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01 Hb-MASS, BLOOD VOLUME AND ENDURANCE CAPACITY
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01 Hb-MASS, BLOOD VOLUME, CARDIAC OUTPUT AND VO, ax
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01 TRAINING, ALTITUDE TRAINING, HB-MASS, AND VO,\ax
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01 ALTITUDE TRAINING, SEA LEVEL TRAINING AND Hb-MASS
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01 IMPACT OF ALTERATIONS IN Hb-MASS ON VO,,,ax

(wncs VO, ., can increase by: (i) a balanced increase in Hb-mass and plasma

volume augmenting cardiac output; and/or (ii) by increasing [Hb] due to
[l)?p{%zof Alterations in Total Hemoglobin Mass an increase in Hb-mass with reduced or unchanged plasma volume,
T augmenting avDO,
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Mechanism (i) is achieved by endurance training; mechanism (ii) by
adaptation to altitude or blood manipulation.

INTRODUCTION

A combination of both mechanisms is present in athletes training and
living at altitude.

Pty A change in Hb-mass by 1 g causes a change in VO, ., by approximately
" o 4 mL/min.
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01 ALTITUDE EXPOSURE, Hb-MASS AND HIF-1la
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Saunders et al. High Alt. Med. Biol. 10: 135-148, 2009

HIF-1a is present in every body tissue, regulates O, homeostasis, and
acute cardiovascular and respiratory responses to hypoxia.

HIF-1a activates EPO and transferrin for iron metabolism and red cell
production, growth factors for angiogenesis and cell survival, glycolytic
enzimes for energy metabolism, glucose and monocarboxylate
transporters for glucose uptake and lactate metabolism by the muscles,
carbonic anhydrase for pH regulation, nitric oxide and carbon monoxide
vasodilators, dopamine synthesis to accelerate ventilation.
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02 NONHEMATOLOGICAL BENEFITS OF ALTITUDE TRAINING

Nonhematological Mechanisms
of Improved Sea-Level Performance after

Hypoxic Exposure
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02 OTHER BENEFITS OF ALTITUDE TRAINING

Placebo effect: athletes believe in the benefits of altitude training.

High quality training camp: increased focus on training, more recovery between sessions, consistently having
training partners, novelty of the venue, sports science support, being away from home distractions.

. . ®
Saunders et al. High Alt. Med. Biol. 10: 135-148, 2009 I Ii‘iigo Mujika
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03 INDIVIDUAL CHANGES IN Hb-MASS IN ELITE SWIMMERS

3-week Altitude Training Camp in Sierra Nevada
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Sierra Nevada: men 7.1 £ 2.1%: women 8.5 £ 3.9%.

Pretoria: men 6.0 £ 3.2%; women 2.3 £ 2.9%.

Wachsmuth et al. Eur. J. Appl. Physiol. 113: 1199-1211, 2013
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03 INDIVIDUAL CHANGES IN Hb-MASS IN ELITE RUNNERS AND RACE WALKERS

3-4 weeks altitude training camp in Flagstaff (2133 m), 48 world-class runners and race walkers
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Heikura et al. Int. J. Sports. Physiol. Perform, 13 (8): 1090-1096, 2018




A
03 INITIAL AND RELATIVE AHb-MASS IN ELITE RUNNERS AND RACE WALKERS

3-4 weeks altitude training camp in Flagstaff (2133 m), 48 world-class runners and race walkers
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03 INDIVIDUAL VARIATIONS IN Hb-MASS DURING REPEATED ALTITUDE CAMPS

% Change Hb-mass — Pre-Altitude Deviation from Baseline

For each % deviation from the individual mean baseline in Hb-mass, an athlete can
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increase or a 0.7% smaller increase in Hb-mass than average (~3-4%).

Skattebo & Hallén, Scand. J. Med. Sci. Sports, 32: 1493-1501, 2022

expect an additional 0.7%

y(

Inigo Mujika

PHYSIOLOGY & TRAINING




IRON: Insufficient iron stores and inadequate iron intake may compromise adaptations
to altitude training.

INTAKE: Exceptionally low energy diets (essentially not eating in the hope of getting
leaner) do not appear to support adaptations to altitude training; sufficient CHO and
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3\ W W protein is advised to avoid further stress and facilitate protein synthesis.
ndurance Trﬁniﬁg '
‘Scienceand Practice -
) ¥
Tiiigo Mujika INJURY: Prolonged inflammatory responses associated with serious soft tissue injury or
' broken bones may interfere with altitude adaptations, and hypoxia may lead to slow
healing.
ILLNESS: Serious viral and bacterial infections may impair the ability to adapt to altitude
CHAPTER training; ill athletes should be advised to get healthy before going to altitude.

) ~
— T" ? - INTENSITY: Excessive intensity within the first week of training can promote excessive

| atAlitude fatigue; best results tend to come to those that “ease” into training volume and
= intensity.
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04 PERIODIZATION OF ALTITUDE TRAINING FOR ELITE ENDURANCE ATHLETES
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Based on the authors’ own extensive experience with elite endurance
athletes training at altitude, we would contend that there is no such thing
as anon-responding athlete to altitude training camps. Instead, ‘non-
responder’ athletes are probably a product of ‘one-off’ camps and/or
inadequate planning, periodization, programming, and monitoring of
altitude training.

A long- and short-term periodized approach to altitude training seems to
be necessary for elite endurance athletes to obtain maximal benefit from
the hypoxic stimulus.

Other confounding interventions may need strategic periodization in
combination with altitude training, such as nutrition, the combined use of
terrestrial altitude and normobaric hypoxia, and/or heat adaptation.
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04 PERIODIZATION OF ALTITUDE TRAINING FOR AN OLYMPIC CHAMPION

FEMALE SWIMMER

LONG-TERM PLANNING 2010-2018
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Start ime  Monday Tuesday Wedne sday Thursday Friday Saturday Sunday

11:00 Strength train-  Running; 45 min ~ Strength train- Running: 45 min ~ Strength train-  Running; Physiotherapy
ing: 90 min ing: 9 min ing; 90 min 45 min

13:00 Swimming Swimming Swimming Swimming Swimming Swimming (race
(speed +Aero (speed +power);  (speed+Aero  (speed+power):  (speed+ Aero pace); 3700 m
1); 8500 m 5500 m 2): 8400 m 5500 m ['y; 8500 m

18:30 Indoor cycling;  Circuit training Circuit train- Indoor cycling:
45 min {Crossfit); 9 min ing (Crossfit); 45 min

90 min

20:30 Swimming Swimming Swimming Swimming Swimming
(Aero (threshold): (VO3 )2 (progressive (speed +Aero
2 +threshold); 9000 m 2800 m to threshold); 27 5000 m
8800 m 8600 m

[ 1:00 CWT CWT CWT

Mujika et al. Sports Med. 49 (11): 1651-1669, 2019
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04 ALTITUDE TRAINING OF THE WORLD’S MOST SUCCESSFUL CROSS-COUNTRY SKIER

A WHIT = MIT ®LIT ®Strength ® Speed T _ o
30 Total annual days spent at altitude was 6119, distributed
across 5 camps: 12-14 d Jun/Jul; 12-14 d Aug/Sep; 14-16
=25 d Oct/Nov; 10-14 d Dec; 10-12 d Jan/Feb.
2
= 20
£ - .
=15 Total training volume at altitude ranged from 170 to 230 h,
£ accounting for 18-25% of the total annual training volume.
£10
g s
The average weekly training volume decreased from
0 altitude camps performed in GP (26 h) to SP (22 h) and
Day 14-8 Day7-1 | Day1-7 Day8-14 | Day1-7 Day8-14 further to CP (20 h).
Pre Altitude During Altitude After Altitude

Total training volume was 35% higher during altitude. The increased training volume occurred due to an
increased number of LIT session’s 2 2.5 h, whereas strength training time was lower compared to the phases
before and after.

The amount of training in specific modes increased markedly at altitude, while the total volume of MIT and HIT
remained stable (1.5 h/week) across all three phases.
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04 Hb-MASS PROGRESSION IN 4 ELITE SWIMMERS OVER A 4-YEAR PERIOD
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All swimmers had a linear increase in Hb-mass, with the resultant increase from the end to the start ~10%.

@
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04 INTEGRATED PERIODIZATION OF NUTRITION, HEAT, ARTIFICIAL AND

TERRESTRIAL ALTITUDE
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Mujika et al. Sports Med. 49 (11): 1651-1669, 2019
A

PHYSIOLOGY &

NNNNNNN

®
I“ Inigo Mujika

G



04 SAMPLE PERIODIZATION OF ALTITUDE TRAINING WITHIN A SEASON
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Particular attention to the training load prior to altitude training, training appropriately while at altitude, and

commencing a taper towards the end of the camp are crucial to successful performance immediately following
altitude. _ & . .
Saunders et al. Int. J. Sport Nutr. Exerc. Metab. 29: 210-219, 2019 I Inigo Mujika
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