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Gundlach (1968).

Velocity

Force-velocityVelocity

Force endurance

Endurance velocity

Adapted from Bishop and Girard (2013).
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Altitude 
training

Girard et al. (2017, 2020); Millet et al. (2010, 2013); Wilber (2007).

↓ PiO2 ↓ PaO2 

↑ HIF-1α

↑ Hbmass
↑ VO2max

↑ EPO
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Girard et al. (2017, 2020); Millet et al. (2010, 2013); Wilber (2007).
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RSH
↗ RSA

Molecular adaptation

Blood flow

Faiss et al. (2013).

70% of best
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Repeated-Sprint training in Hypoxia (RSH): An innovative method for performance optimisation
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 RSA mean time
 RSA best time

 RSA VO2max

Brocherie et al., Sports Med. (2017).

Repeated-Sprint training in Hypoxia (RSH): An innovative method for performance optimisation

 RSA mean time
 RSA best time

Brocherie et al., Sports Med. (2017).
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RSH

5 sem. Courses intermittente à haute 
intensité, RSA et force explosive / 

agilité / sprint

RSH (n = 8)
FIO2 = 14.3%
~2900 m

RSN (n = 8)
FIO2 = 21.0%
~0 m

Brocherie et al. (2015).
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RSH
↗ RSA

Molecular adaptation

16 Footballeurs 
U18

Brocherie et al., 2015.

**

*

Repeated-Sprint Ability (10 x 30 m – 30 s)

Possibly beneficial effect
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RSH
↗ RSA

Molecular adaptation

Brocherie et al., 2015.

***

*

Repeated-Agility Ability (6 x 20 m with L-shape COD – 30 s)

Very likely beneficial effect

 Results confirmed (↑RSA and YYIR2 after 5-wks RSH (3300 m) vs. control (Gatterer et al., 2014; 2015). 
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RSH
↗ RSA

Molecular adaptation

Brocherie et al., 2015

Maximal aerobic speed (VAMEVAL)
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Altitude 
training

Erythropoeitic
Response

Central 
adaptation

Peripheral 
adaptation

Girard et al. (2017, 2020); Millet et al. (2010, 2013); Wilber (2007).

LHTL

RSH
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LHTLH

Brocherie et al. (2015, 2018). 
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Hbmass - Co Rebreathing Biopsies

Brocherie et al. (2015, 2018). 

LHTLH
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↗ aerobic component

↗ RSA

Blood-Oxygen carrying capacity

Blood flow

Brocherie et al. (2015, 2018). 

LHTLH

Current Practice of Heat and Altitude Training 
at INSEP – Risks or Opportunities?



Erythropoeitic
Response

Central 
adaptation

Peripheral 
adaptation

22

Altitude 
training

Girard et al. (2017, 2020); Millet et al. (2010, 2013); Wilber (2007).
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Oberholzer et al. (2020);
Ronnestad et al. (2020).

1 h cycling at 60% VO2peak 
in 40°C for 5 days/week in 
addition to regular training 
during 5-5½ weeks.

Well-trained male cyclists
VO2peak: 59.1 ± 5.2 ml/min/kg

Elite male cyclists
VO2peak: 76.2 ± 7.6 ml/min/kg
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27Lee et al., Front Physiol 2019. 

Stress 1 Stress 2

Adaptation 
specific

Adaptation
generale

Adaptation 
specific

Adaptation
generale

CA1

CA2

CA3

Adaptation to 1 stimulus 
 tolerance to another stress

Combined adaptive effect to 2 stimuli 
 Beneficial response to a 3rd one

Adaptation to 1 stress 
 adaptation to other stress
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LHTLHLHTH²
ANR-20- STPH-002
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LHTLH
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(3000 m, 25°C, 40% rH)

(0 m, 25°C, 40% rH)

(0 m, 35°C, 40% rH)

ANR-20- STPH-002
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+10.4%

+8.4%

+7.8%

+4.9%

+8.1%

+6.3%

+7.5%

+4.6%

+7.5%

+1.7%

+6.5%

+2.6%

ANR-20- STPH-002
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Using “Living Low-Training High” paradigm alone or in combination 
with other hypoxic methods offers many opportunities to boost 
performance.

Adding heat stress may complete the strength and conditioning toolbox, 
through acclimation or training with cross-talk or combination effect… 

Some avenues to answer specific questions 
(interaction/interference, dosage, individual response, 
delayed effects…) and improve evidence-based practices.
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LHTLH
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+

+

+

Force maximale

From research findings to scientific support… or vice-versa
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Brocherie et al. (2017);
@Nbourrel (2020).

CO2
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Rousse et al., Sports Med (in press). 
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CCS INSEP
« entraînement
sous stress
environnemental »
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Symposiums
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 Because performance is multifactorial,

 Scientific support must be multidisciplinary,

 Evidence-based approach must be preferred, 

 and applied in ecological setting (whenever possible),

 With an athlete-centered focus, to optimize performance…
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