), or large (0.8).

RESULTS

The results from the Wingate Test and All-out Test are shown in
Table 2. Although no statistically significant differences were found,
maximal power and number of sprints improved in the hypoxia group
with a large effect size.

Regarding the maximal power, no statistically significant difference
was found. However, this parameter increased especially in the hypoxia
group after a training program with a large effect size, but not after two
weeks of post-intervention. Blood lactate concentration decreased in
the hypoxia group after the intervention period. But, after two weeks of
post-intervention, blood lactate concentration increased until baseline
levelin the hypoxia groups. Peak and average heart rate decreased in the
hypoxia group after intervention and these changes were maintained
after two weeks of post-intervention. Although no statistically significant
difference was found, the hypoxia group showed a large effect size
between baseline-post-intervention and baseline-detraining in this
parameter. Mean power revealed no significant change in the normoxia
and hypoxia group.
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The training effects upon specific physical conditioning in team sports
like repeated sprint ability and jump performance are shownin Figure 1.
The number of sprints improved in both the normoxia and hypoxia
groups, but not significantly. However, in the hypoxia group, the number
of sprints increased with a large effect size. Jumping performance was
evaluated with the SJ and CMJ Tests. In the SJ, the performance only
increased slightly in the hypoxia group after the training program but
with a small effect size.

Finally, training effects regarding the performance aerobic parameters
of the Yo-Yo Test are shown in Table 3. Distance performed in this test
increased in the hypoxia group in the post-intervention and detraining
as compared with the baseline. However, in the normoxia group the
performance increased in post-intervention when compared with the
baseline, but not between the detraining and baseline. Although the
distance performed increased, VO,max was not affected.

The control group did not suffer important changes in any of the
variables. No statistically significant difference was found in either of these
parameters, neither in intra group analysis nor in between group analysis.

Table 2. Wingate test performance before and after intervention.

Baseline Post- Detraining | A (%) A (%) | A(%)
(A) (B) (€ (A-B) (A-Q) | (B-Q)
Lactate (Mmol/L)
CON (8) 107+£26 | 102+£18 | 108+06 -4.7 09 59
RSN (8) 113+£1.1 98+22 113£13 -13.0 0.2 15.1
RSH (8) 105+£29 | 100+16 | 11.8+05 4.8 124 180
Max P (W)

CON(®) | 722+125 | 733+£129 | 741 £101 15 2.7 12

RSN (8) 712+ 115 | 713 £ 119 | 721+ 91 0.1 13 13
RSH (8) 742 +£135 | 853 £149 | 751 +81 15.0 13 -11.9

Mean P (W)
CON (8) 467 = 25 450 £ 58 476 + 34 -3.6 1.8 56
RSN (8) 403+ 160 | 448 £ 188 | 441 £ 157 11.2 94 -1,5
RSH (8) 434 +73 440+ 74 | 470£120 13 83 6.9
HRmax (bpm)
CON(8) | 1823+£9.2 |181.7+£9.7[181.1£158 -03 0.6 03
RSN (8) 184.7 £9.1 | 180.7 £99| 1823 £ 16.6 -2.2 -1.2 09
RSH(8) |181.7 106 (1692 £123| 1705+ 11.0 -6.9 -6.2 0.7
HRave (bpm)

CON(8) |[161.1 £322(157.0+31.4[160.7 +41.1 -2.5 -0.3 23
RSN (8) | 1633 +34.2 (1560 £ 324 159.7 £ 40.8 -4.5 22 23
RSH (8) |159.7 £13.1 (1492 £ 20.6| 153.2 £ 15.1 -6.6 -4.1 2.7

RSH: Repeated-Sprint Hypoxia Group; RSN: Repeated-Sprint Normoxia Group; CON: Control Group; Max P: Maximal
Power; Mean P: Mean Power; HRmax: Maximal Heart Rate; HRave: Heart Rate average; bpm: beats per minute.

104 |:| Control
- Normoxia
% Hypoxia

44

Number of sprints

Pre Post Det

Figure 1. Number of sprints before and after intervention.
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Table 3. Jump and Yo-Yo Test Performance before and after intervention.

Baseline Post- Detraining | A (%) | A (%) | A(%)
(R) (B) (@] (A/B) | (A/C) | (B/Q)
SJ (cm)
CON(8) | 340+147 32712 308 + 144 -3.7 -94 -59
RSN (8) 375+£93 359+£95 299+58 -43 -20.2 -16.7
RSH(8) | 432+£204 | 459+150 | 467 %154 6.18 8.0 1.7
CMJ (cm)
CON(8) | 373181 368+ 1.2 36.7+£19.2 -14 -1 0.2
RSN (8) | 395+93 388+82 323+6.1 -1.9 -184 | -168
RSH(8) | 466+217 | 503+ 167 | 481+ 164 8.0 -33 -4.4
Distance (m)
CON (8) 19200 +614.9(9364 £502.0(901.0 +3439| 1.8 -2.1 -3.8
RSN (8) |880.0 £ 635.0|906.6 + 522.0 {880.0 +3939| 3.0 0.0 -2.9
RSH (8) {1053.3 £ 553.5/1220.0 + 645.3[1160.0 £ 637.0 158 10.1 -4.9
VO,max (kg/L/min)

CON(8) | 3752 +869 | 37.79+721 | 3702+532 | 072 -1.33 -2.04
RSN (8) | 3712+889 | 3749+ 731 | 3432+552 | 1.00 -7.54 | -846
RSH(8) | 3955+7.75 | 41.88+903 | 41.04+892 | 589 3.77 | 201

RSH: Repeated-Sprint Hypoxia Group; RSN: Repeated-Sprint Normoxia Group; CON: Control Group.

DISCUSSION

In the present study, the aim was to analyse the effect of a new lower
dose of RSH compared with previous studies, on short and long-term phy-
sical performance of team-sport players. In the first instance our protocol
does not show significant changes, however the increase in large effect
sizes found in the number of sprints developed in the All-out Test and the
highest maximal power leads us to think that significant changes could
be obtained from a higher sampling. In any case, finding no significant
differences, the results must be taken with caution. According to previous
studies, the main advantage of using RSH training could be the improve-
ments found in relation to repeated sprint ability and resistance fatigue,
very relevant to team sports.” Some studies'” suggest that for athletes who
require a specific, supramaximal exercise stimulus, the addition of hypoxia
to an anaerobic exercise regimen could lead to muscular and metabolic
stimulus that cannot be attained with training alone.

The maximal power increased in the hypoxia group between ba-
seline and post-intervention. Although these results had no significant
changes, the large effect size (ES =0.78) could suggest that the RSH
group had further benefits in repeated sprint ability. Previous studies
have shown that this type of training could be beneficial for maximum
performance.*'®19Thus, in a study with lacrosse players,'® peak power
improved after repeated sprint exercise in hypoxia (RSH) to a greater
extent than under normoxic conditions.

Repetition of short efforts interspersed with short and incomplete
recovery under hypoxia conditions result in a lower fatigue slope.?
The findings of the present study are supported by other authors who
obtained a significant increase in the number of sets until exhaustion
during the repeated sprint test in hypoxia.'*?' However, after two-weeks
ceasing of stimulus sprint the number of sprints decreased. Perhaps the
lower load of training could indicate that a longer training program is
necessary. During sprints in RSH, decreasing oxygen contributed greatly
to the mechanism of compensatory vasodilation, and was particularly
important for fast-twitch:2° given the high intensity of exercise, this
compensatory vasodilation could be high to ensure complete deli-
very of oxygen to the muscle® Moreover, this higher blood perfusion
produced after RSH favors phosphocreatine resynthesis, which is
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paramount for maintaining power production. However, in this study
the method used provided only an indirect estimation of muscle
perfusion variations (and thus blood flow) and our interpretations
should be considered with care. Opposite results found in this study
could be produced by a state of overtraining or fatigue. Performance
impairment during repeated long (i.e. >30 s) and all-out sprints may
be more essentially related to central fatigue.?? During repeated-sprint
exercises similar findings have been reported, with endurance-trained
athletes showing less fatigue than team-sport athletes.?*> Maintenance
oraslightincrease in the average power during the Wingate Test would
confirm this hypothesis, eliminating the possibility that the subjects
did not perform all tests at their full capacity. In addition, all subjects
underwent a phase of previous familiarization to assure the correct
development of the evaluations.

It is well known that aerobic training is necessary during recovery
to eliminate the high waste concentration produced by high-intensity
actions. If oxygen availability is impaired, lactate accumulates, limiting
the player’s ability to sustain a high power output .>* Gatterer, et al.?
following a specific hypoxia training session for team sports, found no
improvement in the YYIR Test outcomes. However, Galvin, et al. obtained
animprovement in the distance performed and VO,max when compared
to RSN. According to previous studies, muscular oxidative activity might
be less influenced by such training, which could explain why no hypoxia
effect on the YYIR outcome was found.'*%

Similarly to previous studies where repeated sprints were perfor-
med,”>?" no statistical changes were found in lower limb explosive stren-
gth.The low specificity of the test with regard to the type of intervention
could be the cause of the findings. Improvements in these types of test
appear in specific strength-training programs.?® A study on youth football
players showed improvements in lower limb explosive strength and
sprinting after sprints repeated in hypoxia. These improvements could
be due to neural adaptations: increased motor unit synchronization
and/or agonist muscle activation.”

Some limitations should be considered. The severity of altitude,
time spent training at altitude, or type of training represent important
factors to consider when designing a training program at altitude. A
recent meta-analysis by Brocherie, et al.” suggested recommendations
regarding the RSH protocol to elicit significant improvements. The
lowest volume used in terms of sets could explain why no significant
changes were shown. A training regime and tests more specific to these
sports could have produced improvements in the same parameters.
The small sample-size certainly is a weakness in this study. Despite this,
there are significant indications that this type of training could have
benefits for these athletes as shown by the high effect sizes. Benefits
from this type of training appear between pre and post evaluation
but not after two weeks of training. This aspect could be relevant in
relation to the training planning. An RSH program could be included at
an important stage in the season to produce a peak performance, for
example before the final phases. So, coaches should take into account
this "timing” of benefits in applying the sprints in hypoxia in different
training-season moments.

In conclusion, a lower dose of Repeated-Sprint Hypoxia produces
improvements in maximal power and number of sprints in the hypoxia
group, in team-sports players, as is shown by such a large effect size in
both cases. This could lead to improvements in maximum performance
and delayed onset of fatigue in repeated high-intensity actions. However,
it does not appear to be effective in improving aerobic capacity nor jump
performance. Further studies with protocols designed for double-blind,
large sample size and specific training for team sports are needed to
support the effectiveness of RSH.
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