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Abstract: 

Repeated-sprint training in hypoxia (RSH) has been suggested to significantly enhance anaerobic 

performance. However, the widespread belief in the benefits of alƟtude training raises quesƟons about 

potenƟal placebo effect. The aim of this study was thus to invesƟgate the physiological and placebo 

effects of normobaric hypoxia combined with repeated-sprint training on performance. Twenty-nine 

moderately trained parƟcipants were randomly assigned to normoxia (RSN), placebo (RSN-P), or 

hypoxia (RSH) groups. ParƟcipants in RSN-P group were led to believe they were training at simulated 

alƟtude (between 2500 and 3500 m), while parƟcipants in the RSN and RSH groups knew they were 

training at sea level and at alƟtude, respecƟvely. Repeated-sprint training involved six cycling sessions 

over three weeks, consisƟng of three sets of 8 x 6-s sprint with 24 s of recovery. There was no difference 

in the esƟmaƟon of the alƟtude level to which parƟcipants from the RSN-P and RSH groups thought 

they had been exposed. There was a main significant effect of training on mean power output during 

Wingate (+7.9%; p < 0.001; ηp² = 0.47) and repeated-sprint ability tests (+7.7%; p < 0.001; ηp² = 0.55). 

However, contrary to our hypotheses, the enhancement among the three groups did not differ. The 

lack of greater improvement in the RSH group compared to the other groups raises quesƟons about 

the added value of hypoxia in these condiƟons. In conclusion, neither real nor perceived hypoxia 

enhanced training adaptaƟons following repeated-sprint sessions. 

 

 

RegistraƟon number: ISRCTN20250468 

hƩps://www.isrctn.com/ISRCTN20250468 
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1. IntroducƟon 

Combining hypoxia with different modaliƟes of exercise training has been widely tested over the last 

decades. Performing maximal sprints under moderate hypoxia (commonly near 3000 m above sea 

level) has been proposed to improve repeated sprint ability (RSA), and this improvement has been 

observed even with very few training sessions and a short Ɵme spent under hypoxic sƟmulus (Beard 

et al., 2019; Birol et al., 2024; Brocherie et al., 2017). The physiological mechanisms proposed to 

explain the greater effects of repeated sprint training in hypoxic vs. normoxic condiƟons are enhanced 

muscle fiber perfusion, improved phosphocreaƟne resynthesis and/or higher glycolyƟc acƟvity (Faiss 

et al., 2024). While this type of training has generated considerable enthusiasm, some studies have 

not replicated similar results (Brocherie et al., 2015; Goods et al., 2015; Montero and Lundby, 2017), 

prompƟng further reflecƟon on the reasons for these discrepancies. 

One methodological issue that is difficult to control in the field is the impact of the placebo effect. The 

importance of the placebo effect in sports performance has already been demonstrated. For instance, 

studies on beliefs related to nutriƟon displayed enlightening results. In fact, while carbohydrate 

ingesƟon had no effect on the power output over a Ɵme trial lasƟng ≈1h, telling the parƟcipants that 

they had ingested carbohydrate (while they had receive a placebo) significantly enhanced their 

performance (Clark et al., 2000). Similarly, running sprint performance was improved following 

ingesƟon of a facƟce energy drink in a group that was told that the drink augments running 

performance (De La Vega et al., 2017). Lastly, both caffeine and placebo significantly increased 

performance during a maximal incremental test and led to alteraƟons in cerebral oxygenaƟon 

compared to the control condiƟon (Pires et al., 2018). Altogether, these results show how the belief 

into an intervenƟon can trigger physiological alteraƟons and posiƟvely impact exercise performance. 

Given the posiƟve beliefs regarding the effects of hypoxia on exercise training (Turner et al., 2019), it 

is not unlikely that individual expectaƟons can influence the physiological effects of this training. To 

determine whether training using repeated sprint in hypoxia (RSH) leads to adaptaƟons larger than the 

potenƟal placebo effect, it is thus necessary to include a placebo group in the protocol, as previously 
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done by others (e.g. (Brechbuhl et al., 2020; Faiss et al., 2013; Goods et al., 2015; Montero and Lundby, 

2017)). However, for the placebo group to be meaningful, it seems essenƟal to ensure that the 

parƟcipants in this group maintain a favorable belief in hypoxia unƟl the end of the protocol. This can 

be done by asking parƟcipants to esƟmate the alƟtude at which they worked at the end of the protocol. 

To the best of our knowledge, ten studies have performed such a control at the end of the protocol 

(Brechbuhl et al., 2018a; Brocherie et al., 2015; Faiss et al., 2013; Galvin et al., 2013; GaƩerer et al., 

2015; Goods et al., 2015; Hamlin et al., 2017a; Montero and Lundby, 2017; Brechbuhl et al., 2020; 

Lanfranchi et al., 2024). Of these studies, four provide insight into the proporƟon of parƟcipants who 

were deceived or detected the decepƟon (Faiss et al., 2013; GaƩerer et al., 2015; Goods et al., 2015; 

Montero and Lundby, 2017). Out of these four, only one study was conducted in which all parƟcipants 

(both hypoxia and placebo groups) believed they were in hypoxia (GaƩerer et al., 2015). However, 

including parƟcipants who recognized the decepƟon (placebo group) or believed they were being 

deceived (hypoxia group) in the analyses may be quesƟonable. To date, no study has focused on 

measuring the potenƟal placebo effect in RSH training. To do so, it is crucial to include a control group 

in addiƟon to the hypoxia and placebo groups, as recommended by Kienle and Kiene (Kienle and Kiene, 

1997). This control group should follow the same training as the other two groups, but under normoxic 

condiƟons, and the parƟcipants should be aware of this condiƟon (normoxia). Therefore, it seems 

relevant to conduct addiƟonal studies on this promising training under experimental condiƟons 

allowing the measurement of the potenƟal placebo effect. 

Besides, another unresolved quesƟon regarding the effects of RSH training on performance is the 

opƟmal Ɵming of post-tests. In most studies, the post-tests were scheduled during the first week 

following the last training session. While some studies suggest that peak performance occurs within 

the first week consecuƟve to a RSH training (GaƩerer et al., 2018; Trincat et al., 2017; Woorons et al., 

2024), other findings suggest that a longer period may be required (Brocherie et al., 2023; Camacho-

Cardenosa et al., 2017; Gutknecht et al., 2022). For instance, a recent case study on an elite triathlete 

observed that his peak performance was observed 21 days aŌer compleƟng the RSH protocol 
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(Gonzalez-Custodio et al., 2024). ConducƟng two post-tests sessions could provide insights into this 

unresolved quesƟon. 

The present study involved three groups following a repeated-sprint protocol: a control group in 

normoxia, a placebo group (in normoxia but believing they are in hypoxia), and a hypoxia group. Two 

post-tesƟng periods were conducted to discriminate the immediate and delayed effects of the 

intervenƟon. Our hypotheses were that the placebo group would show greater performance 

improvement compared to the control group due to the parƟcipants’ belief that they were in hypoxia, 

while the hypoxia group would show greater improvement due to the direct benefits of hypoxia.  



6 
 

2. Materials and methods 

2.1. ParƟcipants 

The required sample size was esƟmated with G*Power soŌware (version 3.1.9.7, University of 

Düsseldorf, Germany). It resulted to a total of 27 parƟcipants for the following input parameters: 

within-between interacƟon, moderate effect size (parƟal η² = 0.10), α risk = 0.05 and power (1 – β) = 

0.90. The CONSORT flow diagram is shown in Fig. 1. ParƟcipants declared 5-7 h/wk of moderate to 

vigorous physical acƟvity (team sports, racket sports, combat sports). Four parƟcipants were unable 

to complete the study: three withdrew due to injury (unrelated to our protocol) and one withdrew due 

to illness. Thus, this study numbered a total of twenty-nine parƟcipants including one woman (age 

[mean ± SD] 21.3 ± 3.9 yr; weight 73.1 ± 8.8 kg; 178.7 ± 8.5 cm; BMI 22.9 ± 2.2 kg.m-2) knowing that it 

has been recently shown that RSH induced similar adaptaƟons in acƟve males and females (Piperi et 

al., 2024). 

Inclusion criteria were: no intolerance to moderate hypoxia, no stay at alƟtudes above 1500 m in the 

previous two months and being accustomed to intense exercise such as repeated sprints. All 

parƟcipants provided wriƩen informed consent before parƟcipaƟng in the experimental protocol. The 

study was approved by the local ethics commiƩee (IRB-EM 2201C, EuroMov-Montpellier) and adhered 

to the principles outlined in the DeclaraƟon of Helsinki. 
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Fig. 1. CONSORT 2025 flow diagram. Flow diagram of the progress through the phases of the 
randomized trial. RS-N, repeatedsprint in normoxia; RSN-P, repeated-sprint in normoxia with placebo 
setup; RSH, repeated-sprint in hypoxia. 
 

2.2. Experimental design & placebo control 

This placebo-controlled study spanned a duraƟon of 7 weeks, encompassing a total of 13 visits of 

approximately 45 minutes each. The training consisted of six sessions of repeated-sprint training over 

a three-week period on a fricƟon-loaded cycle ergometer (Monark type 818E, Stockholm, Sweden) 

equipped with a strain gauge (interface MFG type, ScoƩsdale, AZ, USA). During the first visit, a 

preliminary round of Wingate tesƟng was conducted to acquaint parƟcipants with the level of exerƟon 

required and to miƟgate the risk of performance improvement on subsequent tests due to 

familiarizaƟon with the tesƟng procedure. This familiarizaƟon was exclusively conducted for the 

Wingate test, as parƟcipants were not used to such an exerƟon, in contrast to the RSA-type exercise 

encountered in their sport pracƟce. During the week preceding the training sessions, parƟcipants 
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performed a Wingate test and an RSA test. Subsequently, over the two weeks following the training, 

they repeated these assessments once per week (Fig. 2). 

 

 

Fig. 2. Overview of the experimental schedule. Fam.: familiarizaƟon; each icon represents one session. 
Wingate test: 30 s all out cycling; repeated-sprint ability (RSA) test: 10 × 6 s cycling sprints interspersed 
with 24 s of recovery; repeated-sprint training: 3 sets of 8 × 6 s cycling sprints interspersed with 24 s 
of recovery. 
 

The parƟcipants were randomly balanced into three groups based on the maximum and average power 

output relaƟve to body mass (W/kg) recorded during the Wingate and RSA pre-tests. The three groups 

were: repeated-sprint in normoxia (RSN; n=9), repeated-sprint in normoxia with placebo setup (RSN-

P; n=10), and repeated-sprint in hypoxia (RSH; n=10). The experimentaƟon took place over three 

separated waves during the same year, with a balanced distribuƟon between the three groups during 

each wave. 

All sessions were conducted in Euromov laboratory with parƟcipants wearing a mask (AlƟtrainer®) 

covering the nose and mouth. For the RSN group, the mask was not connected to the hypoxic 

generator and parƟcipants were aware that they were breathing normoxic air (20.9% O2). For the RSN-

P and RSH groups, the mask was connected to a 150-L buffer bag itself connected to two hypoxic 

generators (Cloud 9, SporƟng Edge, Basingstoke, England) to ensure sufficient airflow. ParƟcipants in 

the RSN-P group were kept in normoxia (fracƟonal inspired oxygen (FiO2) = 20.9%), while those in the 

RSH group were exposed to hypoxia (FiO2 = 14.4%, equivalent to a simulated alƟtude of 3000 m). To 

test the potenƟal placebo effect, it was necessary to ensure that each parƟcipant had an appropriate 

expectaƟon of the hypoxic training. ParƟcipants were thus told that RSH training is known to promote 

greater performance gains compared to normoxia, and that the study aimed to determine the opƟmal 
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alƟtude for such training, explaining the concealment of the simulated alƟtude level. We informed the 

parƟcipants that they would be exposed to alƟtudes ranging from 2500 to 3500 m, a range chosen to 

avoid arousing suspicion about the quesƟon asked at the end of the protocol designed to assess 

blinding. All tests were conducted in double-blind fashion since neither the parƟcipants (from the RSN-

P and RSH groups) nor the experimenter who encouraged them were aware of the actual condiƟon of 

the parƟcipant. TesƟng sessions were carried out at an alƟtude of 75 m in an air-condiƟoned room 

where the ambient temperature was maintained at 21°C. At the end of the last visit, parƟcipants were 

asked to rate the alƟtude they had been exposed to on a scale from 0 to 4000 m. 

 

2.3. Training sessions 

The training sessions started with a 7-min warm-up aimed at achieving a power output of 100 W, 

featuring two progressive 10-s acceleraƟons in the 5th and 6th min. Subsequently, following a 1-min 

period of passive rest, parƟcipants engaged in 3 sets of 8 repeƟƟons of 6-s maximal sprints, 

interspersed with 24 s of passive recovery on the cycle ergometer. Resistance was set at 7.5% of BM 

for each session and parƟcipants were given very strong verbal encouragement. An LCD screen 

provided parƟcipants with informaƟon on the countdown Ɵmer and the number of sprints.  

ParƟcipants’ heart rate (HR) and pulsed oxygen saturaƟon (SpO2) were recorded throughout all training 

sessions using a HR sensor (H10 Polar Electro, Kempele, Finland) and a 1 Hz frequency pulse oximeter 

(pulsox®-300i, Konica Minolta Inc., Osaka, Japan), respecƟvely. The oximeter screen was concealed 

from both parƟcipants and experimenters to preserve blinding. ParƟcipants were reminded not to 

clench the hand connected to the oximeter to prevent arƟfacts in SpO2 values. They were also 

instructed to rate their perceived exerƟon (RPE) on the Borg scale (from 6 to 20) aŌer the warm-up 

and each of the three sets. To avoid influencing the RPE values, parƟcipants did not receive any direct 

feedback on their HR. All sessions were performed at an all-out intensity, except for the first one, 

during which parƟcipants were instructed to self-regulate their effort to complete the three sets. 

Mechanical power output (W) was recorded at a frequency of 1 Hz using PowerTap P1 pedals 
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(CycleOps, Madison, USA) connected to a watch (Fenix 3, Garmin). This setup was posiƟoned in such a 

way that parƟcipants were unable to see the data. 

 

2.4. TesƟng sessions  

The pre- and post-tests were scheduled to take place either in the morning or in the aŌernoon, 

consistently at the same Ɵme of day (within a range of ± 1 hour) for each parƟcipant. This scheduling 

approach aimed to minimize potenƟal bias arising from circadian fluctuaƟons in performance (Knaier 

et al., 2019). The average intervals between the last training day and the Wingate tests were 4.7 ± 1.2 

and 12.0 ± 2.1 days for post-tests 1 and 2, respecƟvely. The RSA tests were 6.4 ± 1.3 and 14.4 ± 2.3 

days aŌer the last training session for post-tests 1 and 2, respecƟvely. These intervals did not 

significantly differ between the three groups (group effect: F=0.753, p=0.48). 

The composiƟon of the two meals preceding the pre-tests was recorded, and parƟcipants were 

instructed to replicate the same menus before post-tests 1 and 2. AddiƟonally, parƟcipants were 

advised to abstain from consuming caffeine or alcohol 24 hours before each test. However, for 

parƟcipants accustomed to regular coffee consumpƟon, the quanƟty consumed was noted, and 

parƟcipants were encouraged to consume the same dose for the post-tests. Before each test, 

parƟcipants were required to complete the wellness quesƟonnaire (comprising the following items: 

mood, sleep quality, energy level, muscle soreness, nutriƟon from the previous day and stress, each 

assessed on a scale from 1 to 5 in accordance with the recommendaƟons of Hopper and Mackinnon 

(Hooper and Mackinnon, 1995) to assess their current wellness status. At the end of each test, they 

were invited to rate the perceived exerƟon (RPE) using the 6-20 Borg scale. During all tests, the 

parƟcipants received consistent and strong verbal support from the same experimenter, who 

remained unaware of the parƟcipants’ assignment to one of the three groups. The verbal 

encouragements were posiƟve: “come on,” “push,” “harder,” “again,” “all the way,” “breathe well,” 

“stay focused,” and regularly included the parƟcipant’s first name, as recommended by Midgley et al. 
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(Midgley et al., 2018). Mechanical power output (W) was recorded at a frequency of 1 Hz with the 

same device as for the training sessions.  

 

2.4.1. Wingate Test 

The warm-up prior to the Wingate test comprised a 6-minute period during which parƟcipants cycled 

at a target power output of 100 W. Following a 2-min passive recovery period, parƟcipants were 

instructed to exert maximal mechanical power over the 30-s duraƟon of the test, with the resistance 

adjusted to 7.5% of their BM, while remaining seated on the saddle. To avoid any pacing strategy, 

parƟcipants were not provided with any temporal informaƟon during the test. Peak and mean power 

outputs were used to assess anaerobic power and capacity, respecƟvely (de Poli et al., 2021). During 

the Wingate sessions (pre-test and post-test 1 only), a micro-blood sample was taken from the 

parƟcipants’ fingerƟp at rest and 6 min aŌer exercise compleƟon. Lactate concentraƟon and base 

excess (a proxy for buffering capacity) were determined using an iSTAT (AbboƩ, AbboƩ Park IL) and an 

AbboƩ CG4 + cartridge. 

 

2.4.2. Repeated Sprint Ability Test 

The RSA test was conducted 48 h apart from the Wingate test. The warm-up consisted of a 5-minute 

period during which parƟcipants were required to pedal at a target power output of 100. AddiƟonally, 

two 4-s maximal sprints were performed at the 3rd and 5th min with a resistance offset to 5% of BM. 

Following a 2-min recovery period, parƟcipants engaged in 10 maximal sprints lasƟng 6 s each, with a 

resistance set to 7.5% of BM. These sprints were interspersed with 24 s of passive rest. ParƟcipants 

were encouraged to exert maximal effort during each sprint and were not informed of the total 

number of sprints to prevent pacing strategies (Billaut et al., 2011). We determined mean power, 

indicaƟng the average power output throughout the enƟre test, and mean peak power output (PPO), 

computed as the average of peak powers across each of the 10 sprints. The faƟgue index was assessed 
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using the percentage decrement score formula: 100 × 
୫ୣୟ୬ ୮୭୵ୣ୰

ଵ଴ × ୠୣୱ୲ ୱ୮୰୧୬୲
− 100 where 'best sprint' 

denotes the mean power output during the 6 s of the top-performing sprint (Glaister et al., 2008). 

AddiƟonally, the number of sprints performed above 85% of the best performance (NbS 85%) was 

recorded. 

 

2.5. Training load 

The training load of parƟcipants was calculated via the Robust ExponenƟal Decreasing Index (REDI) 

which allows more weight to be given to the last training sessions compared to those performed a few 

days earlier (Moussa et al., 2019). ParƟcipants were asked to note the duraƟon (min) and their RPE 

(CR10 scale) for each extra-protocol session. Then, the REDI was calculated on the 7 days preceding 

each test by seƫng the value of λ to 0.2 (Moussa et al., 2019). 

 

2.6. StaƟsƟcal analyses 

Values are presented as means ± standard deviaƟons or median (interquarƟle range). The sphericity 

and the equality of variance assumpƟons were tested with Mauchly’s and Levene’s tests, respecƟvely. 

Greenhouse-Geisser correcƟon was applied when sphericity was not met. The alƟtude esƟmaƟon was 

analyzed using a Student's t-test. Data from training sessions (heart rate, RPE, power output) were 

analyzed using a one-way ANOVA with group (RSN, RSN-P, RSH) as the between-subject factor. Data 

from tests (wellness, RPE, REDI, power output, Sdec) as well as blood markers (lactate and base excess) 

were analyzed using a two-way repeated-measures analysis of variance (ANOVA) with Ɵme (pre-test, 

post-test 1, post-test 2) as the within-subject factor and group (RSN, RSN-P, RSH) as the between-

subject factor. NbS 85% and SpO2 data did not meet the assumpƟon of homoscedasƟcity; therefore, 

Kruskal-Wallis (SpO2) and Friedman (NbS 85%) tests were applied. Tukey’s post hoc was used when 

ANOVA was significant. The level of significance was set to 0.05 for all tests. Effect sizes (ES) for the 

ANOVA were calculated using parƟal eta squared (ηp²) for group, Ɵme, and interacƟon of these two 
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factors. ES was considered small when 0.01 < ηp2 ≤ 0.06, medium when 0.06 < ηp² ≤ 0.14, and when 

large ηp² > 0.14. For comparison of two groups, Cohen’s d was calculated with 0.2 to 0.5 being 

considered as a small effect, 0.5 to 0.8 as moderate and > 0.8 as large. All staƟsƟcal analyses were 

performed using the Jamovi Project soŌware (version 2.3.18.0). 

 

3. Results  

3.1. Efficacy of the blinding procedure 

The placebo setup allowed the RSN-P group to have no staƟsƟcal difference belief as the RSH group 

(2605 ± 425 m and 2500 ± 445 m, respecƟvely, p=0.557; Fig. 3). Furthermore, none of the parƟcipants 

reported feeling as if they had trained under normoxic condiƟons, thought 3 parƟcipants in each group 

reported lower to 2500 m (range 1700-2300 m). 

 

 

Fig. 3. EsƟmaƟon of hypoxia severity by parƟcipants in the repeated-sprint in normoxia with placebo 
setup (RSN-P) and repeated-sprint in hypoxia (RSH) groups. Circles and squares represent individual 
and mean data, respecƟvely. 
 
 
3.2. Training sessions 

As expected, SpO2 during training sessions did not differ between the RSN and RSN-P groups, but was 

significantly reduced in the RSH group (Table 1). The mean %HR (relaƟve to the peak of HR reached 

during the RSA test) was 5.2 ± 1.9% (p=0.02) and 5.7 ± 1.8% (p=0.01) higher in the RSH compared to 
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the RSN and RSN-P groups, respecƟvely (Table 1). A similar result was observed on the absolute HR 

values. RPE tended to reach staƟsƟcal significance with slightly higher values RSH group displaying 

(p=0.072; large ES) (Table 1). However, no group effect is observed for the mean power output 

sustained over all training sessions (Table 1). 
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Table 1. Average psycho-physiological responses during the 6 sessions of repeated-sprint training in 

normoxia (RSN and RSN-P) or in hypoxia (RSH). 

                ANOVA p values (ES) 

   RSN  RSN-P  RSH  Group 

SpO2 (%)  95.8 ± 0.6  96.0 ± 0.7  85.5 ± 2.6  K-W <0.0001  

HR          

(bpm)  133 ± 12  126 ± 9  145 ± 11  0.001 (0.41) 

 (%)  79.2 ± 3.2  78.6 ± 5.6  84.8 ± 3.2  0.005 (0.33) 

RPE  15.8 ± 1.0  15.8 ± 0.9  16.6 ± 0.8  0.072 (0.18) 

Power output         

 (W/kg)  
10.6 ± 

0.76 
 10.2 ± 1.2  9.8 ± 1.2  0.296 (0.09) 

(W)  756 ± 87.9  782 ± 121  699 ± 136  0.291 (0.09) 

 (%)   94.7 ± 8.5   90.0 ± 7.3   91.9 ± 8.6   0.452 (0.057) 

SpO2: pulsed O2 saturaƟon; HR: heart rate; RPE: rate of perceived exerƟon; K-W: Kruskal-Wallis. Heart 

rate and power output are expressed as absolute values and as percentages of the peak RSA pre-test 

values. P-values and effect sizes are bold when significant and of large magnitude, respecƟvely. 

 

3.3. Tests sessions 

We assessed an overall view of the parƟcipants' well-being before each test using the Wellness 

quesƟonnaire, and analyses revealed a main effect of Ɵme for the RSA tests. Indeed, parƟcipants felt 

beƩer during the second RSA post-test compared to the pre-test (+8.8%; p=0.001; Table 2). No other 

differences were found for the wellness score during either the RSA or the Wingate test sessions. A 

main effect of Ɵme was also observed for the RPE during the RSA but not the Wingate tests, with RPE 

being greater for the post 1 compared to the pre-test session (+8.4 ± 10.1%; p=0.038; Table 2). No 

main effect of group was observed for the RPE during either the Wingate or RSA test sessions. 
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QuanƟficaƟon of training load (REDI) also showed a main effect of Ɵme with a greater load in the 7 

preceding days for the post 1 session compared to pre and post 2 for the RSA tests (+ 19.8 ± 38.4%; p= 

0.001), and for the post 1 session compared to the pre session for the Wingate test (+ 199 ± 341%; 

p<0.001; Table 2). There was no interacƟon between Ɵme and group for any of the data presented in 

Table 2. 

 

Table 2. Psychological and physical fitness status for the tests. 

  RSN  RSN-P  RSH  ANOVA p values (ES) 

  Pre Post 1 Post 2  Pre Post 1 Post 2  Pre Post 1 Post 2  Time Group T x G 

Wellness 

(0 to 30) 
           

 
   

Wingate 
23.1 ± 

2.21 

22.6 ± 

2.91 

21.4 ± 

3.08 
 

23.3 ± 

2.02 

23.6 ± 

2.61 

24.5 ± 

2.87 
 

23.2 ± 

2.85 

23.1 ± 

2.86 

22.8 ± 

1.87 
 

0.85 

(0.01) 

0.387 

(0.07) 

0.169 

(0.12) 

RSA 
21.9 ± 

4.19 

23.3 ± 

2.43 

24.9 ± 

2.42 
 

23.2 ± 

1.65 

24.2 ± 

4.24 

24.9 ± 

2.18 
 

22.4 ± 

3.37 

22.2 ± 

2.97 

23.7 ± 

2.21 
 

0.002 

(0.24) 

0.539 

(0.06) 

0.624 

(0.06) 

RPE 

(6 to 20) 
               

Wingate 
16.4 ± 

1.81 

17.3 ± 

1.35 

16.7 ± 

1.60 
 

17.1 ± 

1.79 

18.1 ± 

1.30 

17.2 ± 

1.48 
 

16.8 ± 

1.32 

17.6 ± 

2.78 

17.5 ± 

2.59 
 

0.118 

(0.09) 

0.612 

(0.04) 

0.91 

(0.02) 

RSA 
15.9 ± 

2.04 

16.7 ± 

1.60 

16.1 ± 

1.10 
 

15.9 ± 

1.95 

17 ± 

1.85 

16.6 ± 

1.18 
 

16.1 ± 

1.36 

17.3 ± 

1.03 

17.7 ± 

0.96 
 

0.011 

(0.2) 

0.39 

(0.09) 

0.558 

(0.07) 

REDI                

Wingate 
204 ± 

160 

464 ± 

277 

325 ± 

252 
 

246 ± 

268 

459 ± 

160 

382 ± 

236 
 

278 ± 

173 

386 ± 

117 

371 ± 

181 
 

0.003 

(0.24) 

0.91 

(0.01) 

0.726 

(0.04) 

RSA 
304 ± 

147 

442 ± 

279 

324 ± 

278 
 

294 ± 

126 

522 ± 

254 

431 ± 

271 
 

295 ± 

135 

401 ± 

147 

359 ± 

174 
 

<0.001 

(0.27) 

0.702 

(0.03) 

0.595 

(0.06) 

RSA: repeated-sprint ability; RPE: rate of perceived exerƟon; REDI: robust exponenƟal decreasing index 

is a score without units. P-values and effect sizes are bold when significant and of large magnitude, 

respecƟvely. 
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3.4. Performance during tests 

3.4.1. RSA 

Repeated sprint training had a main posiƟve and large effect (p<0.001; ηp² = 0.41) on the mean power 

sustained during the RSA tests (Fig. 4A). Post-hoc analysis showed significant differences between pre-

test and post-test 1 (+5.1 ± 5.4%; p<0.001), as well as between pre-test and post-test 2 (+5.9 ± 6.8%; 

p=0.002). However, no group effect or group x Ɵme interacƟon was observed (Fig. 4A). No effect was 

found regarding the mean of the 10 peak power outputs (mean PPO) or the faƟgue index expressed 

via the power decrement (Pdec) (Table 3). 

The number of sprints above 85% of the best mean power output generated during the pre-test were 

7 (4), 9 (3) and 7 (4) for RSN, RSN-P and RSH groups, respecƟvely. These values were not significantly 

improved in post 1 and post 2 for either RSN (9 (1) and 7 (4); χ²Friedman=1.04, p=0.595), RSN-P (10 (1) 

and 10 (2); χ²Friedman=3.13, p=0.209) or RSH group (7 (4) and 9 (5); χ²Friedman=0.897, p=0.639). 

 

3.4.2. Wingate 

As for RSA test, mean power output during the Wingate test was significantly improved (p=0.004, 

ηp²=0.25) with greater values during post 1 (+4.8 ± 9.1%; p=0.048) and post 2 (+5.4 ± 7.1%; p=0.002) 

compared to pre-test performances (Fig. 4B). However, neither group factor nor group x Ɵme 

interacƟon displayed a significant effect on mean power output. No effect was found regarding the 

peak power output (PPO) or the faƟgue index (Pdec) (Table 3).  
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Fig. 4. Individual and average values of the mean power output during the repeated-sprint ability (RSA) 
and Wingate tests. Mean power during the RSA (A) and 30 s Wingate (B) tests. Circles and squares 
represent individual and mean data, respecƟvely. The values of P and effect sizes are bold when 
significant and of large magnitude, respecƟvely. G × T: group × Ɵme interacƟon. 
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Table 3. Sprint performance parameters during test sessions. 

  RSN  RSN-P  RSH  ANOVA p values (ES) 

  Pre Post 1 Post 2  Pre Post 1 Post 2  Pre 
Post 

1 
Post 2  Time Group T x G 

RSA            
 

   

mean PO                

(W) 
878 ± 

87.3 

924 ± 

70.4 

908 ± 

89.6 
 

886 ± 

113 

954 ± 

106 

953 ± 

110 
 

834 ± 

132 

858 ± 

182 

889 ± 

206 
 

<0.001 

(0.38) 

0.50 

(0.06) 

0.25 

(0.11) 

(W/kg) 
12.0 ± 

0.5 

12.6 ± 

0.7 

12.4 ± 

0.9 
 

11.7 ± 

1.0  

12.6 ± 

0.8 

12.6 ± 

0.9 
 

11.7 

± 1.0 

12.1 

± 1.5 

12.5 ± 

1.8 
 

<0.001 

(0.41) 

0.85 

(0.01) 

0.22 

(0.12) 

mean PPO                 

(W) 
1066 ± 

67.9 

1047 ± 

87.0 

1027 ± 

97.8 
 

1075 

± 120 

1080 

± 113 

1068 

± 129 
 

992 ± 

161 

957 ± 

204 

1001 

±234 
 

0.33 

(0.05) 

0.40 

(0.08) 

0.16 

(0.14) 

(W/kg) 
14.6 ± 

1.2 

14.3 ± 

0.8 

14.0 ± 

1.0 
 

14.2 ± 

1.2 

14.2 ± 

0.9 

14.1 ± 

0.9 
 

13.9 

± 1.2 

13.4 

± 1.7 

14.0 ± 

2.1 
 

0.21 

(0.06) 

0.69 

(0.03) 

0.10 

(0.15) 

Pdec (%) 
-8.3 ± 

3.8 

-8.6 ± 

3.0 

-9.8 ± 

4.3 
 

-8.5 ± 

3.2 

-6.0 ± 

2.3 

-8.2 ± 

3.6 
 

-11.1 

± 2.7 

-10.3 

± 4.5 

-11.2 

± 5.9 
 

0.18 

(0.07) 

0.09 

(0.18) 

0.68 

(0.04) 

Wingate                

mean PO                

(W) 
605 ± 

60.2 

640 ± 

58.2 

645 ± 

49.7 
 

648 ± 

101 

679 ± 

66.2 

683 ± 

76.0 
 

583 ± 

103 

596 ± 

107 

601 ± 

101 
 

0.003 

(0.26) 

0.14 

(0.15) 

0.71 

(0.04) 

(W/kg) 
8.5 ± 

0.5 

8.8 ± 

1.0 

8.7 ± 

0.6 
 

8.5 ± 

0.8 

8.9 ± 

0.7 

9.0 ± 

0.7 
 

8.4 ± 

0.7 

8.6 ± 

0.7 

8.6 ± 

0.6 
 

0.004 

(0.25) 

0.59 

(0.04) 

0.82 

(0.03) 

PPO                

(W) 
975 ± 

176 

1046 ± 

59.5 

1073 ± 

150 
 

974 ± 

194 

1080 

± 232 

1112 

± 168 
 

948 ± 

134 

961 ± 

222 

903 ± 

215 
 

0.08 

(0.10) 

0.27 

(0.10) 

0.21 

(0.11) 

(W/kg) 
13.7 ± 

3.0 

14.6 ± 

1.8 

14.8 ± 

1.3 
 

12.7 ± 

2.2 

14.0 ± 

2.1 

14.5 ± 

1.8 
 

13.6 

± 1.9 

13.8 

± 2.8 

12.9 ± 

2.2 
 

0.16 

(0.07) 

0.54 

(0.04) 

0.26 

(0.10) 

Sdec (%) 
-35.8 

± 8.4 

-37.7 

± 5.2 

-38.2 

± 5.7 
 

-31.5 

± 8.2 

-34.5 

± 9.5 

-37.1 

± 4.7 
 

-37.3 

± 5.0 

-35.5 

± 9.7 

-31.0 

± 8.5 
 

0.86 

(0.00) 

0.38 

(0.07) 

0.16 

(0.12) 
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RSA: repeated-sprint ability; PO: power output; PPO: peak power output; Pdec: power decrement. Effect 

sizes are bold when significant and of large magnitude. 

 

3.5. Blood parameters  

Lactatemia was not modified by either training or the group x training interacƟon (Table 4). Blood 

lactate tended to be lower in the RSN-P group compared to the other two groups (group effect 

p=0.063; large ES). The main effect of Ɵme on base excess approached significance (p=0.055, large ES) 

with values tending to be lower aŌer training. However, base excess did not differ between groups, 

and was not modified by the Ɵme x group interacƟon. 
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Table 4. Blood parameters measured 6 min aŌer the Wingate test 

    RSN   RSN-P   RSH   ANOVA p values (ηp2) 

    Pre Post 1   Pre Post 1   Pre Post 1   training Group TxG 

Blood lactate 

(mM) 
  

15.8 ± 

1.3 

16.1 ± 

2.1 
  

14.6 ± 

2.4 

14.9 ± 

1.3 
  

16.4 ± 

1.2 

15.9 ± 

1.9 
  

0.922 

(0.00) 

0.063 

(0.25) 

0.406 

(0.09) 

BE (mM)   
-12.8 ± 

1.6 

-14.8 ± 

2.2 
  

-11.4 ± 

2.2 

-12.8 ± 

2.3 
  

-13.9 ± 

1.9 

-13.1 ± 

3.1 
  

0.055 

(0.19) 

0.120 

(0.21) 

0.161 

(0.18) 

BE: Base excess. Effect sizes are bold when significant and of large magnitude. 

 

4. Discussion 

This randomized placebo-controlled study aimed to determine the respecƟve effects of thinking or 

being in hypoxia during repeated-sprint training on RSA and Wingate performance. The main 

conclusion of this study is that neither hypoxia nor the belief of being in hypoxia (placebo effect) 

provided any addiƟonal benefit to repeated sprint training under normoxia in recreaƟonally trained 

adults. Performance enhancements (pre- vs. best post-test) were 7.9 ± 8.7% (p<0.001) for Wingate 

mean power output, comparable to those reported in previous studies (+6% for (Woorons et al., 2019), 

+4.4% for (Lanfranchi et al., 2024), and +11.9% for (Gutknecht et al., 2022). For RSA mean power 

output, we observed an average increase of 7.7 ± 7.3% (p<0.001), which is in line with the results of 

previous studies (+8.7% for (Kasai et al., 2019), +8.1% for (Gutknecht et al., 2022), +7.9% for (Lanfranchi 

et al., 2024), +10.8% for (Beard et al., 2019), and +5.4% for (Faiss et al., 2013)). The observed 

improvements were thus consistent with the findings of previous studies in the field. A potenƟal 

reason why differences in performance gain between normoxic and hypoxic condiƟons are not 

observed could be a longer Ɵme required to reach peak performance aŌer RSH training compared to 

RNS as observed by others (Brechbuhl et al., 2018b; Camacho-Cardenosa et al., 2017; Gonzalez-

Custodio et al., 2024). We did not find any significant difference on performance between post 1 and 

2 sessions, nor Ɵme x group interacƟon which would have suggested that one group displayed a 

specific response. However, analysis of qualitaƟve variable using Chi² test with either P1 or P2 modality 
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to indicate whether peak performance was reached during post 1 or post 2 session revealed that the 

best mean power output for both RSA and Wingate tests was more frequent on the P2 session in RSH 

group compared to the other two (% of best performance during post 2 on RSA: 30, 20 and 90%; 

χ²=11.5, p=0.003 and on Wingate: 30, 25 and 80%; χ²=7.1, p=0.029 for RSN, RSN-P and RSH groups, 

respecƟvely). This result may suggest that parƟcipants from the RSH group required a longer Ɵme to 

fully recover from the training, although the limited sample size for conducƟng such analysis invites us 

to temper this hypothesis. 

 

4.1. Physiological responses 

As expected and consistent with previous studies, SpO2 was lower in the hypoxia training group (Birol 

et al., 2024; Montero and Lundby, 2017), while power output during training did not significantly differ 

between the hypoxia group (RSH) and the normoxia groups (RSN and RSN-P) (Hamlin et al., 2017a). 

ParƟcipants training in hypoxia exhibited a higher % of peak HR compared to those in normoxia (+5.1% 

and +5.7% compared to RSN and RSN-P, respecƟvely). These findings contradict results from other 

studies on the acute effects of RSH (Brocherie et al., 2017; Goods et al., 2015; Montero and Lundby, 

2017). Indeed, it has been suggested that at alƟtudes below 3500 m, work intensity (heart rate, power 

output, RPE) does not differ significantly between normoxia and hypoxia condiƟons (Brocherie et al., 

2017; Millet et al., 2019). In addiƟon to the increase in HR with hypoxia, we observed a non-significant 

but large effect size indicaƟng a rise in RPE compared to the RSN and RSN-P groups (p = 0.072; ηp²= 

0.183), which is consistent given the strong correlaƟon between RPE and HR during exercise (Scherr et 

al., 2013). Thus, it is possible that RSH induces a slight increase in the relaƟve exercise intensity (% 

peak HR) compared to RSN, although the absolute intensity (power output) remains unaffected. Based 

on these results and a previous study (Gutknecht et al., 2022), one may hypothesize that the slightly 

higher training load with hypoxia would require more Ɵme to reach the peak performance once the 

training was completed. Nevertheless, the results of the current study do not support this assumpƟon. 
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In 2008, a study on repeated sprint training in hypoxia induced by voluntary hypovenƟlaƟon 

demonstrated a 5.2% increase in blood HCO3
- concentraƟon at rest, indicaƟng an improved buffering 

capacity (Woorons et al., 2008). However, the results of the present study on base excess (which 

characterizes buffering capacity) do not align with these findings, as no differences were found 

between the three groups. It is possible that hypercapnia induced by hypovenƟlaƟon may have 

facilited this adaptaƟon (Trincat et al., 2017). To shed more light into this topic, it would be beneficial 

to implement a protocol including, among others, an RSH group and an RSH group with hypercapnia 

induced by an FICO2-adjusƟng device. 

In the quest to find elements of response to the responder/non-responder concept, a hypothesis has 

emerged within the field of repeated sprint training in hypoxia: parƟcipants with a higher proporƟon 

of fast-twitch muscle fibers would demonstrate superior responsiveness (Millet et al., 2019). We tested 

indirectly this hypothesis by esƟmaƟng a correlaƟon between maximal performance over 6 s and the 

proporƟon of type II fibers, as previously proposed (Raberin et al., 2022). Pearson correlaƟon analysis 

indicates that there is no staƟsƟcally significant correlaƟon between changes in all performance 

indicators and maximal power over 6 s (|r| < 0.3; p > 0.11). To confirm or refute this hypothesis, muscle 

biopsies are required to determine fiber typology.  

 

4.2. Methodological concerns 

The exercise-to-rest raƟo and the sprint duraƟon determine the respecƟve contribuƟon from glycolyƟc 

and oxidaƟve metabolism, the second being more affected by hypoxia (Raberin et al., 2022). Therefore, 

one may wonder whether the lack of differences in performance improvement between the RSN and 

RSH groups could result from a design that was not the most appropriate. We idenƟfied six studies 

with exercise-to-rest raƟo (1:4 to 1:5), sprint duraƟon (5-7 s) and a number of training sessions close 

as ours (Brechbuhl et al., 2020, 2018a; Brocherie et al., 2017; Fornasier-Santos et al., 2018; Hamlin et 

al., 2017b; Kasai et al., 2017). Of these six studies, five showed greater improvement in the hypoxic 

condiƟon. Consequently, it can be concluded that the experimental design employed here does not 
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consƟtute a significant factor that would account for the absence of differences between the hypoxic 

and normoxic condiƟons. 

An important factor that could potenƟally influence the results, and therefore the interpretaƟon of 

the treatment, is the placebo effect resulƟng from the parƟcipants’ belief of being at alƟtude. For 

instance, one study conducted under rigorous scienƟfic condiƟons—randomized, double-blind, 

crossover—retained 33% of its placebo group parƟcipants even though they were not deceived, and 

retained 33% of the parƟcipants in the hypoxia group who believed they were in normoxia (Montero 

and Lundby, 2017). This study, like the present one, did not idenƟfy any addiƟonal benefits of hypoxia. 

However, it is possible that including these parƟcipants who believed they were in normoxia masked 

potenƟal differences in progress between the various condiƟons. In our study, as in those conducted 

by GaƩerer, none of the parƟcipants believed they were in normoxia (GaƩerer et al., 2015). 

Unfortunately, GaƩerer's arƟcle lacks informaƟon on how parƟcipants were informed to reinforce the 

belief of being in hypoxia. In our study, providing false informaƟon (“You will train at a simulated 

alƟtude between 2500 and 3500 meters.”) likely reinforced the decepƟon. A meta-analysis of the 

placebo effect in sport indicates that decepƟve administraƟon yields more pronounced effects 

compared to allowing doubt to persist (Bérdi et al., 2011).  

To the best of our knowledge, the present study represents the first aƩempt to quanƟfy the potenƟal 

placebo effect in this specific training modality. Surprisingly, the results indicated no discernible 

difference between the placebo group and the control group. This absence of disƟncƟon might be 

aƩributed to the significant variability in responses to the placebo effect, a phenomenon notoriously 

difficult to predict (Bérdi et al., 2011). Various hypotheses have been proposed regarding the 

determinants of placebo responders, including personality traits (Geers et al., 2007), social 

acquiescence (Fisher and Greenberg, 1997), and moƟvaƟon (Jensen and Karoly, 1991). The present 

study only controlled for moƟvaƟon using the Wellness test, and no differences were observed 

between the three groups, but it would have been relevant to measure the other parameters. Finally, 

the Pearson correlaƟon analysis shows that the esƟmated alƟtude does not correlate with any changes 
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in the performance indicators of the placebo and hypoxia groups (|r| < 0.12; p > 0.6), which suggests 

that the effect of belief in associaƟng alƟtude level and magnitude of improvements is minimal. 

A second important methodological point that can prove challenging to implement in the field during 

an RSH protocol is the concept of experimenter blinding, which aims to eliminate the Pygmalion effect. 

In order to miƟgate this effect, the present study was conducted following the recommendaƟon of 

Montero and Lundby, whereby neither the test session encourager nor the parƟcipants were informed 

of the training condiƟons (Montero and Lundby, 2017). Considering the beliefs among researchers 

about the benefit of hypoxia for repeated sprint training, it is possible that the Pygmalion effect may 

have influenced some of the findings in the exisƟng literature. We idenƟfied five studies adhering to 

the double-blind protocol with a placebo group. Of these, three demonstrated a benefit of hypoxia 

[4,11,13]. However, as previously menƟoned, no informaƟon was provided on the percentage of 

decepƟon among the parƟcipants. Altogether, these results suggest that the placebo effect or the 

Pygmalion effect would not play a major role in the response to repeated-sprints training in hypoxia. 

 

4.3. Conclusion 

In conclusion, the present study shows that, despite indicaƟons of reduced O2 availability (decreased 

SpO2 and increased HR), real or perceived hypoxia did not result in enhanced performance in 

recreaƟonally trained subjects compared to the placebo group. Moreover, the belief of training in 

hypoxia per se did not influence the response to training compared to the normoxic group. Therefore, 

RSH training does not (consistently) provide further performance enhancement, and it appears 

relevant to gain a deeper understanding of the specific condiƟons associated with repeated-sprint 

training that would be most beneficial for most of the athletes. 
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Figures legends 

 

Fig. 1. CONSORT 2025 Flow Diagram. Flow diagram of the progress through the phases of the 

randomised trial. 
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Fig. 2. Overview of the experimental schedule. Fam.: familiarizaƟon; each icon represents one 

session. Wingate test: 30-s all out cycling; RSA test: 10 x 6-s cycling sprints interspersed with 24s of 

recovery; Repeated-sprint training: 3 sets of 8 x 6-s cycling sprints interspersed with 24s of recovery.  

 

Fig. 3. EsƟmaƟon of hypoxia severity by parƟcipants in the RSN-P and RSH groups. Circles and 

squares represent individual and mean data, respecƟvely. 

 

Fig 4. Individual and average values of the mean power output during the RSA and Wingate tests. 

Mean power during the RSA (A) and 30-s Wingate (B) tests. Circles and squares represent individual 

and mean data, respecƟvely. P-values and effect sizes are bold when significant and of large 

magnitude, respecƟvely. G x T: group x Ɵme interacƟon. 
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