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BIOLOGICAL DEFINITION OF ALTITUDE
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Trained subjects show a greater decrease in VO,max
with acute hypoxia

Woorons et al. 2005; Mollard et al., 2006; Mollard et

al., 2007
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Sa0, (%)

Decrease in arterial O, saturation at rest
and exercise with increasing altitude
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Trained subjects show a greater desaturation
at exercise In acute hypoxia

Woorons et al. 2005; Mollard et al., 2006



Chemoreceptors and acclimatization:
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Carotid chemoreceptors : hypoxic sensors
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In acute hypoxia

Woorons et al. 2005; Mollard et al., 2006; Mollard et al., 2007



Adaptation of heart rate in acute and chronic hypoxia
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Subijects
5 endurance trained athletes (59.6 + 2.8 ml/min/kg)

and 6 physically active men (46.2 £ 2.8 ml/min/kg).

Protocol
Each subject performed five VO, peak tests on a cyclo-ergometer
at 4 different simulated altitudes: Om, 1000m, 2500m and 4000m

Measurements

Usual ventilatory and cardio-vascular parameters
Cardiac output using thransthoracic bio-
Impedance

Muscle tissue HbO, and HHb using Near
InfraRed Spectroscopy (NIRS; InSpectra Tissue
Spectrometer Model 325, Hutchinson Technology,
MN, USA).
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Training In hypoxia in the endurance-trained athlete

Effects on performance
Individual response factors
Potential risks for health
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Main objectives

Evaluate the physiological changes induced by various
modalities of training in hypoxia and their impact on
performance.

Hypothesis: these methods improve performance at sea-level

Evaluate the individual response to training

Hypothesis: there are biological, physiological or psychological markers of the
variability of individual response to training in hypoxia

Evaluate the potential risks for health

Hypothesis: these methods are safe at short, medium and long term, provided
a medical control of training procedures



« Live/sleep high - train low »

Effects of intermittent exposure to hypoxia coupled to training
at low altitude on performance in elite endurance athletes

(nordic ski, swimming, track and field, using hypoxic rooms)
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Variations of performance vs

hemoglobin
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Field test: 10 min at 19.5 km/h

(= 90% of maximal aerobic speed)
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Hypoxic exercise- induced desaturation
(ASaO.,e)
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Right ventricule diameter in diastole (RVdia)
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systolic Pulmonary artery pressure (PAPS)
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Tolerance and acclimatization
« Live high — train low » (3000/1200)

e does not Induce symptoms of Acute Mounatin
Sickness.

 may Induce sleep perturbations and fatigue (if
= 3500m and training load not reduced)

 may Induce sleep apneas In some subjects,
without apparent clinical consequences during
the day.



Tolerance and acclimatization

« Live high — train low » (3000/1200)
* IS not dangerous for the health of the athlete

 Induces a ventilatory acclimatization (lower
desaturation at exercise in hypoxia) that fades
away 15 days after the training session



Recommendations for
« live/sleep high - train low »

Altitude: 2500 - 3000

Duration: 3 weeks

Dally hypoxic exposure: 12-14 hours
Reduce training load during the first 3 days
Control nocturnal O, saturation

Control training post hypoxic exposure




