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High-intensity interval training (HIT)

 Repeated efforts of high-intensity
exercise

 Enhance athletic performance and
improve health-related parameters

 Alternating with active or passive
recovery periods

(Buchheit & Laursen, 2013)
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 Studies have shown that the
inclusion of hypoxia during HIT
can promote:

 Additional improvements in
performance, compared to
normoxia

 REPEATED SPRINT TRAINING

(Girard et al. 2020; Bocherie et al. 2017; Faiss et al. 2024) (Buchheit & Laursen, 2013)
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 Although the hypoxia during a SIT program can lead to greater performance

gains

(Billaut & Buchheit, 2013; Ghaith et al. 2022; Li et al. 2024; Soo et al. 2025)
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When the goal is to maximize athletic performance, the challenge 

lies in increasing the physiological stress induced by the training 

session without reducing the external load !

 BENEFITS INDUCED BY HYPOXIA

 MAINTENANCE OF THE QUALITY AND INTENSITY
OF THE TRAINING SESSIONS

 APPLICATION OF HYPOXIA IN REAL-WORLD
SETTINGS?

HOW ACHIEVE?
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 We recently proposed and found evidence suggesting that…

8

100%

IN
TE

N
SI

TY

EFFORT IN NORMOXIA

RECOVERY IN HYPOXIA

 Adding during Inter-Effort Hypoxia exclusively during recovery periods (IEH)

of interval training sessions

 Could be a more effective approach than training performed under hypoxia.
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 Alternating cycles of oxygenation and deoxygenation facilitate the

maintenance of exercise intensity by enhancing oxygen availability in the

active musculature.

 Exercise capacity was preserved during 10 x 1min with 2min recovery @

100% and 120% of the maximal aerobic velocity with the addition of hypoxia

applied during the inter-effort recovery periods
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 Although peripheral oxygen saturation was significantly reduced during 

recovery intervals in hypoxia
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 The blood lactate concentrations did not differ between conditions

EƯorts Média
Efforts

Mean Mean

INTER-EFFORT HYPOXIA RECOVERY EXACERBATES INTERNAL LOAD DURING ACUTE SPRINT 
INTERVAL TRAINING SESSIONS WITHOUT COMPROMISING PERFORMANCE IN SWIMMER

Authors: 
PAPOTI, M1, ESEQUIEL, G.H.S1, RIBEIRO F.A1, MIRANDA, D.R.M1, CARVALHO, C.D1, FORESTI, Y.F1, GOBATTO, 

C,.A2, MACHADO-GOBATTO, F.B2, FIGUEIRA, T.R1. 

 We recently presented at ECSS the effects of IEH in swimmers during all-out

sprint interval training
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METHODS

IntensityRecovery 

(min)

Efforts

Distance

Efforts 

number

All-out1.525m20SIT1

All-out3.050m10SIT2

 EFFORTS

 RECOVERY

(n=24 )

HYPOXIA

NORMOXIA

 EXPERIMENTAL SETUP FOR HYPOXIA GENERATION

 AIR STORAGE "BAGS"  NITROGEN GAS GENERATOR  UNIDIRECTIONAL MASK

 VALVE SYSTEM
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 [La] were not significantly different between conditions 

 RESULTS

So far, we have identified the effects of hypoxia 

during inter-effort. Now, our goal is to understand 

why exercise intensity is preserved despite the 

reduced oxygen availability ?



13.10.2025

 This study aimed to compare the acute effects of oxygen uptake, 

muscle oxygenation and exercise tolerance during a session of SIT 

in normoxia, continuous hypoxia  and inter-effort hypoxia 

recovery.

OBJECTIVE

METHODS
 The single-blind randomized crossover experimental design involved:

12 recreational runners 

VO2peakHeightBody MassAge

49.8 ± 5174.5 ± 9 74 ± 1424 ± 5 

EXPERIMENTAL DESIGN

4 DAYS
1º - INCREMENTAL TEST
2º, 3º AND 4º - SPRINT INTERVAL TRAINING

NORMOXIA (NOR)

HYPOXIA (HYP)

HYPOXIA INTEREFFORT (IEH)

NORMOXIA
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Warm-up: 5-min at 7 km/h,

Efforts: 2min

Increments: 1km/h

INCREMENTAL TEST

2min

2min

2min

2min

2min

1km/h

1km/h

1km/h

1km/h

1km/h

Exhaustion

NOR
HYP

EFFORTS

RECOVERY

HYPEFFORTS
and

RECOVERY

NOR
EFFORTS

and
RECOVERY

EFFORTS NUMBER:

10

EFFORTS DURATION: 

2min

RECOVERY: 

1min
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VO2

NIRs 

 During rest and exercise, the

following parameters were assessed

in the SIT sessions:
NIRS

Placebo 
system Hypoxic 

generator

Air storages

Oxygen
consumption

Gas analyzer turbine + air 
supply hose
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The success rate in completing the SIT, was nearly identical between NOR and 

IEH conditions, but significantly lower in HYP

 FiO₂ was maintained in NOR, reduced in HYP and oscillated in IEH.

 SpO₂ was stable in NOR, significantly reduced in HYP and intermediate values in IEH
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 During recovery, lower VȮ2 integrals 

were observed in hypoxia and IEH 

conditions compared to normoxia.

 Both in the first 30 s and for the total 

recovery period.

RECOVERY:

 During exercise, the differences

between conditions were mostly

in the first 30s.

 The IEH led to higher VO2

integral during the first 30s of

effort, compared to other

experimental conditions.

EXERCISE:
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IEHHYP NORRECOVERY
14.5 ± 7.117.4 ± 6.7*11.5 ± 5.5HHb (µM)
-1.5 ± 6.2-5.2 ± 6.50.1 ± 8.3O2Hb (µM) 

13.8 ± 8.312.5 ± 7.112.4 ± 8tHb (µM)
56.8 ± 4.7*55.2 ± 5.4*59.6 ± 4.1TSI (%) 

HHb: deoxyhemoglobin, O₂Hb: oxyhemoglobin concentration, tHb: total hemoglobin

(HHb+O2Hb), and TSI: tissue saturation index (O2Hb/tHb).

RECOVERY
 During recovery, HYP induced a significant increase in HHb and a 

reduction in TSI, while IEH also resulted in a lower TSI compared to NOR.

IEHHYPNOREFFORT
10.6 ± 7.914.3 ± 7.510.2 ± 5.7HHb (µM) 
-14.1 ± 5.7-18.1 ± 9.1-14.1 ± 8.7O2Hb (µM) 
1.9 ± 6.91.2 ± 3.61.4 ± 6.4tHb (µM)

54.1 ± 4.852.3 ± 6.1*55.4 ± 4.7TSI (%)

[

EXERCISE

HHb: deoxyhemoglobin, O₂Hb: oxyhemoglobin concentration, tHb: total hemoglobin

(HHb+O2Hb), and TSI: tissue saturation index (O2Hb/tHb).

 Despite the reduced O2 availability at rest, during exercise the TSI under 

IEH was not different from NOR.
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 CONCLUSION

VȮ2 is increased and muscle oxygenation is maintained at 

control levels during efforts. 

Enhanced aerobic metabolism during efforts was associated 

with preserved exercise tolerance in the IEH condition.

This is an advantage over HYP during SIT exercise.

Next step…

 Now our next goal is to investigate the potential chronic effects of

IEH.
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