
Lecture by Martin Petrus

By Patrick McKeown



1952 Helsinki Olympics brought Emil much fame and
adoration after he won the 5,000 metres, the 10,000
metres and the marathon, which he decided to run on  
a whim, having never completed the distance before.



TRAINING COMPETITION RECOVERY INJURY

– Delays the onset of fatigue 
–  Improves aerobic and  

anaerobic performance
– Improves VO2 Max
–  Improves delivery of O2  

to organs and muscles
–  Reduces breathlessness  

during physical exercise
–  Anaerobic glycolysis  

without risk of injury
–  Posture and spinal  

stabilization 

Respiratory system 
Cardiovascular system 

Nervous system 
Endocrine system 

Respiratory muscles training 
Mind training

– Activates PNS
– Improve sleep
–  Reduce free radicals  

and oxidative stress

– Improve focus and calm
–  Improve respiratory 

muscle strength 
–  Improve circulation  

& oxygen delivery
–  Dilate the upper and 

lower airways
–  Reduce exercise induced 

bronchoconstriction

–  Helps maintain fitness 
during rest or injury

–  Helps prevent exercise 
induced asthma

–  Helps to speed  
up injury repair



Recovery

Performance

Mindset



WHY DO WE NEED TO LEARN  
HOW TO BREATHE?

“I know how to breathe! 
I have been breathing  

since I was born!”



COST OF THE RESPIRATORY SYSTEM

Moderate exercise   3-6% 

Heavy exercise  10% 

Maximum exercise 13-15%

% total VO₂ Max

•  Aaron EA, Seow KC, Johnson BD, Dempsey JA. Oxygen cost of exercise hyperpnea: implications  
for performance. J Appl Physiol (1985). 1992 May;72(5):1818- 25. volume regulation. Transfus 
Sci.1997;(Sep;18(3):):409-423



EXERCISE INDUCED ASTHMA

Routine screening of UK Olympic team before Athens 
Olympics, the recorded prevalence of asthma was 21% 
(double the prevalence rate of the UK population). 

Exercise is believed to trigger bronchoconstriction due  
to dehydration of the airways. The moisture is ‘sucked 
out’ of the airway cells causing them to dehydrate.
Dehydration induces inflammation of the airways.  



FORWARD HEAD POSTURE
Mouth breathing causes over development of certain respiratory muscles 
(Sternocleidomastoid and Upper Trapezius) which affects the posture.



SLEEP APNEA

Can occur five to fifty times per hour. Each  
breath hold can range from a few seconds  
to over one minute, causing one’s blood  
oxygen saturation to decline to as low as 50%.

Not only does the apnea affect their athletic 
performance, but it is extremely hard on their 
cardiovascular systems as well.



Gold 27:18.20

Silver 27:17.29

Bronze 27:19.75

0.005%

0.04% 0.08%

0.03%

4th 27:20.44

The difference in performance (%) between medalists in the men’s 10,000 m 
at the 2000 Sydney Olympics



H&S

Breath holding exercises may be not suitable 
for people with epilepsy, heart disease,  

high blood pressure, migraines, panic attacks, 
diabetes, thyroid conditions and during 

pregnancy.
 

Never perform breathing  
exercises in water.



INTRODUCTION  
/ ASSESSMENT



TESTS

2. MAX STEPS 
INHALE

HOLD + WALK

EXHALE

1. B.O.L.T.
INHALE

EXHALE

HOLD

SIGNAL

3. BREATHS PER MINUTE 



CARBON DIOXIDE (CO2)

–  Provides the strongest stimulus to ventilation. 
Even a small increase (2–5 mmHg) CO2  can  
double the ventilation

– Offloads O2 from the blood

–  Dilates the smooth muscles in the walls of the 
airways and blood vessels

– Regulated pH levels

Normal: 35 - 40mmHg 
• Journal of Psychosomatic Research 60 (2006) 291– 298
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Tibialis anterior muscle damage was induced in 27 Sprague Dawley  
rats. After muscle injury, rats were randomly assigned to transcutaneous 
CO2-treated or -untreated groups. From each group, three rats were 
sacrificed at weeks one, two, four and six.

Injured muscle fibres were completely repaired at week six in the  
CO2 - treated group but only partially repaired in the untreated group.

The Functional Movement Screen (FMS) has been shown to accurately 
predict injury in individuals who demonstrate poor movement patterns. 

Individuals with a less efficient breathing pattern scored worse on the FMS™ 
compared to those subjects who had normal breathing patterns. Resting 
etCO₂ was positively correlated with FMS™ scores.

CO2 AND INJURY

•  Int Orthop. 2017 May;41(5):1007-1015

•  The International Journal of Sports Physical Therapy | Volume 9, Number 1 | February 2014



OPTIMAL BREATHING

1. Nose
2. Diaphragm
3. Effortless
4. Rhythmical
5. Quiet
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NERVOUS SYSTEM

PERIFERAL CENTRAL

SENSORY MOTOR

SOMATIC

SYMPATHETIC

ACTION REST
PARASYMPATHETIC

Constricts pupilDilates pupils

Promotes saliva flowInhibits saliva flow

Slows down heartbeat

Slows down breathing

Accelerates heartbeat

Accelerate breathing

Promotes perisitalsis & secretionInhibits perisitalsis & secretion

Lowers blood glucoseRaises blood glucose 

Stimulates reproductionInhibits reproduction

AUTONOMIC





 CENTRAL GOVERNOR THEORY

The heart is the most important organ  
to protect against over exercising. 

Governor in the brain which monitors 
oxygenation of the heart, and possibly  
the brain and diaphragm.

If oxygen levels drop too much, the brain  
will send messages to slow down the athlete.

The body experiences fatigue, burning  
or pain. The athlete slows down and  
thus the heart is protected. 

Acidosis impairs homeostasis. Breath 
holding conditions the brain to tolerate 
strong acidosis - teaches the brain that  
the body can go harder and faster  
without over doing it. 

 “Most people stop at 40%” 
- David Goggins   

•  Tim Noakes 1997 / Archibald Hill 1924



BREATHE LIGHT

INHALE

EXHALE

NORMAL REDUCED

HUNGER FOR AIR

Purpose: 
Resetting the breathing centre in the brain. Changing breathing patterns to form new 
neuro connections (neuroplasticity) Activating PNS. Reducing the volume of the breath. 
 

When should I do it? 
20 min in the morning for meditation 
or before sleep to relax.

Recovery

Performance

Mindset



RESPIRATORY  
MUSCLES



Activates PNS: 
– Stimulates relaxation response 
– Reduces heart rate 
– Decrease in cortisol  
– Increase in melatonin

-  Reduces oxidative stress  
and free-radical production 

–  Better posture  
(transversus  
& pelvic floor muscles)

–  Strengthens respiratory  
muscles 

 
 

DIAPHRAGM



DIAPHRAGM EXERCISES

VACUUM EXERCISE

KAPALABHATI

POWER LUNG / EXERCISE MASK

AGNISAR KRIYA



NASAL BREATHING



NOSE BREATHING BENEFITS

–  50% Slower airflow (10-20% more O2 uptake)

– Filtering (hairs, mucus)

– Warming

–  Moistening (no drying of the  
airways /inflammation)

– Less water lose (42%)

– Prevents sleep apnea

– Nitric Oxide release

– Activates the diaphragm
Sense



WORKLOAD

Maximal exercise intensity that could be achieved  
by healthy subjects while nasal breathing.

•  Thomas, S. A., Phillips, V., Mock, C., Lock, M., Cox, G. and Baxter, J. (2009). The effects of nasal breathing 
on exercise tolerance. In: Chartered Society of Physiotherapy Annual Congress 2009

On average subjects could reach  
90% of their max workload while  
nasally breathing (at least for  
the short period during the test).



NITRIC OXIDE (NO)

Nitric oxide (NO) is released in the nasal cavity.  
Acts as a bronchodilator.
–  Redistributes the blood in the lungs (from the lower 

part) = improves O2 uptake
–  Stops growth of pathogens including bacteria, fungi, 

and viruses
–  Reverses the build up of plaque in the blood vessels 

and helps to prevent blood clotting
Nasal NO concentrations are higher  
at lower flow rates.

• Lundberg J, Weitzberg E. Nasal nitric oxide in man. Thorax.1999;(54):947-952

Lasts 3-5s

+TAPING



ALTITUDE SIMULATION



HYPOXIA - HYPERCAPNIA

O2 CO2

LOW HIGH



THE SPLEEN

The Spleen acts as a blood bank by contracting and 
releasing stores of red blood cells during increased 
oxygen demands or decreased oxygen availability.
 
During breath holding, large amounts of red blood 
cells are excreted from the spleen, which raises  
Hb concentration from 2 to 5%  

 
Results showed a 6.4% increase in hematocrit (Hct) 
and a 3.3% increase in hemoglobin concentration 
(Hb) following five breath holds. 

• Isbister JP. Physiology and pathophysiology of blood

• Jelkmann, 1992

Red blood 
cells

Blood 
plasma

45% men  / 40% womenHct:



VO2 MAX

The maximum capacity of your body to transport and utilise  
O2 in one minute during maximum exercise.

The athletes’ response to increased carbon dioxide was 47%  
of that recorded by the non-athlete controls. Athletic ability  
to perform during lower oxygen pressure and higher CO2 
pressure, corresponded to VO2 max.
 

Better tolerance to CO2 = better VO2 Max

•  Byrne-Quinn E, Weil JV, Sodal IE, Filley GF, Grover RF. Ventilatory control in the athlete.  
J Appl Physiol.1971; ( Jan;30(1):91-8

•  Miyamura M, Hiruta S, Sakurai S, Ishida K, Saito M. Effects of prolonged physical training  
on ventilatory response to hypercapnia. Tohoku J Exp Med.1988; (Dec;156 Suppl:):125-35



HYPOXIC-HYPERCAPNIC TRAINING

  Experiment  Control
Pre:  Hb (g/L)  144.63   147.75
Post:  Hb (g/L)  152.38   145.38

5.35% higher Hb
 
  Experiment   Control
VO2 Max Pre:   63.80   59.46
VO2 Max Post:   70.38   60.81

10.79% increase to VO2 Max

3 × A WEEK / 8 WEEKS – elite male swimmers, 30 to 45 minutes 
BREATH HOLDS raising CO2 45 mmHg 

•  Darija Baković, Zoran Valic, Davor Eterović, Ivica Vuković, Ante Obad, Ivana Marinović-Terzić, 
Zeljko Dujić. Spleen volume and blood flow response to repeated breath-hold apneas.  
Journal of Applied Physiology.2003;(vol. 95 no. 4):1460-1466 



PULSE OXIMETERS

%SpO2 - Oxygen Saturation.

Normal: 97-99%

During hypoxic training  
ideal range: 80-90%  



ALTITUDE SIMULATION

INHALE

HOLD

WALK JOG

REDUCED NORMAL
EXHALE

Purpose: 
Increasing the production of red blood cells. Exposing the body 
to a hypoxic/hypercapnic stimulus to force adaptations. 

When should I do it? 
Ideally do 3 x 5 maximum breath holds daily. 
Time of day does not matter.

Recovery

Performance

Mindset



APPLICATIONS



ERYTHROPOIETIN (EPO) 

BREATH HOLDING INCREASES EPO
Results showed that EPO concentration increased by 24%, which  
peaked at three hours after the final breath hold and returned  
to baseline two hours later.
 
Three sets of five maximum breath holds, with each set  
separated by ten minutes of rest. 

– Hormone produced by the kidneys
–  Promotes the formation of red blood cells by the bone marrow  

(increases the oxygen-carrying capacity of the blood)
– Can be synthesized and used as a treatment of some forms of anemia
– Has been used as a performance-enhancing drug by some athletes

•  de Bruijn R, Richardson M, Schagatay E. Increased erythropoietin concentration after repeated  
apneas in humans. Eur J Appl Physiol 2008;102:609–13.



HYPERVENTILATING / HIGH PH

Nine well-trained swimmers (5 males and 4 females) performed 
a 50m front crawl sprint either in normal conditions (NO) or after 
hyperventilation (HV) (30-second pre-exercise maximal voluntary 
hyperventilation).

Results Average velocity for the 50m front  
crawl was significantly higher after HV  
(1.81 ± 0.13 m.s¹ vs. 1.79 ± 0.14 m.s¹, P < 0.01)
As a result, performance improves  
(27.79 ± 2.01 s vs. 28.08 ± 2.17 s, P < 0.01)
The number of breathing cycles recorded during each  
race was significantly lower under HV compared to NO 

•  J Strength Cond Res. 2014 Apr;28(4):1119-26.



WARM UP & RECOVERY

INHALE

EXHALE

HOLD 2-5s HOLD 2-5s

BREATHE  10s BREATHE  10s

Purpose: 
Warm up and recovery

When should I do it? 
Before going into strong breath holds perform a few sets of the warm-up exercise. The same 
sequence will also work as a recovery exercise during cool down or straight after training (10 min).

Recovery

Performance

Mindset



PRE COMPETITION PREPARATION

20 MIN BEFORE60 MIN BEFORE 5 MIN BEFORE

COMPETITION 
/ TRAINING

RECOVERY

6-10 Strong 
breath holds

10 min 
Breathe Light

30s Strong  
exhalations

Get rid of CO2 PNSEPO and splenic 
contraction

Focus the mind

Recovery 
Exercise 
10-15 min



GEARS

1 
2 
3 
4 
5

Low Aerobic
EQUAL: NASAL IN / NASAL OUT

High Aerobic
POWER NASAL IN / NASAL OUT

Aerobic Threshold (Transition)
POWER NASAL IN / POWER NASAL OUT

Low Anaerobic
POWER NASAL IN / MOUTH OUT

High Anaerobic
MOUTH IN / MOUTH OUT



GEARS

1 
2 
3 
4 
5

EQUAL: NASAL IN / NASAL OUT

High Aerobic
POWER NASAL IN / NASAL OUT

Aerobic Threshold (Transition)
POWER NASAL IN / POWER NASAL OUT

POWER NASAL IN / MOUTH OUT

RE
C

O
VE

RY

MOUTH IN / MOUTH OUT



BREATHWORK VISUALISATIONS

FLOW STATEPRIMING CODING

20 min3 min 5 min



MIND AND PERFORMANCE



/nicecollectivelondon

Thank you



nicecollective.net/oxygenadvantage



APPENDIX



ADVANCED ALTITUDE SIMULATION

INHALE

HOLD

JOG

EXHALE

NORMAL

MINI EXHALE MINI EXHALEMINI INHALE MINI INHALE

10 STEPS 10 STEPS

10 STEPS

Purpose: 
Increasing the production of red blood cells. Exposing the body 
to a hypoxic/hypercapnic stimulus to cause adaptations. 

When should I do it? 
Alternate with the Altitude Simulation exercise.

Recovery

Performance

Mindset

ALTERNATIVE



RECOVERY + SLEEP – BOX BREATHING

INHALE EXHALE

HOLD

HOLD

5s 5s

5s

5s
Purpose: 
Activate PNS, focus the mind, increase O2 delivery.

When should I do it? 
After heavy training and before sleep.

Recovery

Performance

Mindset

ALTERNATIVE



4-7-8 PRANAYAMA

INHALE

4s EXHALE

8s

HOLD

7s

Purpose: 
Activate PNS, focus the mind, increase O2 delivery.

When should I do it? 
After heavy training and before sleep.

Recovery

Performance

Mindset

ALTERNATIVE



COHERENCE BREATHING

The heart is not only a pump but a sensory organ and a sophisticated 
centre of receiving and analysing information. (HeartMath Institute)

Coherence state - psychophysical consistency, enhanced effectiveness 
and harmony in the functioning of the body’s systems. Increased 
awareness and communication with the surroundings. Flow state.

Purpose: 
Focus the mind. 

When should I do it? 
Before training or competition to improve concentration.

Recovery

Performance

Mindset

ALTERNATIVE

INHALE

6s
EXHALE

6s



BREATH DEVELOPMENT PROGRAM

Diaphragm breathing 

Breathe light 20m /day

Altitude simulation 3 x 5 /day

Respiratory muscles training

Breathe light 10m /day  + Coherence breathing 10m /day

4-7-8 Breathing after training and before sleep 

Advanced Altitude training 3 x 5 /day

Box breathing after training and before sleep 

WEEK 1

WEEK 2

WEEK 3

WEEK 4

WEEK 5

WEEK 6

WEEK 7

WEEK 8



/nicecollectivelondon

Thank you


