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Disclaimers and warnings

While the author has used reasonable efforts to includeatecand up-to-date information in this
book, there are no warranties or representations the taccuracy of such information and no guarantee or
promise about effects and treatment of any health tionsdliis given.

The information provided in this book and its pages is forangd only and should be used under
the supervision of a qualified medical physician, or aliadoctor, or a Buteyko practitioner. The user of
this book should not alter any medication without pr&itesal medical advice. Before undertaking any
breathing exercises one should seek medical advice frets physician, family doctor or a qualified
Buteyko practitioner.

The author assumes no liability for the contentsisfibook, which may or may not be followed at
one’s own risk. Thus, any liability for any impact, probdgerar damages is expressly disclaimed.

Please be aware that breathing exercises, includeatbholding, have powerful effects on the
human organism. These effects may cause serious pealilems in the event of incorrect application of
breathing exercises.

Special warnings for people
with serious health problems

Breathing exercises can cause large and rapid change®dhflolev to the brain, heart, liver,
kidneys, stomach, large and small intestines and ofigans, as well as changes in blood concentrations of
certain hormones. Such changes may result in diffexdverse effects. There are many other consequences
of manipulation in breathing that can lead to stress andus problems. These effects can be particularly
dangerous for people with serious existing health problerapamial conditions (diabetes, severe renal
disease, chronic acute gastritis, intestinal ulcershi€s disease, inflammatory bowel disease, irritable
bowel syndrome, acute brain traumas, any bleeding oe aguty, pregnancy, etc.).

Copyright
This book is copyrighted. It is prohibited to copy, lend,padelectronically transmit, or transmit by

any other means or methods without prior written apprioeai the author. However, the book may be
borrowed by family members.
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Normal breathing:
the key to vital health

Introduction

What do we need in order to be healthy? Most peopleidived many medical doctors and health
professionals, would probably say that a good diet, esesrbiealthy environment, and proper rest are all importan
Other people may add relaxation exercises, supplementsy hemedies and other factors. Meanwhile, there is one
factor, which is usually missing in typical answerkaflisnormal breathing (or breathing in accordance with
existing medical and physiological norms).

Humans can live for days without water and for weekbauit food. However, we can survive without
breathing for not more than a few minutes. Can it béhem, that breathing is as important as water aod¥ In my
view, breathing is the missing link in the modern philosapihyealth. We know too little about its importance agnd it
effects on various processes, systems, and orgdine btiman body.

This book is written for an inquisitive reader who haskegerest in respiration, its basic theory,
hyperventilation and its effects, the regulation opiregion in health and disease and breathing retraining piesy.

The book will also separately describe the discoveriegeaxtical work of Doctor Buteyko, a detailed descriptibn

his breathing method, and relevant known medical investigatiothphysiological experiments. Such attention to the
Buteyko method seems justified to me due to its remarlsaigieess in the treatment of various chronic health
problems, which are often considered incurable.

While this book does contain scientific terms and methodsnit required that the reader be medically
trained in order to understand the information presented her

Each chapter of this book starts with an introduction féating the questions to be discussed. After the main
text of theoretical chapters, general conclusions are seggé&sach chapter has a Q&A (Question & Answer) sacti
and chapter-related references.

Finally, let me express my gratitude to all people whedpe made the existence of this book possible. In
particular, sincere thanks to Stuart B. Wiley (CanaBa)l Ryner, Carol Baglia, Roger Young, Suzanne Nicole
(USA), Patrick McKeown, Anne Burns (Ireland), Carolinan&gHolland), Elizabeth MacDomnic and Duncan
Robertson (UK) for proofreading and/or valuable remarkieh improved the quality of the manuscript.



Chapter 1. Scientific studies about breathing-healt connection

Introduction

In this chapter we will examine what medical scienceble@® studying during last hundred years. Our goal is
to establish a relationship between breathing and botthresad disease.

How should we breathe? How do sick people breathe? Isghgreonnection to the severity of the health
problems? What has been found out about breathing of §esmreand critically ill patients? How do most people
breathe when they die and before that? Are there any gargiitical tests, which indicate if personal breathing is
normal or not?

1.1 Minute ventilation in health and disease
What is the norm of breathing? How many litres of air peute should we breathe while sitting at rest? The
physiological norm of minute ventilation can be found in manystggical and medical textbooks. It is about 6 litres
per minute (Guyton, 1984; Ganong, 1995). So, let us keep in mmolriportant numbesd litres of air per minute.
Table 1.1 summarizes information about minute ventilatiorsitin different diseased states.

*One row corresponds to one medical study/publication

Condition Minute N. of Prevalence Reference
ventilation patients of CHV
Normal breathing 6 1/min - 0 % Medical textbooks
Heart disease 15 (£4) I/min 22 100% Dimopoulou et al, 2001
Heart disease 16 (£2) I/min 11 100% Johnson et al, 2000
Heart disease 12 (£3) I/min 132 100% Fanfulla et al, 1998
Heart disease 15 (£4) I/min 55 100% Clark et al, 1997
Heart disease 13 (£4) I/min 15 100% Banning et al, 1995
Heart disease 15 (£4) I/min 88 100% Clark et al, 1995
Heart disease 14 (£2) I/min 30 100% Buller et al, 1990
Heart disease 16 (£6) I/min 20 100% Elborn et al, 1990
Pulm hypertension 12 (£2) I/min 11 100% D'Alonzo et al, 1987
Cancer 12 (£2) I/min 40 100% Travers et al, 2008
Diabetes 12-17 I/min 26 100% Bottini et al, 2003
Diabetes 15 (£2) I/min 45 100% Tantucci et al, 2001
Diabetes 12 (£2) I/min 8 100% Mancini et al, 1999
Diabetes 10-20 I/min 28 100% Tantucci et al, 1997
Diabetes 13 (£2) I/min 20 100% Tantucci et al, 1996
Asthma 13 (£2) I/min 16 100% Chalupa et al, 2004
Asthma 15 I/min 8 100% Johnson et al, 1995
Asthma 14 (£6) I/min 39 100% Bowler et al, 1998
Asthma 13 (£4) I/min 17 100% Kassabian et al, 1982
Asthma 12 1/min 101 100% McFadden et al, 1968
COPD 14 (£2) I/min 12 100% Palange et al, 2001
COPD 12 (£2) I/min 10 100% Sinderby et al, 2001
COPD 14 I/ min 3 100% Stulbarg et al, 2001
Sleep apnoea 15 (£3) I/min 20 100% Radwan et al, 2001
Liver cirrhosis 11-18 I/min 24 100% Epstein et al, 1998
Hyperthyroidism 15 (£1) I/min 42 100% Kahaly, 1998
Cystic fibrosis* 13 (£2) I/min 10 100% Bell et al, 1996
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Cystic fibrosis 11-14 I/min 6 100% Tepper et al, 1983
Epilepsy 13 I/ min 12 100% Esquivel et al, 1991
CHV 13 (£2) I/min 134 100% Han et al, 1997
Panic disorder 12 (£5) I/min 12 100% Pain et al, 1991
Bipolar disorder 11 (£2) I/min 16 100% MacKinnon et al, 2007
Dystrophia myotonica | 16 (£4) I/min 12 100% Clague et al, 1994

Table 1.1 Minute ventilation of patients with different hiegroblems.

Table 1.1 comments:

. 1. There are many dozens of other medical investigations into menti&ation of patients with chronic heart
failure, which show similar results to those listed above. (Tagorefor this is the commonness of this health problem
among people and the popularity of the stress-exercise test forgadi@rts among respiration researchers). Here |
have quoted only the results of some typical recent studies.

. 2. “COPD” means chronic obstructive pulmonary disease.

. 3. Sometimes, measurement of ventilation produces results, whistmalter than in real conditions. This can
happen when the test interferes with the normal breathing patteim asughen the experiment involves the use of
facial masks. Since it is harder to breathe through them, thedesmetuce minute ventilation. Breathing through a
mouth-piece also leads to breathing less air than in reality. Anetfect is connected with body weight: people of a
lighter weight need less air, as they normally have lower metatadés. All these effects should be taken into account
when analysing experimental results. For example, in the quoted steithet(Bl, 1996) patients with cystic fibrosis

had minute ventilation of 10.4+-1.4 |/min. Not only were they wegamasks during measurement, but also the
average weight of these people was 56.5 kg. Hence, the quoted minligivemtould probably be equivalent to
about 15 I/min for typical adults.

. 4. Similarly, weight should be taken into account when analysing minuttventof children. For example,

it was reported that 12 children with epilepsy had an average mieuatdation of almost 8 I/min (Esquivel et al,

1991). Their average weight was 43 kg, which corresponds to about 12-1%dfradults with normal weights,
therefore indicating hyperventilation. Numerous other studies also ®uddnce of hyperventilation in patients with
this health condition.

Note, that virtually all tested patients with chroheart failure over-breathe.

The same was true for these limited studies in relatialiabetes, asthma, and other disorders. However, more
experiments are required for these and other health preldteander to be certain about the existing links between
breathing and diseases.

It is normal, that such studies can find prevalenasvef-breathing in investigated subjects. A few health
conditions where patients breathe less than the norm wgthbsidered below.

Now we can conclude that many sick people breathe too much.

What about breathing rates in modern healthy subjects?aliscomprises 14 published medical studies. We
see that healthy subjects breathe about 6-7 I/min at rest.

Table. Minute ventilation (or minute breathing rates)
at rest in healthy subjects (14 studies)

Condition M".wt? N'. of Reference
ventilation subjects
Normal breathing 6 I/ min - Medical textbooks
Healthy subjects 7.7 £ 0.3 1/min 19 Douglas et al, 1982
Healthy males 8.4 +1.31/min 10 Burki, 1984
Healthy males 6.3 I/min 10 Smits et al, 1987
Healthy males 6.1+1.4 1/min 6 Fuller et al, 1987
Healthy subjects 6.1+ 0.9 I/min 9 Tanaka et al, 1988
Healthy students 7.0+ 1.01/min 10 Turley et al, 1993
Healthy subjects 6.6 £ 0.6 I/min 10 Bengtsson et al, 1994
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Healthy subjects 7.0+1.2 I/min 12 Sherman et al, 1996
Healthy subjects 7.0+1.2 I/min 10 Bell et al, 1996
Healthy subjects 6+11/min 7 Parreira et al, 1997
Healthy subjects 7.0+ 1.11/min 14 Mancini et al, 1999
Healthy subjects 6.6 £ 1.11/min 40 Pinna et al, 2006
Healthy subjects 6.7 £ 0.5 1/min 17 Pathak et al, 2006
Healthy subjects 6.7 £ 0.3 I/min 14 Gujic et al, 2007

We can also consider historical changes in breathing fatenormal subjects.

Table 3. Historical changes in minute ventilation
(or minute breathing rates) at rest for normal subjects

Condition M||-1utfe Age N'. of Reference
ventilation subjects
Normal breathing 6 I/ min 16 - Medical textbooks
Normal subjects 4.9 - 5 Griffith et al, 1929
Normal males 5.310.1 27-43 46 Shock et al, 1939
Normal females 4.610.1 27-43 40 Shock et al, 1939
Normal subjects 6.91+0.9 - 100 Matheson et al, 1950
Normal subjects 9.1+4.5 31+7 11 Kassabian et al, 1982
Normal subjects 8.1+2.1 42+14 11 D'Alonzo et al, 1987
Normal subjects 6.3+2.2 - 12 Pain et al, 1988
Normal males 1343 40 (av.) 12 Clague et al, 1994
Normal subjects 9.2+2.5 34+£7 13 Radwan et al, 1995
Normal subjects 1514 28-34 12 Dahan et al, 1995
Normal subjects 1214 55£10 43 Clark et al, 1995
Normal subjects 1242 41+2 10 Tantucci et al, 1996
Normal subjects* 1143 53+11 24 Clark et al, 1997
Normal subjects 8.1+0.4 34+2 63 Meessen et al. 1997
Normal females 9.9 20-28 23 Han et al, 1997
Normal males 15 20-28 47 Han et al, 1997
Normal females 10 29-60 42 Han et al, 1997
Normal males 11 29-62 42 Han et al, 1997
Normal subjects 1313 36%6 10 Tantucci et al, 1997
Normal subjects 1211 65+2 10 Epstein et al, 1996
Normal subjects 12+1 12-69 20 Bowler et al, 1998
Normal subjects 10+6 39+4 20 Delorey et al, 1999
Normal seniors 1214 70+3 14 Delorey et al, 1999
Normal elderly* 1443 88+2 11 Delorey et al, 1999
Normal subjects 1741 41+2 15 Tantucci et al, 2001
Normal subjects 10+0.5 - 10 Bell et al, 2005
Normal subjects 8.5+1.2 30+8 69 Narkiewicz, 2006
Normal females 101+0.4 - 11 Ahuja et al, 2007
Normal subjects 12+2 62+2 20 Travers et al, 2008
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1.2 Do people notice their over-breathing (hyperventilation)?

They very rarely do. Usually, people agree that theathing is heavy when they breathe more than about 20
I/min at rest (or over 3 times the norm!).

Why is this? Air is weightless, and breathing musclegarverful. During rigorous physical exercise or
during maximum voluntary ventilation, an average person ceatlie about 160 I/min, with about 40 breaths per
minute and 4 liters of air for tidal volume for each bing@.545, Straub, 1998). Some athletes can breathe up to 200
I/min during strenuous exercise. So it is easy to heeahly a small portion of our maximum abilities: for eyden
"only" 16 I/min (or “only” 10% of the maximum capacity) astethroughout the day and night and overlook that it is,
in fact, a high rate of breathing. It is nevertheless abduring rigorous exercise to breathe 100 I/min or moreesi
CO; and Q concentrations in the arterial blood can remain nearlgdh@ as at rest.

Usually it is possible to estimate the breathing ratenfoute ventilation) of a person visually. If the chest is
moving at rest, the person is breathing at least twice miothan the physiological norm (over 12 I/min for a 70 kg
man). If his shoulders are moving, he is breathing four tthreesorm. Normal breathing is invisible, inaudible, and
regular. Moreover, when healthy people are asked aboubtieaithing, they usually say that they feel nothing, while
sick people have various sensations about movements of theoaigh the nostrils, at the back of the throat, and in
the area of the abdomen.

Unfortunately, modern medical doctors are not traingghioattention to the breathing rate of their patients. A
patient can come to the doctor's office while heavily panergn through the mouth, and the GP or MD will not even
mention or suggest to breathe through the nose or to reduoeter breathing rate.

1.3 The main effect of hyperventilation

The previous section demonstrated that many sick peomaically over-breathe. It is possible to assume
that, maybe these people got sick in the first plaoe tiaen started to breathe heavier. Alternatively,atgs possible
that they got sick because of over-breathing. In ordendbdut what causes what let us look at the main physiologica
effects of such over-breathing for healthy people. Whatdveappen with a healthy person, who starts to breathe t
much?

Respiration is the process of regulated exchange of tws,ga€e(carbon dioxide) and Z{oxygen). The
human body, as a form of life, produces energy by oxidizifigrdnt substances, mainly fats and carbohydrates. Both
these substances are mainly composed of carbon with sonoggdind oxygen. Hence, the main end products of
this energy production are G@nd water. Normally, one of the functions of breathaggart from bringing new gor
cells to use, is to remove excesdibat not all) CQ.

When healthy people breathe near the norm, theyl&@I in the organism is also near the physiological
norm. However, breathing too much delivers mogeddhe lungs and removes more gtm the body.

Let us look at the basic course of events in a caseuté aver-breathing. When the person starts to breathe
deeply and frequently, the total concentration of @Qhe lungs gets smaller since the person intensivelysbddiv
carbon dioxide from the lungs. It takes about one to twaiteinto reduce the concentration of A®blood. About 1-

10 minutes later, CQOconcentrations in the nervous tissues, muscles, andothestorgans and cells are also reduced
due to CQdiffusion from these parts to the blood.

Thus, the first effect of hyperventilation is lowered &0ncentrations in all body cells. If hyperventilation is
chronic, CQ deficiency is also chronic.

1.4 Do we need this “poisonous” GO

Carbon dioxide gas is used for killing animals. In smaimmals (e.g., rats and mice) the loss of
consciousness is quick (seconds). In larger mammals geigea pigs) the animals first become very distressed and
disturbed. They are restless, breathe deeply, and satixafusely. For discussion of animal euthanasia witlislesof
carbon dioxide one may see (Coenen et al, 1995) and (Paton, \t883large relative concentrations or pure carbon
dioxide gas are normally used.

Also, there are many books, newspaper articles, and evenrsedical publications, which claim that one of
the main functions of human respiration s femove the poisonous carbon dioxide from the human orgarism
addition, there are many popular health articles, whidk #tat carbon dioxide is avasté gas. It follows from this
approach that it is better to breathe deeper and fasteder to expel the “poison” at higher rates.

However, there are thousands of medical and physiological pudrisastudies, trials, and experiments that
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state the opposite. Namely, they strongly discourage ovathing (hyperventilation), both in its acute and chronic
forms.

Why? Over-breathing removes too much carbon dioxide from th@iergawhile carbon dioxide is absolutely
necessary to sustain life. When its level becomes abotin34 less than the physiological and medical norms, death
is an immediate outcome.

Probably, these ideas about CAppeared after French scientist Antoine-Laurent Lavaisseovered in 1788
the role of CQand Q in breathing. He explained why mice and candle both di€@Gin but could live longer in ©

What about killing of animals with high levels of carbooxilile in air? Could we die in similar conditions?

Let us look at another related phenomenon, drowning. Thousapdst die every year because of too much water
being taken in through the mouth. About 4-5 litres of wiatéaken at once would be enough to fill the whole stomach
and parts of the lungs with water causing death in anfewites. However, nobody claims that water ipaisorf
because water is equally important and vital (in sémsjbantities, not 4-5 litres at once) for human andcafiular

life. The situation with carbon dioxide is exactly the same.

Every living thing needs normal levels (not too much andowtittle) of carbon dioxide for healthy
functioning. Moreover, numerous medical studies cited inctimgter clearly show that carbon dioxide is the
substance that is most needed by patients with various moidienmic degenerative disorders and ailments.

1.5 CQ deficiency: the main physiological effect of hyperveiia
Let us look at some of the known carbon dioxide effects,wdie confirmed by professional Western
studies. Note that these effects can be found, inngudeegrees, in any normal human organism.

Stabilizer of transmission of signals between nervouslis

The normal work of our senses, conscious thinking, decmaling, and all other mental activities require
stable transmission of electrical signals between nersgliss Such transmission is possible when, €antent in
nerve tissues is normal. Logic, sense, reason, wisdaos,fonemory, concentration and many other qualities are
based on this stability of signal transmission.

The signal is passed from one nervous cell to another only thbestrength or voltage of the signal is higher
than a certain threshold value so that accidental Isignt not be amplified causing disruption in the work of the
CNS. This threshold value is very sensitive to the 16 content.

When we hyperventilate and G€ontent is suboptimal, accidental weak signals can beafead@nd
transmitted further interfering with the real signalsdobsn senses, memory, logic and other objective factors.

Hence, CQhas a calming effect on excessive excitability of beaeas responsible for conscious thinking
(e.g., Krnjevic, 1965). Other researchers (Balestrinco&jen, 1988; Huttunen et al, 1999) also concluded that
increased C@pressure generally reduces cortical excitability, whileehypntilation feads to spontaneous and
asynchronous firing of cortical neurdh@Huttunen et. al., 1999).

Hence, breathing too much makes the human brain abnormeifgaxlue to reduced G@oncentrations. As
a result, the brain gets literally out of control duappearance of spontaneous and asynchronous (“self-generated”)
thoughts. Balestrino and Somjen (1988) in their summary direleimed that, The brain, by regulating breathing,
controls its own excitability

These effects of C{Qbn brain cells are of special importance in understarahmgety, insomnia, panic
attacks, epilepsy and other psychological and neurological probledndisorders to be discussed later. Besides, this
effect is important in order to understand the mechaofdime mind-body connection.

Bohr effect (or supply of oxygen to all body cells)

CQO; is a catalyst for the chemical release oftom haemoglobin cells. This phenomenon is calleBthter
effect and it can be found in many medical textbooks,(&anong, 1995, Starling & Evans, 1968). Bohr
and his colleagues (1904) first described this effect. How tlaeork?

In normal conditions (when we breathe about 6 I/min), attelted is 96-98% saturated with, Que to a
fresh air supply to the lungs. When the arterial blood a@ehe tissues, some O released by its carriers, the
haemoglobin cells (red blood cells). What is the reasothi® chemical release? The cells of the organism also
breathe, and the more they breathe the morgi€@oduced. These elevated values of @Qissues increase the €O
level in the blood due to CQiffusion from the tissues. As a result, the greater tguat of CQ in the blood, the
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more Q is going to be released from the haemoglobin cells ®tigsues to use, since £€© a catalyst causing this
chemical reaction.

This mechanism is especially effective during physicat@ze. Indeed, depending on the type of exercise,
some of our muscles work harder than others. Those raubkelieproduce more GCare going to get more,@n
exchange (due to the Bohr effect), so they can contmumik at high rates. Were this mechanism to be abaent,
human organism would quickly tire at the slightest ptaisexertion due to lack of oxygen.

Therefore, carbon dioxide is a necessary factor for axatgen of tissues. No carbon dioxide means no
oxygen in the tissues, while no oxygen means no energy fiousgrocesses and no life.

Let us look at the events when people over-breathe. On tHeadebreathing more can raise blood
saturation from normal 96-98% to 97-99% (by about 1%). Howevied|atvs from the Bohr effect that those who
chronically breathe too much (in comparison with physiokigiorms) suffer from hypoxia (low oxygen
concentrations) in tissues due to the low carbon dioxid¢ iletlee blood and tissues. (Low tissue oxygenation is
normally found in malignant cells, diseased nervous catid,inflamed tissues of various organs). Meanwhdemal
breathing (about 6 I/min) provides morefOr the tissues of the organism.

Hence, the paradox of breathing is in the fact that acuteboeathing, while bringing more oxygen during
first seconds, creates the opposite effect: in a fewtes (or even earlier). The cells start to suffer ftieenlack of
oxygen. Therefore, chronic deep breathing causes chronie tigpoxia.

Prolonged forceful over-breathing can have disastrous conssggjas Yale Professor Yandell Henderson
and his colleagues demonstrated in their work with dogestlencentury ago (Henderson et al, 1908). In these
experiments, forceful respiration was created using @osugnd exhaust pump. The dogs after many minutes were
disconnected from the machine and died without attempting toalsamgle breath due to failure of the cardiovascular
system. This result was completely unexpected by theroksea. Later, it became clear that hypoxia was ornieeof
factors contributing to these deaths. However, there isasaaother factor: constriction of small blood vesselstdue
low carbon dioxide level.

Local vasodilation

CO:; locally dilates arteries and arterioles making the vadrthe heart easier, creating conditions for
delivering more oxygen to tissues, and removing more \pastRiCts.

Vice versa: low carbon dioxide stores have a local vasoatingtreffect leading to spasms, hypoxia (this
time due to poor blood supply) and accumulation of metabaigtes in different vital organs and tissues.

One may argue that there are many other blood vessels viductoatribute to total resistance to blood flow.
Why should we concentrate on g€¥fects on arteries and small blood vessels? Basic pbggiof the human
organism explains, that the total relative resistaod#ood flow in arteries and arterioles is about 3-8 tigreater
than in any other type of blood vessels (Ganong, 1995). Ttet effeasoconstriction due to hyperventilation is so
powerful, that Soley and Shock (1938) reported their difficaltybtaining blood samples from fingers of their
patients following voluntary hyperventilation. It is moi#idult for the heart to pump the blood through the body
when small blood vessels, due to low carbon dioxide, are aiadtrMoreover, the heart muscle itself receives less
blood if the person is over-breathing.

Therefore, low C@level in the organism produces profound adverse impact aatbd@vascular system and
blood supply to the heart and other organs.

What about the human brain? Does it suffer from heavy bregfiihe following results were obtained by
measuring blood flow through the main artery (the carotergrleading to the brain. Voluntary hyperventilatiod le
to 35% reduction in the blood flow to the brain in comparisith the conditions at rest. This result is quoted in the
medical textbook written by Starling & Evans (1968), while tifiece is well documented and has been confirmed by
dozens of professional experiments.

By the way, do you notice that when people passionatelieamih each other, or are angry, or violent, they
usually breathe heavily? Would it be reasonable, in thedigtitese physiological studies, to conclude that it is
useless to argue or try to reason with the person vidrageis not normally oxygenated due to excessive breghi

There are numerous studies which indeed do reveal thaveegtiéects of over-breathing on different skills
(motor, memory, logic) and general performance, whichiregqmbinations of various human abilities.

Hence, a low carbon dioxide level not only reduces oxygenatitssoies, but also impairs blood supply to
vital organs of physiological functioning.
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Relaxation of smooth muscles

CO,, when applied locally, is a relaxant of smooth mus@es (Hudlicka, 1973). Dr. Brown in his article
“Physiological effects of hyperventilaticemalysed almost 300 professional studies and sta®¢ddies designed to
determine the effects produced by hyperventilation on nerve and rhasel&een consistent in their finding on
increased irritability (Brown, 1953).

This fact, together with the properties of O@entioned previously, will help us to understand the mechanism
by which normal carbon dioxide concentrations can restorleaimonious work of different muscular groups (such as
the heart, respiratory muscles, muscles of the digestieie éta.) in order to eliminate muscular spasms (eegrt
attacks, asthma attacks, constipation, etc.). Moresirere muscles get irritated it is normal to expect wisn
people breathe too much, they are more likely to be tamg@us, stressed, aggressive, and violent. Vice versa,
normal carbon dioxide concentrations would result in muscalaxation, composure, and sensible actions.

Bronchodilation

Normal level aC@eliminates possible constriction of bronchi and bronckieleich can appear due to low
aCQ. The article The mechanism of bronchoconstriction due to hypocdfmiaCO, concentrationsin man
(Sterling, 1968) described the following effect of {iD air passages. Bronchoconstriction (narrowing of air
passages), which is the main problem of asthmatics,irdynmaediated by special nerve cells. Low aCfiakes them,
among many other nervous tissues, more excited, causingvivegraf bronchi and bronchioles.

Therefore, over-breathing can cause bronchoconstrictidhigagbserved in asthma) leading to the feeling of
suffocation.

Blood pH balance

CGO; is the most important factor in controlling blood pH, bakof electrolytes and pH of other body fluids
(urine, saliva, stomach secretions, etc). Indeed, bicatbam the largest G@omponent of the blood, as well as intra-
cellular and extra-cellular fluids, while a typical meadior physiological textbook will indicate its leading raiethe
control of pH of blood and other body fluids (e.g., medicabsks by Starling & Evans, 1968; Guyton, 1984; and
Ganong, 1995). Hence, changes in bicarbonate concentratiomffuestce the ionic composition of every human
cell.

As one of the numerous effects in this area, Carryer (18diy that YWhile no significant change in total
calcium of the blood takes place, the readily available, or ionizedgpogiaffected marked[gdue to
hyperventilation]...The decrease in available calcium increases excitability of themaiscular mechanism,
inducing tetany

These medical conclusions point out the cause of problems didart dioxide due to hyperventilation) with
calcium metabolism, which is found in osteoporosidyréis, and other health conditions.

Participation and catalisation of chemical reactions

CO; is a participant of numerous other biochemical reactior@ving virtually all vitamins, minerals, amino
acids, hormones, carbohydrates and other vital substamres. @ the chemical reactions, all requiring 0 a
catalyst or as one of the reagents, were described Dgrikav (1990).

Apart from these known effects, there are probably many ptheesses of the human organism that require
normal CQ levels and normal breathing for optimum physiological fuumstig.

The first respiratory physiologists were called “cardispiratory physiologists” since the link between the
cardiovascular and respiratory systems, as they fouwas very intimate. Professor Yandell Henderson aveesof
the most prominent scientists in this area. His artiClarbon dioxidé was published in 1940 i€@yclopedia of
Medicine In the section with the titleRelations of Carbon Dioxide and Oxygen in the Bdaywrote,

“Carbon dioxide is, in fact, a more fundamental component of living nth#teris oxygen. Life probably
existed on earth for millions of years prior to the carboniferousieran atmosphere containing a much larger
amount of carbon dioxide than at present. There may even have been adémheve was no free oxygen available
in the air...

Another natural, but very obstructive misconception is that oxygen and odid>ode are so far antagonistic
that in blood a gain of one necessarily involves a corresponding loss athére On the contrary, although each
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tends to raise the pressure and thus promote the diffusion of thiethth@ gases are held and transported in the
blood by different means...

A sample of blood may be high in both gases, or low in both gases. Moramer clinical conditions low
oxygen and low carbon dioxide—anoxemia and acapnia—generally occur together. Bedeafinormal states
tends to induce and intensify the other. Therapeutic increase of cditpade, by inhalation of this gas diluted in air,
is often the effective means of improving the oxygenation of the blotidsaret.

In the section As a factor in the Acid-base Balance of the Bfpbé continued,

“Modern physiology has shown that, in addition to the control and regulatesteexby the nervous system,
there are many chemical substances produced in the body that influencenfamct form. To these active principles
Starling gave the name of “hormones.” Among the hormones are epinephiere¢afied adrenaline), pituitrin,
thyroxin, insulin and many other products of the glands of internal secrabd other organs. Carbon dioxide is the
chief hormone of the entire body; it is the only one that is producedeby essue and that probably acts on every
organ. In the regulation of the functions of the body, carbon dioxide exéesat well defined influences: (1) Itis
one of the prime factors in the acid-base balance of the blood.i§2hk principal control of respiration. (3) It exerts
an essential tonic influence upon the heart and peripheral circul&tion.

Finally, he stated in the sectiom*the Control of Respiration and the Circulatipn
“Carbon dioxide is the chief immediate respiratory hormone.”

1.6 Medical studies of hyperventilation

The previous section described some effects (there are maneyas we are going to see later) of
hyperventilation on healthy people. While these effectsmiammal for any human organism, the degree of particula
negative changes and the location of the most affectedsoagarvarious in different individuals. Therefore, the
individual problems created by over-breathing are going toftezetit. In order to investigate this issue, let us turn
our attention to medical studies.

Medical doctors and professors have written extensivews\vof professional literature and described their
own case histories of hyperventilation (Bass, 1990; Bragh&3; Lum, 1975; Magarian, 1982, 1983; Morgan, 1983;
Tavel, 1990). These studies showed the symptoms of over-breathitifgegordfound negative influence of both acute
and chronic hyperventilation on the whole biochemistry of tmamorganism.

The first medical article containing a description ofgiimptoms of hyperventilation, but without
understanding their cause, was published by DaCosta (DaCo&1, @®e group of researchers described the
biochemical mechanism by which hyperventilation can graglaalise problems with high cholesterol (hypertension)
and high blood sugar levels (diabetes) (Lavrent'ev, 1993).

Acute and, especially, chronic hyperventilation, accortrntpese and many other references, affects every
system and organ of the human body causing a wide varisggmgftoms. Many medical doctors have mentioned that
the physiological response to hyperventilation is individuhusT individual genetic predisposition and certain other
factors define which system or organ is the most afteby hyperventilation. It can be the heart, brain, kidrexes,
intestines, stomach, lungs or one of many others. Additiefelences on the negative effects of hyperventilation can
be found in the previously cited works. Magarian (1982)ei@mple, quoted over 180 other scientific articles inrorde
to back up his conclusions about the physiological consequehbggerventilation.

Since hyperventilation is an important part of our fighflight response, the blood is generally diverted from
vital organs to large skeletal muscles. Studies foundedsed perfusion of the heart (Okazaki et al, 1991), brain
(discussed above), liver (Hughes et al, 1979; Okazaki, 1989) ykid®&kazaki, 1989), and colon (Gilmour et al,
1980). Moreover, investigations of blood flow in muscles wereaorsistent in relation to changes in perfusion, while
oxygenation of muscles in some studies is even reducedy@rgoet al, 1988). That could happen probably due to
vasoconstriction and the suppressed Bohr effect. Nornmgiherventilation also compromises oxygenation of vital
organs (e.g., Hughes et al, 1979; Hashimoto et al, 198%aBket al, 1991).

Typically, the blood flow to vital organs is directly proponal to aCQ. Such a linear relationship (between
brain blood flow and carbon dioxide concentration) can be fdon&xample, irHandbook of Physiologibantiago
& Edelman, 1986).

Chronic hyperventilation interferes with normal digestiDecreased perfusion and oxygenation of Gl organs
can lead to lack of digestive enzymes, accumulation ailmoét waste products, slow digestion, putrefaction of
certain nutrients and mal-absorption. That should carg@ems with protein metabolism (which usually appear
before problems with fat and carbohydrate metabolism),atiuersely affecting normal repair of the body (especially
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the Gl tract, the largest consumer of amino acids) ananimeine system.

In order to experience the effects of breathing on digestimamay voluntarily hyperventilate after a meal.
While normal digestion can take 2 hours, hyperventilation exéend this time up to 5-8 hours or more, depending on
the degree of hyperventilation.

Warning. By mild voluntary hyperventilation, you may almost halt digestionnf@my people that can cause
Gl distress and aggravation of existing gastrointestinal problems. Bneglitss (or voluntary hypoventilation) can
also make some digestive problems worse.

It would be normal to expect that the degree of alldhegative effects may vary from individual to
individual.

Similarly, according to the article entitle@te effects of hyperventilation; individual variability and its
relation to personality(Clark, 1982), not only negative cardiovascular changes,|l®npaychological effects of
hyperventilation had individual variability.

Thus, when we over-breathe, there are certain factors, @ptletic and environmental) which create our
specific physiological responses to hyperventilation. Wihideabove-mentioned negative consequences of deep
breathing are typically found in a normal human organgenetic predisposition and some other factors (previous
events which influenced the organism) probably define thans, their parts and the systems which are going to
suffer most from low carbon dioxide stores and otherctffef chronic hyperventilation. More research is reglin
order to find the effects of hyperventilation and individutedences.

1.7 Studies about the hyperventilation provocation test

One may realize the dangers of over-breathing by performiigRIT (hyperventilation provocation test),
during which the person should breathe very quickly and deegiglly for about 2-3 minutes. (It would be
impossible to do it much longer due to losing consciousmdske forceful involuntary over-breathing, when a pump
is used, would cause death in dozens of minutes). Tbrs gver-breathing test has a well-recorded historyioicell
use and was employed by many medical doctors to provoke themsyspt the main health problem in order to
diagnose it, as well as to demonstrate to patients yiparventilation was the main cause of their symptoms. Thus,
using deep and fast breathing, you can reproduce your specific $ygaptoms.

Over-breathing is an excellent tool used by medical doatansnd the world to find out the most sick organs
and systems in any particulat patient.

For example, voluntary over-breathing in asthmatics cabsessthma attack, in people with hypertension —
the heart attack, in epileptics — epilepsy attack, etcelis a short summary of medical studies regardingrdift
health conditions, number of patients investigated, andehmentage of patients who reproduced their specific health
problem.

- coronary artery spasms (Nakao et al, 1997) 206 patients, Ji#Hics

- bronchial asthma (Mojsoski N & Pavicic F, 1990) 90 patiel®9% specific;

- panic attacks (Bonn & Readhead, 1984; Holt PE, Andrews, N8 et al, 2000), 95% specific;
- epileptic absence seizures (Esquivel, 1991; Wirrel, 1996).

Important notice. The hyperventilation provocation test should not be performed by people whoentane severe
health problems, without professional supervision, due to possible congpigat

The symptoms experienced can be reversed by reducing tientdad raising carbon dioxide stores to
previous values. Another important finding of these and otin#oes is that most people, including numerous above-
mentioned patients, were unaware of their abnormal bregthibgyn and believed that they breathed normally.

1.8 Hypoventilation as a health problem

As shown above, many disease states are characterizeddrydmnygation. Are there any health problems in
which sick people breathe less than the norm?

Low minute volume can be found, for example, in cases afthypoidism. Such people usually have
abnormally low levels of thyroid hormones. As a resultrtbells cannot generate enough energy. Typical symptoms
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of hypothyroidism are low energy, hypoxia, apathy, sleegs, and weight gain. Indeed, since little,@&Jproduced
by cells, less @is released to them by haemoglobin cells, due touppressed Bohr effect.

Chronic mountain sickness patients can have lower tharaheantilation, but this rare health condition is
observed only in those who live about 3,000 m or more abovesda

Abnormal breathing may be observed in sleep apnoea, in waghirsg patients stop breathing for 10-20 or
even up to 40-50 seconds. Such apnoeic spells interrupt the rionctzbning of the nervous system. As a result,
these spells can awaken the patients many times durimggtite interfering with physiological and psychological
recovery. These people can breathe too little duringsspgéie inter-event ventilation (i.e. between spells)lheen
observed to be usually more than 20 I/min.

Patients with hypothyroidism and sleep apnoea can norntaézebreathing patterns using the method
described in later Chapters. Moreover, practical wotireéthing practitioners revealed that normalization of
breathing of these patients dramatically improves theirinstdte. Even more surprising is the fact that thesensti
can use virtually the same methods and breathing exe(mwdes discussed) in order to restore their health.

1.9 End-tidal C@and different health problems

Minute ventilation, although a very important respiragoayameter, needs special equipment and does not
always indicate hyperventilation and small gCl@accuracies occur in cases of small body weight (fofiond,
example, in children), irregular or very shallow breatignd in some obese patients, and obstruction of airways
leading to partial or total closure of some lung arehs [Bst phenomenon will be discussed in the next section.

As a result, many professional researchers, when invasgigaspiration, often measure etg@nd-tidal
CO,) as a more accurate characteristic reflecting €dtent of the lungs. A device called a "capnometer” can
continually measure CQevel in the expired air. The level of G@radually rises during exhalation showing an
approximate equalization with the @@alue in alveoli in the lungs (hence, the phrase "end}tidghe normal
alveolar CQ pressure is about 40 mm Hg pressure (Guyton, 1984; Ganong,dt9&5jial pressure of 5.3% of
normal air at sea level. According to "Handbook on physiol¢g§gVeringhaus JW, 1965), "A Pgelow 35 mm Hg
is indicative of alveolar hyperventilation" (p.1476). 35 mm ldgesponds to 4.6% G@t sea level (see Appendix 2
in order to find the relationships between a@nd absolute aG@ressure at different altitudes).

All previously quoted studies (section 1.1) indicating hypeilasion should find abnormally low etGGor
tested patients. Indeed, people who breathe more shouldbesbow smaller C@concentrations in expired air.

What also follows from many studies is that with the detation of health etC{tension gets even lower.

The investigation of over 100 patients (Tanabe et al, 200h)di#fierent degrees of chronic heart failure
revealed that class | patients (light degree) had é83b&tmm Hg etC@pressure, class Il patients: 32.5 mm Hg, and
class Il patients: 30.8 mm Hg. Thus, the heart patieittsthe more serious heart problems had loweg [@@els and,
therefore, heavier breathing in terms of minute ventilation.

American scientists from the Brown Medical School in Rterice recently published a stugiyd-tidal
carbon dioxide predicts the presence and severity of acidosis in childfie diabetegFearon & Steele, 2002). They
start this publication with,Patients with diabetic ketoacidosis (DKA) hyperventilate, loweltieg &lveolar
(PACO(2)) and arterial carbon dioxide (PaCO(2))rheir conclusion wasEnd-tidal CO(2) is linearly related to
HCO(3) and is significantly lower in children with DKAFearon & Steele, 2002).

Expired end-tidal C@values are considered by many emergency professionailsaasurate predictor
(life/death) of cardiac arrest. For example, authotb@farticle End-tidal carbon dioxide during cardiopulmonary
resuscitation in humans presenting mostly with asystole: a predittartcomeinvestigated 120 French patients
during non-traumatic cardiac arrest. The researchers foantend-tidal CQ could provide a highly sensitive
predictor of return of spontaneous circulation during cardiopulmonary resaismt (MPR) (p.791, Cantineau et al,
1996). More recently a large group of medical doctors Beweral American hospitals tested over 100 patients and
wrote an articleEnd-tidal carbon dioxide measurements as a prognostic indicator of outcaraediac arrest with
the same conclusion (Ahrens et al, 2001). There are sevieealsbtidies written by emergency professionals, with the
same conclusions.

Therefore, emergency patients (with cardiac arresh) the most deep and frequent breathing have the least
chances of survival.

Rosen and his colleagues (1990) in the abstract of tlbkedis chronic fatigue syndrome synonymous with
effort syndrome?wrote: "Chronic fatigue syndrome (CFS), including myalgic encephalomyeliti$ &g postviral
syndrome (PVS), is a term used today to describe a condition of inyafjeaenaking and sustaining effort,
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associated with a wide range of symptoms. None of the reviews of Cpf®Vidsd a proper consideration of the
effort syndrome caused by chronic habitual hyperventilation. In 100 congepatients, whose CFS had been
attributed to ME or PVS, the time course of their illness andebpgiratory psychophysiological studies were
characteristic of chronic habitual hyperventilation in 93. It is suggkttat the labels 'CFS', 'ME' or 'PVS' should be
withheld until chronic habitual hyperventilation - for which conventionhhbi®litation is available - has been
definitively excluded

Paulley started his articlélyperventilatiori (Paulley, 1990), withPhysicians’ and specialists’ continued
failure to recognize, diagnose and treat adequately the majority of \smqéators is a disgrace. Hyperventilation
Syndrome (H.V.S.), incorrectly labelled myalgic encephalomyatis., is the latest example of the profession’s
incompetencé

These doctors claim that chronic fatigue syndrome, myalgpephalomyelitis, and postviral syndrome can be
directly caused by over-breathing since normalization of hirgatesults in recovery of the patients with these health
concerns.

Capnometers (devices to measure carbon dioxide levels axpired air) have become especially popular
among psychologists. For example, Fried and colleagues (198®dsseveral groups of subjects with anxiety, panic
phobia, depression, migraine, and idiopathic seizures. Thaetbsiims thatvirtually all the noncontrol subjects
were found to show moderate to severe hyperventilation and the accompaB@ray&hythmia(p.67).

Abnormally low carbon dioxide values (etg)@vere found in all (over 60) patients with neurotic depression
and non-retarded endogenous depression (Damas Mora et al, 1976).

Asmundson and Stein (1994) measured carbon dioxide concerdriatiover 20 patients with panic disorder.
Their average COwas also below the medical norm.

Therefore, various psychological problems are connectedaantde the consequences of chronic over-
breathing.

1.10 Hypoxia and blood shunting

McFadden & Lyons (1968) showed that in mild and severe asthpaients, some parts of the lungs could
not carry out adequate air exchange due to airway obstnugdtis causes an ineffective exchange of ©00, in
venous blood in the obstructed alveoli of the lung. Therefoieyenous blood, after leaving the lungs almost
unchanged, is mixed with oxygenated arterial blood. Thecei$ called “blood shunting”. As a result, hypoxia of
such patients becomes worse since lesis Present in the blood. Meanwhile, ad@3es to or even exceeds, in severe
cases, the physiological norm (40 mm Hg). Thus, with furtherideation of health, large aGChypercapnia) is
observed. In spite of increased adiPessure and greatly improved Bohr effect, tissue hgpexgreater than before
due to very low arterial oxygenation (it would not be cdrte expect that higher aG@oncentrations can compensate
for lack of oxygenation in the damaged lung areas. Thanbalbetween these two gases is indeed delicate.) This
problem of ventilation/perfusion mismatch (inadequatewpply to some lung parts) and corresponding blood
shunting is especially severe in patients with emphgsem

Normally, in healthy lungs each lung area requireseitilation, which is approximately proportional to its
volume. Meanwhile, in severe cases of ventilation/perfusimmatch, the working lung part can hyperventilate, but
the total ventilation can be less than the norm. Indéefdy iexample, only one-third of the lungs is functionaliras
emphysema, this third may use, say, about 3-4 | of aimpaute, indicating general hypoventilation (3-4 I/min is less
than the physiological norm). Meanwhile, under normal conditibisworking lung part would need only about 2
[/min.

Ventilation/perfusion mismatch is common in patients wiild or severe asthma, emphysema, and cystic
fibrosis, and for some patients with obesity, hypertamsand diabetes. However, for most people very lowadi@s
not cause severe airway obstruction and corresponding blootighuraking into account individual variability of
the effects of C@depletion (discussed in section 1.3), it is possible #tanhaatics and other groups of people as
above have air passages, which are more sensitive to hyfati@ndue to their genetically inherited characterssti

Hypoxic hypoxia can also be the result of the ventilatailyre due to fatigue of respiratory muscles or
depression of the respiratory neurons in the brain by morphinetheddrugs. (Hypoxic hypoxia is hypoxia resulting
from a defective mechanism of oxygenation in the lungs.)
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1.11 Critical care patients and arterial CO

It was shown above that, in cases of cardiac arr@dipo dioxide concentration is a reliable predictor of
human survival. Meanwhile, critical care profession#tisrouse the most sophisticated and advanced devices to
measure different physiological parameters. Analysis efialtblood usually includes investigation of blood gases
(blood concentrations of bicarbonates, totabGfygenation, etc.) of critically ill patients.

All 29 patients with severe liver damage (in most casesta metastatic cancer or cirrhosis of liver) e |
CO,, while for 25 patientsit'was also clinically evident that respiratory exchange was as#d markedly(p.762,
Wanamee et al, 1956). Thus, hyperventilation was visuallgreed by the authors of this publicatioRespiratory
alkalosis in hepatic confiaThey also found that heavy over-breathing led to sesletrolyte abnormalities. These
abnormalities included decreased sodium ions and increhkedle ions in the blood. Abnormally high lactic and
pyruvic acid concentrations were other frequent effects.

Blood gases and respiratory patterns provided accurfatenation for survival prognosis in acute
cerebrovascular accidents. When these parameters weral npatients survived. Out of 11 hyperventilating patients
with less than 35 mm Hg aG@nly one survived (Rout et al, 1971).

The same conclusion (regarding aCd survival prognosis) was made for head injuries (Huaal £963;
Vapalanti & Trouph, 1971).

Summarizing the results of these works and their connecitbrbvain dysfunction, Dr. Plum wrote] he
combination of hyperpnodencreased breathingjith an elevated pH, and a subnormal or moderately low oxygen
tension occurs in many serious illnesses that entirely spateréime These include the alveolar-capillary block of
diffuse pulmonary carcinomatosis; heart failure; advanced cirrhost$, eviwithout hepatic coma; acute pulmonary
infarction; and many others, including the cryptic pulmonary congestion thatrgzanies most serious disease in the
obtunded and elderlyPlum, 1972). Interestingly, all above-mentioned effects (lavibon dioxide concentration,
elevated pH, and hypoxia) quoted by Dr. Plum are chlgdeavy breathing.

Hence, one can conclude that over-breathing is a normatéeaitthese severe diseases.

When suffering various serious health problems (heart @isdadbetes, cancer, AIDS, etc.) the patient’s life
is usually threatened, not by the main health problem, babtmplications and infections, such as in the case of
bacteremic shock. Analysing a group of patients initidignosed with arteriosclerotic heart disease, ceretcolz
insufficiency, diabetes, arthritis, several forms ofaz, fatty liver, and alcoholismne study showed that
complications due to pathogenic microorganisms in the bloocgdal&deaths in 50 patients (Winslow et al., 1973).
Pneumonia and urinary tract infections were the foci diqgenic microorganisms. Now we may ask the following:
what was observed with their breathing, when not only agbainie organism, but even the blood was polluted with
pathogens? All 50 patients, according to a table accomparysnarticle, had very disturbed blood gases
corresponding to severe over-breathing.

Dr. Simmons and his colleagues wrote an artiehgperventilation and respiratory alkalosis as signs of gram-
negative bacteremigbacteremia being the presence of bacteria in the blobd).€ktract is from the beginning of
their abstract:

"Visible hyperventilation was observed clinically in patients witAnGnegative bacteremia. Eleven patients
with Gram-negative infections and either proved or probable bactereneiastirerefore studied to see if
hyperventilation might be a common response to such bacteremiaryrcase there was laboratory evidence of
hyperventilation, and in 8 cases the hyperventilation was visibleetoliserver. Since only patients were studied who
had no other cause for increased ventilation, this appears to be anygrresponse to the bacteremia(abstract,
Simmons et al, 1960).

Another group of US medical professionals found that the dexfrever-breathing has a strong correlation
with over-all mortality (Mazarra et al, 1974). Heavierdihéeng indicated smaller chances of survival. Herehatw
they wrote in their scientific abstract:

"Respiratory alkalosifblood alkalisation is the normal physiological result of elveathing]was the most
common acid-base disturbance observed in a computer analysis of 8,607 ceasatettial blood gas studies
collected over an 18 month period in a large intensive care unit.

Through a retrospective review of the randomly selected hospitaldeodrl 14 patients, we defined four
groups based upon arterial carbon dioxide tension (Pg@0d mode of ventilation. Group I, with a Pag£d 15 mm
Hg or less, consisted of 25 patients with an over-all mortali88gber cent. Group II, with a PaG@f 20 to 25 mm
Hg, consisted of 35 patients with a mortality of 77 per cent. Groupith a PaCQ of 25 to 30 mm Hg, consisted of
33 patients with a mortality of 73 per cent, and Group IV, with a Ba&@5 to 45 mm Hg, consisted of 21 patients
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with a mortality of 29 per cent (p<0.001). Shock and sepsis werecaoshon in group | patients.

These findings suggest that extreme hypocdmalevel of carbon dioxideln the critically ill patient has
serious prognostic implications and is indicative of the severitiyenfinderlying diseaS€éMazarra et al, 1974).

This article indicated that the names of the most comais®ases to occur in all 4 groups of people were
cerebrovascular disease, hepatic coma, bronchopneumoniatexiubelerotic heart disease.

Finally, let us look at the conclusion drawn by a group ofé&s®archers who recently wrote an article with
the title 'Can cardiac sonography and capnography be used independently and in combination tagsadaitation
outcomes?(Salen et al, 2001).

"CONCLUSIONS: Both the sonographic detection of cardiac activity andOEA)Jevels higher than 16 torr
were significantly associated with survival from ED resuscitatimwever, logistic regression analysis demonstrated
that prediction of survival using capnography was not enhanced by the additioriaicceonography(Salen et al,
2001).

In other words, they found, probably to their surprisat thonitoring of the heart, as an addition to the
monitoring of breathing, does not provide any further informatimutichances of survival.

A review of these professional studies indicates thatally ill patients usually have very low carbon dioxide
level due to visible hyperventilation. Laboured breathinguzh patients probably corresponds to minute ventilation
of 20-25 I/min or more.

The analysis of Western medical literature suggeatsnlany critically ill patients die in conditions of heavy
and deep breathing.

Deep breathing, as we showed above, reduces oxygenatiorbafdyeAre there any simple tests that reflect
our ventilation and oxygenatiofi®@xygen content in the organism can be found using a simple method: after
exhalation, observe, how long time the person can have no breathing witiesst @uteyko, 1977).

1.12 Breath-holding time and its clinical significance

All breathing parameters described above need to be measimgdspecial equipment. Meanwhile, there is a
simple test, which can be done at almost any moment byanersince only a watch or a clock is required. This is
BHT (breath-holding time), or how long one can be without biegtiWhat are the results of medical studies
regarding this test?

According to textbook Essentials of exercise physiolddgicArdle et al, 2000), If a person breath-holds
after a normal exhalation, it takes about 40 seconds before breathing caesr(p.252).

Breath holding can be started at different phases ofttinga(e.g., after normal inhalation, or exhalation, or
taking a very deep inhalation, or a complete exhalatidmse different conditions can produce large variations in
results (by more than 200%). Moreover, sometimes patiemigsked to take 2 or 3 deep breaths before the test. Since
researchers use different methods for BHT measuremeatstandardization of results is necessary in ordehém
to be compared.

“Handbook of physiologyafter analysing numerous relevant publications, suggéségdllowing
proportions for BHT measurements (Mithoefer, 1965). If BH&rdull inhalation is 100%; then BHT after normal
inhalation is 55%; BHT after normal exhalation is 40%; Bafter full exhalation is 24%. Taking an additional full
exhalation or inhalation before starting the test in@e&HT by about 5 or 15% respectively for each full manoeuvre
This information allows us to compare different BHT tekise during almost a century of clinical investigations, if
we use some standard conditions for the test. In ordéw that, let me introduce the BHEBHT is BHT after quiet
or usual expiration. The under-line can remind the reader about BHT measuree basle level, as when we are
totally relaxed (as after usual exhalation).

Different studies and their results can be now compareddngaig their BHTSs to the standard of
measurements, the BHThese results are given in Table 1.2.

Warning. Usually BHT in physiological or medical studies is meadiaoreas long as possible. This procedure
is dangerous if you have certain serious health conditions with inflammatiitation, ulcers or any other damage to
internal organs (this will be fully explained later). The conditions negicaution include: certain heart conditions,
diabetes, hypoglycaemia, severe kidney disease, gastric or intedters, acute gastritis, IBS, panic attacks,
migraine headaches, etc.
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Types of people investigated N. of BHT | BHT, | Test conditions (order %BH Reference
subjec| S of actions just before| T for
ts S BHT test) BHT!
Fit instructor: 22 46s | 67 ¢ Full exhalation, 70% Flack, 1920
Home defence pilots 24| 49s | 72s normal inspiration
British candidate 23 47s | 69 ¢
US candidate 7 45s | 66 ¢
Delivery and 27 39s | 57s
Pilots trained for scouts 15| 42s | 62s
Pilots taken off flying (stress) 34s | 49s
Normal subjects 30| 23s | 58s Full inspiration 40% Friedman, 1945
Neurocirculatory asthenia 54| 16s | 40s
Normal subjects 22| 33s | 45s Normal inspiration 73% Mirsky et al, 1946
Anxiety states 62 | 20s | 28s norm. inspir., alap,
Normal subjects, class 1 hea 16 16s | 48s Full inspiration, full | 33.3%| Kohn & Cutcher, 197
Class 2 and 3 heart patients 583 13s | 39s exhalation, full
Pulmonary emphyser 3 8s | 23« inspiration
Functional heart disease 13 5s | 15s
Normal subject 6 28s | 76+« Full exhalation, 38 % Davidson et al, 1974
Asymptomatic asthmatics 7| 20s | 55s full inspiration
Asthmatics with symptoms 13| 11s | 27s Full inspiration 40 % Perez-Padilla et a
1989
Normal subject 14 25s | 74« Deep breath of 33.3% Zandbergen et al,
Panic attac 14 11s | 34« 50% Q, 50% N? 1992
Anxiety disorders 14 | 16s | 49s
Outpatient 25 17s | 43¢ Full inspiration 40 % Gay et al, 1994
Inpatient: 25 10s | 25¢
COPL, CHF (corg. heart 7 8s 21 ¢
12 heavy smokers 12| 8s | 21s
Normalsubject 26 21s | 21¢ Normal exhalation 1009 Asmudson & Steir
Panic disorder 23| 16s | 16s 1994
Normal subject 30 36s | 36¢ Normal exhalation 10009 Taskar et al, 1991
Obstructive sleep apnoea 30 20s | 20s
Normal subjects 76 | 25s | 67s Full exhalation, 38% McNally & Eke, 1996
full inspiration
Normal subject 10 38s | 38« Normal exhalation 1009 Flume et al, 1996
Successful lung transplantatign 9] 23s | 23s
Successful heart transplantatipn 8 28s | 28s
Normal subject 31 29s | 32« Normal exhalation 90% Marks et al, 1997
Outpatients with COPD 87| 8s | 9.2s in supine position

Table 1.2 Breath holding time according to various medefatences

Table 1.2 comments.

. 1. “% of BHT for BHT means the percentage of BHT used to calculate BHT
. 2. Zandbergen et al, 1992 conducted their experiments with the mix&0&ca and 50% N According to
Ferris with his colleagues (1945), such mixture increases normal iBHabout 50%.

Analysing the results of Table 1.2, the following conclusiarsize made.
. Normal subjects have the longer Bifiaximum pause) in comparison with sick people who sufben f

various health problems.

. The stronger the severity of the health problem, the exhibwt BHT
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. Recovering and asymptomatic people have intermediate\VBHIES.

Let us now turn our attention to the comments expressed byahpditessionals about the breath holding
time of healthy and sick people.

In 1919 The Lancet published one of the first articles descritbhgnedical application of BHT investigated
by military medical doctor and Lieutenant-Colonel Martiadk (Flack, 1920). As Dr. Flack indicated, less than 35 s
BHT was considered to be sufficient to take pila# flying through stresqFlack, 1920). The possible reason for
such a drastic measure was described by him on the nextQuagee occasion a medical doctor wanted to suspend
from flying one experienced pilot due to his unusually low BBA3 s BHT). The pilot was allowed to fly, lost control,
crashed the plane and was killed. The commanding officerdetkthat this test was, indeed, an indicator of the
personal health state, especially stress. At the end giufalication Flack suggested, that these tests would also be
of value for measuring trench fatigue, industrial fatigue, and fatiguwgoimen workers." (Flack, 1920).

According to Dr. Wood, who investigated patients with @eia of symptoms diagnosed as DaCosta’s
syndrome (one of the previous names for the chronic fatigwdrame), low BHT was the most common symptom
found in his 200 patients (Wood, 1941).

A few years later Dr. Friedman, Director of the HaBldim Institute for Cardiovascular Research, San
Francisco, after analysing his patients with neurocitotygproblems wrote, ".the breathholding time was found to
be directly relatedinversely proportionalio the severity of the dyspnea sufférgeiedman, 1945).

Dr. Mirsky and his colleagues (1946) concluded thiz differencgin breath holding timebetween the
normal and abnormal patienfaith variety of anxiety states$ of clinical significancé

Two American medical doctors, Robert Kohn and Berthal@aut in their articleBreath holding time in the
screening for rehabilitation potential of cardiac patiénfi€ohn & Cutcher, 1970) described the testing of more than
100 cardiac patients. It was found thagh.individual unable to hold his breath for at least 20[3es BHT] is a poor
candidate for vocational rehabilitatidnFurthermore, It is now suggested that the determination of the breath-
holding time is an effective screening test for rehabilitaticiemaal’ (Kohn & Cutcher, 1970).

Apparently, healthy obese patients waredble to hold their breath much beyond 15ahilst all normal
non-obese subjects could breath hold for more than 30 s\Wizret al, 1987).

Similarly, African researchers noticed th&ignificant differences were observed in the mean of the Quetelet
index, percent predicted vital capacity and the breath holding timesbattthe normal female and the obese female
subjects. A high but inverse relationship was found between estitnadly fat and each percent predicted vital
capacity and breath holding time in subjects whose Quetelet index waes 3b&g/m2"(Sanya &Adesina, 1998)

A review of publications on leprosy (Katoch, 1996) revealad fiespiratory function test studies have shown
impaired breath holding timigabstract).

Authors of the articleRating of breathlessness at rest during acute asthma: correlation withmsgiry and
usefulness of breath-holding tifn@erez-Padilla et al, 1989) wrote,

"These results suggest that: 1) magnitude of dyspnea and breath-holdirngtigiate with severity of
airflow obstruction in acute asthma attacks associated with dyspneataanel 2) breath-holding time varies
inversely with dyspnea magnitude when it is present at (asstract). Thus, BHT has correlation with the most
important parameters officially accepted for the diagnoflseéssthma.

Later Mexican scientists published the same result in éndle, Estimating forced expiratory volume in one
second based on breath holding in healthy suhjé&ttsir conclusion wa$~EV1 [forced expiratory volume] can be
reliably estimated using BHT(Nevarez-Najera et al, 2000).

Japanese doctors compared breath holding times for normattsudmel patients with COPD (chronic
obstructive pulmonary diseas€)he period of no respiratory sensation [a certain period of ndipalar respiratory
sensation which is terminated by the onset of an unpleasant sensatiati@ned by progressive discomfort during
breath-holding] was also measured in eight patients with chronic obsteugtimonary disease. The values of the
period of no respiratory sensation in patients with chronic obstruptiMmonary disease were apparently lower than
those obtained in normal subjects. These findings suggest that meaguséthe period of no respiratory sensation
can be a useful clinical test for the study of genesis of dyspr{déstiino et al, 1996).

Kendrick and colleagues used breath holding for more @ecom@asurements of pulmonary blood flow
(Kendrick et al, 1989). It was important for testingttthe subjects hold their breath as long as possible fer bett
measurements. The researchers had 33 patients withccpardidems (but without overt cardiac failure) and noticed
that, ‘for very dyspnoeic patients a breath-hold time of less than 10 sl Wweudesirable...e.g., 6 s is acceptable.
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However, in very ill patients, even a 6 s breath hold time magdnd (Kendrick et al, 1989). The authors were
clearly disappointed by the short BHTs of their patients.

Magnetic resonance imaging (MRI) is a test in which ¥{ilans are taken of patients, who must remain
motionless during the procedure. Patients must therefaablbéo hold their breath for the duration of the test. Sick
patients with numerous health problems have been a chaftanigdR| professionals since these patients could not
hold their breath a sufficiently long enough time in compangitim normal subjects.

For example, one abstract claimed that patients withheoyartery diseasédund it significantly more
difficult to perform a steady breath-hold ... or attain the same diaphnaosition over multiple breath-holds than
normal subjects(Taylor et al, 1999).

In order to solve this problem, new magnetic imaging teclesigequiring shorter BHTs (even as short as a
few seconds only) were developed. However, some, mosushrill patients could not achieve even multiple 1 s
breath holds, as reported by Posniak and colleagues (1994):

"OBJECTIVE. Chest and abdominal CT scans using 1.0-sec scan tengfsesr limited by motion in patients
who are unable to hold their breath. With our scanner we can obtain image® sec (partial scatiabstract). The
breathing pattern of some patients was so strong thatthgd not stop for even a single second.

Russian medical Doctor K.P. Buteyko and his colleaguesdésbusands of patients with a variety of cardiac
and bronchial problems and found that sick people usually &lbout 10-20 s BHT, and the very sick as low as 3-5 s.
With approaching death, the breath holding time graduallyattay day, goes down: 5 s, 4, 3, 2, 1 (last frantic gasps
for more air), death... (Buteyko, 1977).

Are there any health conditions in which Bl§Tlong in spite of poor, but stable health? It is possible,
according to my research, in such rare cases as ohgpityentilation syndrome, chronic mountain sickness, after
carotid body resection (these nervous cells monitor carbarddiconcentration in the blood and brain and, as a
result, control respiration), and curarisation of respiyaauscles (a procedure during which respiratory muscées a
cut and cannot obey the central nervous system). Obvioushg research is required before final conclusions can be
made.

We can see that the BHbreath holding time after normal expiration) is an exceltaficator of our health.
The sicker the person, the lower the BHT

Finally it can be noted that these low BglWwere found for sick and severely sick patients. Applarehere
are certain people who have low Bsi{due to chronically heavy breathing), but are not diagngstd) with any
serious organic disease.

1.13 Role of nitric oxide

There are numerous studies published over the past 80 yemndimgghe negative effects of hypocapnia (low
level of CQ). Hence, CQis the most known and investigated factor that relatesedoreathing. Which other
parameters of the body become abnormal during and becauggeo¥dntilation?

Normal nasal breathing helps the body to use its own niiiteoThis substance is produced, among other
places, in nasal passages. During normal breathing, wegb#teprolonged exhalations (that do not prevent
accumulation of nitric oxide in some areas of nasal gas$and relatively quick inhalations (that allow inkiataof
the accumulated nitric oxide). Duirng hyperventilation éxtians are forceful and quick (as one can observe in many
sick people) and inhalations are slow. This revers#ieimain stages of breathing decreases the utilizatiotriof ni
oxide.

The roles and some important effects of this hormoné@baddy have been discovered very recently and
there are still many questions in relation to this sutggtaNitric oxide is found and synthesized in endotheliéd ce
that line the lumen of blood vessels, neurons, and macroph&ge gas, it is routinely found in nasal passages and
measured in exhaled air. The known functions of the NO include

1. Vasodilation of arteries and arterioles(and hence regulation of blood flow to tissues). Intdspect, NO
is similar to CQ acting on the smooth muscles of blood vessels.

2. Regulation of binding and release of @to haemoglobin This NO function is again similar to the €O
function known as the Bohr effect.

3. Destruction of parasitic organisms, viruses, and malignartells by inactivating their respiratory chain
enzymes in mitochondria.

4. Inhibition of inflammation in blood vessels

5. Neurotransmission Learning, memory, sleeping, feeling pain, and some ptiogesses require NO for
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transmission of neuronal signals. On the other hand, beisnaan probably be killed during a stroke due to excessi
production of nitric oxide.

6. Hormonal effects.NO influences secretion from several endocrine glandsmitilsites the release of
adrenaline from the adrenal medulla, pancreatic enzjnmesthe exocrine portion of pancreas, and Gonadotropin-
releasing hormone from the hypothalamus.

Abnormal NO production and its availability are now assted with hypertension, heart failure, stroke,
obesity, diabetes (both type | and Il), atherosclsrabeumatism, aging, and dyslipidemias (particularly
hypercholesterolemia and hypertriglyceridemia).

Currently there are numerous studies world-wide relatélet role of NO in human health and diseased states.
It is beyond the scope of this book to provide these studies.

Practice shows that possibly for some people some hegltbwements can be achieved mainly through the
correction of one’s breathing pattern, which can normaliadumtion and utilization of nitric oxide, while GO
changes could be small. Hence, in these people akrie can play, during some stages of breathing normalization,
the leading role in health restoration.

1.14 Changes in the ANS (autonomous nervous system)

Most of the time, breathing is regulated by the ANSdaoimous nervous system). In healthy people
movement of the diaphragm provides at least 75% of the changegs/blume in the lungs during inhalation at rest, as
one may see in many medical textbooks (e.g., p. 312, Castrq,[2@¥5, Ganong, 1995). Inhalation involves
activation of the diaphragm (the initially dome-shaped diaphrs stretched sideways and becomes more flat), and,
hence, inhalation, as a process of muscular activatiooyimsally controlled by the sympathetic part of the ANS.
Exhalation, in health, involves relaxation or passive recdthefdiaphragm (p. 314, Castro, 2000) indicating
parasympathetic control of this part of the process. In daromalitions (12 breaths per minute) one breathing cycle
(inhalation-exhalation) takes 5 seconds. Inhalation ldsiste? s and exhalation about 3 s (p. 313, Castro, 2000; p.541,
Straub, 1998).

Since an average person takes many thousands breathslayettye parameters of his or her breathing can be
considered as a window, through which certain disturbandbg iIANS can be detected. Let us consider the typical
breathing parameters of sick people.

The above studies in minute ventilation show that peopleasitima and heart disease breathe about 2.5
times more air every minute (about 15 I/min instead of6yv is it possible that they breathe so much? Such
breathing rates are possible by breathing faster (not 18 pereminute, but 15-20 or even more times per minute) and
deeper (up to 700-1,000 ml of air per breath instead of 500 inlaguld be in health). If a healthy person needs
about 3 s to exhale 500 ml through the relaxation of the digphrthere is no way for a sick person to exhale more air
(700-1,000 ml) in less time using only relaxation. Hence, gadple unconsciously apply muscular efforts to exhale
air from the lungs at resting conditions. These musculartgffieed sympathetic control indicating that
hyperventilation means abnormal control of this vital fuorc(breathing) by the ANS. Moreover, this fast and deep
breathing is usually, but not always, accompanied by cheathing, when the rib cage, not the diaphragm, does the
main job of air movement. Hence, hyperventilation also si@dmormal innervations or dis-regulation of control of
the breathing muscles by the ANS. Furthermore, practicesstt@w hyperventilation is usually accompanied by the
reversal of the two phases of breathing: inhalations di#geome longer than exhalations. One may notice how sick
people take a prolonged inhale and then the rib cage collapsegdl air with force and an audible noise. Finally, the
breathing of sick people is often uneven and irregular sigthing, coughing, snorting, sneezing, etc.

All these abnormal processes take place 24/7 and they indathit@ogies in the functions of the ANS. The
ANS, in its turn, regulates contractions of the heart,sflige, production of hormones and many other vital processes
It is logical to expect then that chronic overbreathing ead to various health abnormalities through negatieetsff
on the ANS, but too little research about these negatieetsfis currently available.

1.15 Focus on diseases

The modern Western approach to respiration is often lmastite following understandings about breathing.
“Respiration is the total process of delivering oxygen to the aetiarrying away the by-product of metabolism,
carbon dioxidg or “Respiration is the process of taking in oxygen from inhaled air ardsielg carbon dioxide by
exhalatiori, or “Respiration is the process by which animals take in oxygen necésseejlular metabolism and
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release the carbon dioxide that accumulates in their bodies as a oé$iudt expenditure of energy

About a century ago leading world’'s physiologists had @fit understanding about the role of breathing
and CQ in human health (see Professor Yandell Henderson's glomve). First of all, it is the primary role of
breathing to regulate G@not just to release this by-product). Secondly, whilelsggn of CQ is an important
factor, there are many other functions of normal breatfiihgse other functions can be disturbed or disrupted.
Possible abnormalities of breathing are: dominance of bheathing at rest; fast shallow breathing and diaphragmatic
flutter; slow inhalations and quick exhalations; pefdalieathing; coughing; sighing; and sneezing. All these and
many other irregularities and infringements are connectédpathological processes or abnormalities in the
respiratory system, autonomous nervous system, endocrinmsystisculoskeletal system, cardiovascular system,
gastrointestinal and other systems of the human orgahist us now review some diseases and their relations to
breathing.

Asthma

In 1968 The New England Journal of Medicine published the resfudidarge study (McFadden, 1968) in
which breathing and blood gases of a group of asthmaticsimvastigated. The researchers found that all 101 tested
patients had chronic alveolar hyperventilation. Those agtbsnwho had a light or moderate degree of the disease
breathed about 15 | of air per min or 2.5 times more thawfficial medical norm (6 I/min).

More recently, in 1995, American researchers from the Melyoc and Foundation (Rochester) confirmed
the same average value (about 15 I/min) for another grougieh{sadiagnosed with asthma (Johnson et al, 1995).
This study was published in tdeurnal of Applied Physiology

Finally, medical professionals from Mater Hospital insBane (Australia) tested 39 asthmatics and found 14
I/min (Bowler et al, 1998). These figures were reportetti@Medical Journal of Australia

Clinical Sciencepublished in 1968 an articlEhe mechanism of bronchoconstriction due to hypocapnia in
man (hypocapnia means abnormally low £g&ncentrations). In this paper, Sterling explained that d&ficiency
causes an excited state of the cholinergic nerve. Since thesisgesponsible for the state of the smooth muscles in
bronchi, its excited state leads to the constrictionrgiassages.

What about modern textbooks on physiology? One staAggnts that tend to dilate airways include
increased PaC®(hypoventilation or inspired C{..” (p.545, Straub, 1998). This textbook directly claims that
slowing down breathing (hypoventilation) or increased @el dilates airways. Moreover, G@ suggested as the
chief chemical substance that promotes this effect.

Did anybody ever suggest before recent years the connectiwadmeasthma and ventilation? Doctor Buteyko
proposed this link in the 1950s (his first official publicat@ppeared in the 1960s), when he discovered the central
role of overbreathing in the development and degree of astht@and his colleagues also found that asthma patient
got immediate relief from their asthma attack symptontfely practiced reduced breathing). Dr. Herxheimer
independently suggested that low £4@&s the cause of bronchial asthma in 1946 and 1952 (Herxhé&i@dé;, 1952).

Let us consider the possible mechanism suggested by Rdeyko. Low CQ values in the bronchi cause
chronic constriction of airways (that happens in all peojreaddition to this direct effect, chronic hypervenitat
makes immune reactions abnormal. The immune system betomsensitive in relation to intruders from outside
(coming with air or food), but weakens the responses touspathogens, like viruses and bacteria. (Why?
Hyperventilation is a defensive reaction and a partefight-or-flight response. Hence, hyperventilation indicates
state of stress, increased alertness and emergentye fathole organism, the immune system included. Heaecwus
intruders are to be attacked.)

The immune system becomes hypersensitive and seeminghemre@nts (like breathing cold air or inhaling
dust particles, dust mite proteins, cat proteins,do#ien, etc.) can trigger an inflammatory respong@énairways of
asthmatics, enlargement of mast cells, excessive produgftimucus, a sense of anxiety or panic, more
hyperventilation, and further constriction of airways.

As a result, mucus makes air passages narrower (or exaks lslome of them) creating a feeling of
suffocation and causing asthma attacks. During an atta@dsthmatic may try to clear the mucus by coughing it out,
but that further reduces G©@oncentrations in the lungs and makes air passagesvearro

Heart disease
In 1995 theBritish Heart Journalpublished a study (Clark et al, 1995) done by researcherstieetional
Heart and Lung Institute in London. The breathing ratel&8aheart patients at rest ranged from 10 to 18 I/min (or
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about 2-3 times more than the norm).

In 2000, in a study from théhestmagazine, a group of American cardiac professionaésated that patients
with chronic heart failure had breathing rates in the rahdd to 18 I/min (Johnson et al, 2000).

More recently, Greek doctors from the Onassis Caisiagery Center in Athens recorded ventilation values
ranging from 11 to 19 I/min for heart patients from thesgi@l (Dimopoulou et al, 2001).

These and many other similar results raise many quesfiomshere any heart patients (with primary
hypertension, angina pectoris, and other problems) who harehbreathing parameters? Does the normalization of
breathing mean no symptoms and no disease for all hearttpatighat are the details of interactions between
breathing and heart disease? These questions will besdext later.

Above-mentioned physiological effects, resulting from & @&iciency, influence the cardiovascular system.
* Low blood CQ values lead to the narrowing of small blood vesselof@sstriction of arteries and arterioles) in the
whole body. That causes two problems. First, as a groupahdse medical professionals found, in conditions of CO
deficiency, blood flow to the heart muscle decreases (Okaraki1991). Hence, heart tissue gets less oxygen,
glucose and other nutrients. Second, since small blood vessdlsee main contributors to the total resistance in
relation to blood flow, C@deficiency increases resistance to blood flow and makesdheof the heart harder.

» The suppressed Bohr effect, due to low,®@@lues in the blood, also reduces oxygenation of the imeesdle. That
increases anaerobic metabolism and produces excessivetambiaatic acid. Note that lactic acid is oftemplicated
as a source of pain in any tissue. In the case of the hgagrson can suffer from angina or chest pain.

» The excited nerve cells in the heart (the cells thatated pacemakers) interfere with the normal synchranizat
and harmony in the working of the heart muscle. (The valwesld open and close in proper time, much like a well-
tuned engine.) Desynchronization can make the whole processodftlimping less efficient or more energy- and
oxygen-demanding possibly causing pathological adaptive chantesheart tissue.

» Abnormal metabolism of fats leads, as Russian mesliadies revealed, to increased blood cholesterol level in
genetically-predisposed people. That condition gradually, pereods of weeks or months, produces cholesterol
deposits on the walls of blood vessels. Such deposits caceipdimary hypertension. As their published work
suggests, the BHMas a linear correlation with the blood cholesterol |eWeése results are discussed later in more
details.

» Chronic hyperventilation affects the normal utilization andversion of essential fatty acids into prostaglandins
causing changes in inflammatory responses and the madiininc of the immune system.

» Mouth breathing (at rest, during sleep, exercise, iste) additional adverse stimulus. It further reduces,a&D0@
prevents normal absorption of nitric oxide (a hormone and poidifator of blood vessels) synthesized in the nasal
passages while the main effect of taking nitroglycerine ragédit, in case of heart problems, is to provide the
organism with additional nitric oxide.

* Since heart patients breathe 2-3 times more than tdoegabfform, they usually have a more frequent and deeper
breathing pattern. That must result in other breathing atalities, for example, chest breathing, as well as slow
inhalations and quick exhalations. These irregulanitidsate abnormal states of the autonomous nervous and
musculoskeletal systems.

The father of cardiorespiratory physiology, Yale UniverBitgpfessor Yandell Henderson (1873-1944),
investigated some of these effects about a century agond\ims numerous physiological studies, he performed
experiments with anaesthetized dogs on mechanical veniild he results were described in his publicaficapnia
and shock. - I. Carbon dioxide as a factor in the regulation of the hai@rtin this article, published in 1908 in the
American Journal of Physiologhe wrote, *.. we were enabled to regulate the heart to any desired @te40 or
fewer up to 200 or more beats per minute. The method was very dirdplgended on the manipulation of the hand
bellows with which artificial respiration was administered... Asghknonary ventilation increased or diminished the
heart rate was correspondingly accelerated or retafdedl27, Henderson, 1908).

Which parts of the cardiovascular system are going tods¢ affected? That depends on genetic
predisposition, life style and environmental factors. Tlaeeeso many parameters that can adversely affenbtheal
work of the cardiovascular system. People are diffef@oine may get chronic heart failure, others high blood
pressure, or stroke, or various abnormalities in the Inaastle.

Western experimental studies suggest that the followingazaedicular problems can appear as a result of
hyperventilation (courtesy of Peter Kolb, Biochemical EnginAustralia):

- palpitations (Bass C, 1990; Cluff, 1984; Demeter & Cordak@86; Lum, 1975; Magarian et al., 1983; Nixon, 1989;
Sher, 1991)
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- cardiac neurosis (Bass C, 1990; Cluff, 1984; Nixon, 1989)

- angina pain (Nixon, 1989)

- myocardial infarction (Nixon, 1989)

- Wolfe-Parkinson-White syndrome (Nixon, 1989)

- arrhythmias (Cluff, 1984; Demeter & Cordasco, 1986; Nixon, 1989)

- stenosis of coronary artery (Demeter & Cordascof18i&on, 1989; Sher, 1991; Waites, 1978)
- tachycardia (Cluff, 1984; Lum, 1975; Nixon, 1989; Tavel, 1990)

- failure of coronary bypass grafts (Nixon, 1989)

- right ventricular ectopy (Nixon, 1989)

- silent ischemia (Nixon, 1989)

- elevated blood pressure (Nixon, 1989)

- flat or inverted ECG T-wave (Demeter & Cordasco, 198&pn, 1989; Sher, 1991; Tavel, 1990)
- vasoconstriction (Cluff, 1984; Demeter & Cordasco, 1986; L1875; Nixon, 1989; Sher, 1991)
- reduced cerebral blood flow (Cluff, 1984; Lum, 1975; Magarial.£1983; Sher, 1991; Waites, 1978)
- mitral prolapse (Bass C, 1990; Cluff, 1984; Nixon, 1989; Tavel, 1990)

- low cardiac output/stroke volume (Waites, 1978).

Do you know that it is possible to get abnormal ECG traltmg a healthy heart just by voluntary heavy
breathing? Later, many cardiac professionals, while amaysuch ECGs, can claim pathological changes in the heart.
These changes are different in different people. Vicsayeormal breathing naturally eliminates, either imatety
or in due course of time, various, already detected; BBnormalities.

Modern medicine and physiology have a very limited understandiwaif is going on with the
cardiovascular system when breathing gradually change iordhe opposite direction. There are many questions
related to individual variability, mechanisms of develogaghologies, and the interaction of hereditary and
environmental factors.

Cancer

Let us consider some facts about the appearance, growthaetdpeent of malignant tumours; their spread
to distant tissues and resistance to standard metha@gsnent. What is the abnormal background, whichredya
discussed in popular books and articles about cancer, bth i8Hinown to professional oncologists?

It has been known for decades that malignant cells noradlyconstantly appear and exist in any human
organism due to billions of cell divisions and mutatidffsese abnormal cells, in normal conditions, are quickly
detected by the immune system and destroyed. However, tkeofumacrophages, enzymes and other agents of the
immune system is severely hampered under the conditions otiaypdat was the conclusion of various studies. For
example, Dr. Rockwell from Yale University School of Medeistudied malignant changes at the cellular level and
wrote, "The physiologic effects of hypoxia and the associated micro environnmaaedjuacies increase mutation
rates, select for cells deficient in normal pathways of prograsnee# death, and contribute to the development of an
increasingly invasive, metastatic phenotyffbdckwell, 1997). The title of this publication"i®xygen delivery:
implications for the biology and therapy of solid tumors"

Summarizing the results of numerous studies, Ryan wltbagues chose the following title of their article,
"The hypoxia inducible factor-1 gene is required for embryogenesis addwgolor formation“(Ryan et al, 1998).

In normal conditions, even a group of hypoxic cells diess(easily destroyed by the immune cells). What
about cells in malignant tumours? Researchers from Gabgratory Cancer Research Trust (Mount Vernon Hospital,
Northwood, Middlesex, UK) concluded,

"Cells undergo a variety of biological responses when placed in hypoxidioasdincluding activation of
signalling pathways that regulate proliferation, angiogenesis and death. Ceglt®have adapted these pathways,
allowing tumours to survive and even grow under hypoxic conditioftShaplin et al, 1986).

Moreover, American scientists from Harvard Medical Scimobéd that... Hypoxia may thus produce both
treatment resistance and a growth advanta@@hmaltz et al, 1998).

There is so much professional evidence about fast grovitimafurs in the condition of severe hypoxia, that a
large group of Californian researchers recently wrgiamer'Hypoxia - inducible factor-1 is a positive factor in solid
tumor growth"(Ryan, 2000). As an echo, a British oncologist from the Wéehtll Institute of Molecular Medicine
(Oxford) went further with a manuscrifilypoxia - a key regulatory factor in tumour growtfiiarris, 2002).

When the solid tumour is large enough and the disease gsegreancer starts to invade other tissues. This
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process is called metastasis. Does poor oxygenatioemnaie it?'... Therefore, tissue hypoxia has been regarded as a
central factor for tumor aggressiveness and metastéKistiz & Ibrahim, 2003) was the conclusion of German
researchers from University of Rostock and Universityeapzig.

Since dozens of medical and physiological studies yieltedame result, what about just a title again?
"Tumor oxygenation predicts for the likelihood of distant metasiad@sman soft tissue sarcom@rizel et al,

1996). The harder one breathes, the faster cancer invades.

Probably, the reader now can guess about the effect afrcdmeatment and the chances of survival for those
who suffer from severe chronic hyperventilation. Indéedtumour hypoxia is associated with poor prognosis and
resistance to radiation therapyChaplin et al, 1986).

"Low tissue oxygen concentration has been shown to be important irspogse of human tumors to
radiation therapy, chemotherapy and other treatment modalities. Hypaisoi&known to be a prognostic indicator,
as hypoxic human tumors are more biologically aggressive and are malsetbkrecur locally and metastasize”
(Evans & Koch, 2003).

"Clinical evidence shows that tumor hypoxia is an independent prognostiatmdit poor patient outcome.
Hypoxic tumors have altered physiologic processes, including increasedisegiangiogenesis, increased local
invasion, increased distant metastasis and altered apoptotic progrédesiko et al, 2003).

Could breathing influence the tumors and if so, how? THeoasiDf one of the studies cited above mused
about the origins of all these problemSutprisingly little is known, however, about the natural history of such
hypoxic cells (Chaplin et al, 1986). Why could they appear? What isthece of tissue hypoxia? We can again
suggest that our breathing does influence the breathing padcaébody tissues, tumours included.

Is there any experimental evidence indicating the usefubfgs®, for malignant tumours?

During the last decade, there has been a steady progtessnmestigation and application of O, gas
mixtures called "carbogen” in clinical practice. Carbogeathieg is usually applied for several hours during
administration of certain anti-cancer medications.Uuseteview some results in this area and the reasonarfoogen
application.

Several studies from England and the USA found that bneptiarious carbogen mixtures significantly
improves oxygenation of tumours. The general opinion of thegarehers is thdPerfusion insufficiency and the
resultant hypoxia are recognized as important mechanisms of resistamatgcemcer therapy. Modification of the
tumour microenvironment to increase perfusion and oxygenation of tumourmpraye on the efficacy of these
treatments...(Powell et al, 1997).

A large group of British scientists from the Paul Stackl Scanner Centre revealed that when 14 cancer
patients breathed various carbogen mixtures (with 2%, 3.5%%n@dQ content, the rest was;J'arterial oxygen
tension increased at least three-fold from basal val@@atideley et al, 2000). They also found tfitere were no
significant changes in the respiratory rate, heart rate and blood pl.r&sults suggest that 2% €@ O, enhances
arterial oxygen levels to a similar extent as 3.5% and 5% &1 that it is well tolerated(Baddeley et al, 2000).

Another group of British researchers directly measured oxpgessure in cancer cells and concludétis
study confirms that breathing 2% ¢@&nd 98% Qis well tolerated and effective in increasing tumour oxygenation”
(Powell et al, 1999).

These results generate the following question. Which gagpCQ is the main contributor to increased
oxygenation and by how much? The amounts of both gases in esixt@re much higher than the amounts pa
CO, in normal air.

Let us, first, consider the influence of.Jhere are two ©states namely Qhat is combined with
haemoglobin and dissolved,Qvhich can increase oxygenation of the arterial bloodvésonsidered in Chapter 1,
the saturation of haemoglobin with Onder normal conditions (or when breathing normal air) is about Pg¥eased
O, pressure can raise this value to almost 100%. This wauwise about a 2% increase in arterial blood in comparison
with the initial value. In addition, when patients breathebogen mixtures more,©@an be dissolved in the arterial
blood (this Q is not bound to red blood cells). In normal conditionsctir@ribution of dissolved £s about 1.5% of
the total blood @as the remaining 98.5%,®@ combined with haemoglobin. Increasingadmost five times increases
total arterial @ content by about 6% in relation to the initial normal ealu

Hence, increasing the;@omponent in breathing air (up to almost 100%) causes aboutcB8ase in total £
content in arterial blood.

Similarly, British researchers, as mentioned above regtatterial oxygen tension increased at least three-
fold from basal values(Baddeley et al, 2000). How was it possible to get suctga lacrease in tissue oxygenation
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(about 200%) if arterial blood could carry only about 8% marduding carbogen breathing in comparison with initial
conditions?

The remaining increase in tissue oxygenation could bdallarger C@values, which shift the Bohr curves
down and enhance,@elease from haemoglobin cells, and due to the dilatidsiood vessels. Therefore, the increase
in oxygenation of tissues is mainly due to the larges Gdtent.

Indeed, the British professionals decidéunl dssess the relative contributions of carbon dioxide and oxygen to
this response and the tumour oxygenation state, the response of GH3ipoahast to 5% C&95% air, carbogen
and 100% @ (Baddeley et al, 2000). That was done using magnetic resemaaging and PO2 histography. They
found that,

“A 10-30% image intensity increase was observed during 5%95@ air breathing, consistent with an
increase in tumour blood flow, as a result of &@duced vasodilation, reducing the concentration of
deoxyhaemoglobin in the blood. Carbogen caused a further 40-50% signal enhancegusstirsg an additional
improvement due to increase blood oxygenation. A small 5-10% increasebgerved in response to 100% O
highlighting the dominance of Génduced vasodilation in the carbogen responf@iddeley et al, 2000).

It is not oxygen, but carbon dioxide that is the substamporsible for the main improvement in oxygenation
of tissues.

Diseases of the brain and the central nervous system

Physiology and medicine teach us that g @€iciency produces the following abnormalities in the nerve
cells:

* Increased excitability of all nerve cells. We areegoited when we hyperventilate since overbreathiegds to
spontaneous and asynchronous firing of cortical nedr@dattunen et. al., 1999).

* Reduced blood flow to the brain. Our brains get less blopdlg. This physiological fact can be found in many
textbooks. As Professor Newton from the University of Sout@alifornia Medical Center recently reported,
“cerebral blood flow decreases 2% for every mm Hg decrease sh(R@wton, 2004). That means that with each
second decrease in the BHilood flow to the brain is less by almost 1%. Less bloog@nsi@ decreased supply of
glucose (the main fuel for the brain in normal conditions), omygad other nutrients. In addition, it causes gradual
accumulation of waste products. All these effects ati®eispects of human performance, including concentration,
coordination, memory, logic, etc.

» The suppressed Bohr effect. Not only is the inflow of oxyges, Ibut also oxygen release from red blood cells is
hampered by low CQOconcentrations in tissues. That further reduces braigemation.

In addition, there are similar negative effects dugmy abnormalities with production and delivery of nitric
oxide causing hypoxia, lowered blood perfusion, faulty transamiss signals, and inflammation. Imbalances in the
ANS and hormonal system are other destabilizing factoislikely that there are other effects of abnormaatireg
on the nervous system. Hyperventilation is virtually alwagsifested in abnormal breathing patterns, including a
higher frequency of breathing, shorter exhalations andatibat, absence of periods of no-breathing, abnormalities
the work of respiratory muscles (e.g., chest breathatg),

Do clinical studies show that patients with mental or beiagical problems have heavy breathing?

In 1976 theBritish Journal of Psychiatrpublished a study of GOneasurements in 60 patients with neurotic
depression and non-retarded endogenous depression (Mora et alAll9¥i)ents had abnormally low carbon
dioxide values.

Later, in 1990, American psychiatrists from Hunter Collegjey(University of New York) reported results
from several groups of subjects with anxiety, panic phobfedsion, migraine, and idiopathic seizures (Fried, 1990).
The abstract statesittually all the non-control subjects were found to show moderateviers hyperventilation and
accompanying EEG dysrhythriidn addition, it notes that hyperventilation and abndrehectrical signals in the
brain took place simultaneously.

Canadian scientists from the Department of Psychibinywersity of Manitoba, Winnipeg) measured carbon
dioxide concentrations in over 20 patients with panic disofideir average COwas also below the medical norm
(Asmundson and Stein, 1994). There are many other studiegploat abnormally low C©values for people with
various psychological and neurological problems.

It has been known in neurology for over 50 years that poor oxygeraatd reduced blood supply of the brain
are the foundations of virtually all “mysterious” and knawaurological and psychological pathologies, ranging from
insomnia, depression, addictions and phobias to Parkinson,iiah@nd senile dementia. Indeed, if one considers
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the places and people who tried breathing retraining (Ohdptalmost all of them relate to psychology and
neurology.

Gl (gastrointestinal) problems

How hyperventilation affects the GI system?
» Small blood vessels in the digestive organs get constriCteat reduces their blood supply. Physiological
measurements confirm this effect on the stomach, lipéges, and the colon. Hence, Gl organs get less oxygen,
glucose, and other nutrients for their normal work amehir.
» The suppressed Bohr effect, due to low,@@lues in the blood, reduces the oxygenation of the digestjans.
» The excited state of the nerve cells in the Gl systeendhteric nervous system that orchestrates the normalofvor
the whole digestive conveyor) interferes with the normal wbtke Gl organs. That can influence the contraction of
the muscular layers, the production and secretion of digestizymes and other functions. Indeed, a group of
American gastroenterologists from the Mayo Clinic in Retérerecently published a stubdyperventilation, central
autonomic control, and colonic tone in humdRsrd et al, 1995). They tested the effects of volunbasy-breathing
with normal and C@rich air. A drop in the C@level of the blood (hyperventilation) caused abnormalitighe
contractility and peristalsis of the colon.
» Chronic hyperventilation can cause autoimmune Gl reactiogs it is not normal to breathe two-three times the
norm 24/7. The immune system, as in case of asthmatarasearching for enemies coming from outside (i.e., with
food). This can contribute to the pathology of inflammatory ddadisease, irritable bowel syndrome, Crohn’s disease
and other problems and complaints.

Hyperventilation can create numerous abnormalitieker@l system. There are no studies that compare these
effects or define the individual differences. Similarlye tmpact of permanent changes in breathing is also not
investigated.

Hormonal problems

How do people with hormonal (endocrine) problems breathe®udpgsf Italian medical researchers from the
University of Ancona reported that 28 patients with diabbteathed from 10 to 20 I/min (Tantucci et al, 1997). A
year later German endocrinologists from Gutenberg Univergigpltal (Mainz) tested 42 people with
hyperthyroidism and found 15 I/min (Kahaly et al, 1998).

How can deep breathing cause hormonal or endocrine probleneg?h$perventilation is a state of
emergency for the whole body, it can interfere with thenad production and secretion of various hormones. For
example, the immediate effects of stress include surgedrehalin and cortisol. Chronic hyperventilation ofteals
to gradual development of deficiencies in these hormonesldition, all tissues, hormonal glands included, suffer
from reduced oxygenation and blood supply. Above-mentioned ablitbemevith nitric oxide production and its
bioavailability directly cause problems with several hornsoisee above). The function of the ANS is compromised in
conditions of overbreathing creating another cascade of imleslamehe circardian cycles regulated by these
hormones. However, there were no systematic studiesitiaified the long-range hormonal changes due to heavy
breathing. Individual differences, together with life stgdel environmental parameters, should play their role vthen i
comes to expected effects.

Other health concerns and summary

What about Western research concerning the breathing of peitiplearious other problems? There were few
studies relating the quality of breathing to other healtblpros. However, medical science knows little or nothing
about the breathing/disease interaction for many common hpaltitfems like cancer, arthritis, diabetes, etc. That
especially relates to the situations when breathing paeasngradually change.

What other diseases are related to abnormal breathieg®hBrg regulates blood supply and oxygenation of
all cells, tissues and organs. Breathing also risflée state of the autonomous nervous system that reghlatesrk
of all body organs. In conditions of chronic hyperventilatigal organs suffer from reduced blood supply and
hypoxia. In addition, chronic hyperventilation interfevath the normal work of the nervous and immune systems.
Hence, a wide variety of negative effects is present wieebreathe too much.

Furthermore, if reduced blood and oxygen supply, together Witbranalities of the immune and nervous
systems, are part of the main problem, then breathing agrapble in the further development of this health problem.
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There is some limited but encouraging practical evidence aftnealing influence of normalization of breathing on
a variety of health conditions.

What diseases are not related to chronic hyperventitaB@ople with, for example, color-blindness lack
certain structures in the retina of their eyes. Whatthair breathing patterns, there are no known cases of the
appearance or disappearance of this medical condition. Lik&lgthing has nothing to do with this problem.
Hemophilia is usually manifested in the absence of one blotithg substance. Again, this problem is purely genetic
and unrelated to breathing.

There are over 30,000 various health problems and abnormitibes) to modern medicine. Doctor Buteyko
and his Soviet (Russian) medical colleagues, based orclingal experience with over 200,000 patients,
hypothesized that about 150-200 health conditions are connetheabmormal breathing. Hence, less than 1% of alll
health problems might be affected by our breathing. Howe\any rof these health problems are fairly common for
modern people. This, for example, relates to our malergjllike heart disease, cancer, and many others.

1.16 Why breathing?

Patients with modern degenerative diseases usually have meemnsdd physiological and biochemical
parameters which seen to be abnormal. For critichlpatients this number is much larger and is ofteimesed to be
many hundreds. That means that the concentrations arousiminerals, vitamins, hormones and many other
substances are out of their norms. Why, then, are breathgemeral and CQelated parameters in particular chosen
for our consideration?

Based on still limited studies, when breathing is normaly diseases are absent. When people are sick, they
over-breathe. Even partial normalization of their breathiaglt®in better health, as we saw above and are going to
consider later. What exact role breathing plays in the pegiiaf various diseases is a very big and hard question tha
needs further studies and trials.

The unique position of breathing among many other healdnpers is due to its semi-automatic nature.
Professor Ronald Ley, State University of New Yodgantly wrote a large review he modification of breathing
behaviof starting with the statementBteathing is the only vital function under direct voluntary controlveli as
involuntary contrdl (Ley, 1999).

Most of the time the "breathing centre" governs human ggpirby keeping minute ventilation, carbon
dioxide and oxygen concentrations, and breath holding timteed8i T (breath holding time after normal expiration)
within relatively narrow ranges at rest. Meanwhile, pecple voluntarily change many breathing parameters. For
example: minute ventilation, breathing frequency, and widiame (the amount of air taken in per breath) can be
decreased or increased by at least a factor of twed@itation of such wilful breathing can be sustained faryma
minutes or even hours every day. Thus, breathing, to someed@®an be controlled in the short run by human
willpower and, over long periods of time, can be normalikenligh self-discipline and persistence. Moreover, there
are numerous life style and environmental factors (tadsusised) that directly influence breathing and that can be
adjusted to meet the needs of the human organism.

A person cannot directly order the heart to slow down, theasisages to open, the kidneys and liver to
intensify their work and cleanse the blood of pathogensnyispasm to disappear. However, these and many other
problems can be solved by breathing exercises, as wiilsbassed later.

1.17 Evolution of air on Earth

How is it possible that a human being, one of the smapesties on Earth, can kill itself, and over 90%
people die this way, by over-breathing? Is it nature 8otsilcreate this way? In order to answer these queastien
need to consider changes in air composition on Earth.

When there were no life on Earth, air has no oxygendmggen is a very reactive substance), whilg CO
was a part of the volcanic gases that formed air durirggttimes. Geological studies suggest that €@@centration
was up to 10-12% or even more. Thus, when the first orgabstances and life forms appeared on Earth (from about
5 billion to 1 billion years ago), our atmosphere did not leaxemeasurable amounts of, @ccording to Professor
Maina (Maina, 1998), who wrote the bobke gas exchangers: structure, function, and evolution of the respiratory
processesibout development of respiration and breathing in varicetures living on Earth in the past and now. He
is one of the leading modern authorities on respirationfigrdnt life forms.

Appearance of the first vertebrates (about 550 millions yego¥kand the development of prototypes of human
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lungs took place when air was made up of only about 1%kle having much higher percentage of gMaina,
1998), likely over 7%. Normal air today has many times rr@bout 20%) and only a fraction of the £0.03%).
However, our cells now still live in the air that existeshtred millions years agtBut the cells of animals and
humans need about 7 % ¢€énd only 2% ®in the surrounding environment. This is the way how our cellsdelts
of the heart, brain, and kidney¢Buteyko, 1977).

Hence, most of the time our lungs were developing and evolviagriditions when the GQ@ontent was high
(up to 7-12% during the first stages of development), withugradiecline, and low Ovalues (about 1% or less during
the first stages). During these stages the process of bohtm@athing by the nervous system was also developed.
Since this primitive air had very littleOour evolutionary predecessors could get more oxygen uesidsy breathing
more. Since any stressful situation, digestion, searctoéal, imating, playing, and any other activity required more
oxygen, hyperventilation became the fundamental refléxstinct. Only totally peaceful stress-free rest lwd
metabolic rate where heavy breathing would not give any adyafa survival.

On the other hand, however heavy was the breathing of thesgya creatures in the past, they would still
get the main nutrient, GOfrom air. The C@content in tissues had to be even higher than in dithese creatures
would never develop spasms of coronary vessels, bronchi,sotioath muscles, or abnormal excitability of the nerve
cells, or muscular tension or any other above-mentionedivegdfects. Hence, nature did provided primitive
creatures with ability to function without all above-discugsiegsiological flaws.

However, the main parameter of our environment, our air, fadatic change during later stages of our
evolution due to advance of green life that transfd@@sinto O, during photosynthesis. These events could be
reflected on the following picture.

> 7% CQ

7% CQ 0.03% CQ

< 1% O2 0 20% 02
Birth and 2% 02 °
development of our cells now Modern air

our lungs

Fig 1.1 CQ and Q values in air during early stages of development ofungs, in our cells now and in
modern air.

We can see that air had dramatic change during evolutinowl has too much oxygen and almost na.CO
Hence, the chief parameter of our environment (we can suornivays or weeks with no water or food, but only for
minutes with no air) became abnormal in its compositiois. dnly existence of our lungs that protected us from
extinction. Nature could not anticipate this cardinal changer, but it did provide us with the means for survival.

Conclusions
. Many sick people with modern degenerative health conditlorenically breathe 10-25 I/min, or 2-5 times
more than the physiological and medical norms (about 5-6 I/min).
. Such chronic over-breathing usually reduces §l@res in the organism causing, according to physiological

laws and studies, the following consequences:

- hypoxia of all cells and organs (especially of thearband heart);

- local constriction of arteries, arterioles, and cap#s, leading to poor blood perfusion in the heart, brairotret
vital organs;

- tension and irritability in smooth muscles;

- excessive excitability of many brain areas and other patte nervous system;
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- constriction of air passages;

- abnormal changes in blood pH and electrolytic compositi@ach human cell;

- abnormal biochemical reactions involving vitamins, mirggramino acids, lipids, hormones, carbohydrates and other
vital substances.

. Medical studies have revealed personal variability ofiplogical and psychological symptoms due to
chronic hyperventilation.

. Acute over-breathing, which is produced by the hypervéiotigrovocation test, often reproduces the
symptoms of the main health problem.

. There are only a few, rare health conditions, whicltchagacterised by breathing less than the norm.

. Since over-breathing causes low £Oncentrations in the exhaled air, results of such uneagnts revealed
that the carbon dioxide level is low for different growpsick people, and dangerously low in the severely sick.

. Breathing of critically ill patients is usually viséhlaudible, and corresponds to very low carbon dioxide stores
and heavy hyperventilation.

. BHT (breath holding time) or the BH(breath holding time after normal expiration) is a singid clinically
significant indicator reflecting the individual health stat@eople with asthma and heart disease.

. Breathing has a unique position among other vital ploygicdl functions due to the human ability to control
it.

. During early millennia of evolution of the lungs, hypemvation, as a reaction to psychological,

physiological, chemical, bacteriological, viral and any otkress, became the most fundamental reflex of the human
organism.

. Despite of dramatic change in air composition duringugiasi of life on Earth and despite of our ability to

kill ourselves just by heavy breathing, Nature provided ustiwé&hmeans of survival: our lungs.

Q&A section for Chapter 1
Q: What were the historical origins of concerns abouthe dangers of CQ?
A: In the 1780s, French scientist Antoine-Laurent Lavodetermined the composition of air. He also discovered the
mechanism of gas exchange during respiration and burning. Olg/gensumed for the production of energy and
carbon dioxide is expelled as an end product. In his classipariments, mice died in a closed glass jar in an
atmosphere containing large quantities of carbon dioxide amasatho oxygen. A candle also quickly expired in such
air.

That was probably the time when a superficial understandirggpiration produced the idea that carbon
dioxide was atbxic, waste and poisondugas while oxygen brought life and vigoiTdke a deep bredth* Breathe
more air, it is good for your health* Breathe deeper, get more air into your lungs, we need oXyetenbecame
popular phrases for which there is no scientific basis. Begn some scientific publications contain such misleading
sentences, aRkespiration is the process of oxygen delivery.

Professor Yandell Henderson gave the following explanatitmofgnorance, Likeness of Life to Fire. -
Lavoisier's supreme contribution to science, and particularly toiplogg/ was the demonstration that, in their broad
outlines, combustion in a fire and respiratory metabolism in an anineabantical. Both consist in the union of
oxygen from the air with carbonaceous material: and both result intibeation of heat and the production of carbon
dioxide...

The human mind is inherently inclined to take moralistic view of nauier to the modern scientific era,
which only goes back a generation or two, if indeed it can be said asgreto have begun in popular thought, nearly
every problem was viewed as an alternative between good and eviorighess and sin, God and the Devil. This
superstitious slant still distorts the conceptions of health and diseaieed, it is mainly derived from the experience
of physical suffering. Lavoisier contributed unintentionally to this ephon when he defined the life supporting
character of oxygen and the suffocating power of carbon dioxide. Accordimghgofe than a century after his death,
and even now in the field of respiration and related functions, oxygdiesyfiie Good and carbon dioxide is still
regarded as a spirit of Evil. There could scarcely be a greatezanteption of the true biological relations of these
gases.”.(Henderson, 1940).
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Q: How did the parameter “40 mm Hg CQO,” appear in textbooks?

A: This number is important because it is present imain physiological textbooks used nowadays by western
students. This is the current medical norm for, €@htent in alveoli and the arterial blood. The number was
established about a century ago by the famous British phgstd Charles G. Douglas and John S. Haldane from
Oxford University. Their results were published in theckil he regulation of normal breathirgy theJournal of
Physiology(Douglas & Haldane, 1909). The investigators analysedalrdood gases of staff members at Oxford
University, including scientists and support personnel femdd the average for the group. It is possible to argaite t
even during those times many University workers had a segdifé style with little physical activity. Hence, ihe
CO; concentrations could be lower than those for most heptthpgle a hundred years ago. Indeed, another old study
by the also famous Karl Albert Hasselbalch had about 46Hm@CQ as the average value for volunteers at rest
(Hasselbalch, 1912). Doctor Buteyko suggested about the sdmeeto be the norm for people in good health.

Q: How many people have normal breathing?

A: If we accept medical standards (6 I/min for ventilat as in most medical and physiological textbooks, and 40 s for
the BHT), only a small percentage (less than 10%) of the populattisfies this criterion. Experience shows that on
average, only a few, if any, per 1,000 people have breaththdaictor Buteyko’s norm (60 s BHBr more).

Q: How much oxygen is retained in the human organism? In o#tr words, are we efficient in oxygen extraction
from air?

A: Typical patients with asthma and heart disease breditat 15 I/min at rest and have about 15 s BHiey utilize

or absorb only about 10% of inhaled oxygen, the remaining 9@3heled back in air. People, who are considered
normal by medical standards (6 I/min and 40 s BrTain only about a quarter (25%) of the oxygen that theajenh
Their lungs are more efficient at extracting oxygerosghhealthy people, who breathe in accordance withyBoite
norm (4 I/min; 60 s BHY, can extract up to 30-35% of the oxygen they inhale. Peofileower 3 min BHT(hatha

yoga masters. Dr. Buteyko and many of his colleagues, etalviaave about 2 I/min for minute ventilation and retain
up to 60% of inhaled oxygen.

Q: Which body parts or tissues are particularly sensitiveo tissue hypoxia? In other words, how long can
various organs and tissues survive without oxygen?

A: The time of survival will relate to initial oxygenati (reflected in the breath holding time) and existingupiolh of
tissues. This table from the British Medical Journal @he& Treacher, 1998) reflects tolerance to hypoxia of wgrio
tissues for an ordinary person.

Tissue Survival time
Brain <3 min
Kidney and liver 15-20 min
Skeletal muscle 60-90 min
Vascular smooth muscle 24-72 hour
Hair and nails Several days

Q: Some people claim that over-breathing can help the organisto "expel toxins". Is this opinion correct?
A: Although some medical and physiological textbooks on respiratate that unwanted substances can be removed
from the organism through the air passages, their quenéite small. In addition, over-breathing or hyperventilason
unlikely to be useful due to greatly decreased blood suplghty organs of elimination, which will then functiondes
efficiently. Moreover, poor blood supply to the tissues is gtangjminish the rate at which these substances are
collected by body fluids and eliminated.

Meanwhile, normal breathing (about 6 I/min), in addition to tlezidieed normalisation of body physiology,
means that smaller amounts of polluted air, smoke, etgstare taken in to the organism through the lungs.

Q: Does deep breathing help to deliver more fresh air togorly ventilated parts of the lungs filled with old stale

air?
A: Often people also ask, “Is it true that, if | itealittle, | do not exercise my lungs and can develop songs
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problems?” Vice versa. All people with asthma, emphysénmchitis, and many other problems are heavy breathers.
They need Coto heal their lungs. In addition, people with heavy or deepthing are often chest-breathers since the
smooth muscle of the diaphragm is in the state of spdsnce, their lower layers of the lungs get much lessyif

fresh air. Normal breathing is diaphragmatic allowing homogenefiagon of the whole lungs with fresh air, similar

to what happens in the cylinder of a car due to the moveméme pfston.

Q: Can a few deep breaths or sighing relieve tension the chest?

A: During the first of several deep breaths, not only drahaoli in the lungs greatly expanded providing more
oxygen for all tissues, but also any tightness in the chestles can be temporarily relieved, due to theitctireg
and subsequent relaxation. Periodic sighing (a typical symptalabetics, CFS sufferers, cardiac patients,
asthmatics, etc.) is an example of chest tension rbligfsuch deep breaths also remove morg @6, from the
lungs, and finally, from all cells.

As a result, any beneficial effects of deep breathingemeshort-lived. Moreover, lowered G@vels lead to
worsening of the problems which deep breathing was intended/®aalsing: 1) further bronchoconstriction, up to
partial or total closure of some lung areas and |éestefe gas exchange; 2) more muscular tightness due taseut
hypoxia, excessive excitability and tension in the chesoéret muscles, constriction of arteries and capillasied,
certain other physiological disorders discussed above.

Thus, the temporary relief provided by periodic deep breathigbing can become a part of the vicious circle.
It is no surprise that various medical professionals,casithf the already cited publications, viewed sighing elsax
symptom of the chronic hyperventilation syndrome.

Q: How does breathing affect the quality of sleep?

A: A normal person needs about 5-6 hours of sleep. Heafslibep within a few minutes, sleeps the whole night in the
same position without awakening, does not remember his di@ainsakes up fully refreshed. That corresponds to
normal breathing and normal breath holding time (about 40 s).

A typical asthmatic with 15 I/min ventilation and about IBHT tends to have 8-10 hours of sleep. He is
likely to need some 5-20 minutes to fall asleep. During the higlcan awaken, get anxious, change positions, have
dreams, etc. In spite of the long period of sleep, he nibfest tired in the morning. How and why are these
abnormalities possible?

As mentioned above, hyperventilatidedds to spontaneous and asynchronous firing of cortical netirons
(Huttunen et. al., 1999). This phrase, from the professioagamineExperimental Brain Researchas very serious
personal and even social ramifications (as we are goisgetan Chapter 9).

For example, when this asthmatic goes to sleep he has thpuich are self-generated by his brain in spite
of his conscious attempts to calm down, relax, put everytside, etc. Thesepontaneous and asynchronous”
thoughts often cause problems with falling asleep.

Let us consider the duration of sleep. Two main known physi@bpiagposes of sleep are to give rest to the
brain (especially to cortical areas) and the mus@les.normal person, due to normal a@0ncentrations, has had a
relaxed, easy attitude, with normal perception during theéendtay. He has experienced less stress (since Biress
modern people is mainly due to distorted attitudes terauents and stimuli, not due to life-threatening sibug).

His muscles have been relaxed (again due to carbon diokidece, he needs only 5-6 hours of sleep.

The asthmatic, due to chronic hyperventilation, has haktmuscles and over-excited brain during the whole
day. Normally, he needs more time for sleep in ordeelexrand rest his muscles and brain.

Moreover, severely sick and hospitalised people wi8hs3BHTmay need up to 12-14 hours of sleep, usually
of miserable quality: with frequent awakenings, changed bosiyigus, dreams, nightmares, etc. The causes are the
same: tense muscles argpbntaneous and asynchronous firing of cortfeald otherjheurons.

Certain practical evidence and hatha yoga studies alsddawe that, when breath holding time is about 1
minute, people need on average only about 4 hours of sleep,fahi-3 minutes BH]T2 hours of sleep is sufficient.

In my view, that corresponds to the way Nature desi¢gimethuman organism.
The relationships between sleep and breathing will be coeside more detail later.

Q: Are concentration and other mental skills (like logi¢ analytical abilities, memory, etc.) similarly affected and
why?
A: We know from above, that brain blood flow is proportionad@0C. In addition, brain oxygenation is impaired in
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such conditions due to the Bohr effect. Both factors pguedictable effects on all our senses and communication
within the nervous system. At some moments of time, thgsantaneous and asynchronous firings of cortical” and
other neurons may coincide with the normal image of the wHidgvever, considering long periods of time, it is
unreasonable to expect that a chronically hyperventil&tiagy can function normally.

Q: I have heard that in some places pure ©can be bought for breathing. Is it good for health?

A: While breathing pure ©“Free radicals (and other toxic metabolites of oxygen) are generatadshcells as a
consequence of normal metabolic processes, but cells are protestenhjury by antioxidant mechanisms. Several
forms of lung injury appear to result from generation of toxic mditaisamf oxygen in quantities which exceed the
antioxidant capacity of lung cells’,.as stated at the very beginning of the abstract by Brigh986).

Moreover, detailed investigation of lung tissues revealat] tBxposure of animals to oxidant gases produces
a mild emphysema, and-Qerived free radicals are capable of degrading connective tisswésanlt is postulated
that degradation of connective tissue byderived free radicals leads to emphysema in these models” (ab#texct
et al, 1987).

A review, “Data on oxidants and antioxidaitsonducted by Junod (1986), also found ttainte Q
intermediates can affect the general cellular metabolism and inteiteplication or reduce protein synthesis, all the
biological effects of @and its metabolites should therefore be considered in the pathogehesipltysematous
lesions in the lunig(Junod, 1986).

Another related question is why anti-oxidants are ingrdrsupplements. They are used in order to diminish
the possible damage done by oxidants generated by, among otltessexcessive freely-dissolved O
concentrations.

Finally, a textbook on medical physiology (Ganong, 1995) contaiastes entitled Oxygen toxicity. It
starts with: 1t is interesting that while ©is necessary for life in aerobic organisms, it is also tdxideed, 100% ©
has been demonstrated to exert toxic effects not only in animatdsbun bacteria, fungi, cultured animal cells, and
plants. The toxicity seems to be due to the production of the sugeemion (@), which is a free radical, and J@..
When 80-100% &is administered to humans for periods of 8 hours or more, the réspin@assages become
irritated, causing substantial distress, nasal congestion, sore thaodtcoughing. Exposure for 24-48 hours causes
lung damage as well. In animals, more prolonged administration without iomités possible if treatment is briefly
interrupted from time to time, but it is not certain thatipeic interruptions are of benefit to humér{&anong,

1995).

In subsequent paragraphs, Professor Ganong describespaeeetmf lung cysts and serious visual defects
due to retinal damage in infants treated withif@ respiratory distress syndrome. Increase@i@ssure (in some
places pure ©is administered at increased pressure) acceleratesuiméul effects of @

Meanwhile, breathing £for a few minutes would probably not be very harmfuln&aelly, breathing pure
oxygen can be useful as a short-term emergency maastases of life-threatening hypoxia.

Q: What is the long-term influence of different air canpositions on human health? Has anybody investigated

the optimum composition of air?

A: The first experiments in this area were done abouhtueago by Yale researchers. Professor John Haldase wa
probably, the most prominent scientist of those timeswidée a classic textbook ‘#piratiori (Yale University

Press, New Haven, UK, 1922) which is mostly devoted tontieeaction between breathing and arterial blood CO
concentrations. During the later years of his careerrvedn the British Navy, working on air supply for submasine
(where people can spend several months). The results dda@arch are still classified by British government
agencies.

Available information about air composition on spaceships atekcthat during the first three US space
missions astronauts used pure Bure oxygen would be expected to cause impairment dahpmrformance and
physical health, due to decreased blood flow to the braidisaussed in section 1.2 and other negative effects
mentioned above. On later missions US astronauts were pravittethuch less @in the air of their spaceships.

In 1960s Doctor Buteyko was the manager of the laboratory diidmat diagnostic and studied various
breathing —related effects on cardiovascular and otheFreg<f the human organism. His research was supparted a
funded by the Soviet Ministry of Aviation and Space Explorafaorfirst Soviet space missions. According to Doctor
Buteyko, the optimum air for long-term health benefits shbeldbout 10-12% Jas found on high mountains) and
2% CQ (Buteyko, 1977). Probably, this extra 2% {fcreases aC{improving tissue oxygenation and producing
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other positive changes, while 10-12% @vice less than normal air) is small enough to minexidative lung
damage.

Surprisingly little information is published about researclopiimum air for submarines. Also, very little is
published about the growth processes of plants and anin@a(s;irnich air, while known results are very encouraging.

Q: Plant respiration is the opposite process: consumptn of CO, and production of O,. Thus, plants fix CO, for
synthesis of other chemical substances. Can animals do tlzere?

A: A review of numerous publications devoted to this subjed given by Waelsch and colleagues (1964) in an
article entitled Quantitative aspects of G@ixation in mammalian brain in viVvoThey found that aspartic and
glutamic amino acids and glutamine were the substances cligrsjcahesised in mammalian brains.

Glutamine is the most abundant amino acid in the humamismg (hence, its popularity among some
bodybuilders). It is also the amino acid most requiredigsué repair, butsince the supply of glutamic acid from the
circulating blood is insufficient for the formation of additional amourglofamine, the dicarboxylic acid has to be
synthesized in the brain(Berl et al, 1962) This last substance is a,@€rivative.

Thus, CQ can be fixed by the human organism in order to rebuildonsrtissues in the brain. The rate of
CO--derived glutamine production is proportional to &0ncentration in the brain. It follows that low €@ the
brain not only makes the brain unreasonably excited (dgssinsing anxiety, fears, panic attacks, aggression,
hostility, violence, or other strong emotions), but alsodth®rse effects on its cellular repair.

There are several other reactions, in which @@ne of the necessary components. These reactiorestelat
biosynthesis of amino acids, carbohydrates, lipids avetakother vital substances. The formulas of these oecti
are provided in the articlerhe Role of Carbon Dioxide in the Vital Processes of the orgarfismarinov, 1991)

[Available at: http://members.westnet.com.au/pkolb/biochen}. ht

“Q: Could you [doctor KP Buteyko] please explain us shortly youmgiple of breathing?

A: Here it is: we know that deep breathing decreases the coatentof carbon dioxide in the blood, lungs and cells.
A Russian scientist from Perm, Verigo discovered this latwea¢md of 19-th century, which is, as it seems, strange: a
fall of carbon dioxide increases the chemical link between oxygen and habmogis a result, it is more difficult for
oxygen to get from the blood to the brain, heart, kidneys, and othersorgaother words, the deeper the breathing,
the less the oxygenation of the cells in the brain, heart, and kidh&gdaw is in the foundation of our discovery.

CO, deficiency causes constant spasms in all organs. Hence, it ssaeg¢o learn right breathing{(Buteyko, 1997).
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Chapter 2. The chemical and physiological mechanissrof immediate
regulation of breathing

Introduction

The next topic (Chapter 2) is to consider the basic mechafismnmediate regulation of breathing. First, we
shall consider the chemical foundations of breathing ragalatow does the body know when to breathe? Which
body tissues and structures participate in regulation piregg®n?

Second, we are going to consider some practical situatiawgaHd why is our breathing changed due to
some simple physiological activities? How do variationfiéndomposition of the inspired air influence human
breathing?

Within this portion of the topic, as a first step, we aa/estigate the control of breathing in healthy people
when the human organism is subjected to different ¢estgntary changes in breathing frequency; changes in
parameters of inspired air, including barometric pressndeair composition; and physical activity). Later, duth&
importance of the BHTbreath holding time) test, we can consider how breathinonisatled during breath holding.
Then, we will review the impact of the same tests ortbhathing for sick people.

The main ideas about breathing regulation in the healthylieame known for about 100 years, and can be
found in medical and physiological textbooks. However, thexstil debates regarding chemical and neurological
control of breathing.

2.1 Biochemical control of respiration

The central nervous system control our breathing, using spiesiaés and cells that sense the concentration of
carbon dioxide, oxygen, and hydrogen ions, and then send theation to the brain. There are 2 types of respiratory
chemoreceptors: central chemoreceptors, which are tbratbe medulla oblongata of the brain, and peripheral
chemoreceptors.

The central chemoreceptors detect changes in the pH céttélero-spinal fluid and they are responsible for
long-term or chronic changes in breathing. Since di€solves in the blood and can penetrate through the bload-brai
barrier, the main reason for pH variations in the breenchanges in C{roncentrations. Peripheral chemoreceptors
monitor immediate changes in @, and pH concentrations of the blood and control our breathithe short run.

It is agreed that peripheral chemoreceptors include;

1) the carotid body, which is situated at the divisiothefcommon carotid artery into the external and interaadtid
arteries in the neck, becoming the external and inteanatid artries;

2) the aortic body which is located near the aortic arch.

Both bodies are small pieces of tissues, which arewellyperfused. The carotid and aortic bodies detect
acute changes in GOpH and @ concentrations of the arterial blood. The output from both baglredayed to the
respiratory centre in the brain for immediate regulatibbreathing.

It is possible that there are additional chemoreceptdrish are often called “paraganglia”, located in the
thorax and abdomen (Deane et al, 1975; Easton et al, 1983).

In addition, there are other receptors that are connectbd tweathing centre, and are located in the lungs.
These receptors, too, can influence our breathing by pirggluior example, coughing, sneezing, deep inhalations,
hyperventilation, breath holding and other effects. Thasspters can detect the presence of foreign objects or
irritants in the airways, the degree of inflation of linegs and other parameters. The functions and actiomsref ef
these receptors in the lungs and their relationships tethiorgaare still poorly understood.

More recent evidence suggests the existence of the respirdaytiim due to dischange of medullary
respiratory neurones. The respiratory rhythm,according tor@¥edical Dictionary, ighe rhythm of alternating
inspiratory and expiratory movements that take place during breathng. féspiratory centres are thought to
control the respiratory rhythm; the inspiratory centre and expiratmytre in the medulla, and an apneustic centre
and pneumotaxic centre in the pomsis rhythm probably plays a central role in situatiwhen we loose
consciousness. The respiratory rhythm influences, togeftieother factors, the duration of breath holding (Parkes,
2005). This study of Park&reath-holding and its breakpoimdicates that even such a simple event as breath
holding has very complicated mechanism of interactions cbwsuparameters and little is known about exact details
of this process.

Doctor Buteyko proposed that @@eficiency makes the neurons of the respiratory centreseeielling
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further hyperventilation and causing reduction in_the RBuiteyko, 1977).

2.2 The main physiological parameter, which controldbtieathing of healthy people

Let us consider healthy volunteers, who were asked ttoavioly:

* 1) to breathe several times slower or faster whitaafg the depth of breathing to regulate itself in a natuesiner
(their respiration rate could change from normal 12-15 to 3-iperte for slow breathing and up to 24-60 per
minutes for fast breathing);

* 2) to breathe normal air at different barometric presss (from about .5 to 4 atmospheres);

» 3) to breathe different air mixtures (consisting of fro194% to 4-5 % C@and from 12% to 80 %

* 4) towalk 3, 5 or 8 km/h.

Was there any common parameter, which regulated bredthniadl these situations? Practical experiments
revealed that most parameters varied within wide radgesg these tests. For example, minute ventilation, the
respiration rate, the volume of a single breath (tidalmely arterial and venous, ©ontents changed two or more
times in comparison with corresponding values at rest.ddery the carbon dioxide concentration in the arterial blood
(aCQ) varied as little as 2-5 % in relation to resting ens.

These tests were conducted by Yale Professor Johautatbout a century ago when basic ideas about
respiration were established. Analyzing these resultseggof Haldane, in his textbook on respiration (probably the
oldest one), stated that under normal conditions, exclusive oy emk, the breathing was regulated by the carbon
dioxide level in the lungs or arterial blood (Haldane, 1922¢s€&ltlassic experiments have been repeated many times
by other researchers.

Therefore, during normal daily activities, the nervousesyspreserves a certain level of carbon dioxide
concentration in the lungs and the arterial blood.

In order to maintain this nearly constant daily d&¥el, the human organism employs, using a feedback
mechanism, special groups of nervous cells located imiffieyent places, in the medulla of the brain and niear t
main arteries close to the heart. This system of @ell be called in this book "the breathing centre". How dbiss
feedback mechanism work?

In normal conditions, the immediate af¥@lue of the person corresponds to a@@m established by the
breathing centre. However, certain activities can chamga€Q value in both directions.

For example, during acute voluntary over-breathing the cua@@x value becomes smaller than the aCO
norm. This change is detected by the breathing centrebréaéhing centre instructs (or orders) the respiratory
muscles to stop their activity (stop breathing). The osrarstarts to accumulate carbon dioxide up to the level preset
by the breathing centre (aQOThat causes a gradually increasing desire to breddneal breathing is resumed
when this preset level is achieved.

In certain other situations, the organism can accumebatessive (in respect to the preset aQidm)
amounts of carbon dioxide. That can happen, for examplglbreath holding started after normal breathing. In both
cases the breathing centre senses this gradualin€@@ase and sends impulses to respiratory muscletetesify
breathing until additional carbon dioxide is removed anda€gf@in stabilizes near the initial norm.

The same situation takes place during speaking while vigorexslgising since ventilation during heavy
exercise can be as large as 150-170 litres per minute.deviny yelling or roaring ventilation numbers are
significantly less. Hence, speaking while vigorously exangi causes increases in current a&ues.

Generally, the drive to increase breathing is proportiondlealifference between current ag@lues and the
preset aC@norm. When the difference is negative (the currenta@des are lower than the agabrm), there is a
drive to decrease ventilation, up to its full cessatiomy @ases of prolonged voluntary hyperventilation.

The breathing centre also monitors oxygenation of the drdoiad using a similar feedback mechanism, but
its importance for the above-mentioned tests is almosigitggl Since C@forms carbonic acid in the blood, the
control of oxygenation is achieved by these cells thraagising hydrogen ions or pH of the blood which is kept, in
health, within a narrow range (7.35-7.45). Hence, the hneatientre also monitors blood pH, one of the most
important and carefully guarded physiological parameters.

Let us look in more details at normal physiological respoftsebiese four tests investigated by Professor
Haldane.

. 1. Changing breathing frequency from a normal 12-15 timemijpeite to 3-4 times per minute caused
prolonged inhalations and exhalations in normal people.ritigrally produced a slow and deep breathing pattern.
The amount of air exhaled during such breathing was almme$tanged. Hence, G@limination from the organism
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during this slow breathing was also nearly the same (assttie test). Hence, the ag@lue remains unaffected.
Voluntary breathing with high frequencies (24-60 timesrpieiute) resulted in fast shallow breathing also without
significant aCQ changes. Dogs in hot weather cool their bodies using sudhioged_arge amounts of water
evaporate from their tongues cooling the blood, while thigoradioxide level remains almost unchanged.
. 2. Breathing normal air at different barometric pressyfrom twice less to four times more, than the normal
barometric pressure at sea level) did not have an immestiaté on breathing. Indeed, @@ontent of the inspired air
changed very little in these situations since normaiaaironly 0.04 % C9 Hypoxia at the lowest pressures was too
small to produce noticeable changes in breathing. Thus, hgathis almost unaffected.
. 3. When the C@content of the inspired air suddenly increased, thgf€ssure in the lungs and, hence, the
arterial blood also increased. The breathing centre dénseaCQ rise due to blood acidification and that caused
increased ventilation. Small increases in inspire€C&y content (up to about 1%) were almost unnoticeable. Air with
around 2% C@resulted in marked increase in ventilation. 4-5% @0Onspired air produced laboured breathing with
minute ventilation over 20 I/min (e.g., Straud, 1959) in ordeemove extra COand preserve the preset aCO
Variations in Q concentration of the inspired air produced no sensatowgle ranges (from 15% to 100%).
Thus, breathing pure oxygen usually does not result in imneesiicific feelings or symptoms. Hyperoxia (excessive
oxygen in air) has never been experienced by an aspeales during evolution. Indeed, ai @ntent on the Earth
has always been increasing, except for short histgresagods when it has had small drops. Thus, breathing @uis
usually not felt, although prolonged breathing is harmful tduthgs and the brain. However, for hypoxia, a slight
increase in ventilation and a corresponding a@&€arease were detected when gic@centration became about 12-
15%.
. 4. Physical exercise required additional energy provigetiuscles due to oxidation of carbohydrates and fats
and the generation of additional €his extra C@was transported by the venous blood to the lungs and detected by
the breathing centre. The results were increased lmgdteiguency and minute ventilation. It is possible for
ventilation to reach 100 I/min for moderately heavy physicakwbut aCQwould be virtually the same as at rest (2-
5% relative variations in respect to the initial value).

2.3 Hypoxia and its contribution to regulation of breathing

Let us look at the influence of,@ontent on respiration when g@€oncentrations in the inspired air are
negligible. Healthy people usually notice increased veintiladnly when Q content is below 10%. Smaller changes
(e.g., when breathing 15-19%)Q@re probably also sensed by the breathing centre, buasecteentilation would
also result in reduced aG@alues. The breathing centre mainly controls a@® a result, these two drives cancel
each other out for Oconcentrations between 15 and 19%.

What happens during heavy work? When intensity of exerciseéhggher, the amount of oxygen in tissues and
in arterial blood becomes lower. As a result, increasingggns generated without direct Qarticipation (anaerobic
metabolism). Such metabolism causes the appearance ofldtia the blood. A small amount of lactic acid is
present in the blood at rest and its level gets largertibuemains constant, for exercise with moderatenisifges. At
higher intensities the lactic acid level is constainityeasing causing blood acidosis, which is sensed by éaghomg
centre.

Fatigue and pain are the normal sensations experienced dadrafter strenuous physical efforts. According
to a textbook on medical physiologydtigue is a poorly understood phenomenon that is a normal consequence of
intense exercise or mental effort. In addition, it is a symmbmany different diseases. During exercise, acidosis and
other factors contribute to its productib(p. 627, Ganong, 1995).

Using these conclusions, it is possible to suggest tharéathing centre can play an important or, probably,
the central role in the perception of sensations gjdatand pain due to physical and mental exercise. Bgssib
because it is a part of the nervous system and is sensipdjdotidosis caused by increasing blood lactate, the
breathing centre sends intensive signals perceivedigseatr pain. That makes heavy work, at some momemh@) t
physiologically impossible (blood acidosis to pH=7.0 can bé fatdaumans).

In order to keep pH closer to the normal 7.4, the orgartisrtsso remove carbonic acid as a compensation for
increasing lactic acid. Carbonates are the majoy fG@ns in the blood and their level can be kept low due t@vain
of bicarbonates by kidneys and additional ventilation.

In practical terms, only at sub-maximum intensities $8@6 of the maximum possible oxygen consumption),
does aC@start to decline from the initial resting level (40 mm ldgyvn to about 30 mm Hg for maximum possible
intensities. This conclusion can be found in textbooks orciseephysiology (e.g., p.201, Brooks et al, 1996).
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2.4 Control of breathing during breath holding

When the lungs are not ventilated, as during breath holdidgr normal conditions, their carbon dioxide
concentration builds up. Indeed, incoming venous blood continuoustslmore C@to the lungs. The breathing
centre monitors these changes. During initial stages oftbinedding, the discomfort is small or unnoticeable.
Gradually, the chemical influence on the breathing centeesnger over time, creating, at some moment, the first
distinctive urge to breathe. This urge can be suppressed bywlhg@swer until another aC&threshold is achieved.
At that moment the continuation of breath holding becomes intges$his is the main process, which regulates the
duration of breath holding time in healthy subjects.

Therefore, BHT is mainly defined by 3 parameters:

1) the initial aCQ,
2) aCQ threshold established by the breathing centre;
3) the rate of aCoaccumulation.

Let us consider different practical situations and how thityance these parameters and BHT.

. Initial volume of air in the lungs. Larger initial amounts of air in the lungs allow moaelon dioxide to be
left there by the venous blood. Hence, lungs €@hcentrations are going to increase with lower rataaglbreath
holding. Similarly, the rate of aGQncrease in the arterial blood leaving the lungs is afsdler. That allows longer
BHT.

Indeed, as mentioned in chapter 1, an analysis of sexgratimental studies found that BHT is linearly
proportional to the initial lung volume (Mithoefer, 1965). Erample, it was found that BHT after complete
exhalation is about 4 times less than BHT after full lefi@n. At normal exhalation breath can be held for aBod6
and at normal inhalation about 55% as long as BHT at mamimbalation.

. Body position Depending on the body position, the metabolic rate and, hiwecegte of carbon dioxide
production are different. For example, standing requias fbout 40 to 70% more energy, than lying on one’s back.
As a result, the rate of aG@ccumulation in the lungs is higher when standing. NoymBHT when lying is larger,
while BHT while sitting is going to be in between the ottvew positions.

. Current physical activity. From the previous paragraph it follows that physical aigtgenerally reduces

BHT due to faster accumulation of carbon dioxide. Thaspeeially true for higher intensities, when BHT can be
several times smaller and is equal to a few secorslghatnaximum intensities. However, slight physical actiatty

the end of breath holding can prolong BHT (explained in thisosebelow).

. Previous physical activity Let us compare two situations. The tests, in both dersdl situations, can be
done while sitting, but, in one case, immediately afteniaditing and, in the other case, after 5-10 minutes of lming
rest. The results are going to be different, since pnisscular activity generates additional carbon dioxide (in msiscle
which produced this work). This additional carbon dioxide/es at the lungs, is detected by the peripheral
chemoreceptors of the breathing centre and, as a residescdecrease in BHT.

. Previous breathing Acute hyperventilation reduces €€bntent, first, in the lungs, then in the arterial blood,
and finally in all tissues. Therefore, depending on thetdurand intensity of hyperventilation, the startingd&vel

is going to be smaller. Hence, additional time will beuieed in order to achieve, first, the normal a@&el preset

by the breathing centre and, later, the upper limits ofante which define BHT. For example, 2 minutes of forced
hyperventilation produced 2 minutes of natural breath holdingaaimum inhalation in healthy people (Ganong,
1995). With increasing intensity and duration of over-itniegt(up to a few minutes) this time can be even greater
Meanwhile, long and especially chronic hyperventilatioetethe breathing centre to lower aGrmal values.
Indeed, results in Chapter 1 revealed that those pedpekronically breathe deeply have a short BHT. However, at
the moment we are discussing only healthy people with normeating. In later chapters, the effects of
hypoventilation (breathing less than desired) will be consdle

. Initial air composition. Breathing special mixtures of air before the test @ kast breath before breath
holding also influences BHT. For example, the higher theisga@®O; pressure in the lungs, the shorter the BHT
(Godfrey & Campbell, 1968). Larger starting €ncentrations increase BHT (Mithoefer, 1965).

. Special chemicals affecting the breathing centre, respiraty muscles or other related systemsaMany

drugs, medications, steroids, other synthetic and natuipataances can influence the breathing centre and BHT (up to
several times in both directions). For example, alcohah@svn to increase BHT soon after intoxication (larger BHT
may contribute to the feelings of euphoria and powerfulnedsle later, during hangover, BHT is significantly
reduced in comparison with the initial value.
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. Physical activity at the end of breath holding Different types of light physical activity at the esfdbreath
holding (for example, stomping, clenching fists, swinging movesef arms, swallowing movements, imitation of
inhalation by chest or diaphragm muscles without taking arig)grolong BHT (Bartlett, 1977). Probably, these
activities distract the central nervous system from payietusive attention to the breathing centre, which generates
distress and pain signals. As it was suggested by Batfléese findings show that a manoeuvre that does not involve
the respiratory system can consistently prolong breath-holding timsiphoby providing distraction from the
discomfort of the breath hdl@Bartlett, 1968). He found that, practically, 10 to 20%ré@ases in BHT could be
observed. In my view, a similar effect of pain reductiae tb distraction takes place in cases of light physiclity,
while having, for example, toothache.

. “Training effect” . Several successive breath holds essentially improve Hrelting performance, as it was
documented by Heath and Irwin (1968) and Bartlett (1977). Biofesds investigating diving believe that this
increase in breath holding time is due to restoratiomhatt is called the “diving reflex” which is observed iamyg

(even land-dwelling) animals, humans included. What tbend is that repetitive breath holds “teach” the human
organism to divert blood from the skin to the heart, braincdiner vital organs (as during cold water immersion).
Practically, the degree of this reflex can be definethbyamount the pulse slows during breath holding.

Does the “traing effect” relates to the maximum posdiivkeath holding time or the breath holding time until
the first stress (the first desire to take breath)@ditég doctors from the School of Medicine in Chiba University
(Japan) studied, according to the title of their papbganges in the period of no respiratory sensation and total
breath-holding time in successive breath-holding tridlsey wrote,

“Immediately after breath-holding at end-expiratory level, thera certain period of no particular respiratory
sensation which is terminated by the onset of an unpleasant sensatiati@ned by progressive discomfort during
breath-holding. This period, defined as the time from the start ohtaoly breath-holding to the point where the onset
of an unpleasant sensation occurs, is designated "the period of no respsetsation’. Although it has been shown
that the maximum breath-holding performance is improved with suceésals, it is not clear whether this training
effect exerts a similar influence on the period of no respiratemgation during breath-holding. 2. Since the training
effect seems to be associated with the stresses of breath-haldihgpothesized that the initial period of no
respiratory sensation during breath-holding might be less influencéldeblyaining effect. 3. We studied 13 normal
subjects who performed repeated breath holds while continuously ratingesiratory discomfort using a visual
analogue scale. In addition, we measured the hypercapnic ventilatory resgaressh individual and obtained the
relationship between the slope of the hypercapnic response curve andtwkhitiy periods. 4. Our results showed
that there was little training effect on the period of no respiragamnysation and that the period of no sensation during
breath-holding is inversely related to the slope of the hypercapntdatery response curve(Nishino et al, 1996).

Hence, those people, who frequently perform breath KHdlders, patients with sleep apnoea, etc.), can
improve their total or maximum breath holding time without esa} improvements in their minute ventilation and
actual carbon dioxide stores. However, their breath holdirg wintil the first discomfort (orthe period of no
respiratory sensatidras the Japanese doctors called it) has only minorowgpnent.

The “training effect” has important practical implicats in relation to BHT measurements, as we will see i
later chapters.

. An individual attitude or current emotional set. As for any other personal test concerning human
performance, the general state of the central nervous syfstings, attitudes and emotions, all influence BM&ny
studies from Chapter 1 do not specify the exact detaiBHIr measurements. Obviously, this introduces some level
of uncertainty in the measurement process.

Note that in all these situations | use the term BHE&gtr holding time), not the different term BKfireath
holding time after normal expiration), since Bi§Tmeasured under normal conditions (sufficient rest, rethire
control, no breathing manipulations, normal air compositionpaiesisure, etc.) after normal or usual exhalation.

2.5 Control of breathing in people with chronic hypervenalati

Chronic over-breathing causes numerous negative physiologarades (Chapter 1) due to low £€dntent
in the organism. Tissue hypoxia (due to the suppressed Bett) eexcessive excitability of the nervous system, and
reduced blood supply to the brain, heart muscles and othersaagd tissues are the typical consequences of chronic
over-breathing.

Let us compare the regulation of breathing of sick petyimg physical exercise with our previous findings
for healthy individuals. From practical experience it is knohat the respiration of most sick people usually gets
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heavier for moderate and, sometimes even minor physiegi@x, like stair climbing. A professional review of
medical studies in this area concluded that physicateseusually caused metabolic acidosis (excessive acitbficat
of the blood) for patients with various health problemsiggérman & Casebury, 1976).

What were the sources and consequences of increasey ecgidk people? Deep breathing causes chronic
tissue hypoxia. Hence, these people experience low tigygermation before exercise. Since all cells need oxygen in
order to function, anaerobic metabolism (burning fuels witheygen participation) becomes more pronounced.
Therefore, the resting lactic acid level in the blood dk pieople is often elevated.

Exercise needs even more energy apdl@at results in even a greater incidence of anaerosigholism, as
compared to healthy subjects, and in further accumulatiacioé acid in the case where physical work is being
performed, leading to increased acidity of the blood. Turélter increases acidity of the blood. If for healthpgle
high lactic acid levels are normal only for very heavy wonkst sick patients have high lactate almost from tlseton
of light or moderate physical exercise. Such acidosisesagreatly increased breathing and further reductioodn
CO;, stores. For example, an analysis of respiratory paessnef different classes of heart patients revealBae ‘end-
tidal CO, pressure during exercise can be used to evaluate the functional cagfgquatiyents with chronic heart
failure” (abstract, Tanabe et al, 2001).

Therefore, physical exertion requires more physicalpsydhological efforts on the part of sick people, while
for critically ill patients even light exercise canfaal, since hypoxia is already near the physiologicaldimitthe
human organism.

It follows that certain, biochemical parameters (aQ@sue oxygenation, lactate values, etc.) for seydrel
patients during slight physical exertion or even at restkse to the same parameters of healthy athletesreho a
exercising strenuously and are near the full physicaluestizan. The difference is that the athletes can restizen
recover quickly, while the severely ill patients often dokrow how to recover to physiological norms.

Other previousy mentioned tests also would produce diffeesntts in people with impaired health and
respiration.

For example, breathing 3 times per minute can be diff@ulinpossible for sick people to perform. Indeed, in
order to preserve their usual resting ventilation (breathingXvé#min), sick people need to inspire more than 5 | of
air during a single breath. That is unattainable evemfist healthy individuals. Breathing less air per minwgkaive
hypoventilation) during long periods of time may cause gihelolems. Among them are additional tension in the
chest muscles due to maximum inhalations and exhalgtansing more stress) and increased anxiety due to
unexpected and often feared feelings of air shortage.

The reaction to breathing different gas mixtures in sidpfeeis usually abnormal too. For example,
hyperventilating sick people are over-sensitive to the poesef small amounts of carbon dioxide in the inspired air
Breathing some gas mixtures (e.g., with 2 or 4 % carboaddicontent) produces excessive over-breathing in people
who hyperventilate as compared to the rection of healthgstshjA similar reaction (over-breathing) is observed,
when breathing air with reduced €ontent. Accordingly, high altitudes are poorly tolerated to already existing
hypoxia.

In the abstract of the revievtudying the control of breathing in mfabr. Foldering wrote,

"Disruptions of the control of breathing may have serious consequencevéral categories of patients, e.g.,
those with chronic obstructive pulmonary disease (COPD), asthnep, afgoea, sudden infant death syndromes, and
the hyperventilation syndrome. Adequate investigation of the contratathiimg in these patients is of great
importance for their treatmeh{Foldering, 1988).

2.6 Breath holding control in diseased states

As it was shown in section 1.8, BHTs and BH®r people with various health problems are signifigant!
reduced as compared to healthy individuals. What are théo|sossasons?
. People who hyperventilate has a lower initial a@®well as lower tissue carbon dioxide concentrationat T
causes excessive excitability of nervous cells (see ahbpsection 1.2), including, the nerve cells of the breathing
centre. The breathing centre becomes increasingly sensitaCQ increases, as numerous chemical sensitivity tests
and published studies confirm.

Thus, the state of excessive excitement of the nervossatehie breathing centre can make BHTs and 8HT
shorter in people who hyperventilate in comparison withilmepeople.
. Healthy people have larger amounts efitOtheir tissues due to a normal aC®hhus, during breath holding
they do not suffer, to a large extent, from hypoxia. anyndiseased states, the amount pinQissues is smaller. This
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causes a worsening of the already existing hypoxia duringhdneéding.

Indeed, testing the BHT of patients with neurocirculatothiexsa (another name for chronic fatigue
syndrome), Dr. Friedman, Director of the Harold Bruntitage for Cardiovascular Research, San Franciscodftioie
average BHT of healthy persons after voluntary hypervéotilancreased by about 40%, whereas the BHT of his sick
patients decreased (!) by almost twice (Friedman, 1946y AMs we know preliminary voluntary hyperventilation
normally increases BHT due to a temporary reductiararbon dioxide stores. So, what was wrong with the sick
patients who breathed deeply?

People who hyperventilate normally suffer from low tissxggenation due to initially low carbon dioxide
values. Additional forced over-breathing removes even mob®gatioxide making the amount of available oxygen
even smaller due to the suppressed Bohr effect (no carbxideli- no oxygen to release). There are large amounts of
O, in the blood, but this £cannot move from red blood cells due to the absence of theczhheatalyser, CQ

Since sick, hyperventilating people normally suffer frdmonic hypoxia already at rest, their breathing centre
is also hypersensitive to further oxygen reductions. Thatts®o contribute to shorter breath holding pauses in people
with heavy breathing.

. Human and animal experiments performed by Browh waileagues (1948, 1949, 1950a, 1950b) revealed
that prolonged forced hyperventilation (24 hours) caused tloeviay changes: increased sensitivity toLO
inhalation, reduced blood buffer capacities due to increasgeétion of urinary sodium and potassium, and marked
fall in the brain plasma level of inorganic phosphatesuimreary it was suggestethis reduction in the buffering
ability of the brain for CQfollowing prolonged hyperventilation may be the mechanism by which tleasect
sensitivity of the respiratory centre to €following prolonged hypocapnijtow aCGQy] is brought abotit(Brown et

al, 1950b).

In turn, that causes smaller differences between tkp &izrance threshold and the aQ@ual level leading
to shorter BHTSs.

Thus, there are three factors which can make BHT ar8Hffeshort when people chronically breathe too
much:

1) excessive excitability (or irritability) of the breathingntre due to low carbon dioxide level;
2) low tissue oxygenation due to low carbon dioxide conctons
3) abnormal brain electrolyte changes (reduced bufferirigyabi

These suggestions are based on known physiological probesdes/e not been supported by any practical
studies. It is possible that there are some other fathat can play a more important role as to why BH€&shorter
for people with chronic hyperventilation.

2.7 Connection between BHT (breath holding time after nbexjairation) and arterial CO
Experimental results from Chapters 1 and 2 suggest thatoirpeople it is possible to establish a
relationship between aG@nd the BHT{(breath holding time at normal exhalation). Normal a€&ues (about 40
mm Hg) correspond to BHsTof about 35 s. When aGQ@lue to chronic over-breathing, gets smaller, so does tfie BH
Critically low aCQ numbers correspond to very small B&HT
Russian medical Doctor Buteyko devoted his life to studyingturea During the 1960s he created a
diagnostic complex, which could measure about 40 differepiragsry and cardiovascular characteristics in reaéti
including minute volume, breathing frequency, tidal voluexgired gas parameters, blood gases, pulse, blood
pressure, ECG, etc.(Inventor and Efficiency Expert, 1961eyBot1961; Buteyko, 1962). Using this unique machine
he investigated thousands of sick and healthy people and foainidh¢ relationship between aCahd the BHTis
almost linear. Years later he patented (Buteyko, 1986) theufa:

aCOx% = 3.5% + .05*BHT
(here, aC@ is the alveolar COconcentration in %, 3.5% is the minimum £fontent, .05 is a coefficient of
proportionality, BHTis the breath holding time after quiet expiration, whilergj at rest for 5-10 minutes). Appendix
2 provides the relationships between a@@nd aCQvalues measured in mm Hg at different altitudes. patent
claimed the same accuracy of afZ€defining as can be done using professional diagnostic devitds. Many
Western studies indirectly indicate that Bli§Tlower when C@values are lower, to my knowledge, there are no
Western studies that directly focused on this problem.

Let us calculate the normal BH/&lue while applying this formula. Normal arterial adeolar CQ pressure
is about 40 mm Hg, whereas a normal pressure at seadel@&) imm Hg. Hence, the normal a(d©5.26% (this is
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the normal carbon dioxide concentration in human lungs dedad blood at sea level). That corresponds to 35 s BHT
(in order to check that just substitute 5.26% into the forraotacalculate the BHTwhich is close to the average
found in numerous observations quoted in chapter 1 (Tab)e

It is likely that this formula works very well in threost important ranges of agG@nd BHTvalues, when the
BHT is between about 10 and 60 s. It cannot be applied withedgwirk people, when aG@ about 20-30 mm Hg
or lower. Indeed, minimum possible ag;@ccording to this formula is 3.5% or about 27 mm Hg, whiglical
studies often quote 20 mm Hg and lower values forcaltii ill patients. At the other end, for high aC&nhd BHT
numbers, there were exceptional people (hatha yogamsjastbo could hold their breath for many minutes, but thei
aCQ was only slightly above the medical norm.

Those people, who routinely perform breath holding, shoeasuore their BHTintil the first distinctive
desire to breathe due to the “training effect” discussaection 2.4.

This formula also practically helps to evaluate the teimentilation (how much air we breathe in 1 minute).
Normal ventilation (about 6 I/min) corresponds to normallBBlbout 38-40 s). Those who have about 17 s BHT
(almost twice less than the norm) breathe about twostimare air (12 I/min for normal adults). 12 s Beldrresponds
to thrice over-breathing.

Therefore, the BHTeflects the intensity of breathing. Shorter BHMean chronically heavier and deeper
breathing. Many western medical doctors came to the san@sion as described in Chapter 1.

Note about exceptions. The formula cannot be applied for some physiological alitiesraf the respiratory,
circulatory, and nervous systems. For example, BHT can be srtalepredicted by the formula, as in cases of
blood shunting found in some people with emphysema and severe asthma (Mé&Fhagdes, 1968). In certain
cases, BHT can be greater than expected, as after surgery ofdchoalies of the breathing centre (Patterson, 1974,
Gross et al, 1976) or curarisation of the respiratory musclesr(gbell et al, 1966).

£2

Conclusions
. Under normal conditions, except with very heavy work, thathieg of healthy individuals is regulated by
carbon dioxide in the lungs or arterial blood.
. Only in special cases, like very low €ontent in the inspired air (less than 12-15%), hypoxXectsf
ventilation of healthy people causing their over-breathing.
. Normally, breath holding in health is limited mainlyttwe aCQ threshold with little contribution due to
hypoxia. Other parameters, which define BHT, are initiddalue and the rate of aG@ccumulation.
. Control of breathing in those who hyperventilate isdfrglefined by chronically existing hypoxia due to
initially low carbon dioxide stores. The contribution of byja is proportional to the degree of deep breathing.
. As a result of hypoxia, a more excited state of éspiratory centre, electrolyte changes in the human brain

and other factors, the breath holding time of hyperveéatdamajority of sick people) is reduced, depending on the
degree of over-breathing.

. It is possible that the connection between the Bbt€ath holding time after normal expiration) and aC&n
be expressed through a linear relationship, which can be @pg@lienost practical situations. The BH&n also reflect
the intensity of breathing (or minute ventilation).

Q&A section for Chapter 2

Q: Are there any special reasons to measure the BHafter a quiet expiration?

A: Doctor Buteyko introduced BHYin order to standardise BHT measurements. BHT goptional to the volume of
air in the lungs. The amount of air after normal e@mhalation can vary in different individuals. Howevdigraa
quiet relaxed expiration there is only anatomical volumairoleft in the lungs. Therefore, in order to havedsett
accuracy, it is reasonable to compare the BHT of diftgzeaple after their quiet expiration (Buteyko, 1977).
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Q: What are the physiological causes of the “training effect”?

A: In other words, why does breath holding time get larg#r test repetitions, while measured G@lues can

remain unchanged? Many physiologists who have studied thdiieg of humans believe that with humans can
develop a good diving reflex, similar to that observed in naiwvipg animals. The diving reflex includes numerous
adaptive physiological changes as a response to breath haldwaig of the heart rate, reduced blood circulation to
muscles while maintaining blood circulation to the heartthadrain, and many others. Facial contact with coldiwate
can trigger some of these changes in humans as well.

Q: There are various activities mentioned in sectio2.3 which extend breath holding time. Are these activiéis

useful for health or not?

A: These activities can have a different impact on bregthnd were discussed in section 2.3 only as examples which
help to understand the physiology of breath holding. This chaptestigatd only the immediate physiological built-

in mechanism of breathing regulation (how breathing is clhedron healthy and sick people). Finding the real-life
factors which make breathing chronically deep (why breathingegeessive in certain groups of people or why
people get sick) will be the subject of the next chapter.
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Chapter 3. Lifestyle factors that matter

Introduction

Let us look at the main causes of chronic hyperventilation.

Why do modern people chronically breathe too much? Whichamaental, life-style, and other factors
intensify breathing, causing the breathing centre to perrtigneadijust to lower carbon dioxide values? What are the
mechanisms and degree of influence of these hypervemtiptoducing factors?

Most causes described in this chapter were systentaiivgestigated and summarized by Doctor Buteyko
(Buteyko, 1969; Buteyko 1970; p.158, Buteyko, 1991; p.177, Khoroscho, 1982), whsadchkis unique diagnostic
complex in different practical situations. Different Rasspublications and Buteyko’s lectures described
hyperventilation-producing factors often without providing dethihformation about the mechanisms of their
influence. In addition, these papers were in Russian. Henwthere are relevant Western physiological studies
showing such mechanisms and often providing measuremeihisiroifluence. Many of these factors are well-
known. They are frequently mentioned by medical authortnesvarious health professionals as factors, which
increase the chances of new health problems while aggrgedisting ones.

3.1 Stress, anxiety and strong emotions

The concept of "stress" can have different meaningseXample, the presence of bacteria and their toxins in
the blood is an example of stress to a medical doctor. [Buchological stress, as it was described in section 1.8,
produces visible chronic hyperventilation. Similarly, timgaunts of other toxins in the blood, as a result of, for
example, teeth cavities, also cause mild over-breathingeawill see later.

However, let us consider here only influences due to ing@igerception of threat, challenge, or other
psychological stress. There are numerous physiological chanyssiggel by anxiety states, fear, fight-or-flight
situations, or other situations accompanied by strong engtHow do these states and factors influence breathing?

An early paper Some physical phenomena associated with the anxiety states and th@nnelati
hyperventilatiofi (Kerr et al, 1937) included a chart showing physiologicahges caused by these states.
Hyperventilation is the main factor causing many of theratbasequences described.

According to Professor LumMost authors, with the exception of Rice (1950), have describedritoalcl
presentation of hyperventilation as a manifestation of, and secondauny tmderlying anxiety stdt¢p.197, Lum
1976).

Dr. Magarian wrote one of the large hyperventilation negjepublished inMediciné (Magarian, 1982),
choosing the following title for his papadyperventilation syndromes: infrequently recognized common expression of
anxiety and stre$s

A more recent studyFear-relevant images as conditioned stimuli for somatic complaedgpjratory
behaviour, and reduced end-tidal p&€@Stegen et al., 1999) discusses psychological and physiolodeetisef
providing numerous references in this area.

Dozens, if not hundreds, of professional physiologicdlrardical studies suggest that hyperventilation is a
normal outcome of stress and anxiety.

Authors of the articleEmotions and respiratory patterns: review and critical analy@®iten et al, 1994)
suggested, that."normo-ventilatory responses (which are identified by stable datl@i; levels that remain within
the normal range) seem to be characteristic for behavioural conditionsndsaieither involve withdrawal from the
environment, relaxation or active coping...Thus, hyperventilation appeaigrify an unsuccessful outcome of the
coping process(p.121).

Researchers from the University of Oxford found that duringntaly over-breathingsubjects in the positive
interpretation condition experienced hyperventilation as pleasant, and sibjebe negative interpretation condition
experienced hyperventilation as unpleasant(Salkovskis & Clark, 1990).

Therefore, not only negative emotions and states, but alag positive strong emotions (e.g., delight,
excitement, exhilaration, thrill, etc.) produce hyperietion.

Stress, according to TV, radio, newspapers and magagme about medical studies, contributes to the
development of most modern health problems.

On the other hand, stress-triggering physiological changeshhaous usefulness in terms of evolutionary
survival of our species.
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For example, during the fight or flight response, the diversfahe blood from internal organs and the brain
to large skeletal muscles prepares the body for posstpbeouis physical activity. Increased nervous excitability
helped our ancestors to give different psychological intgaions to the surrounding stimuli and evenitsi§‘me who
is in danger noW. Higher blood sugar values and increased concentratfonsneerous hormones (e.g., well-known
adrenalin rush) were useful for active physical response.

Indeed, during peaceful periods, an objective perceptiameoivorld, coupled with quiet and thoughtful
relationships with nature and with other tribal membjrayed to be advantageous. At other times (e.g., during
hunting, fight-or-flight responses, group conflicts, oringt subjective perception, in terms of seeing the wioritie
light of personal needs, was more beneficial to the spestievival.

Do we have more stress now? From an objective viewpmin@ancestors living 1, 5 or more thousands of
years ago, often had daily life-threatening situatior@hallenges. Hence, the level of stress and the likeliibod o
mortality were much higher in the past. Why then, do modeoplp chronically hyperventilate and get sick because
of stress, while our ancestors mostly died from otherematural causes (like, infectious diseases, acciderds,
conflicts)?

A part of the answer lies in breathing. The objectivegation of the world for people who suffer from
chronic hyperventilation can be difficult and fearful. Thegdisposes them to strong emotions, excitement, and
tendencies to exaggerate, justify, negate, distort, asidterpret events.

Another part of the answer is what happens after one exyes stress in modern society. Our ancestors
hunted, struggled, or ran away under stressful conditionshédle are active coping strategies involving physical
exercise. These are also responses of healthy wittbdsi Therefore, our attention should be directed téafleving
guestion.

What are the effects of exercise on the breathing ofthyepéiople?

3.2 Physical inactivity

The natural lives of our ancestors, or modern primitive lge@p modern human-related species and other
mammals include many hours of daily exercise of light, maideand, sometimes, high intensity. Typical moderate
intensities (40-65% from maximum,©@onsumption) produce the following effects in healthy people.

. While aCQ remains close to the initial level (about 40 mm Hg), ver@Qscontent rises from resting 46 mm
Hg to about 60-65 mm Hg due to the greatly increased metabol carbohydrates and fats (p.201, Brooks et al,
1996).

Hence, during moderate exercise, the human organism aetemlarge additional amounts of £0
Generally, physical activity is characterised by tmgdat amounts of carbon dioxide stores in the human lddgh
are significantly higher than during any other activity.

. Blood pH in arteries slightly decreases (acidificgtioom 7.42 to 7.38 (p.201, Brooks et al, 1996), indicating
some adaptation of the breathing centre to a more acidimamant. (Lactic acid is the main cause of additional
acidity) and higher aCQvalues. This adaptation, if the exercise lasts longgmocan positively influence after-
exercise breathing.

. Arterial oxygenation is reduced by about 2-5 % and ve@gymartial pressure is decreased from resting 40
mm Hg to 20 mm Hg.

Thus, moderate exercise takes place in the condition dftissiue hypoxia for the receptors of the breathing
centre. As a result, after the exercise the breathimgecean tolerate lower oxygen levels in the arterial bldlde
that these lower £arterial blood concentrations normally increase tissygenation due to the enhanced Bohr effect.
. Exercise is normally accompanied by movements of the limbsirgg neuronal discharges from working
muscles to the central nervous system. Such muscular mogemgnliscussed in Chapter 2 (how light physical
activity can prolong BHT), suppress the drive of the breatbémjre to increase ventilation.

Thus, any prolonged physical activity with light, moderatenoderately high intensity usually has positive
effects on the subsequent respiration of healthy individuals.

These changes result in increased tolerance to higheraa@@ower vQ values. Indeed, several
physiological studies revealethé increased 'tolerance’ for high ¢@nd low Q in breath holding, during and
immediately after exercisée.g., p.220, Astrad, 1960).

All these factors, if exercise is long enough, should cadagourable adaptation of the breathing centre and
subsequent easy and natural breathing when exerciséisefi and important physiological parameters (blood sugar,
lactate, concentrations of certain hormones) return leattletr normal values. That may take from a few mintges
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many hours depending on the fitness of the person and thatyneems duration of the exercise.

Therefore, exercise for a healthy person trains thelbngpcentre to reset its aG@orm (the crucial
parameter which, according to chapter 2, controls huespgiration) to higher values. As a result, exercise reduces
ventilation.

“Physical work, sport, and exertion increase £@oduction. Its level increases in the blood, while oxygen
decreases. The higher the intensity, the stronger the excitefrtéetbreathing centre and the deeper the breathing,
but it is only deeper formally. Breathing becomes not deeper, bubwkeallit is less in relation to metabolism. This is
the reasoning behind the usefulness of exercise and sport! During prolonegesive exercise the receptors, which
control breathing, adapt to increased €@ the person regularly works and toils, then he practically follows
method: he is decreasing his breathing using exerdBateyko, 1977).

Vice versa, if we do not exercise after experiencingsstror anxiety, or strong emotions, we can continue
over-breathing that leads to habitual or chronic hypervénotila

Russian medical professionals from the Buteyko Clinic in Mascurrently believe that a lack of physical
activity is the main cause of carbon dioxide deficiencsnodern people (for more details one may visit their website
www.buteykoclinic.ry.

“Q: Why does hyperventilation form, since nobody specially practieep breathing...?

A: The main cause is the lack of physical activity, low leveleifbolism in general. We must work out at least 4
hours per day, with heavy perspiration. Then you would get high levedtabatism. The method should be practiced
until the level of carbon dioxide is stabilized and reached the vadiea tine attacks are impossible. It is practically
impossible to maintain this state without physical exercisepHrson, due to some reasons, cannot do physical
exercises, he should do the breathing ones. There is nothing wrdnidait since the [breathing] exercises are not
hard and can be performed practically in any situatigiovozshilov, 2003a).

An important notice.The positive effect of exercise on breathing is the experietnealbhy people. As we saw in
Chapter 2, physical exercise does not have the same effect @espik. The aCLOof sick people gets lower during
exercise with moderate or even light intensities. Thus, in poothhtte possible benefits from exercise are limited
and, in severe cases, even impossible to achieve. In factitically ill patients any physical exercise can have
disastrous health consequences.

3.3 Overeating

According to Russian studies, when our breathing gets Iglighavier and aCQconcentrations decrease,
glucose is driven from the blood into fat cells since, @Buences permeability of membranes of fat celleelation
to blood glucose. Hence, most people, in condition of chigyperventilation, gradually accumulate extra-weight.
Eating more, on the other hand, is the stress for omfagigestion. Therefore, breathing becomes heavier @nthief
the digestive process.

The amplitude of these changes is proportional to the calalie and type of meal eaten. Therefore, with
larger meals, especially ones with fats and protdimeset effects are more significant. As Doctor Buteyko stgdes
when digested substances are in the blood, they are toderusetabolised by body cells. This cellular consumption
means “inner breathing”. Thus, the respiration of céfis erm is normally used by certain microbiologists),
especially in case of overeating, is intensified. Tdaaises increased ventilation in the human organisneyBoit
1977). Overeating, according to Doctor Buteyko, has the yosible consequences for respiration.

Doctor Buteyko also found that meals rich in proteispéeially when they are quick absorbing animal
proteins) and, to a lesser degree, fats considerakelysify breathing, while fresh fruits and vegetables prochee t
least impact on ventilation. Why? One reason is duerigngaavailability of digestive enzymes. Fresh fruits, fo
example, often have their own enzymes for self-digesti@kimg their digestion easy. Cooked meats and fats are hard
to digest. Second, the amino acids cause blood acidificat@nefore, the COremoval (or over-breathing) is
required to restore the blood's normal pH. Third, somenéis$@mino acids can directly affect the breathing eentr
and intensify respiration (chapter 8).

An old study by Haselbalch (1912) revealed that after followinggetarian meal, aG@ecreased to 43.3
mm Hg (the initial value was about 45 mm Hg); while ahvath meat resulted in 38.9 mm Hg. Such a difference
means that a BH&fter a meat meal can be about 12 s less, than afégretarian one. Explaining this finding in his
textbook on respiration, Professor Haldane suggested atima¢dt diet, which causes an increase of sulphuric and
phosphoric acids in blood, is acid-forming as compared to a vegetablevtlieh contains less protein and relative
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abundance of salts yielding carbond{es183, Haldane, 1922). Thus, the breathing centre compefsiates

additional acids (amino acids) in the blood and the resyittiood acidification by reducing carbonic acid and, CO
stores. While with the vegetarian meal, the presencddifienal alkaline salts in the blood requires extra a@ds f

blood pH preservation. Among all acids in the blood, carbaciit is the main component and its concentration can be
changed by respiration.

These ideas provide some explanation why alkaline dietastdered to be healthy in the management of
various health problems (fruits and vegetables yield al&atksidues in the blood, when they are consumed), while
acidic diets (that include meats, fish, eggs, dairy petsj most grains, legumes and nuts) less so.

In addition to the immediate effects on respiration, k tdamormally occurring food substances in the diet
such as vitamins and minerals can gradually cause chrgp@rventilation. For example, carbohydrates require for
their digestion adequate amounts of B vitamins. Theaenis are naturally present in cereals, whole grainsaotd
vegetables and almost absent in sugar, white bread andriebit&hus, eating these refined products diminishes the B
vitamin content in nervous cells gradually leading to clerbgperventilation (Buteyko, 1977). Doctor Buteyko and
his colleagues particularly emphasized the dangers of andaefined products. The lack of some minerals
(especially Mg, Zn, and Ca) or their biochemical unatility is another cause of chronic over-breathing.

Therefore, the typical western diets, which are dftdrof refined products and lack fresh fruits and
vegetables, has negative effects on breathing. Most aivaiieating, so prevalent nowadays, is one of the major
causes of chronic hyperventilation.

3.4 Deep breathing exercises

Deep breathing exercises, according to Doctor Buteyko, tlversain cause of hyperventilation in the general
population of the USSR (Buteyko, 1977). Indeed, until the 1980s, phggiteastics combined with deep breathing
were encouraged and promoted by central radio and TVamsgmagazine and newspaper articles. As a result of
such propagandalffeathe deeper in order to bring more oxygen and remove more “poisam’tfre organisfi),
schools, colleges, universities, boy-scout and militarypsamnealth retreats, sanatoriums, hospitals, many state
factories, and other establishments included voluntany besathing (hyperventilation), which was synchronised with
dynamic movements of body limbs during daily gymnastics. Proloagédrequent repetitions of such exercises
gradually reset the breathing centre to a lower a@ie, causing chronic hyperventilation years later (Buteyko,
1977).

However, this practice was mostly stopped after theddire of the Soviet Health MinistePtactical actions
for application of the method of voluntary regulation of depth of breafioinjeatment of bronchial asthrha
(Directive N 591, 30 April 1985, signed by USSR Health MinistedBi8enkov). Thus, Soviet medical authorities
officially accepted the Buteyko method of relative hypovembita{reduced breathing), as a safe and natural
alternative to drugs in relation to asthma and bronchitis.

Some time ago, when | started to research medicaltliter on respiration, | found only one study, which
suggested the usefulness of hyperventilation (over-breatimngntrast to the several hundred studies about the
dangers of hyperventilation. Having said that, therdtaoge rare conditions (discussed in chapter 1 and 6) when
medical professionals may recommend hyperventilation, bytaiteethe exceptions and not the rule.

Nevertheless, many people still believe that breathirg schealthy. When | polled people with the question:
What is better for human health: to breathe more er Igpund that well over 95% of my respondents believed that
over-breathing, deep breathing, and hyperventilation were usefuauld be practised. Only less than 5% disagreed.
Most of them professionally studied physiology and/or medicine.

It follows from these facts that the ideas about the usefsiloiehyperventilation and over-breathing are still
among the greatest modern health-related misconceptions.

The actual physiological effects of these misconceptions ababply limited, since few people routinely
practice hyperventilation exercises. However, there arg/ipaeople, who couple deep breathing with physical
exercise, dancing, singing, playing musical instrumengsjipg and other activities. In addition, periodic and
deliberate sighing, excessive coughing, and other over-hmgaghtions are still considered normal by many people.

How is it possible then that people do not notice thateagitintary over-breathing produces a negative
impact on their health? The answer can be found in thesedudkperiments conducted by researchers at the
University of Oxford, England. In their abstract, which vastly quoted above, they wrote,

"A cognitive explanation of the association between acute hyperventiaiibpanic attacks has been
proposed: the extent to which sensations produced by hyperventilation apeated in a negative and catastrophic
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way is said to be a major determinant of panic. Non-clinical subjeete provided with a negative or a positive
interpretation of the sensations produced by equivalent amounts of voluntarydmgpation. As predicted, there was
a significant difference between positive and negative interpretedioditions on ratings of positive and negative
affect. Subjects in the positive interpretation condition expeeié hyperventilation as pleasant, and subjects in the
negative interpretation condition experienced hyperventilation as unpleasam though both groups experienced
similar bodily sensations and did not differ in their prior expectatmiithe affective consequences of
hyperventilation. When the subjects were given a positive internetéiie number of their sensations correlated
with positive affect; when a negative interpretation was givemuhngber of bodily sensations correlated with
negative affect...(Salkovskis & Clark, 1990).

It follows from these results that, when a person hasiyp@sikpectations about his activity, which is
accomplished with deliberate over-breathing, his brainjatige resulting excitement and hypoxia, is inclined to
select positive interpretations and final effects, wigifeoring any certain rational and/or critical thougRist
example, a deliberately hyperventilating person can Adaeadency to exaggerate his abilities and achievements
without noticing his wakneses and the possibilities for oaprovement.

Deep breathing for relatively healthy people usually measreased ventilation. It is rather rare for people to
voluntarily practice deep breathing that results in lowemteinentilation (so that they breathe less). Even ieitew
possible, such deep breathing would produce increased te¥sioigan check this. First, you must relax completely.
You may note that such relaxation causes a naturally exheation and subsequent automatic breath holds or
suspended breathing. Vice versa, large inhalations and gghalavill often result in muscular tension in the
respiratory muscles. That increased muscular tensibme&n more stress, and more stress is the maie cdus
hyperventilation. Therefore, deep breathing causes over-brgathfollow, due to the stress generated.

Deliberate deep and slow breathing can create anothet étfe to the large amplitude of chest and/or
diaphragm movements. Indeed, such amplitude can be still preaag hours later after the practice, but with more
normal individual breathing frequency, indicating the initialelopment of chronic hyperventilation. The person, due
to possible nervous excitement and impaired rationality (tetised by low aC{) may even periodically remind
himself to continue deep breathing in spite of possible tlggshess, dizziness and nausea resulting from excessive
ventilation.

Therefore, deep breathing in most people encourages sstnessful state and subsequent hyperventilation.

About exceptions. In my view, only very healthy people (with th&@Bugbove 60 s) can practice slow deep
breathing exercises, like pranayama, while learning hatha yoga. Such peeefaciently relaxed and their
breathing is well mastered. By the way, old hatha yoga manuscriptyctéated that pranayama could be started by
the yoga students only when their bodies were purified and their breathdtildie was over 1 minute.

3.5 Overheating

Overheating, according to Doctor Buteyko, is another fabt intensifies breathing. That especially relates
to many children, who suffer from the belief by loving paseand care-takers, that excessively warm dressing is
healthy. A child's metabolism is 2-3 times higher thandhadults. Hence, their bodies normally generate mucle mor
energy. Accordingly, healthy children need much less clottBnteyko, 1977). Even when children wear minimum
clothing, one may see that their hands and feet ardyiswaim. Only when their hands and feet are cold, addioigm
clothes or other actions are necessary.

Similar considerations can be applied to adults. Dunimgnser, most people wear shirts, t-shirts, dresses and
other very light clothes, while going anywhere, outdoors and msdétere it would be useful to spend less time in hot
and warm places. When it gets colder, people start topudiavers, sweaters, jumpers, jackets, coats, suits, etc
However, they wear these heavy clothes even when they aresrndoere the temperatures are high. You can see that
phenomenon in libraries and offices, shops and waiting roomssand public transport.

Investigations on the influence of heat on breathing fouaiddfianges in air wet-bulb temperature, from 17 to
40 degrees, caused a fall in carbon dioxide pressure from38rhmHg for healthy male subjects (Gaudio & Nell,
1968). After some math, it follows, that their Bsiflell from 46 to 8 s due to the effects of the strong Adats, if the
assumption of linear influence of temperature on ventilasi@ccepted (although that may not be true for the whole
range of values), one may conclude that each two dedgreeseased surrounding temperature produce over 1 mmHg
of carbon dioxide down (or minus about 2s BHT

Rapid changes in temperature can increase breathinglaSwdden cold immersion usually produces severe
hyperventilation during the first few breaths. This topilt be discussed in more detail later.
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3.6 Talking with deep inhalations, a loud voice, or a highpitc

During lectures and public speeches, or when just talkimgirtportant not to take deep in-breaths between
phrases (Buteyko, 1977). Often, people start their sentandegghrases after deep inhalations quickly blowing out the
air, together with precious carbon dioxide, from their lufidgst is a current feature of modern talking style aent
be routinely observed with many TV reporters and commaeastaaich a speaking style makes the speech more
appealing or even dramatic for viewers. However, it sispeases ventilation causing reduced carbon dioxide stores.

A study entitled Influence of continuous speaking on ventilatifioit & Lohmeier, 2000) revealed the
following (abstract).

"This study was conducted to explore the influence of speaking on ti@mtilaventy healthy young men were
studied during periods of quiet breathing and prolonged speaking using noninvasihesto measure chest wall
surface motions and expired gas composition. Results indicated thabjalttswentilated more during speaking than
during quiet breathing, usually by augmenting both tidal volume and bredteimgency. Ventilation did not change
across repeated speaking trials. Quiet breathing was altered framsuts behaviour following speaking, often for
several minutes. Speaking-related increases in ventilation were fodredstrongly correlated with lung volume
expenditures per syllable. These findings have clinical implicatmribe respiratory care practitioner and the
speech-language pathologist.”

The authors found that average ventilation increased festing 7 |/min to almost 14 I/min during speeches.
Average initial end-tidal COpressure of these healthy (by year 2000 standards) young Amerézawas almost 38
mm Hg. After 10 minutes of speaking it dropped to about BilHy. A quick calculation shows that their average
initial BHT was about 29 s, after 10 min speaking their average B&tTcorrespondent to 14s, if the formula
connecting aC@®and BHTis applied. For most subjects even many minutes of recewere not enough to
completely restore initial CQOevels.

Actual BHT values after such speeches are going to be much largéo difects created by acute over-
breathing. When current carbon dioxide value is less thausted set-point established by the breathing centre due to
acute hyperventilation, BH@ets larger in healthy people (chapter 2), while the BéiTthe CP) measurements
require 5-10 min of rest with normal breathing.

Talking with deep inhalations, raising one's voice in tesfieudness, elongation of vowels, and high pitch
phrases will lead to worse results, even when such talkiemotionally neutral. Should this talking be infuseth
emotions, especially strong ones, higher increases ifatamt can expected.

Since nowadays, there are many people, who have to speaduirs daily, the negative effects of poor
speaking skills on one’s health can be substantial. Mordetetiggestions about correct ways of speaking will be
given later.

3.7 Mouth breathing

When seeing people on Western city streets and in pthic places, one may notice that up to 20-40% of
them breathe through their mouths while walking or evenendietly standing or sitting. This phenomenon seems
more common among children. What are the negative effeotsuth breathing?
Reduced oxygenation and carbon dioxide stores

Scientific literature on respiration often mentionshgsiological parameter known as dead space volume. It is
about 150-200 ml in an average adult: inside the throat, makleranchi. This space preserves additional carbon
dioxide for the organism, since inhalations take, @@riched air from dead space back into the lungs. Whendbthm
is open, the dead space volume becomes smaller duemtirruous exchange of air. That does not happen with nasal
breathing. In addition, nasal breathing provides more resist® respiratory muscles during breathing as compared to
mouth breathing (the mouth-breathing route is shorter and lager cross sectional area). During nasal breatisng
can either breathe more resulting in more mechaniced foo the respiratory muscles or to breathe sliglebs while
generating less mechanical work. What is the practsailt? Due to an in-built tendency to optimise physiological
processes, the human organism is ready, as during noskexigeso breathe less and tolerate higher a@@n to
exert more demands on constantly working respiratory msiscl

In the abstract of a physiological studyn'assessment of nasal functions in control of breatl{irenaka et
al, 1988) the researchers wrote:

"Breathing pattern and steady-state £¥¢&ntilatory response during mouth breathing were compared with
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those during nose breathing in nine healthy adults...We found the folloyibgadl space and airway resistance were
significantly greater during nose than during mouth breathing. ... Thesétsdit our observation that end-tidal PO
was significantly higher during nose than during mouth breathing. It is steghtsat a loss of nasal functions, such
as during nasal obstruction, may result in lowering of,Cf@stering apneic spells during sleep."”

This Japanese article, which studied a group of healtlwntesrs, gives average end-tidal 3.7 mm Hg
for nasal breathing and only 40.6 mm Hg for mouth breatiragctically, in terms of BHThat means 45 s and 37 s at
sea level. Hence, mouth breathing reduces oxygenation otible tnody.

Cleaning, warming and humidification of air

Our nasal passages are created to clean, humidifyanma the incoming flow of air due to the thin layer of
protective mucus. This layer of mucus can trap almo$9aib9%?) dust particles, bacteria, viruses and other agbor
objects. This is what long, narrow, and intricateahagways are for.

When the mouth is used for inhalation, this air routé@ster, wider and almost straight. Now the same
airborne objects can easily get into the alveoli and linvedb creating stress, first of all, for the immuneteys
(detection, marking, isolation, and deactivation of intrudansl then for organs of elimination (kidneys, livernski
and Gl patches). Some pathogens, can even multiply in the ¢anging more severe problems.

If you are an asthmatic and endurance athlete, you shauidnostly, or better only using your nose, and for
really important competitions mouth-breathing can be uggdu have no problems with your asthma. What is
important for training is to have an aerobic traingfigct. That is possible while breathing through the nas¢hese
western results indicate.

“The major cause of exercise-induced asthma (EIA) is thought to eythg and cooling of the airways
during the 'conditioning' of the inspired air. Nasal breathing increalseséspiratory system's ability to warm and
humidify the inspired air compared to oral breathing and reduces thegland cooling effects of the increased
ventilation during exercise. This will reduce the severitiléf provoked by a given intensity and duration of exercise.
The purpose of the study was to determine the exercise intengi® (fax) at which healthy subjects, free from
respiratory disease, could perform while breathing through the nose-onlyawanpare this with mouth-only and
mouth plus nose breathing. Twenty subjects (11 males and 9 females) reomiri@{55 years acted as subjects in
this study. They were all non-smokers and non-asthmatic. At theftiimestudy, all subjects were involved in regular
physical activity and were classified, by a physician, as fiea frasal polyps or other nasal obstruction. The
percentage decrease in maximal ventilation with nose-only breathing casrfpameuth and mouth plus nose
breathing was three times the percentage decrease in maximal oxygemptaos. The pattern of nose-only
breathing at maximal work showed a small reduction in tidal volume age l@duction in breathing frequency.

Nasal breathing resulted in a reduction in FE&hd an increase in FEGOWhile breathing through the nose-only, all
subjects could attain a work intensity great enough to produce an aeralnimg effect (based on heart rate and
percentage of VOmax) (abstract, Morton et al, 1995).

Autoimmunization effect

The layer of mucus moves as a carpet from sinuses, brantbilaer surfaces towards the stomach. Hence,
these trapped by the mucus objects are drained (or swa)lovedhe stomach where digestive enzymes and HCI
(low pH) make bacteria and viruses either dead or weakhdfualong the digestive conveyor, some of these
substances can penetrate into the blood due to intgséimaeability effect. But now these pathogens are eitlesd de
or weakened and would not do much harm while providing a ssdn for the immune system. This is exactly how
immunization, done by medical personnel, often works wititsss: medical doctors inject a vaccine with either dead
or weakened bacteria or virus to teach and strengthemthere response to these pathogens. Hence, nasal breathing
is a natural mechanism of autoimmunization.

Practically, when some household members are sickfavitxample, flue or cold, the still healthy people can
breathe either through the nose teaching the own immunersigste to defeat the pathogenic bacteria or virus, or
through the mouth allowing the same pathogens to access asettmultiply in various parts of the human body
causing the infection.

Nitric oxide

Production and utilization of own nitric oxide that is systhed in the sinuses depends on the breathing route.
Some important functions of this hormone were discuss€thapter 1.

Compare old and modern group photos. They also provide a phe afswer regarding causes of poor health
in contemporary society.

The mouth, according to Doctor Buteyko, is designed by N&budrinking, eating and speaking. At all other
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times it should be shut. (Teeth flossing and brushingeasther sensible exceptions.)

3.8 Morning hyperventilation

For most people, even healthy ones, breathing is heaviésy) the early morning hours. A group of Italian
scientists from Centro di Medicina Subacquea e Iperd@@&MSI) in Salerno investigated, according to the afl
their articleVoluntary breath-holding in the morning and in the evenirwey revealed thatDuring the evening
sessions, most of the BHT/Delta P AC&ios... were higher than the corresponding morning value@Bo5co et al,
2004).

In sick people the effect is even stronger. Let us ¢masider asthma.

American pediatricians from the Washington University Schbbedicine in St. Louis in their publication
note,"BACKGROUND: Symptoms from asthma are often prominent at nightldfis significant circadian variation
has been shown with reduced peak expiratory flow rates and increased breoeabiavity to methacholine in the
early morning hours’(Porter et al, 1999).

A group of Brasilian medical scientists investigatedoading to their titleMorning-to-evening variation in
exercise-induced bronchospagwianna et al, 2002). Their objective was compare morning and evening EIB
[exercise-induced bronchospasm] and minute ventilation during exerci3é (VEanna et al, 2002). Indeed, baseline
FEV1 was significantly lower during early morning hours, whilaute ventilation higher.

Over 30 years ago théhoraxpublished a studi?hysiological patterns in early morning asthigéetzel, et al,
1977). The goal of the study was also to exgldia sudden nature of some asthma deaths as these often occur in the
early morning” (Hetzel, et al, 1977).

Several other publications were devoted to effects of slegatients with COPD (chronic obstructive
pulmonary disease). American scientists from the Yale¢eCéor Sleep Medicine (Yale University School of
Medicine, New Haven) wrotéSymptoms related to sleep disturbances are common in individualsnaderate to
severe COPD, particularly in the elderly, which is commonly reatefl as morning fatigue and early awakenings.
One major cause of morbidity in this population is abnormalities inegakange and resultant hypoxemia as they can
lead to elevated pulmonary pressures, dyspnea and in severe casegmigicular overload and failure. Sleep has
profound adverse effects on respiration and gas exchange in patignS@IRD...” (Urbano & Mohsenin, 2006).

Moreover, Sheppard and colleagues in the publication froi@lilestmagazine notedEpidemiologic
investigation has revealed that patients with pulmonary disease araehsed risk of dying during the early
morning hours”(Sheppard et al, 1984). The load on the heart muscle durimgigaes of hypoxemia during sleep
can be, according to their conclusiécan be transiently as great as during maximal exercise”

If patients with pulmonary conditions can die due to heatllpms at night, what about heart patients
themselves?Coronary spasm occurs most often from midnight to early morning whewatfent is at rest; (Yasue
& Kugiyama, 1997) says the Japanese stbdsonary spasm: clinical features and pathogenpsislished in the
Internal Medicinemagazine.

Intensive care professionals from Department of Anassstlaend Intensive Care Medicine of the Hadassah
Medical Centre in Jerusalem, Israel also decided totiigeads, according to their titlén-hospital cardiac arrest: is
outcome related to the time of arre3tRey wrote,

“BACKGROUND: Whether outcome from in-hospital cardiopulmonary resatgmit (CPR) is poorer when it
occurs during the night remains controversial. This study examinaeltt®nship between CPR during the various
hospital shifts and survival to discharge...CONCLUSIONS: Although unwithes®st is more prevalent during
night shift, resuscitation during this shift is associated with pooumcomes independently of witnessed stafhtsitot
et al, 2006)

Trying to explain the cause of deaths, Turkish cardiolo§istes Ankara published a studircadian
variations of QTc dispersion: is it a clue to morning increase dflen cardiac deathPhey explained,
“BACKGROUND: Several studies related to cardiac events inodudden death have shown a peak incidence in
the early morning hours. Our data suggest that QTcD has a circadian weriatth an increase in the
morning hours, especially in patients with coronary artery diseass.fiftding was thought to be an explanation for
the role played by sympathetic nervous system in the occurrenogt®@fcacdiac events and sudden death
during these hours(Batur et al, 1999).

A group of American cardiologists from the Georgetown Unitieidedical Center in Washington, D.C. was
also interested in the most likely time of dedihe time of death was available in... 96 of the 139 patients who died
suddenly. There was a circadian variation of all SCDs [sudden cardiabs]leaimpared with other deaths with a
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distinct peak during the morning (p = 0.04(Behrens et al, 1997).

Swiss medical doctors explained in their abstf&inzmetal's angina is a variant of the classic exertion
dependent angina pectoris. Typical is the appearance of the symptorssdatrneg early morning hours. It is due to
spasms in the coronary arteries. Various provocation tests may béousiggier spasms, among others
hyperventilation which leads to vasoconstriction of coronary arter{@atob et al, 1994).

Even healthy people have heavier breathing and lowered cadygrerof the brain during early morning hours,
as Australian scientists from Latrobe University in Meillne revealed. After testing health subjects, these stenti
concluded;These data indicate that normal diurnal changes in the cerebrovascesgmonse to CO(2) influence the
hypercapnic ventilatory response as well as the level of cerebrgénation during changes in arterial Pco(2); this
may be a contributing factor for diurnal changes in breathing stability andiititeincidence of stroke in the
morning” (Cummings et al, 2007).

It is not a surprise then that British researchemsifthe National Heart and Lung Institute (Imperial Gyle
London) also notedThe reduction in hypercapnic cerebral vascular reactivity that osaarthe morning after sleep
is associated with an increased risk of cerebral ischemia and st(dketidows et al, 2005).

Similarly, Californian neurologists wroteT his reduced morning response to hypercapnia suggests
diminished vasodilator reserve during this period, and may be relatibe iocreased stroke risk during the morning
hours” (Ameriso et al, 1994).

Patients with diabetes also suffer from lower oxygenatidissues during nightsCircadian rhythms of
tissue oxygen balance and blood rheological properties were investigat@chatients with insulin dependent
diabetes mellitus... Preserved blood hyperviscosity and increassgethypoxia at night indicated stable disturbance
of hemorheological properties and tissue oxygen bala(@eilenok et al, 1988)

Japanese doctors from the Department of Pathology forahdiepped in Ehime University warn that those
who care about people with epilepsy should know about higher chahseizures during nights,.S-w paroxysms
combined with clinical symptoms and continuing for more than four seconel$emer during the afternoon than the
morning and, moreover, during sleep. ... Therefore, the observation d@ltgpgence seizures during the morning
should be regarded as importanfflagao et al, 1990)

A marker of inflammation, C-reactive protein, was meaduwiuring different parts of the day in obese patients
(Punjabi & Beamer, 2007). The conclusion of these medicaltsgige from the Johns Hopkins University in Baltimore
was in the title of the study, C-reactive protein is eisged with sleep disordered breathing independent of adiposit
Hence, it is not just obesity, but disordered breathinggat that can lead to inflammatioh:.the results of this study
suggest that mechanisms other than adiposity per se could contribbgeitdl@ammatory state seen in adults with
SDB [sleep disordered breathing[Punjabi & Beamer, 2007).

Since inflammation can get worse during nights in manepes] is it possible that cortisol production
(cortisol is one of the key hormones to fight inflammatioep alecreases at nights? German researchers suggested,
“Some studies found patterns of enhanced or blunted waking cortisol sespobserved under chronic stress,
burnout, or post traumatic stress disorder... The morning cortisol aseréypically observed in healthy subjects and
also observed in the control group was absent in the amnesic patientsherfstudies are needed to understand the
neurological or psychological mechanisms leading to a missing mornitigataesponse in amnesic patienf@/olf
et al, 2005)

“Approximately two-thirds of women experience nausea or vomiting durenfirst trimester of pregnancy.
These symptoms are commonly known as morning sick{fdagiman & Sherman, 2000). It is known that pregnancy
of modern women means chronic hyperventilation (see beloafpyMf these women have even heavier breathing in
comparison with their usual daily chronic hyperventilation.

What are the causes of morning hyperventilation? Theyuanenous.

Presence of disease and existing damage in the body

Dr. Buteyko, during his public lecture at the Moscow Statiwdssity, said,'The horizontal position, lying
intensifies breathing. Patients with asthma, heart disease, hyperieasd stenocardia often have acute states at
night. If they lie down during the day time, or lie for 2-3 hours — tleathing gets heavier, the attacks come. Many
severely sick patients sit, afraid to lie down. This is semsWlk should lie down only for sleeping. Our patients cannot
control their breathing at night, and hence, sleep is poison for tH{8ufeyko , 1977).

Sleeping too long

Sleeping too long, according to Buteyko, intensifies breattauging prolonged periods of gradually

increasing hyperventilation (p.177, Khoroscho, 1982)
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Sleeping on the back

Among body positions, sleeping on the back (supine position)rist i@bme people start snoring in this
position). Sleeping on the right side also causes increasgithtion in comparison with sleeping on the left sideror
the chest. Children's ventilation is minimum when theysdeeping on their tummies (Buteyko, 1977).

There are no physiological studies known to me in which suamyers of breathing, as minute ventilation
and aCQ@, are monitored in different sleeping body positions. héale, there are at least 8 studies devoted to the
physiological effects of different body night positions on tleensich. All these investigations, trials included,
advocate the left position due to the least night-timamdent reflux (e.g., Khoury et al, 1999). That meansthizat
liquid content of the stomach, for the left position cdreszape or leak due to the absence of physical contact w
any of the stomach valves. This position is also thd fassurable for general peristaltic waves in the largestimte
due to the gravitational effect in the transverse cdlbere are, possibly, some other reasons to explain thetadea
of the left position (e.g., the influence of the heartgimsj. Some people, due to congenital reasons, have tlaets he
on the right side. In such cases the effects of sleepsijg are also in reverse.

A simple "sleeping positions" self-testBy measuring breath holding time in different sleepingtjwrs, one can
find out what is the optimum position for breathing andthe&lote that one needs to spend about 10-15 minutes in a
certain position in order to achieve a stable metabolignegmondent to this position. A ticking mechanical clock can
be used for that purpose. Generally, sleeping on thaedeftsll produce the highest BHTollowed by sleeping on
the tummy. Sleeping on the back is worst and causes |@8&3st

Other causes
Among other causes are poor air quality, soft beds, abhtremanoregulation, etc.

3.9 Embryonic and foetal development in a woman hypervenglatiring her pregnancy

Thorp & Rushing (1999) devoted their study to the review of oveetsdences regarding umbilical cord
blood analysis. They found thdi€’cause of the progesterone-induced hyperventilation of pregnancy, maternal PCO
decreases to 31 to 34 mm Hg from the nonpregnant state value of 3o ¥@. Their article also presented a table
of studies reporting umbilical cord arterial blood galsi@s. Average carbon dioxide numbers ranged from 49 to 56
mm Hg, while oxygen content was only between 15 to 24 rgmindlicating extreme hypoxia in the embryo.

A textbook 'Fetal Physiology and Mediciti¢Hugh & Hugh, 1984) also revealed that tomparison to
maternal blood, the pCQs higher, pQ@ and sQ [oxygen saturationyalues are strikingly lowdfor fetal
blood]..."(Hugh & Hugh, 1984). The oxygenation of the blood of the humamsastusually about 5-7 times less than
that of the normal adults. At the same time, carbonidézontent of the growing foetus is significantly higher than
normal adult values. For example, in the middle of pregn&ocyhill and colleagues (1986) measured the umbilical
arterial carbon dioxide as 10 mm Hg greater than mdtarteial CQ pressure.

Hence, the human embryo grows in an environment containing les€ oxygen and more ¢
comparison with normal adult values. But since many womeerlrgntilate before pregnancies, their a@alues
during pregnancies are much lower, than their physiologicahsixdHer embryo receives all its nutrients, carbon
dioxide included, through the umbilical cord via the blood. &twee, the embryo gets exactly the same CO
concentrations, as his mother. Due to Nature’s desigbpeatioxide concentrations of the embryo are much greater
than normal human values, but the lowered a&f@he mother tends to reduce the Gres of the embryo.

Hence, when the mother hyperventilates, her embryo alsovgypigates in relation to its physiological
norms. Such a baby is already developing and will be baheistate of over-breathing.

Moreover, studies of pregnant women done by Doctor Buteyko reMisienumerous complications during
pregnancies and deliveries are possible only when carbomlédistores are low. That relates, for example, to spasms
of ovaries, excessive hypoxia of the embryo, and spontanbottsas. Babies born with over-breathing often suffer
from various infections, skin rashes, pneumonia, asthcean®, and other problems. These ailments are absent in
babies with normal aCButeyko, 1977).

During the birth there are dramatic changes in @@l Q tensions. The summary of these studies indicates
that, on average, carbon dioxide concentration drops from88seo about 5% during the first hours of life
(Respiration and Circulation, 1971). Scientists often desthe birth as a powerful stress. Indeed, such large change
in blood gases must profoundly affect the biochemistry oigle organism.
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3.10 Special factors for infants

Before the baby is born, the fetus gets all its blood supply fihermother through the umbilical cord. This
includes CQand Q. Because of this, the breathing of the fetus depends swlg¢he mother’s breathing and when
she hyperventilates, her unborn baby also hyperventilates.

Birth itself is a severe shock for the baby. Probablycthral part of this shock is a drastic drop (about 30%)
in blood CQ concentrations. The process of delivery and new environmeamtditions cause stress and make their
breathing heavy. In order to make the transition more graaliarimitive and recent cultures used swaddling (or tight
wrapping) of babies. When meeting people born and raisedferedi continents, | was reassured that swaddling was
the norm in Africa, America, Europe and Asia. In Asiae to hot climate, they used, instead of clothes, wooden
sticks, which were applied along the trunk and tightly tisthg ropes. In Scotland, swaddling blankets were passed
from generation to generation. Swaddling prevents unduly deep chattibg and restricts their total ventilation. In
other words, they breathe less. Modern western civitimastnd our health care systems have gradually lost thes w
cultural tradition.

In his public lectures, Buteyko saiBut the cells of animals and humans need about 7 % &1 only 2%

O, in the surrounding environment. This is the way our cells livés oéthe heart, brain, and kidneys. But now air
has 10 times more oxygen and 250 less carbon dioxide, i.e., itgaitadile for our cells and is poisonous in its
composition. This is confirmed by embryology. During recent yegadetbstudies of gas blood exchange in embryos
of humans and animals were done. It was found that during 9 months wedivenrironment, which has 3-4 times
less oxygen and 1.5 times more,{kbth as partial pressures) in comparison with adults. Obviously, tjen@m of

the mother creates such conditions for the embryo, as they weoa®itif years ago. This supports the Law of Gekkel-
Severtsev: the embryon, in its development, repeats the filogeAlteedirth, during the first breaths, there is a
sudden increase in blood oxygenation and a sudden drop inld®known that the child is virtually disease-free in
the womb of the mother. Only after the birth, do diateses amdra abnormalities of metabolism appear. Why?
There is a sudden change in air. The wisdom of East surprises pssttern infant is tightly swaddled, and in some
places even tightened to a wooden plate. The chest is covered IsydBlgeavy material [voilok]. Our grandmothers
covered the cradle with the infant using material covering [leagisgnall hole for air exchange], and used swaddling
too... Folk wisdom understood, that this air, so poisonous for the newbquia® gradual adaptation{Buteyko,
1977).

Another special factor for children relates to theghhinetabolic rate. Metabolism and heat generation of
children is much higher than that for adults. Having aimolothes, as adults, can damage their health. Wtis is
criterion of feeling cold for the babies? It is too cadd them when their feet or arms are cold. A quick tduchand
and feet can check if the baby is warm or cold. Overhegtioge of the leading causes of poor health in modern
babies and children.

“The metabolism of the child is about 2-3 times higher. Whisrcild for an adult, children feel comfortable.
But they are provided with 5 layers of clothing and then a hat on toerh@ating intensifies breathing and the child
gets a cold, not from a draught, but from own hyperventilation. Themdwen more insulated, more overfed... It is
well known: in a large and poor family, where bread and potatoes, themdy one shirt for all [children], [they] run
on the snow barefoot and all are healthButeyko, 1977).

3.11 Nutritional deficiencies

Due to intensive farming and food refining methods, oadfis less nutritious than 100 or more years ago.
We get less essential fatty acids (omega oils), aalenagnesium, fiber, zinc, trace-metals and other gasen
nutrients. Nutritional deficiencies, depending on one’s persoa&k-up, create stress for certain organs, body parts,
and systems of the human organism. This stress ifiésnshronic hyperventilation.

3.12 Exposure to toxic chemicals

Toxic chemicals, once in the human organism, can gerdifegrent waste products, interfere with hormonal
balance, and influence the nervous, digestive, cardiovasmdanther systems. These negative changes sooner or later
cause over-breathing. The mere appearance of bacterig®@@alaounts of waste products from bacteria in the blood
would be sufficient to cause heavy over-breathing (chapter 1).

Therefore, environmental, professional, dietary and any e{posure to heavy metals, pesticides, herbicides,
and chemicals due to pollution are also causes of chroparbgntilation. Many medical drugs intensify respiration
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“Antibiotics (penicillin, streptomycin etc.) intensify breathidgter 2-3 weeks of such treatment, the state [of health]
unavoidably gets worse. What is the mechanism? Antibiotics fighabegrsuppressing the breathing of micro
organisms. All of the living world has one common foundation: metabditsenefore, antibiotics suppress the
breathing of microbe cells and our cells. This causes excitemé#r bfeathing centre, its disruption, in the direction
of intensification. Moreover, antibiotics create conditions for a#fergies. Senseless, widespread use of antibiotics
causes tremendous damage. Camfora, codein, cordiamin, adrenalin, theoepteghredrine — also intensify
breathing. People use them senselessly, trying to cure themseldesguse tremendous harm to themselves”
(Buteyko, 1977).

Alcohol, soon after intoxication, suppresses the breathingecentl can increase the breath holding time
about 2 times. Simialrly, marijuana and cocain can aggé¢he BHT about 3-4 times. This change in breathing,
according to considered physiogical laws, profoundly influgmpaeception and feelings of the intoxicated person
leading to increased confidence, logic, feeling of energydomation, sharper sensations in relations to smells,
colours, etc. Later, the abnormal substances are to lovedrby the immune system and the liver and kidneys
causing heavy breathing and hangover. The breath holding time phelgesthe initial values. Low oxygenation,
poor blood perfusion generates many negative effects deschbee. a

As a short summary that connects this chapter with diseaskindividual symptoms discussed in Chapter 1,
Doctor Buteyko noticed, “If the cause of hyperventilaieom the wrong lifestyle, that means you are bound to
change your lifestyle or to fight with the symptoms all theet (from Novozshilov, 2003b).

£2

Conclusions

The following factors can cause chronic hyperventilation:
- Stress, anxiety and strong emotions
- Physical inactivity
- Overeating
- Deep breathing exercises
- Overheating
- Talking with deep inhalations, a loud voice, or a highhas
- Mouth breathing
- Sleeping too much, sleeping on the back or on the right side
- Embryonic and foetal development in a woman hyperventilalimgg her pregnancy
- Lack of swaddling
- Nutritional deficiencies
- Exposure to toxic chemicals.

The references of this book provide experimental resulissipect to various respiratory parameters of people
over a period of about 100 years. By analysing this data@né other articles (all published in respectable medical
and physiological magazines), the following average changesdplepavho were considered healthy, took place
during the 20-th century:

. Normal minute ventilation increased from 5-6 to 9-12 l/rriealthy people breathe more.
. Normal breathing frequency increased from 9-12 to 12rié&stiper minute. Healthy people breathe faster.
. Normal tidal volume (the amount of air for one breatbjeased from 500-600 to 600-700 ml per breath.

Healthy people breathe deeper.
As normal outcomes:
. Carbon dioxide concentrations (in the lungs and blood) agsedsfrom 40-43 mm Hg to 36-39 mm Hg.
. The BHT (BHT after quiet exhalation) decreased from 40-50 s to 25-35 s
The crucial parameter here is carbon dioxide concentratidnke other characteristics only support the idea
that modern people, who are considered to be healthy, hypigatesin relation to previous healthy generations.
In addition to that, there are sharp increases (teestior more) in chronic degenerative health conditions.
As a result, average breathing of the typical modern Edizlen indicates some degree of hyperventilation.
Hence, due to readjustment of the breathing centre tombahdrom the evolutionary viewpoint,
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environmental conditions and individual choices (discussed ichihister), people now breathe much heavier than, for
example, 100 years ago.

Q&A section for Chapter 3
Q: Do all emotions cause hyperventilation?
A: According to Doctor Buteyko, all strong emotions regultver-breathing. However, some emotional attitudes, in
my view, do not have a negative impact on breathing. For deampen people experience reasonable shame, their
breathing is normal or can be even reduced. Similarlyjration in respect to art creations, Nature’s phenoneme,
human deeds causes naturally reduced breathing. Theseeagpsrare often described as “breath-holding” or
“breath- taking (away)”. By the way, healthy people, whpaning their mouths, cease to breathe.

Q: What are the effects of music on respiration?

A: They are complex and individual. Studies found that obesathing rhythm can follow the musical rhythm. Also,
heavy or loud music and music with uneven rhythm cause mwseular tension increasing ventilation. Quiet, soft,
and peaceful musical pieces induce relaxation, slower ragartand establish easy breathing. Music is anotheerabl
factor, which often adversely influences the breathingn@flern people, especially our younger generations.

Q: What is the dynamic of changes in ventilation and aC@during sleep?

A: Healthy people breathe slower, ventilate less, and haggher aC@during night sleep. Their sleep is short and
refreshing. Many sick people usually also breathe lessaldecreased metabolic rate, but their carbon dioxide
concentrations get smaller. Therefore, they over-breathe.process is especially pronounced during early morning
hours (4-6 a.m.), as mentioned above.

As for the effects of different sleep stages, during déegp stages (or slow wave sleep), ventilation is
reduced and that helps to deeply relax skeletal muscebog dioxide, a powerful muscle relaxant (chapter 1), can
play a central role in this effect. REM (rapid eye mogathsleep can result in relative hyperventilation andd®@,
(Krieger, 1986).

Q: What is known about breathing and natural processesjke defecation and urination? Can they produce
hyperventilation?
A: If a person has a desire to defecate but does notshelvance to do that, the breathing can become heavierdJndee
from chapter 1 it is known, that raised agreases blood flow to the brain and internal orgaggther with the
group of muscles, which is responsible for effective elatiam (this group includes muscles of the descending colon,
sigmoid colon, rectum and sphincter). Vice versa, lowered,a€idces blood flow to these muscles up to the possible
spasmodic state. The relief, relaxation, and easy breadftergthe defecation indicate reduced ventilation and
increasing C@stores.

The act of urination seems to be less connected with hygéation. Meanwhile, distension of the bladder
causes more slow and shallow breathing (Schodorf & Polosa, [E38ii)g to higher carbon dioxide values. Thus,
deliberately keeping one's bladder full, somehow, reducesatéiland, possibly, is not detrimental to one’s health.
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Chapter 4. Western methods of breathing retraining

Introduction

Whenever the breathing of sick people is shown to be abnatrisalhen reasonable to inquire about the
available methods of breathing retraining developed by maglicidssionals. This chapter provides a review of
various Western methods, including the types of breathingisgs used, their duration and frequency, length of the
therapy, and other auxiliary activities, as well as tmeédiate and long-term effects of each treatment.

The goal of almost all these methods was to reducehiomgadnd increase carbon dioxide values. The location
names given before the titles of the publications listedvihatlentify the different research centres where aqodat
breathing retraining method has been employed.

It is possible that the researchers, as well as axdpeople, often have a misconception that breath means
spirit (something immaterial); hence, breathing retrainigaz#dress only emotional or psychological problems, not
organic or metabolic diseases, which are accompaniednggial organs or tissues or hormonal abnormalities. That
was probably the reason why the patients for these therapresusually diagnosed with “hyperventilation syndrome”
or "panic attacks" as their main health symptom and concer

References to the publications, which describe these therapéegiven at the beginning of the appropriate
sections.

The last section of this chapter discusses the commamrdsand differences of these Western methods of
breathing retraining, as well as their advantages andwdistages.

It must be noted that there is one method of breath rietgatihe Buteyko method) which has not been
considered in this chapter. This method shall be discustsdas it deserves special attention.

4.1 University of California Medical School, San FranoisUSA
Kerr WJ, Dalton JW, Glieb&some physical phenomena associated with the anxiety states and thiein tela
hyperventilation Ann Int Med 1937, 11: 962-992.

In the 1930s, it became obvious to a group of doctors thag@ number of their patients (from one-fourth to
one-third) hadd variety of symptoms referable to many structures of the bodynawitbim hyperventilation
precipitates and maintains a state of hyperirritability approachingicdil tetany. The symptoms may be so well
localized in some cases that local disease is suspected withoutetljsobuniversal functional disturbaricg. 961,

Kerr et al, 1937).

As a treatment, the inhalation 080, gas (70% @and 30% C@) was found to be most effective both in
speed and adequacy. In other situatioagp&per sack, inverted over patient’s head and sealed with adhesivestape, i
successfll(p.989, Kerr et al, 1937).

Additionally, a prescription with ammonium chloride, in ortiereduce ventilation, was given, although the
authors noted that chloride ions were probably not astietegs carbon dioxide.

This demonstrated to the patiettté mechanism of the physiological difficulties which he himself cfdised
to hyperventilation]and the results are so dramatic, that he is able to follow tbhegpiure and to appreciate what the
results mean to hifr(p.989, Kerr et al, 1937).

However, the authors decided that the use of several chainigs, which could suppress the heart action and
the respiratory rate, should be tried as the waydtoess.

4.2 Papworth Hospital, Cambridge, UK

Lum LC, Hyperventilation: The tip and the icebergPsychosom Res 1975; 19: 375-383.

Lum LC, The syndrome of habitual chronic hyperventilatiorModern Trends in Psychosomatic Medigiadited by
OW Hill, Butterworth, London, 1976, vol 3: 196-230.

Professor Lum insisted that the therapy must starttivéiHVPT (hyperventilation provocation test), which
demonstrated to the patients that reappearance of their@yspias directly related to their over-breathing. That
brought psychological relief to the patients (normally causiisiee breathing), since they were now convinced that
one of the causes of their symptoms was proven by the tesbalidsoon be treated by their learning about breathing
retraining. Lum found that there are two factors in lsoan the patients got well: the duration of symptoms and the
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age of the individual. Indeed, it is normal to expect thatrécovery rates should depend on the previous damage
accumulated in the organism.

Usually, patients were referred to a physiotherapistder to learn 3 key components of the therapy:
awareness about normal and abnormal breathing patternsitiata and diaphragmatic breathing.

Thus, patients were informed about the importance oksitlg constant control of their breathing, as well as
learning how to prevent such harmful acts as sighing, sgjftioughing, deep breathing, chest inflation, and other
unhealthy habits and factors, which encourage excessive bigathi

Relaxation physiotherapy included teaching the patients héwsen up their habitually tense posture, and
especially how to recognise and prevent muscular tensitheichest, shoulders, head and neck.

It was found that the majority of his patients haddijtif any, control and use of their diaphragm. Hence, the
physiotherapist taught them how to control it and to usenibstl exclusively at rest, and how to suppress unnecessary
thoracic movements or relax the breathing muscles of thé ches

In order to achieve normal breathingn“extremely slow respiratory rhythm is encouraged, in order to
gradually persuade the respiratory centre to readjust to a higher té\aaterial carbon dioxide: a slow process if the
disorder has persisted for many yéafs.226, Lum, 1976). Therthie patient is initially instructed to devote two
periods of 20 minutes each day to breathing exercises, and to constetkyhis breathing throughout the tay
(p.226, Lum, 1976).

He treated 320 patients (up to 1974) using this therapy. 70% evetered completely asymptomatic. 25%
had improved and 5% failed to respond. 18 patients were diegjbgsa cardiologist as having organic cardiac
disease. Out of these patients, only 3 failed to improve.

4.3 Portland Veterans Administration Medical Centre, USA

Magarian GJHyperventilation syndrome: infrequently recognized common expressiomsetfysand stress
Medicine 1982; 61: 219-236.

Magarian GJ, Middaugh DA, Linz DHjyperventilation syndrome: a diagnosis begging for recognitigast J Med
1983; 38: 733-736.

As a first practical step with this approach, it wisspgortant that the patients be confronted with the cause-
and-effect relationship and their symptoms. A hyperventilation fieducial for therapeutic succes®. 736,
Magarian et al, 1983). During the HVPT the patient breatlesgply at a rate 30 to 40 times per minute. Most patients
experienced their symptoms within minutes or seconds. Soem#ion was a major factor for successful overall
outcome of the therapy.

Given its nature, the test should be conducted cautiouspat@nts with ischemic coronary disease, sickle
cell disease, cerebrovascular insufficiency and basejipexemia. Meanwhile,it'is of far greater detriment for the
patient not to recognise the relationship between over-breathing andsjimeptoms than the potential risks of
performing the test(p.231, Magarian, 1982). The suggested duration of thevees4-5 minutes.

When the HVPT was done, breathing into a bag resultedick glleviation of the symptoms. Finally, the
patients were encouraged to use relaxation therapy anthafga how to retrain their own breathing pattern, from
thoracic to diaphragmatic. The authors reported about theffaziency of different medications for the normalisati
of breathing.

4.4 St. Bartholomew's Hospital, London, UK
Bonn JA, Readhead CP, Timmons BEhhanced adaptive behavioural response in agoraphobic patients pretreated
with breathing retrainingLancet 1984 Sep 22; 2(8404): 665-669.

21 patients with agoraphobia (sensations of fear, pamictearor), first, were administered the HVPT (with
breathing frequency 60 times per minute, for 3 min maxinoregthing through both mouth and nose as vigorously as
possible). Over 95% of patients recognised their symptoms, bcih wi@ire not as severe as usual. Two thirds of the
patients were unable to complete the 3-min HVPT due mraigs and distress. In contrast, only 4% of the normal
subjects were unable to hyperventilate for 3 minutes. Thmeuemphasised the importance of the HVPT and the
subsequent helpfushock of recognitich

After positive recognition of their symptoms, 12 patients vgeren a 10-week course of the therapy (1-2
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laboratory sessions per week, 2h for each session)abbetory sessions included instructions about diaphragmat
respiration. Patients, while lying down, were told to rt@ima breathing pattern of 8-10 breaths per minute.
Techniques for coping with panic attacks were suggestibe use of a paper bag for rebreathing or, in
public places, breathing into hands tightly cupped over nose and mouthstahksément of a normal breathing
pattern requires regular and persistent practice over several mathg.relaxation technique that entails the use of
deep breathing is contraindicated, since it will probably exacerbate hypocpwiaCQ,]" (p.668, Bonn et al,
1984).
The results were recorded at the end of the therapyoarddmonth and 6-month follow-ups. The
improvements were similar for all periods. Breathing datgped from 28 to 15-19 breaths per minute. The weekly
number of panic attacks was reduced from 4-5 to 0.2. Gtmeatic characteristics were also significantly better

4.5 Institute of Stress Research, Netherlands
Grossman P, de Swart JCG, Defares RBontrolled study of a breathing therapy for the treatment of
hyperventilation syndromd Psychosom Res 1985; 29 (1): 49-58.

The researchers employed the HVPT for 3 minutes witlhohéto be reached of 2.5% etC@nd-tidal CQ).
Then the physical and psychological symptoms, experienced Ipatieats, were discussed.

The treatment was 10-weeks long and included 7 laboratssjoss (each for about 30 min) and daily home
assignments. A ventilatory training device was individuatljusted to generate a periodic pattern for breathing with
slightly less frequency than the initial one. That watseved by the use of auditory stimuli for inspiration, exaim,
and the pause. Verbal emphasis on abdominal breathing was prdvadb®ratory sessions also included the, CO
analysis of the expired air.

As a result of the therapy, the average breathing rate ekgerimental group (25 subjects) decreased from
17 to about 11 breaths per minute, and resting gb@Peased from 4.2 to 4.7%, while scores in all somatic
complaints significantly improved.

Although the subjects of this study were free from seriousiqgdiyasiiments, the researchers wrote, &
broader sense, the findings indicate that by means of direct voluraaring of respiration, it may be possible to
effect long-term alterations in ventilatory control mechanisfhgs may have implications for the behavioural
treatment of other respiratory disorders (e.g., asthma, sleep apneangritdysema). Since alterations in ventilatory
parameters are known to induce substantial changes in a range of other pbigsibsystems (e.g., cardiovascular
and CNS; see [16]), long-term modification of ventilatory contral,breathing therapy may also be useful in treating
specific disorders of these other syste(ps58, Grossman et al, 1985).

4.6 Department of Psychiatry, University of Oxford, Warnetdodpital, UK

Clark DM, Salkovskis PM, Chalkley ARespiratory control as a treatment for panic attatiBehav Ther Exp
Psychiatry 1985 Mar; 16(1): 23-30.

Salkovskis PM, Jones DR, Clark DIRgspiratory control in the treatment of panic attacks: replicaéind extension
with concurrent measurement of behaviour and p@DJ Psychiatry 1986 May; 148: 526-32.

"Eighteen patients who experienced frequent panic attacks were gikeatragnt derived from the literature
on hyperventilation and anxiety. The treatment consisted of (i) balkeftary hyperventilation. This was intended to
induce a mild panic attack; (ii) explanation of the effects of oveattiing and reattribution of the cause of a patient's
attacks to hyperventilation; (iii) training in a respiratory conttechnique. Substantial reductions in panic attack
frequency and in self-reported fear during a behaviour test were obtaireafteeks' treatment and these
reductions occurred in the absence of exposure to feared situationiseFregtiuctions in panic attack frequency were
evident at 6-month and 2-year follow-up though interpretation of theseésésabmplicated by the addition of
exposure and other psychological treatmeif@tistract, Clark et al, 1985).

In this study all patients were successfully tredtedarge and rapid reductions in panic attack frequency and
guestionnaire report of fear were observed. Patients' resting, p@® significantly lower than controls and rose to
normal levels during treatmengabstract, Salkovskis, 1986)

The high success rate of this therapy could be partly iegoldy the absence of patients with an organic or
metabolic illness and absence of the elderly among the sufifeetsverage mean age was about 30 years, from 26 to
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44). The patients used a recorded tape, set at 12 bpeathsnute. This tape was to be practiced at home daily.
Laboratory sessions were organised about once perimesdking ongoing respiratory training and homework
instructions.

Statistical analysis revealed that patients withi@aerly low resting etC@were more likely to recognize the
symptoms of over-breathing as being similar to their paracledt

4.7 Department of Psychiatry, University of Utrecht, Nefdnds
Ruiter de C, Ryken H, Garssen B, KraaimaaBieathing retraining, exposure and a combination of both, in the
treatment of panic disorder with agoraphopigehav Res Ther 1989; 27(6): 647-655.

The study was completed with 40 patients diagnosed witlapgobia. All participants were selected on the
basis of their ability to recognize their symptoms during ti®H The patients were informed as to how
hyperventilation and catastrophic thinking and worrying coalase panic attacks.

The treatment consisted of 8 individual sessions lastingt&@fomin each, as well as instructions how to
practice relaxation and slow breathing in daily situatiom& fMain goal of the therapy was to gradually reduce the
respiration rate. For that purpose a pacing tape was kael.time it was used, the breathing frequency proved to be
slightly lower than the previous one.

Slow diaphragmatic breathing wéancouraged by suggesting patients put one hand on their abdomen, and
breathing ‘against the hand’{p. 649, Ruiter et al, 1989)Treatments that included breathing retraining techniques
seemed to result in a decrease in respiratory rate, but ren increase in alveolar pGO (p. 652, Ruiter et al, 1989),
since etC@slightly decreased during the treatment. Meanwttite present study found breathing retraining plus
cognitive restructuring ineffective in reducing par(jg” 654, Ruiter et al, 1989).

Professor Ronald Ley, State University of New Yorkot® comments on this study, concluding

“Efforts to reduce ventilation through exclusive attention to a rédoan respiratory frequency may not only
be unsuccessful in reducing ventilation, but may, as in the study imoguesbduce a paradoxical increase in
ventilation, an effect opposite to the express purpose of the brga#training. The results here indicate that pCO
monitoring should be an integral part of breathing retraining proceps’304, Ley, 1991).

4.8 Cornell University Medical College, New York, USA
Fensterheim H, Wiegand Broup treatment of the hyperventilation syndroieJ Group Psychother 1991 Jul;
41(3): 399-403.

"Hyperventilation (hv) is increasingly recognized as being signifieaatnumber of psychological and
medical conditions. The core of treatment for hv is breathing retrginisually on an individual basis. This article
describes a group therapy for breathing retraining for patients witmbwuéed panic reactions. An analysis of group
process suggests that such treatment is helpful in ways impossibidi¥idual retraining and that further
exploration of this modality is warrante@ébstract, Fensterheim & Wiegand, 1991)

The novelty of this study was the use of group therapy dunmbrteathing retraining sessions. The authors
found that their patients had a warm supportive acceptdreach other and of the group itself. THaicilitated
cooperative performance of their assignments and taking the risks sitliitions that are so necessary for progress
in this ared (p. 401, Fenshterheim & Wiegand, 1991).

Moreover, it was found, that group processes helped tgaehe disturbed reaction to symptoms and to
accelerate the learning of correct breathing pattennzatticular, the authors emphasized that group treatment
sessions, as an addition to individual sessions, showdddeeially helpful to those patients who had the most
difficulty in learning a normal breathing pattern.

4.9 California School of Professional Psychology, San Di§#

DeGuire S, Gevirtz R, Kawahara Y, Maguire M¥perventilation syndrome and the assessment of treatment for
functional cardiac symptoma&m J Cardiol 1992 Sep 1; 70(6): 673-677.

DeGuire S, Gevirtz R, Hawkinson D, Dixon Breathing retraining: a three-year follow-up study of treatment for
hyperventilation syndrome and associated functional cardiac sympBiofsedback Self Regul 1996 Jun; 21(2): 191-
198.
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"Three methods of breathing retraining (guided breathing retraining, guidedting retraining with
physiologic monitoring of thoracic and abdominal movement plus peripherpétatare, and guided breathing
retraining with physiologic monitoring of thoracic and abdominal movemeniplpenal temperature and end-tidal
carbon dioxide) were compared with a no-treatment control group to detetn@regfectiveness of breathing
retraining on modifying respiratory physiology and reducing functionadlie@rsymptoms in subjects with signs
associated with hyperventilation syndrome. Of 41 subjects studiegrégliagnosed with mitral valve prolapse.
Results demonstrated that all 3 methods of breathing retraining werdyegtfattive in modifying respiratory
physiology and reducing the frequency of functional cardiac symptoms. Riedaftsined that respiratory rate and
subject's perception that training had generalized were the bestfeslof treatment success. Furthermore, it was
found that subjects with mitral valve prolapse responded as well torteeaias did those without prolafigabstract,
DeGuire et al, 1992).

Each person had 6 individual breathing retraining sessions @+eregk period. During the first laboratory
session, all of them were informed about respiratory plogyohnd the relation between hyperventilation and
functional cardiac symptoms. The patients were shown diapht@dmeathing and their practice was corrected by the
experimenter. Although many patients reported discomfivht slow diaphragmatic breathing, they were encouraged
to tolerate the discomfort and were reassured thatdpeiptoms would disappear with time. The patients were
carefully observed to ensure that they did not incréssetidal volumes. Later sessions were focused on ¢iorgec
errors in diaphragmatic breathing and setting a slow-pasgiratory rate of less than 14 breaths per min.

Average etC®in all 3 groups increased from about 35 to 40 mm Hg. Ita¥apecial interest to the authors,
that some functional cardiac problems could be treatddbsgathing retraining by the normalisation of etCO

Four years later, the researchers found that the posfteets of breathing retraining were still present in the
tested subjects:

“This study was designed to evaluate the long-term effects of pacedadiaalic breathing on subjects who
reported functional cardiac symptoms and who also demonstrated assoagiedfshyperventilation syndrome.
Subjects were a representative sample composed of 10 out of thela@riggudbjects who had participated three years
previously in a study designed to evaluate the short-term effideteathing retraining on functional cardiac
symptoms and respiratory parameters (respiratory rate and end-tidabnatioxide). The results of this follow-up
study indicate that breathing retraining had lasting effects on boftiregery parameters measured. Subjects
evidenced significantly higher end-tidal carbon dioxide levels and Imspiratory rates when compared to
pretreatment levels measured three years earlier. Subjects@isionued to report a decrease in the frequency of
functional cardiac symptoms when compared to pretreatment levels. Wigdeotiat breathing retraining has lasting
effects on respiratory physiology and is highly correlated with a temluin reported functional cardiac symptdms
(abstract, DeGuire et al, 1996).

Medical professionals often interpret abnormal EKGsetthie result of certain organic conditions or damage
to the heart. However, this and other experiments clpaihyed out that EKG results depend on the breathing pattern.
When breathing is normal, so are the results. Over-breathigiy produces certain abnormal EKG changes (see
Chapter 1), in accordance with an individual's predisposit

4.10 Lothian Area Respiratory Function Service, City Hosdidinburgh, UK
Tweeddale PM, Rowbottom I, McHardy @Feathing retraining: effect on anxiety and depression scores in
behavioural breathlessness Psychosom Res 1994 Jan; 38(1): 11-21.

22 patients with behavioural breathlessness were sefectereathing retraining. The HVPT involved 3-
minute periods of rest, voluntary hyperventilation, ag@bwvery. During an initial assessment special attentas w
paid to observing the existing breathing patterns of therpatiepper chest or abdominal breathing; nasal or oral
breathing; presence of sighing, gulping, or yawning; and igpiaite patterns during speech), identification of
hyperventilation-triggering situations and clinical details.

During their 7 weekly visits to the laboratory, the patiemere taught to develop awareness of their breathing
patterns, to practice individual breathing exerciseandment breathing control during speech, to develop control of
hyperventilation-triggering situations, and finally, to agkian effortless breathing pattern.

As a result of such interventiorhdth groupgwith behavioural breathlessness and chronic fatighejved
improvements in breathing patterns, end tidal,@®els and scores for HV-related symptoms which were sustained
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(abstract, Tweeddale, 1994). Moderate increase in BHThatased for the patients with lowest initial BHT vaki

The authors also made an important practical conclusiorary patient, if there is either resistance to the
idea of breathing being related to symptoms, or lack of commitmeagutar performance of breathing exercises or
unwillingness to check out breathing patterns and exercise control durilygadéivities, breathing retraining is
unlikely to be of benefi(p. 20, Tweeddale, 1994).

4.11 Service de Psychosomatique, Hopital du Sacre-Caddomkeeal, Quebec, Canada
Monday J, Gautrin D, Cartier A/ hronic hyperventilation syndrome. The role of respiratory re-traifimérench],
Rev Mal Respir 1995; 12(3): 291-298.

"This study compares three non-pharmacological approaches to the chroniwéryjilation syndrome
(CHS). Eighteen subjects were evaluated at the start of thetsierypne and 6 months after having received in a
random fashion one of the following treatments: group | (teaching approach of onerhthe respiratory physiology
of the CHS and on breathing techniques; n = 5); group Il (same approachgasup | with breathing retraining of 8
sessions; n = 8); group lll (same as group Il with the additioa ofodified Jacobson's progressive relaxation; n = 5).
Whereas all three groups had a similar symptomatic score at theridegiof the study (although subjects of group Il
had in general higher scores and were symptomatic for a longer periadgsults show that all subjects improved
after 4 weeks, those in group Il showing the greatest improvémend.05). This confirms the relevance of applied
and repeated pedagogy in approaching subjects with the GibStract, Monday et al, 1995)

4.12 Laboratory of Pneumology, U. Z. Gasthuisberg, Katholigkgersiteit Leuven,
Belgium

Han JN, Stegen K, De Valck C, Clement J, Van de WjoestiP, Influence of breathing therapy on complaints,
anxiety and breathing pattern in patients with hyperventilation syndrome and

anxiety disordersJ Psychosom Res 1996 Nov; 41(5): 481-493.

"The effect of breathing therapy was evaluated in patients with hypggaten syndrome (HVS). The
diagnosis of HVS was based on the presence of several suggestive comgtaming in the context of stress, and
reproduced by voluntary hyperventilation. Organic diseases as a causegymhptoms were excluded. Most of these
patients met the criteria for an anxiety disorder. The therapy waducted in the following sequence: (1) brief,
voluntary hyperventilation to reproduce the complaints in daily IBgréattribution of the cause of the symptoms to
hyperventilation: (3) explaining the rationale of therapy-reduction of hygreration by acquiring an abdominal
breathing pattern, with slowing down of expiration: and (4) breathing neitmgifor 2 to 3 months by a
physiotherapist. After breathing therapy, the sum scores of thegéinm@uestionnaire were markedly reduced.
Improvements were registered in 10 of the 16 complaints of theaqureste. The level of anxiety evaluated by means
of the State-Trait Anxiety Inventory (STAI) decreased slightly breathing pattern was modified significantly after
breathing retraining. Mean values of inspiration and expiration time atal tiolume increased, but end-tidal €O
concentration (FETC was not significantly modified except in the group of younger women<<28 years). A
canonical correlation analysis relating the changes of the various comptaitite modifications of breathing
variables showed that the improvement of the complaints was corretaiety with the slowing down of breathing
frequency. The favorable influence of breathing retraining on compldinssappeared to be a consequence of its
influence primarily on breathing frequency, rather than on FET'Q@bstract, Han et al, 1996).

This study involved 92 patients diagnosed with hyperventilaymarome. However, the work of the
physiotherapists was not targeted to decrease ventilatitve stibjects and to raise their S@lues. The article
states, thatthe therapy consisted of: (1) a reattribution of the threatening&ymms to faulty breathing habits; and (2)
training of slow breathing and learning to use the diaphragm more (abdominahbrgpand less the upper part of
the thoraX (p. 482, Han et al, 1996).

Results of the therapy revealed that the patients acqusknv deep breathing pattern. Their average tidal
volume rose from abnormal 740 ml/breath (the norm is about 500-@06ath) to 880 ml/breath, while etg®@as
almost unchanged (4.76% before and 4.84% after the treatiNenthal etCQ, according to most medical sources, is
about 40 mm Hg or 5.25% G@t sea level.

32 patients improved markedly, according to their questionnaineswere feeling well. Meanwhile, several
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symptoms related to hyperventilation did not improve atfat éhe treatment. These includemhfusion or feeling of
losing contact with surroundings, feeling of faster and deeper breathivafed abdomen, stiff fingers or arms,
tightness around the mouth, and cold hands of {ge485, Han et al, 1996). That should not be a surpirss the
main problem (hyperventilation or low agQvas not identified and resolved in this study.

4.13 New Zealand Guidelines Group

The New Zealand Guidelines Group is a large group of medieBdgsionals, including numerous professors
and physicians (for more details visit their websitbtgd://www.nzgg.org.ng The Chairman of the group is Norman
Sharpe, Head of the School of Medicine in the Universi#uafkland.

In their “Guidelines for Assessing and Treating Anxiety Disorders, Appen8iow:Breathing Exercisethe
Group states,

“You will remember that when you get anxious your rate of breathingases. This over-breathing is often
referred to as 'hyperventilation'. When you over-breathe you breathite@uotuch carbon dioxide which leads to a
decrease in the level of carbon dioxide in the blood. The decreassf carbon dioxide causes or worsens a
number of symptoms such as breathlessness or light- headedness. Ygpanagnae these symptoms if you have
panic attacks.

To get rid of these symptoms, the level of carbon dioxide indbd biust be increased and steadied. One way
of achieving increased levels of carbon dioxide is to breathe into a page large portion of the air you breathe
out is carbon dioxide, therefore, by rebreathing your old air you are tdkgiger amounts of carbon dioxide into
your lungs.

Although breathing into a paper bag is simple and effective, it maglways be convenient or socially
appropriate to pull out a paper bag in public! Additionally, although breathing @npaper bag is effective during a
panic attack, this method cannot prevent hyperventilation in the futoraltérnative method which is less obvious to
other people and more effective in the long run is the slow breatkaéngige. This method will help you to control
your hyperventilation. Also, by learning slow and regular breathing habitswlbbelp to prevent future episodes of
hyperventilation and other symptoms of panic.

The following exercise is to be practised four times everyatat feast five minutes each time, AND at the
first signs of panic or anxiety.

Combining slow breathing with relaxation is particularly helpful.

SLOW BREATHING EXERCISE (TO BE PRACTISED REGULARLYAANIHE FIRST
SIGNS OF ANXIETY OR PANIC).

If you recognise the first symptoms of over-breathing, STOP whaing doing and sit down or lean against

something. If you are driving, pull over and park in a safe place.

1. Hold your breath and count to 5 (do not take a deep breath).

2. When you get to 5, breathe out and say the word 'relax’' to yoarsetilm, soothing manner.

3. Breathe in and out slowly through your nose in a six second cyelathBrin for three seconds and out for three
seconds. This will produce a breathing rate of 10 breaths per minutéh&aprd 'relax’ to yourself every time you
breathe out.

4. At the end of each minute (after 10 breaths) hold your breath agabrstronds and then continue breathing using
the six second cycle.

5. Continue breathing in this way until all the symptoms of over-breatimve gone. It is important for you to
practise this exercise so that it becomes easy to use anydinfeel anxious. (Treatment Protocol Project 1997)

Among considered methods of breathing retraining, thisigtiy Western study that involves breath holding
as a method of Caccumulation.

4.14 Stanford University, Palo Alto, USA
Meuret AE, Wilhelm FH, Roth WTRespiratory biofeedback-assisted therapy in panic dispiiehav Modif 2001
Sep; 25(4): 584-605.

The value of this small study (only 4 patients) is thtdrahe treatment all patients wéebelow the clinical

threshold for the diagnosis of panic disordép. 596, Meuret et al, 2001).
The patients performed 5 mild HVPT, each 3 min long. &hests were followed by 8 min quiet sitting
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period. The therapy had 5 individual sessions, each about 80mginover the course of 4 weeks. The major
components of the therapy were:

- education about hyperventilation and its central rotdénmechanism of the panic attack;

- teaching techniques to control respiration;

- directing attention to dangerous breathing patterns;

- instruction in home breathing exercises.

Home assignments were performed twice per day, each 20onih long.

The abstract of the publication states,

“The authors describe a new methodologically improved behavioral treatorgoénic patients using
respiratory biofeedback from a handheld capnometry device. The treatitiengle is based on the assumption that
sustained hypocapnia resulting from hyperventilation is a key mechanisie production and maintenance of panic.
The brief 4-week biofeedback therapy is aimed at voluntarily inecrgasilf-monitored end-tidal partial pressure of
carbon dioxide (PCg) and reducing respiratory rate and instability through breathing exesas patients’
environment. Preliminary results from 4 patients indicate thatlteeapy was successful in reducing panic symptoms
and other psychological characteristics associated with panic disordesidtbgical data obtained from home
training, 24-hour ambulatory monitoring pretherapy and posttherapy, and laboratsegsiment at follow-up indicate
that patients started out with low resting PQ6vels, increased those levels during therapy, and maintained those
levels at posttherapy and/or follow-up. Partial dissociation between,R@@ respiratory rate questions whether
respiratory rate should be the main focus of breathing training in panicaisb(abstract, Meuret et al, 2001).

4.15 Common features of Western methods of breathing reigaini

* Usefulness or necessity of the HVPT (hyperventilatioprovocation test)

Most authors used the over-breathing test and indicatedaessity for the successful outcome of their
therapy. Indeed, since many patients (usually over 90%) cecddynize their symptoms during the test, these patients
realised the cause of their problems (excessive breathimghormal to expect that this important practiiscovery
should immediately bring relief to many patients sinceetgxifear of the unknown) was greatly reduced. In addition,
this insight created a better relationship with their aiscthat was based on trust, as well as it also sparkedng
interest and enthusiasm of the patients that they wamdd be able to play an important role in solving their own
problems.

When this test was not done, many patients would contmbave reasonable doubts about the value of the
whole therapy and the doctors' ability to help. The cruciatmifice between these two situations (with and without
the test) is the positive change in attitude of the pattemtards the suggested approach.

» Awareness about normal and abnormal breathing patterns

The patient must learn the main characteristics of abamd abnormal breathing patterns in order to recognise
them in every day life.

First, it was explained to the patient that behaviours ihegii hyperventilation cause a reduction in carbon
dioxide stores. These behaviours included coughing, sneejhings sniffing, and chest inflation. In order to
become healthy, all of those abnormal behaviours must beestapprevented.

Second, it was important for the patient to know theufestof thoracic and diaphragmatic breathing.
Diaphragmatic breathing could be characterised by the foitpatjectives: smooth, quiet, slow, and regular. Thoracic
(chest) breathing, on the other hand, is often uneven, nagyaihd irregular.

* Relaxation

Since tension is a normal response to stress and hypitien, one can conclude that relaxation, due to a
feedback mechanism, reduces minute ventilation, decrpaksesrate, and raises carbon dioxide concentrations.
Therefore, relaxation is a valuable therapeutic tool ingied) hyperventilation and in improving one’s health as
numerous studies of various medical conditions have vatdidate

Moreover, relaxation can be useful in eliminating the negabnsequences of stress, hyperventilation, and
their subsequent abnormal physiological changes. In partiduareduction of tension in the large skeletal muscles,
especially of the chest-shoulders-neck-jaws region, raautt®re calmness and easier breathing.

* Diaphragmatic breathing

Many authors suggested to their patients that they usestinections of physiotherapists in order to learn

diaphragmatic breathing. Two previously discussed featureshahécthe awareness of normal and abnormal
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breathing patterns, as well as relaxation, could be deresd both the theoretical preparation and the first pedcti
steps in acquiring a normal diaphragmatic breathing pattern
* Durations of daily sessions and the therapy

The typical duration of recommended daily sessions was 2@ min to 1-2 hours, in addition to a daily
regime of breathing control. Are there any physiological gredadsuch programs?

The breathing centre has two groups of specialized cbks(oreceptors) which monitor carbon dioxide and
oxygen concentrations (Chapter 2). One group is locatedmeanain arteries close to the heart, and the othlibein
medulla of the brain.

Those cells, which are located near the heart (thplggal chemoreceptors), can detect changes in carbon
dioxide levels in arterial blood in less than a second. Indbede cells are in contact with the arterial blooditepv
the heart. Therefore, their adaptation and trainingsstéend finishes almost immediately with a voluntaguistion in
ventilation. Thus, they are being retrained while simulbasky the person breathes less. (The adaptation of these cell
to acute carbon dioxide changes during breath holding causesaineny effect” discussed in chapter 2).

The second group of cells located in the brain (the cestiemhoreceptors) is bathed in the CSF (cerebro-
spinal fluid). Their trainability depends on carbon dioxpdessure and the pH of CSF. Hence, it is important to know
how CQ in the arterial blood influences G@nd pH concentrations in the CSF of the brain, since tigsls are
separated by a blood-brain barrier. It is a well-establifetdhat this barrier allows only certain substancesdss it
and only at particular rates. What would be the tingeired for an increase in arterial € penetrate this barrier in
order to influence the cells located in the main paiti® breathing centre? There were several studies by physislogi
and neurologists devoted to this subject.

Measurements of carbon dioxide tension on the cerebrakadoranaesthetized cats revealed that this
parameter reaches a plateau in 5-10 min after,aCtDe blood experience a 5-10% absolute increase (Seisjo, 1961).
In another series of experiments with anaesthetizedatis tissue Cohad an exponential increase, with half-time
6-7 min, as a response to 1 mm Hg@@essure increase in inspired air (Seisjo, 1963). Othaiglbgists recorded
12 min in maximum specific activity of G@sotopes in the brain after their appearance in the wboabbits (Coxon
& Swanson, 1965). Finally, a more recent investigation fahat'changes in pH and pGQvith hyperventilation and
hypoventilation occurred rapidly in both arterial blood and CSF. Steadyg stidtues were reached within 15 min for
hypoventilation and 30 min for hyperventilation... These results arestemswith previous researtlabstract,

Andrew et al, 1994).

Therefore, it would be reasonable to assume that abelh hfin is required in order to achieve maximum
influence on the central chemoreceptors of the breathimgece

The optimum duration of this influence (how long it witintinue) would probably depend on the amplitude of
the change and current trainability of the breathing cehte.long time of the session would lead to fatigue ahdro
unpleasant symptoms.

The recommended length of supervised therapies was fromrhootBs, while unsupervised sessions at
home would take more time. Meanwhile, most patients espeed decisive improvement in their health during the
supervised part.

* Respiratory rate

Increased initial breathing frequencies of patients @pdiing in these therapies were commonly noticed.
Most authors suggested to their patients to practice slongathing patterns in order to derive the assumed beakfits
reduced ventilation and increased aCldowever, from section 2.2 we know that, when people &edas
voluntarily decrease their respiratory rate, while havirtgnasly regulated breathing, a slow deep breathing pattern is
the likely outcome. However, we also know that most hypera¢oits already have deep breathing.

Is there any likelihood that some of them may start tatbvesaven deeper after these exercises as a result of
such breathing practice? Probably, for just such a possibititypted Bonn along with his colleagues to suggest that
"any relaxation technique that entails the use of deep breathing is contragdjisatce it will probably exacerbate
hypocapniglow aCQ)]" (p.668, Bonn et al, 1984).

Furthermore, researchers from Stanford University (Meatral, 2001) directly questioned (see above)
whether the respiratory rate should be the main focbseatthing training. Professor Ley expressed similaisidea
(quoted above).

Indeed, the main goal of all these therapies was to naen@ticrease) carbon dioxide values by diminishing
ventilation, or in other words, by breathing less whilthatsame time experiencing relaxation. That, by itedied,
is not an easy task, as it requires the persistentfys#ient's concentration and will power. In additiomnitoring
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one’s breathing frequency may only result in deeper breatrangjrgg further tension and more over-breathing. All of
this calls for learning to create a delicate balamtevben both consistent and relaxed effort.

There also is one technical aspect involving the use of cagirmnAs the reader may remember these
devices measure end-tidal €@ the expired air. In normal conditions this value iselto the carbon dioxide
pressure in the lungs and arterial blood.

However, many studies revealed that, in cases of deepibgeatiprolonged exhalations, the difference
between end-tidal and arterial €@ets larger when compaed to normal conditions (Jones et al,REG1INS et al,
1990). Jones and colleagues, for example, found that eretiff exercise condition®ETCQ-PaCG; varied between
-2.5 and +9.1 Torf1 Torr = 1 mm Hg] was inversely related to the frequency of breathing (r = 0.4a%),directly
related to tidal volunie(abstract, Jones et al, 1979). Hence, the slower the brgathélarger the difference; and the
deeper the breathing, the larger the difference.

As a result, in cases of slow deep breathing, the readirgpabmeters significantly over-estimates arterial
CO; tension. That creates the illusion that carbon dioxidae blood and in the whole organism is increasing,
whereas real values may in fact remain unchanged ordeeeaase.

* Drug-free nature of therapies

Only the earliest study (Kerr et al, 1937), conducted bé&ftwdd War Il, relied on the use of chemical
substances in order to normalize ventilation and aO@her therapies were drug-free and some authors claimraed t
drugs were useless when working towards breathing normatizathis commitiment to the use drug-free procedures
is what makes these breathing methods different from thiéidreed approaches practiced and advocated by most
medical authorities and doctors.

There are many known problems with drugs. In the next secti@nof the crucial differences between a
traditional drug-based approach and any drug-free therajiscisssed.

* Acquisition of control over own health by the patients

Let us consider two possible scenarios in which patiemi Iselp for their disease: in one situation, the doctor
administers a drug, while in the other, a natural appr@aecommended, which requires a change in personal,habits
priorities, and routines.

Modern medicine usually cannot give a clear explanation asgbaaluses patient's problems, and therefore,
most suggested solutions are useless. The well-meaning dtietowill rely on drugs as a solution. The problems
with drugs are numerous and well-documented. A felma$e drugs have survived several decades and are still
prescribed. A typical scenario is as follows:

The patient arrives at the doctor's office with his caimpé. The doctor listens, asks question, thinks about the
problem, conducts tests, make a diagnosis, and prescribeséal substance, which is foreign to the human body.
The patient innocently accepts the doctor’s approach becases fittle understanding of the nature of the problem.
What he does know is that his disease is said to resaitdrcombination of stress, genetics, a deteriorating
environment and other factors, all of which are typicallisme of his control. The doctor rarely suggests a natural
approach (diet, exercise, relaxation, etc.). Instéredlatest miracle drug, recently approved by medical atidsy
becomes the key to the treatment.

After taking the drug for months or years (if he surviyvé®) patient may realise that it does not work aritha
even causes his health to deteriorate further. By tinat this "new" wonder drug may be withdrawn (as many are),
banned due to dangerous side-effects. Nevertheless, thmeaaling doctor is still dispensing the ‘miracle’ pilhe
role of the pill is to fuel the imagination and hopeshef excited, hyperventilating patient.

Retraining one’s breathing is, in contrast, a natural flyebased on ideas, some of which are expressed in
Chapter 1. If this natural approach is accepted by therpahe then realizes that his breathing was and isathee of
his problems. It is possible that some patients maydsgim of a miracle cure.

Consequently, breathing retraining, as compared to ote#raas of treatment, provides the student with the
ability to impact the development of his disease with pralotieping strategies, which when combined with the
patient’s self-discipline, persistence, and deternonattan indeed provide a way to recover.

* High success rates

Most cited studies report a high rate of success, indgé#tat their patients were soon enjoying easier
breathing. Is it always a normal outcome? How long doeké practically to restore normal breathing?

As mentioned above, the patients chosen for these expesigidmiot have any organic damage according to
preliminary screening investigations. Therefore, their sg) often took only a few weeks or months. However,
longer time was required for people who had certain dachar abnormal organs and tissues.
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Q&A section for Chapter 4

Q: Why are these therapies used mainly for patients diagrsed with panic attacks and hyperventilation
syndrome when most other sick people also over-breathe?
A: Historically, capnometers (devices to measurg @@xhaled air) became popular among psychologists. In
addition, there is an almost direct relationship betwegerwentilation and panic attacks. It takes longer timehier
development of an asthma attack, cholesterol depositsutaraad certain other pathological tissues and phenomena.

With regards to other patients, it is indeed reasonaldsk medical authoritiesWhy not treat modern
patients with different chronic degenerative conditions from their gpditation and then see what happens with
their symptoms and complaints, when their breathing is normalized andzoctce with medical standards?

Q: Is pursed-lip breathing helpful?

A: Pursed-lip breathing involves exhalation against part@dged (pursed) lips, as if one is getting ready to
whistle. This technique is supposed to prevent bronchiolapsa and includes small inhaled breaths and a long
pursed-lip exhalation. Its use is advised during exercidganic attacks. One study of patients with cystic §ilsro
managed to demonstrate improved FEV (forced expiratory #ma)FVC (forced vital capacity) (Delk, 1994) without
any improvements in their quality of life. Patients witbRD (chronic obstructive pulmonary disease) after pursed-lip
breathing sessions increased their exercise performmahde making their blood gases at maximum speed worse
(Casciari, 1981).

In my view, pursed-lip breathing, pranayma and some otberdiep breathing exercises can be very
beneficial for certain groups of people (e.g., with hdeease and sleep apnea) during certain stages of breahing
retraining. However, it should be kept in mind, thatoesion of normal breathing reuires a program of actibas
addresses all the essential factors causing chronicyeygdation, including strictly nasal breathing, preventdn
sleeping on the back, etc.

References for chapter 4
Ambrosino N, Paggiaro PL, Roselli MG, Contini Failure of resistive breathing training to improve pulmonary
function tests in patients with chronic obstructive pulmonary dis@&espiration 1984; 45(4): 455-4509.

Andrew RJ, Bringas JR, Alonzo Gerebrospinal fluid pH and pGQapidly follow arterial blood pH and pCQOwith
changes in ventilatigrNeurosurgery 1994 March, 34 (3): 466-470.

Bonn JA, Readhead CP, Timmons BEhhanced adaptive behavioural response in agoraphobic patients pretreated
with breathing retrainingLancet 1984 Sep 22; 2(8404): 665-669.

Casciari RJ, Fairshter RD, Harrison A, Morrison Blackburn C, Wilson AFEffects of breathing retraining in
patients with chronic obstructive pulmonary dised3leest 1981 Apr; 79(4): 393-398.

Clark DM, Salkovskis PM, Chalkley ARespiratory control as a treatment for panic attatiBehav Ther Exp
Psychiatry 1985 Mar; 16(1): 23-30.

Coxon RV & Swanson AGylovement of (14)C bicarbonate from blood to cerebrospinal fluid and bidmysiol
(London) 1965, 18: 712-727.

DeGuire S, Gevirtz R, Kawahara Y, Maguire M¥perventilation syndrome and the assessment of treatment for
functional cardiac symptoma&m J Cardiol 1992 Sep 1; 70(6): 673-677.

86



DeGuire S, Gevirtz R, Hawkinson D, Dixon Breathing retraining: a three-year follow-up study of treatment for
hyperventilation syndrome and associated functional cardiac sympBiofsedback Self Regul 1996 Jun; 21(2): 191-
198.

Delk KK, Gevirtz R, Hicks DA, Carden F, Rucker Re effects of biofeedback assisted breathing retraining on lung
functions in patients with cystic fibrosiShest 1994 Jan; 105(1): 23-28.

Fensterheim H, Wiegand Broup treatment of the hyperventilation syndroieJ Group Psychother 1991 Jul;
41(3): 399-403.

Grossman P, de Swart JCG, Defares RBontrolled study of a breathing therapy for the treatment of
hyperventilation syndromd Psychosom Res 1985; 29 (1): 49-58.

Han JN, Stegen K, De Valck C, Clement J, Van de WjoestiP, Influence of breathing therapy on complaints,
anxiety and breathing pattern in patients with hyperventilation syndrome aretyadisordersJ Psychosom Res
1996 Nov; 41(5): 481-493.

Jones NL, Robertson DG, Kane Jifference between end-tidal and arterial PO® exerciseJ Appl Physiol 1979
Nov; 47(5): 954-960.

Kerr WJ, Dalton JW, Gliebe PAome physical phenomena associated with the anxiety states and thiein telat
hyperventilation Ann. Int. Med 1937, 11: 962-992.

Ley P, The efficacy of breathing retraining and the centrality of hypertagion in panic
disorder: a reinterpretation of experimental findingehav Res Ther 1991; 29(3): 301-304.

Meuret AE, Wilhelm FH, Roth WTRespiratory biofeedback-assisted therapy in panic dispiiehav Modif 2001
Sep; 25(4): 584-605.

Lum LC, Hyperventilation: The tip and the icebergPsychosom Res 1975; 19: 375-83.

Lum LC, The syndrome of habitual chronic hyperventilatiorModern Trends in Psychosomatic Medigiadited by
OW Hill, Butterworth, London, 1976, vol 3: 196-230.

Magarian GJHyperventilation syndrome: infrequently recognized common expressiansiefy and stress
Medicine 1982; 61: 219-36.

Magarian GJ, Middaugh DA, Linz DHjyperventilation Syndrome: a diagnosis begging for recogniiidest J Med
1983; 38: 733-736.

Monday J, Gautrin D, Cartier A/ hronic hyperventilation syndrome. The role of respiratory re-traifimérench],
Rev Mal Respir. 1995; 12(3): 291-298.

Robbins PA, Conway J, Cunningham DA, Khamnei S, PaterdpA Bomparison of indirect methods for continuous
estimation of arterial PC&in men,J Appl Physiol 1990 Apr; 68(4): 1727-1731.

Ruiter de C, Ryken H, Garssen B, KraaimaaBieathing retraining, exposure and a combination of both, in the
treatment of panic disorder with agoraphopigehav Res Ther 1989; 27(6): 647-655.

Seisjo BK,A method for continuous measurement of the carbon dioxide tension ondbeakeortex Acta Physiol
Scand 1961, 51: 297-313.

87



Seisjo BK, The equilibration of (14)C@with the acid labile C@of brain tissueJ Physiol (London) 1963, 168: 59-
60P.

Tweeddale PM, Rowbottom I, McHardy @lFeathing retraining: effect on anxiety and depression scores in
behavioural breathlessness Psychosom Res 1994 Jan; 38(1): 11-21.

88



Chapter 5. History and advance of the Buteyko bredting method

Introduction

This chapter, first, gives a short history and infation about the theoretical findings and practical work of
Doctor Buteyko and his pupils in Russia and abroad. Laiere $asic features and trials of the Buteyko breathing
method are considered.

5.1 Some historical facts about the origins of the method

Doctor Buteyko received his medical degree from the FirgtidaéInstitute in Moscow, where he studied
from 1946 to 1952. During this period he had a medical practeeditg and dealing with severely sick and critically
ill patients. A series of events helped him to realwedonnection between the respiration and health of patiehts wit
hypertension, angina pectoris, asthma, and some otheuseiseases. He noticed that with approaching death,
patients’ respiration got heavier. By visual observation bépts’ breathing in the hospital, he could predict how
many days or hours of life were left. Later he discovénatideliberate acute hyperventilation (which we explased
the HVPT or hyperventilation provocation test in previowsptars) quickly worsened the health of patients, while
breathing less caused elimination of their symptoms. Butdgkocanfirmed these findings in his own problem,
hypertension. He then decided to devote his life to studgisigiration, in general; and G@roperties, in particular.

After graduation with Honours, in 1952, he joined the Departmieg@linical Therapy of the same institute,
working as the manager of the Laboratory of Functional Distipwin Moscow. Among his concerns were lack of
qualified personnel, inadequate equipment, and financiblgrs. He then had more time to study western
publication about breathing. During these years the Sovietveaatdeveloping the unique program of outer space
exploration for the first space missions. It was of ekoapl importance to know and study effects of air pararset
(air pressure and its composition) on human health. éJ&aviet officials were looking for bright young sciestist
who could lead such projects in physiology and medicine. Agénldeof 1950’s he was chosen to head such a project in
Novosibirsk. Due to importance attached to the projéstiaboratory was provided with the best available eqaigm
and best qualified support.

Obviously, in this research, as, for example, in anyiaimMASA research, its people and facilities were
heavily guarded by Soviet state officials, including KGB #&gefhe aims of this research included:

- finding optimum air parameters for human functioningrayspace missions depending on the stage of the flight and
initial parameters of astronauts;

- breathing of healthy and sick people and interactionsdget various diseases and respiration;

- effects of various environmental factors (sleep, stegpostures, exercise, posture, meals, diets, dailyjteed)
temperature, thermoregulation, emotions, etc.) on tureaaind health.

Thus, in 1960 Buteyko became the manager of another Labor&teapctional Diagnostics organised at the
Institute of Experimental Biology and Medicine in NovosibifBlkteyko created in his laboratory a unique diagnostic
complex, which included several physiological devices to meaurmportant health parameters in real time (or with
each breath). According to Buteyko and Dyomi@né such investigation, lasting about 1 hour, produces about 2,000
recordings of 40 main parameters of respiratory and cardiovascular pragaegseilting in about 100,000 numbers...
(Buteyko & Dyomin, 1963). These parameters included pulse, BKGd pressure, tidal volume, respiratory rate,
minute ventilation, arterial and venous blood gases and chkamalysis of the expired air. The complex produced
many thousands of measurements per hour, analysed by a eorijet unique features of this complex were
described in the Soviet magaziriaventor and Efficiency Expérfinventor and Efficiency Expert, 1961; Buteyko
1961; Buteyko, 1962). Some characteristics and abilities ofrthchine were also reported in more than 20 scientific
articles written by Buteyko with his colleagues and publishededical, physiological and diagnostic magazines and
conference proceedings.

Research with the use of this complex was done from 1960 to TB&Ballowed Buteyko to receive
information about physiology and respiration of the humaarsgn in health and disease and relationships between
respiration and different factors, including those descrilvettapters 2 and 3.
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Photo 1. This is the unique diagnostic complex created in T86QSSR’s first space missions in the Laboratory of
Functional Diagnostic in Novosibirsk headed by Doctor Buteyke volunteers were to breathe air with varying
composition. About 40 physiological parameters of the body weasumed by the complex in real time 24/7,
thousands of numbers every hour, literally with eachtbre&the person. The information was recorded and a@dlyz

by a computer. Simultaneously Doctor Buteyko studied theaictiens between breathing and diseases, breathing and
life style factors and other breathing-related and-@ated challenges.

Not only did he brilliantly conduct and complete these studieded and initiated by the USSR’s Ministry of
Aviation and Space Exploration, he also discovered and préctcalfirmed the fundamental role of breathing in
development and treatment of various health conditionksidimg asthma, bronchitis and heart disease. Given the
confidential nature of the project, it was normal thatgnresults remained classified for years. (Compare Butgyko’
situation with the situation of the famous Oxford Profedetm Haldane, who was hired in 1920-1930’s by British
Navy to study air in submarines and whose name then disapdeam the world scientific community.) This,
however, was not the case with Buteyko and his colleagihey.had dozens of publications in open Soviet literature
(in Russian) about their research in 1960’s. Moreover, in 1@syko and his numerous pupils were able to travel
in Western countries and share the word about the Butegkwoohand his discoveries.

5.2 Breathing and modern diseases

Let us now consider and analyse some ideas and hypothesigedest by Doctor Buteyko. They can be found
in his scientific publications and articles, and descrithering his interviews and public lectures.

Most patients (over 90 %) with a variety of modern chronichealth problems (“diseases of civilization”)

hyperventilate and have chronically low aCQ (Buteyko & Shurgaya, 1965; Buteyko, 1969, 1972; Buteyko et al,
2005a, 2005b).
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Acute overbreathing worsens their health state, while i@uced breathing improves it (Buteyko & Shurgaya,
1965; Buteyko, 1969, 1972; Buteyko et al, 2005a, 2005b).

Chronic forms of the “diseases of civilizations” are impssible without dis-regulation of external respiration
(Buteyko, 1969, 1972; Buteyko et al, 2005a, 2005b)

Development of these diseases is proportional to thegtee of hyperventilation. The lower the aCQ and BHT,
the worse the health of the patient (Buteyko, 1969, 1972; Byl et al, 2005a, 2005b).

The health state of a person can be defined by own BHAnd alveolar CG; in accordance with the following
table (Buteyko 1969, 1972, 1991; Buteyko et al, 2005a, 2005b)

1-st stage | 2-nd stage| 3-rd stage
heath | heatn | ofthe | ofthe | ofthe
disease disease disease DEATH
BHT >60s 40-60 s 20-40 s 10-20 g <10 S
%CO, > 6.5 % 5.5-6.5% 4.5-5.5 % 4.0-4.5 % <4.0%

Restoration of normal breathing is equal to elimination othese diseases and their symptoms (Buteyko, 1969,
1972; Buteyko et al, 2005a, 2005b)

Studies of Russian doctors practicing the Buteyko methodekhaswVestern publications, reveal that over
150 health conditions relate to heavy breathing, or are pessity in conditions of hyperventilation. These are less
than 1% of all health pathologies (about 30,000) currently knowretmedical science.

“I hear a whisper of indignation and joy: “So, are all diseases frgep breathing?” No, not all. Deep
breathing causes one single disease: the disease of deep breathinge$t @avide spectrum of pathologies. Why? It
interrupts the metabolism of the substances — the foundation iof diflecells. These or other symptoms are
manifested, and their strong expression is qualified as diseagButeyko, 1977).

The theory suggested by Buteyko has some restrictions and canmaetely describe all physiological
processes in the following cases: infectious diseasegesgsychological abnormalities; traumas; extreme states du
to intoxication, poisoning, radiation, and reanimation; gigimconscious states; childbirth; sex; and cancer (Buteyko
et al, 2005a; Buteyko et al, 2005b). However, application of theyBotmethod allows natural regulation and
normalization of these and many other physiological processes

According to the book “Buteyko’s cure”létcelenie po ButeyKpcompiled by the Moscow Buteyko clinic,
“1. Essence of the discovery.

The essence of the Buteyko’s discovery consists of the idea tihgtdieep breathing too much ¢3
removed from the body. This causes changes in the homeostasis, wipelntiatly neutrloised by various
compensatory mechanisms. The developing disbalance of homeostasis, acogmutatg long periods of time (for a
fetus due to breathing of the mother) leads to disruption of previoggrtheses and other processes. The symptoms
of the patients with carbon dioxide deficiency is worsened due tasdefeeactions of the organism, which are
expressed in disruptions of the respiratory and cardiovascular systEmgver, it is necessary to say that should
these defensive reactions, worsening the symptoms, be absent, thef tieafterson would take place much sooner.
2. The first proposition of the theory.

...Respiratory alcolosis is accompanied, as a ruler, by the stateygén deficiency,...which leads to
appearance of incompletely oxidised products of metabolism, and, hedegetopment of metabolis acidosis, which
partially compensate pH fluctuations, caused by by the respiratory alspédgiough it should be noted, that this
sompensation is not complete. As a result of these processegrthiatowing changes in the organism:

1) the electrolytic composition of the extracellular fluidhsueges;

2) pH of the extracellular fluid is changes;

3) since the cells are participants of the pocess of pH noratializ, their pH changes;

4) since the kidneys try to normalise the PH and remove HCOBuffer abilities of blood plasma is reduced,

5) due to changes in the ratio HCOS3 of the cell wo HCO3 of tremalathe rate of diffusion of HCO3 from the cell to
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plasma is changed;
6) [Haemoglobin cells can not release oxygen with the same effidienc
7) Synthesis of aminoacids, nitrous bases, lipids, and carbohydratesuigtedsr
The results of these changes are:
1. disruption of synthesis of proteins, peptides, nucleoacids, lipids,abdlydrates;
2. disruption in the work of enzymes, due to changes in pH, changesateloé carboxolozation;
3. changes in the energy production of the organism (decreased synthesi®) of ’Ap. 247, Buteyko's cure,
2000).

5.3 Development of specific health problems
Let us look at the suggested mechanisms of developmentgiotif@a health conditions.

» Asthma

Doctor Buteyko claimed that he knew since 1952 that chronierkgptilation was the cause of asthma. This
was his clinical observations. Normally, during laterrggawas merely a technical matter for him to essibihe
causes of asthma. Low ag@ue to chronic hyperventilation, resulted in chronic matgebronchoconstriction and
abnormal sensitivity of the immune system in relatiomaioous substances or processes (Buteyko, 1964; Buteyko &
Odintsova, 1968; (Buteyko, 1977). The final triggers, in order$tirnaa attack to take place, can be overeating,
exercise, allergens, stress, overheating, and othergaghich cause autoimmune response in airways, further
intensification of respiration, more bronchoconctrictiomduorction of extra mucus, chest tightness, wheezing and
other negative effects.

Peter Kolb’s web site (http://members.westnet.com.au/gkaieyko.htm ) contains large amounts of practical
and theoretical information about asthma, hyperventilatarbon dioxide, the Buteyko method and its development.

Practical evidence and Western clinical trials (séevesuggest that the Buteyko method is successful in
dealing with asthma. Normalization of breathing and maartee of normal COvalues for certain time leads in
elimination of abnormal immune and allergic reaction®mmeer asthmatics. As a result, they have clinical seron
and usually can lead normal (in relation to work, d&grcise, and exposure to allergens) lifestyle. For whetasls
about asthma one may visit the website of the Buteyko Cliboscow (vww.buteykoclinic.ry.

While Russian practice and Western trials demonstrateother of the Buteyko method for asthma, it is still
unclear what the immunological mechanisms and biochenacskes of its success are. There are certain known CO
effects discussed above. These,@€kated effects provide the foundation for appearanestbima. Apart from that,
there are other possible causes known to those who aretpactearned the Buteyko method. What are these?

. Prevention of asthma attacks by reduced breathing andtien, instead of using reliever medication,
provides patients with the sense of control. Spgyahological componenand accompanying feeling of helplessness
were essential parts of asthma attacks in the paat,avh the changes on psychological, neurological, biochemical
and other levels? How strong are they?

. Since many asthmatics are mouth breathers and singleoneathing provides them with dilator of small

blood vesselsitric oxide. What is the influence of nitric oxide when asthmapasients start breathing through the
nose? Does it play a role for those patients who is alg®p their morning asthma attacks (4-6 a.m.) by taping thei
mouth for continuous nasal breathing? Does nasal breattdoge irritation of air passages in comparison witkitmo
breathing?

. The effects ofransition to diaphragmatic breathing are also poorly investigated. The role of this factor
should not be underestimated since abnormal breathing patpeada@ninant feature for people with asthma.
. Duration of inhalations in many asthmatics are longer tifiain exhalations. These phases, at the same time,

are controlled byparasympathetic and sympathetic parts of the autonomouservous systemlf the therapy

reverses the lengths of these phases (exhalations beloomes, does it affect autonomous nervous system and how?
. Similarly, what are the effects of correct posturé gelaxation on various components and parameters of the
disease?

Apart from these general questions, the biochemical and mological changes due to changes in breathing
are poorly understood areas. There are just few limitedi&usnpublished studies indicating normalisation of IgA,
IgE, 1gG, and IgM concentrations as a result of bregthétraining in a small group of children. What aredfiects
of chronic hyperventilation on the mechanisms of inflamomaéind allergy? Are the effects of leukotrines on airways
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are different in conditions of chronic hypocapnia for astitsa What is the role of mast cells, basophils, epdiits
and T lymphocytes? Can chronic hyperventilation be a tiiggéactor in imbalance of helper T cell Type 1 and 2
immune responses?
More general question can relate to interaction betwesggiration and immune responses. Hyperventilation is
a defensive reaction and a part of the “flight-or-fligl@§ponse, or a state of increased alertness and emefgethe
whole organism, the immune system included. It is possitihgpothesise that the immune system should be in the
state of increased sensitivity, when certain agamspcovoke strong immune reactions. Which immune reactions do
become abnormal? How do they appear? Why only asthmaticsgen @dnormal processes and cascades of events?
There are many other theoretical and practical questianhgadn help us to better understand the underlying
mechanism of asthma pathology and create the optimum prégramanagement of this disease.

* Hypertension and angina pectoris

Due to his own health concerns, Buteyko had keen intereatdiovascular problems. According to his public
lecture, In 1952 | had blood pressure of 220-120, headaches, insomnia, and heartachesySmotessional
occupation was the general form of malignant hypertension, | predictedmaming life span to be about 1.5 yéars
(Buteyko, 1970).

During the 1960'’s, while testing patients at his diagnostigpdexn Doctor Buteyko, together with his
colleagues, found relationships between a@@l parameters of the cardiovascular system. In partitiéy found
that low aCQ causes low tone and spasmodic conditions in small arterial béssels and capillaries (Buteyko et al,
1964a; Buteyko et al, 1964b; Buteyko et al, 1965; Buteyko, 1968) anddkienship between aG@nd blood
cholesterol level for people with hypertension (Buteyko et@85). Practically, for each 0.1% decrease in (€i0e to
chronic over-breathing) there is a resulting increase of 10Lnaj/dholesterol, for those people who are genetically
predisposed to cholesterol deposits.

These results are consistent with our findings from chdpasd other Western studies. For example, we
already know that chronic over-breathing normally causes tisgaumxia and decreased blood supply to various vital
organs. In particular, blood flow to the heart itself is fotmte smaller in numerous animal experiments (for
example, see Gelman et al, 1985; Karlsson et al, 1994).a8uehse conditions were observed by many Western
doctors (see Chapter 1) and cause various cardio-vagcabdems listed in chapter 1, including hypertension and
angina pectoris.

While these heart conditions were investigated in Russistugbdes or trials were attempted in Western
countries. As in case of asthma, there are manyignesWWhat are the practical factors of the Buteyko me#mol
changes in breathing that cause these favourable changes2M/khe psychological, biochemical and neurological
changes due to changes in blood,@&lues? What are the effects of continuous nasaltng&t Since sympathetic
dominance is a typical abnormality for many heart conditiohst\are the effects of the breathing retraining on the
autonomous nervous system?

* Other defensive reactions

All these problems (asthma, hypertension, and anginarjgctccording to Buteyko, are not abnormal
pathological states, but defensive mechanisms of the ongagainst excessive Gsses ((Buteyko, 1977). Indeed,
narrowing of air passages (as in asthma), or narroefiagterial blood vessels (as in hypertension and angina
pectoris), or pooling of blood (as in varicose veins) cadsksys in CQremoval. Similar defensive mechanisms are
observed in many other situations: blocked nose, polyps, exeesscus production, varicose veins, spasmodic states
of different organs leading to migraine, gastritisetdc Raynoud'’s disease etc. One needs just to imagine the
mechanism how these created obstacles delay excessive dakide elimination.

As a result, numerous health conditions can be considettbd dssperate attempts of the organism to
preserve higher carbon dioxide concentrations.

* Gastrointestinal diseases

Gl (gastrointestinal) diseases are typically accompiamyespasmodic states of small blood vessels leading to
hypoxia and problems with an inadequate blood supply to Gl e1gauwman et al, 1999), while hyperventilation
leads to reduced perfusion and oxygenation of the liver, @idrother vital organs (for references see Chapter 1).
Elimination of hyperventilation was found to be an difezcmethod to deal with gastritis, gastric and intedtulcers,
IBS, IBD, Crohn disease, and other GI problems. Howpsssible that so different health problems can have the
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same cause?

From chapter 1, it is known that the Gl tract haswa brain (the second brain), which is located and
functions relatively independently from the central nervoutesysWe also learned that chronic hyperventilation
often causes various mental and cognitive problems (pdaitkaf anxiety, depression, etc.) depending on individual
predisposition of people. Hence, it is possible to sughastow CQ stores can affect, in a similar way, this second
brain causing variety of Gl problems depending on individualreiffiees that include genetic make-up and currently
existing abnormalities in the Gl tract.

Chronic hyperventilation leads to abnormal intestinafeebility and abnormal protein metabolism since Gl
tract is the main consumer of amino acids. That suggleat the mechanism of development of these conditions is
based on overbreathing. Normal breathing, on the other handpmspatible with these pathological processes.

* Diseases connected with bone metabolism

Since low aC@causes abnormal changes in ionic composition of the bloagklhas abnormal redistribution
of ions in extra-cellular and intra-cellular fluidsattaffects regeneration and destruction of bone tissugsriicular,
changes in bio-available calcium concentrations weraisitsd in chapter 1. Therefore, it is sensible to asdwne t
osteoporosis, osteochondrosis, abnormal growth of besiges, brittle teeth, and other related conditions agetlyir
influenced by over-breathing.

* Allergies and abnormal immune reactions

Low aCQ, by interfering with activities of vitamins, catalyst®rmones, and other body chemicals, alters
normal human immune reactions. Moreover, physiological stintiésate that low carbon dioxide stores directly
affect blood perfusion and oxygenation of the spleen, and tiéBaes and organs involved in the production of the
immune cells (Guzman et al, 1999). As a result of over-tirggtim some cases, pathogenic objects do not cause a
normal response of the immune system leading to colfdstions, tonsillitis, while in other cases the reacof the
immune system is excessive, as in hypersensitivitgrgals, and autoimmune disorders. Practical work ontbongat
normalization revealed efficiency of the Buteyko breathingaimefor colds, respiratory viral diseases, allergies,
allergic rhinitis, multiple sclerosis, rheumatisnthaitis, lupus, nephrosis and other related disorders.

» Endocrine diseases

By affecting production and concentrations of differenntmmnes, chronic hyperventilation can cause
problems with thyroxin, insulin, estrogen, epinephrine, pioephrine, calcitonin, pancreatic endocrine hormone and
other hormones. That leads to hypo- and hyperthyroidigahetes, hyperparathyroidism, diseases of the adrenal
cortex, and other health concerns.

For example, Doctor Buteyko suggested the following mechamisdidbetes development (Buteyko, 1962):
During times of stress, it is physiologically normal flee organism to have certain hormonal changes in order to
prepare the organism for rigorous physical activity (“fightlight” response). While increased production of
adrenalin and nor-adrenalin (the main stress hormonesyall-known effects, decreased insulin level and higher
blood glucagon concentrations increase blood sugar level.a8aghations are obviously useful from the evolutionary
viewpoint in order for this physical activity to be efént. However, chronic stress without physical activigutes in
chronically high glucagon and low insulin values. These antesother biochemical changes (due to the changed
direction of the Krebs cycle) cause hyperglycaemia.

Practical studies done by Doctor Buteyko revealed that dtahetually have 32-34 mm Hg agénd 5-10 s
BHT (breath holding time after quiet expiration). Therefdiabetes can be also viewed as a normal effect of
hyperventilation in people with a certain genetic predigmm.

More information on diabetes can be found on Christopineke’s website at
www.buteyko.com.au/Chris.htmiNumerous cases of complete remission of insulin-depeddsrgtes are described
in the next chapter.

The practice of Russian doctors revealed that bleeding &etwenstruations, if present, usually disappears
when the CP is above 20 s. Furthermore, females, who halviems with regularity of their monthly cycles,
experience normalization in periodicity when their CP&ee 40 s. There are also various infertility problems,
which are eliminated when the CP is greater than 40 second

e Cancer
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Let me describe here the possible chain of eventsnighingperventilation washes out om each cell of
the human organism. Since €© a powerful dilator of small blood vessels, hypocapnia @@y concentrations) lead
to constrictions of arterioles causing problems with oxydgdivery. As a response, the heart work harder, but less
blood arrives at the tissues. Moreover, low cellulap €&ues cause inability of red blood cells to releasatexer
little oxygen they bring (the Bohr effect). Abnormalitigih the use of the own nitric oxide roduced in the nasal
passages intensify vasoconstriction and hypoxia. Thedirtabme is no COand no Qin the tissues. When oxygen
supply is near the critical level, due to chronic hyperiagiin, the hypoxic cells are in a dangerous state. Mereo
certain cells, tissues and organs can be predispodéghter, than average, level of hypoxia due to hereditary
characteristics. In addition, some cells, tissues armhargan be especially vulnerable, for example, dugedotd
exposure to harmful substances (like smoking for lungsainezhemicals for kidneys, liver, brain, stomach, colon,
kidneys, etc.,).

Such local abnormal environmental parameters can causemsathe clusters of cells. All these processes
affect the existence of neighbouring cells and the wholenostjeere these events take place. As a result, the affecte
tissue or the organ has two choices: to die or to m@difgmeters of existence in order to survive. Deatielts can
be particularly quick and the whole process can be moreiwavégertain gangrene-causing pathogens are present.
For example, Clostridium perfringens, Cl. welchii, @pscum, CI. novyi, Cl. histolyticum, Cl. sporogenes, and
various other bacterial strains, including StreptococcdsSaaphylococcus cause gas and moist types of gangrene.
Hypoxia is a known powerful factor in the spread of gangrehéde dozens of professional studies revealed the
usefulness of hyperbaric oxygen therapy in the treatmeningirgiae. That is a normal current practice in hospitals of
various countries.

However, gangrene means death of the tissue. As an é&iterttadeath, the hypoxic cells can change their
phenotypes in order to survive in conditions of extreme hyp@iarles Maguire, 2003, private communication). The
cells can be reprogrammed to the new environment and becmiteg sin some respect, to the cells of human embryo,
which successfully and quickly grows in conditions of sevepokia. That causes the formation of a tumour.

Let me again repeat a quote from above,

"Cells undergo a variety of biological responses when placed in hypoxigioasdincluding activation of signalling
pathways that regulate proliferation, angiogenesis and death. Cancer cellatiapted these pathways, allowing
tumours to survive and even grow under hypoxic conditiog€h&plin et al, 1986).

Hence, the tumour represents a life form, which adaptdte conditions of the environment. Since severe
hypoxia was the norm in the early years of life on Eavtten Q content in air was less than a few percent, ikedyi
that primitive animal life forms were similar, in margspects, to tumours (Charles Maguire, 2003, private
communication), while development of tumours is a normaldéfe reaction of the organism due to changed
environmental conditions.

Hence, cancer and malignant tumours are due to thadtitan of the following factors:

1) level of tissue hypoxia;
2) hereditary predisposition (weakness of certain tissnéoegans);
3) life-style factors and environmental influences.

Practically, as medical evidence indicates, hypoxia resythmcentral factor in appearance, survival, growth,
and metastasis of tumours.

We may conclude that, apart from other positive effexianalization of breathing (or steps in this direction)
is an efficient method to improve tissue oxygenation and Gghcer. Since the Buteyko method is directly intended to
restore normal Cgstores, normal breathing and normal cellular oxygenati@nop surprise that disappearance of
tumours is a normal and frequently reported effethisftherapy. However, it usually takes months or yeagetthis
result. At the same time, optimum anti-cancer treatralso needs special dietary changes, which, fortunditaie
been investigated and described by nutritionists and mexhdabther heath professionals in popular and professional
literature. According to published observations of Russiarodndhe Buteyko method is very effective during earlier
stages of cancer (stages 1 and 2), while there is@tdefnprovement in quality of life for patients who haveas
in stages 3 and 4.

* Other health concerns

Appendix 3 (from Novosibirsk Buteyko web site) provides a list aftheconditions, which are characterised
by hyperventilation and low aG@nd which favourably respond to correct applicatiohefButeyko method.
Appendix 4 (from Moscow Buteyko web site) gives symptoms of hypealagon syndrome, which are treated in the
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Moscow Buteyko Clinic.

e Formula for aCO,

The maximum pause reflects ag @ccording to the already quoted formula
aCQ% = 3.5% + .05*BHT(here, aC@ is the alveolar CQOconcentration in %, 3.5% is minimum gEbntent in
alveoli, K=.05 is a coefficient of proportionality, the BHEIbreath holding time after quiet expiration, while sitting
after 10 minutes of rest. Those people, who frequentfpipe breath holds, do the test until the first desirereathe
(due to the “training effect” described in Chapter 3).

This formula was patented during Soviet times (Buteyko, 198&as probably considered by Soviet
bureaucrats, as a significant achievement of Soviet scidmadable Western studies indicate (chapter 1) that both,
carbon dioxide and BHTusually get lower with worsening of health. There wayesystematic attempts in western
literature to find the connection between usual a&t@ BHTor to define the connection between the personal BHT
and the aC@

* The relationship between ventilation and the BHT

If the official BHT normis 40 s, it corresponds to about 6 I/min for minuteitegion. Doctor Buteyko’'s norm
of 60 s BHT corresponds to 4 I/min. As we learned in Chéptpatients with moderate asthma or heart disease have
about 15 s BHTand 15 I/min for minute ventilation. These and other finglisigggest that the approximate relationship
between ventilation and the BHY linear. Hence: If your BHTS 30 s, you breathe twice the norm (about 8 I/min for a
70-kg adult).
If your BHT is 20 s, you breathe three times the norm (about 12 I/min).
If your BHT is 15 s, you breathe 4 times the norm (about 16 I/min).
If your BHT is 10 s, you breathe 6 times the norm (about 24 I/min).

5.4 Practical discoveries and their application

Reduction in ventilation and increase in gk equivalent to health improvement, while normalizadion
breathing parameters is equal to health restoration. Brpractical viewpoint this Buteyko finding literally saved
thousands of human lives and can save millions more.

The main measuring tool of the Buteyko method is the CPr{dgduse) or BHTWhile the term “BHT
(breath holding time)” appeared long time ago in Westeicakand physiological literature, there are many
variations of this test (see chapter 1) so that thdtsesan differ 3-4 times. Russian doctors, who use@titeyko
method, used the term “CP” (control pause). The strighitieh of the CP or the method of its measurement is given
in the next section. The concept of the CP, together wgittelhtion to symptoms of various diseases, quality of life
and other life factors, is one of the fundamental discesef Doctor Buteyko. Let us shortly review his findings or
what he observed in his patients with asthma, heartsgiseand bronchitis.

When the CP was very short (e.g., about 5 s), indicatinghesvy breathing, the patients experienced acute
or life-threatening episodes. These periods of acute hygaawem could be triggered by numerous factors previously
described or by allergic responses, as in cases of asthm

Between acute episodes their CPs were about 10-20 s dependiengedty of the disease, the medication
recently used, meals, time of the day, posture and nthey factors.

When these patients reduced their breathing, using the Butsstkad, and achieved about 25-30 s CP, they
were in a safe zone having no symptoms and no need for mealic&ttould they experience the symptoms of their
main health problem, they could use breathing exercisdevate these symptoms.

Similar results in relation to symptoms and need in médicavere found for epilepsy, sinusitis, primary
hypertension, chronic fatigue syndrome, and some other corsdiG@merally, cardiovascular and respiratory
problems are the conditions that respond quickly to applicaf the Buteyko method. An exception here is
emphysema since these patients need years for restaftlamaged alveoli in their lungs and complete clinical
remission.

Buteyko and his medical colleagues in the USSR and, \&stern breathing teachers, also applied the
method for various other health pathologies, including hoatmmblems (diabetes, thyroid abnormalities, etc.), Gl-
liver problems (hepatitis, liver cirrhosis, gastritis, uscdBS, IBD, etc.), urinary problems (urinary infecson
nephritis, kidney stones, etc.), musculoskeletal problerttwifes, osteoporosis, etc.), nervous problems (addictions
sleeping problems, phobias, anxiety, depression, initigéstaf schizophrenia, etc.), neurological problems
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(Alzheimier, Parkinson, motoneuronal disease, etc.), oncolqgishlems (cancers, leukaemia, radiation disease,
etc.), skin problems (eczema, psoriasis, etc.), ane soher pathologies. Generally, to efficiently solve these
concerns, one should have over 40 s 24/7 for a certain periiogeodften ranging from weeks (for younger patiens)
up to years.

The norm of 60 s CP corresponds, according to Doctor Buteykiedl health and absence of medical
pathologies related to so called chronic degenerative diseads®ases of civilization.

These ideas are reflected in Buteyko Table of Health Z&nissovery of 7 zones of poor health and 5 zones
was so important for Buteyko that he filled a patentiapppbn for this invention.

Buteyko Table of health zones

0,
'ﬁ:f;h bIZ:fh?.fg Degree | Pulse | Rf C(/)oz AP| cP | MP
> 48 | 3| 7.5 [ 16 |180] 210
Super- 4 50 [ 4| 7.4 |12 ]150] 190
health | >hallow 3 52 | 5] 73] 9 |120]170
2 55 6 | 71| 7 | 100] 150
1 57 | 7] 6.8] 5] 80]120
Normal Normal - 60 8165 4 | 60| 90
-1 65 [10] 6.0 | 3 | 50 | 75
-2 70 [12] 55| 2 | 40 | 60
Disease | - Deep | ————go 504 0 40
-5 90 |26 40| - | 10] 20
-6 100 [30] 35] - [ 5 | 10

Table’s comments. Pulse — heart rate in 1 minute; Rfpiagsry frequency in one minute (number of
inhalations or exhalations); % CO2 - %CO2 in alveoli ofltimgs (*or arterial blood if there is no mismatch); Afhe
Automatic Pause or natural delay in breathing after exbalétduring unconscious breathing); CP - the Control
Pause, breath holding time after usual exhalation andfustitlistress); MP (the Maximum Pause, breath holding
time after usual exhalation and as long as possible).

/Based on various Russian publications, especially: Butiéid he method of volitional elimination of deep
breathing [Translation of the Small Buteyko Manual], Vesknsk, 1994.

* Note about pulse. Not all people have greatly increhsedit rates, as it is given by this table, when theg &P

low. Some categories of people with less than 20 s @Raee a resting pulse of around 60 - 70. However, increased
heart rate for lower CPs is the feature of, for exanfart patients and patients with severe asthma. Dilméng

1960's, when conducting his research, and later, Buteyko andlleagues applied the Buteyko breathing retraining
program mainly for heart and asthma patients, who wesglyrhospitalized with frequent deficiencies in blood
cortisol levels.

Dr. Buteyko developed this table during 1960s, after analyzindrieds of sick and healthy people in his
respiratory laboratory, and presented it during hisurecfor the leading scientists at the Moscow State Wsityen
1969. The Table reflects health of his numerous hospitadimddseverely sick patients, who started their journey for
health at the very bottom of the table and climbed up, sorestio the very top of the table.

The middle row of the table corresponds to normal heaélovBthis row are 7 zones corresponding to
disease. The borders for these zones are given by 7frowsrormal down to -6th degree). 5 zones of super-health
are above the middle row. Let us start from the very bottamotable and then climb up.

Terminally sick and critically ill patients during aeudtages

The lowest row of this table corresponds to severely sidkerminally ill patients in critical conditions.

When people are at the risk of dying, the table predicts 3@ beats per minute for their heart rate, over 30 breaths
per minute for respiratory frequency, less than 3.5% @Qi24 alveoli of the lungs. The CP (Control Pause or stress-
free breath holding time after usual exhalation) istless 5 s.

Terminally sick and critically ill patients in mos¢able conditions

The next row from the bottom corresponds to severely sidkerminally ill patients in stable conditions.
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Typical heart rates of such people are above 90 beats pger(sitting at rest). Respiratory rate (or breathing
frequency) is above 26 breaths per minute at rest. A CQ2ntration in alveoli of the lungs is no more than 4%.
There is no automatic pause (period of no breathing aftedagidn). The Control Pause is less than 10 s, while the
Maximum Pause is less than 20 s. (Numerous medical stahéismed that over 90% patients with chronic diseases
indeed die in conditions of severe hyperventilation, while theart rate and respiratory frequency become much
higher than the norms. Quotes and exact numbers from sutibsscan be found on my website in relation to heart
disease, asthma, cancer, and many other conditions.)

These patients usually require numerous types of meshdatprevent their multiple symptoms and
complaints. Walking is hard and climbing upstairs, duegavy labored breathing, dyspnea, and low body
oxygenation, is often impossible. Most of the time imspebed, since even sitting require efforts.

Sleep is dreadful since breathing and symptoms get mude\watter transition into horizontal position. Early
morning hours (4-7 am) is the time when these patients @stlikely to die from heart attack, stoke, asthma kftec
complications from cancer, diabetes, and many other ajiles|

Patients with moderate degree of their disease

The next row (“-4” degree of health) corresponds to patietiose life is not threatened at the moment, but
their main concern are symptoms. People with mild astheart disease, diabetes, 1 and 2 stages of cancer, and many
other chronic disorders are all going to be in this zoneingakedication is the normal feature for most of these
people.

As we see from the table, heart rate for these patraniss from 80 to 90 beats per minute. Breathing
frequency is between 20 and 26 breaths per minute (theahadren is 12, while doctor Buteyko’s norm is 8 breaths
per minute at rest). CO2 concentration in alveoli of timg$ is between 4.0 and 4.5%. The CP is between 10 and 20 s.

Physical exercise is very hard, since even fast walldaglts in very heavy breathing through the mouth,
exhaustion, and worsening of symptoms. Complains about fatigugormal. All these symptoms are often so
debilitating that they interfere with normal life arfilay to work, analyze information, care about othets, kiving
in the chronic state of stress and being preoccupiedowithmiserable health are normal, while efficiency and
performance in various areas (science, arts, spatsaet compromised. Sitting in armchairs or soft cosichéhe
most favorite posture.

Parameters of these people get worse during early mdnoung with corresponding worsening of symptoms.
Many sufferers get less than 10 s for morning CP witkffidcts accompanying the last stage of the disease.

Most modern people

Most modern healthy people have between 20 and 30 s CP. Hexcare going to be in the third row from
the bottom (*-3” degree of health). While there is no neediaking medication in this zone, numerous health
pathologies are frequent. This relates to gastroingdstisorders (gastritis, IBS, IBD, etc.), musculostadl problems
(arthritis, osteoporosis, etc.), hormonal and metalppbblems (mild obesity, light diabetes), initial stagf cancer,
and many others.

Standing for many hours is hard and they prefer to sinfust part of the day. Physical performance after
meals is very poor since respiratory and cardiovasculamgers can shift to the lower zone. Level of energy and
desire to work physically are low. The over-excited bragilg@vents excuses for own laziness.

Morning parameters are much worse (less than 20 s @ alveffects that present for this zone.

Normal health

As we continue to climb up the table, we can get the ia@meters that corresponds to norms. The row
“minus 2” reflects international norms for breathing: bneag frequency of 12 breaths per minute; 5.5 % for CO2
concentrations in alveoli of the lungs (about 41 mm Hg); 4B i@ 70 beats per minute for heart rate. People with
normal health naturally have so called “automatic pauspénod of no breathing (total relaxation of all respinator
muscles after each exhalation) during their unconscioushiorgaThe duration of the automatic pause is 2 seconds.

People with normal health and able to run with strictigal breathing, safely take cold shower (if they follow
certain other rules), have good quality of sleep, and raagoable to function on the social level (family, commynit
workplace, etc.).

Development of the Buteyko breathing method

The main practical discovery during 1960’s was development @ubeyko breathing method that is usually
tailored for needs of the particular patient. The mpogtar version of the Buteyko method includes 2 parts (Fig. 5.1):
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breathing exercises to be practiced by the patient and corsemse activities that reverse chronic hyperventilation.

The Buteyko breathing method

— T

Breathing exercises Common sense activities
(usually to be practiced (e.g., breathing only through the
several times per day, for nose, prevention of over-eating,
about 1-2 hours in total) prevention of sleeping on the
back, etc. )

There is no uniform understanding about the questdmat does it mean “to learn the Buteyko metliod?
Many Russian doctors believed that if you get 60 s CP yibketearned the method. Others were saying that after 2-3
times increase in the CP, patients believe in the trdmenpower of the Buteyko method. For many people learning
the method meant that they could stop asthma or heattattaminutes using Buteyko breathing exercises instead of
using medication, like Ventolin or heart pills.

In my view, there are 3 levels of learning the Buteyko biegtmethod:

Level 1: The student is able to eliminate the main symptdrag/n health problems (e.g., asthma, heart disease,
epilepsy, sinusitis, eczema, insomnia, constipation, esmp the Emergency Procedure so that the Emergency
Procedure can substitute the use of medication or signifycattlice the dosage (e.g., twice). Such students have low
CP s (usually about 5-15 s), while elimination or redudtiomedication is their main practical result. Only about 10%
learners or less are satisfied with this level. lesa&bout 1-2 days to learn.

Level 2: The student partly normalised own breathing untile®6-35 s CP, so that he has no need for medication
and does not experience the symptoms of his main health prohlg, asthma, bronchitis, heart disease, epilepsy,
sinusitis, eczema, etc. However, such learner carsstitr from airways inflammation, allergies, Gl problems,
hormonal problems, and musculo-skeletal problems. Variodgaialrugs can be required to control symptoms of
these “high-CP” diseases, This is the level achieved sy people on the west. It takes about 1- 3 months to learn.

Level 3: The student has no less than 60 s at any mominat ddy. Such CPs provide the guarantee about absence of
pathologies and symptoms related to many degenerative health@wnditver 150 so called “diseases of
civilization”). While achievement of this level requireglywower, self-discipline and determination, there aesn
students world-wide who got there and none has regrets abauméh@nd energy spent. The final goal of the method
for Level 3 is normalization of breathing. Among parametérsoomal breathing, according to Doctor Buteyko, are:
60 s CP (breath holding time at rest, after quiet expiratwith no stress at the end of test); 4 I/min venalatate (for
a 70-kg man); and 6.5% GQ@about 46 mm Hg Cgat sea level) in alveoli and arterial blood. As we @leere, his
parameters are more rigorous than typical medical andgdbgsial norms: 40 s CP; 6 I/min; 40 mm Hg at sea level
(or about 5.3%). It often takes 0.5-2 years for an adudaol

Note that when discussing the CP here, | mean the mini@Rintroughout the day and this is usually (for
over 90% learners) is the morning CP. The reasons are debsaorithe next chapter.

There are several factors that define the rate afitegfor a student. The most important are:
1. Age of the person (e.g., young children often can pesgirom, for example, 5 s up to 60 s CP in 3-5 days;
teenagers in 2-3 weeks; elderly people in 2 years).
2. Fat reserves (i.e., obesity makes progress slower shese students, when their practice breathing exerfises,
naturally loose weight with moderate CP growth and Eai@r progress normally).
3. Amounts and types of medication used in the pasttfigse learners who consumed large amounts of medical
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drugs during previous years have slower progress rates).

5.5 Advance of the method in the USSR and Russia

According to official statistics, up to 1967, Buteyko laborgat using his breathing method, successfully
treated more than 1,000 severely sick in-patients witinas hypertension, and angina pectoris.

Analysing the scope of more than 50 scientific publicatierigen by Doctor Buteyko and his colleagues in
1960'’s, one can conclude that most of the papers are devd@€d &ffects on the cardiovascular system (e.g., tone of
arteries, capillaries and veins as a function of gCQver 15 publications are about different technical improvesnent
in measurements of physiological respiratory parametang bs diagnostic complex. There are also several articles
on asthma, its causes and treatment.

Al least 5 Ph.D. dissertations in medicine and physiologg witten on respiration, carbon dioxide
properties and hyperventilation under Doctor Buteyko’s leadership.

Many medical professionals contributed to the developmeahiedButeyko breathing method, its theoretical
foundation, and practical applications. In particulaicked on the Buteyko method and its theoretical foundations
were written by the following Buteyko colleagues:

» Dyomin D.V., medical doctor, Ph. D. (Novosibirsk), author of numerasgarch publications on the relationship
between: a) aCL{and tone of arterial vessels in hypertension and angotarfge b) aCQ@and blood cholesterol.

» Genina V.A., medical doctor, Ph. D. (Novosibirsk), author of seMreoretical and practical articles about the
treatment of bronchial asthma using the Buteyko method.

* Lapa N.A., medical doctor (Children’s Clinical Hospital No. 8,\Wsibirsk), author of publications on the Buteyko
method for children.

* Odintsova M.P., medical doctor, Ph. D. (Novosibirsk), author of a of BPhthesis on the aG@onnection with the
tone of arterial vessels in patients with coronary insigificy and hypertension, and articles on: a) a8 its
influence on the cardiovascular system in patients myjifertension and angina pectoris; b) hyperventilation and
bronchoconstriction of asthmatics.

» Paschenko S.H.research scientist and medical surgeon, Ph. D. (ZagiwkizMedical Institute, Ukraine), author of
research articles on: a) G@fluence on bone regeneration; b) tissue oxidation procdase® free radicals in GO
deficient asthmatics.

» Samotesova A.H.medical doctor, main endocrinologist of Krasnojarsk re@rasnojarsk), author of publications
and research on the Buteyko therapy for diabetics.

* Souliagin S.S, medical doctor (Obskoi Central Hospital, Novosibirskithar of several practical articles on the
Buteyko method (including the influence of focal infectiac@yect use of physical exercise and other auxiliary
methods for health restoration).

By 1990'’s over 100 Soviet medical doctors completed qualificabonses with Doctor Buteyko, while
learning how to apply this method in practice.

In 1980’s former patients, many of whom were on steroidsagiiddisabilities, literally flooded the Soviet
Health Ministry with letters describing their medical brgés and success achieved due to the Buteyko method. That
resulted in the following practical steps indicating officecognition and approval of the Buteyko method by Soviet
medical authorities.

. In 1983 the USSR Committee on Inventions and Discoveriesdss patent with the titl@he method of
treatment of hypocapnitow aCGQ,]" (Author's certificate No. 1067640 registered on 15 September 1988t is
unusual about this document is that it has the priority afatee discovery 29 January 1962. Thus, the discovery was
officially accepted more than 20 years later. The patestribes the treatment of bronchial asthma and 40 gatient
with hypertension and angina pectoris (with over 80 % suca&ss

. In 1985, the method was officially approved by the Sovietthidéinister (Burenkov, 1985). The directive
revised old note of the Buteyko method for the treatmibtanchial asthma in various medical establishments.
. In 1986 the USSR Committee on Inventions and Discoverigsdsanother patenMethod of defining CO

content in alveolar alrusing breath holding time (Buteyko, 1986). The formula from thismpavas described in the
previous section.

Up to now, hundreds medical professionals and breathingiahsits adopted the Buteyko breathing method in
their work in former Soviet states, while the totaminer of treated people is over 200,000. Most of these forme
patients were asthmatics. It was found experimentaltyasthmatics usually respond quickly to the therapy. Most
other patients had problems with the cardiovascular, nerand endocrine systems.
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More recently, Doctor Buteyko amkhdrey Novozshiloy, chief doctor of the Buteyko Clinic in Moscow, had
several interviews published in central Russian newspapémiagazines. The originals and their translationdean
found atwww.buteyko-clinic.ru

The advance of the method had and has following challengess not easy to convince ordinary doctors and
medical officials that the answer was literally undeirthese. Only those medical doctors, who applied and pealkctic
the method themselves, realized the power of this heatthragen technique. Therefore, Buteyko was looking and
invited those medical professionals, who suffered frormasthronchitis, heart disease, CFS, and other disotders,
learn the method. Moreover, Buteyko correctly noticed thdoctors, after learning the basics of the method,
achieved 60 s CP (control pause), then these doctors could bgoothpractitioners or teachers of the Buteyko
method. (Up to early 1990’s, the Buteyko method was calldteidSSR “the method of voluntary elimination of
deep breathing”.) Hence, Buteyko decided to organize smegiahissions for certification of breathing practitioners
so that they had over 60 s CP at any moment.

These CP commissions produced ambivalent feelings amichdating effects among participating doctors.
Imagine that some people are given a right to come and ghacloreathing any time, in order to find out if you are
good enough to teach the technique. On the other hand, thisédea logical part of the totalitarian Soviet stateta
on total control, suspicion, and belief in (partly) ewvihfan nature. The commissions did the job until the collapse
the USSR. Later, the bottled emotions (resentment, gnxeatr, suspicion, etc.) came out and promoted disintegrat
of the previously unified movement of Buteyko medical doctofsrimer Soviet states. However, they are still the
most educated and professional teachers of the Buteyko mattieworld. Currently there are more than 20
Buteyko medical centres and clinics functioning in former Setades.

Apart from medical doctors, in late 1980’s and in 1990’s Dd8tdgeyko trained numerous breathing
instructors to apply the method. 30 s CP was one of thei@riberthe breathing instructors to be qualified. These
instructors worked mainly with patients who had sevemaaderate forms of asthma, bronchitis and heart disease.
This project was a big success during “Perestroika” sime&JSSR had huge number of sick people, the method was
popular in mass media (TV, radio, newspapers) and breatisitngctors with 30 s CP saved lives of thousands and
helped them to return to ordinary life with about 25-30 s CP.

In early 1990's the first Russians breathing instructodssafew doctors settled in western counties antestar
to teach the Buteyko method to western people.

5.6 Advance of the method in western countries

Among first students to learn the method on the west pewple from Australia, the UK, New Zealand, and
the Netherlands. Alexander Stalmatsky, author of 2 publishedslti&oedom from asthma” and “Freedom from
insomnia”, taught thousands of people first in Australid later in the UK. Many his former students later became
breathing practitioners. Both these countries currently (288 more than 100 Buteyko breathing teachers each.
Some of them are united in professional organizationslargest are BIBH (Buteyko Institute of Breathing and
Health) and BBA (Buteyko Breathing Association). Therezdse several other, smaller organizations. During first
years of the 21-th century the method was actively spreatlithg iUSA and Canada so that now there are over 20
breathing practitioners in these countries. Cuba got abgortatstioners trained by BIBH about 3 years ago. While
the Netherlands has only several practitioners, they ayeactve.

Most western practitioners (over 90%) teach the method mp#retime job, but few (less than 5%) are
working full time. About 7-10% have formal medical educatibnus, there are many GPs, nurses and
physiotherapists applying the Buteyko method on the west.

Western breathing teachers already saved thousands chtigdselped over 100,000 people to be free from
symptoms and medication. Meanwhile, there are great rederiaprove the quality of teaching. These reserves are
analyzed later in the chapter about promotion of the Buteykbod.

5.7 Experimental trials of the Buteyko breathing method
* 1968, Institute of Pulmonology, Leningrad, USSR (bronchiahsthma, hypertension and angina pectoris)

50 patients with severe bronchial asthma, hypertensionrgcapectoris, all of them with many years of
heavy medication, most with steroid deficiencies androcgaomplications; success rate 95% (Khoroscho, 1982).

» 1981, Sechenov's Medical Institute, Moscow, USSR (asthmattwpneumonia, rhinitis, chronic tonsillitis)
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52 children (34 in-patients and 18 out-patients; 3-15 yearsuiidyegular asthma attacks (once per day or
more); 41 of them had pneumonia, 27 rhinitis, 36 chronic tdrsilll had problems with breathing through the nose,
palpitations, and were bronchodilator users. In 1-5 days tlenfsawere able to stop the attacks, cough, blocked nose,
and wheezing, using the method. Observations in 1-3 monthedlmmmsiderable improvements (cessation of heavy
attacks or a total disappearance of the symptoms) in 88%e snprovement (less heavy attacks and considerable
reduction in medication) in remaining 17%. Their averagenCieased from 4 to 30 s, agfiom 25 to 36 mm Hg.
Higher blood concentrations of IgA, IgM, 1gG, and IgE wienend, according to laboratory reports. Blood pressure
normalised, forced expiratory volume raised over 5 tirS@mificant increases in lung volume, expiratory speed, and
other parameters were found. Average breath holding timgigCGfeased from about 3-6 s to over 30 s. For more
information on this trial, visit www.buteyko.com/trialaiitichildren.

* Reports from two conferences in Moscow and Krasnojarsk in 1988arge variety of health problems)

In addition to these trials, there were about 30 publishedtsefRuteyko method, 1992) of about 40 Russian medical
doctors and health professionals, who met during two cemtes in Moscow and Krasnojarsk in 1988 in order to
share their practical experience of application of the Butey&ihod in over 20 medical hospitals and clinics in
Russia. The total reported number of treated peaptmrding to the published conference proceedings (Buteyko,
1991), was over 3,000. Although most of them had respiratstign@a, bronchitis, rhinitis, etc.) and cardiovascular
(hypertension, angina pectoris, ischemia, etc.) probleorgjreds were treated or relieved from arthritis,apteosis,
epilepsy, ulcers, gastritis, kidney stone problems, hepalifferent infertility conditions, skin diseases (e.g.
dermatitis, psoriasis, eczema), etc. Typical repoesdlts were either some or essential improvement forS®#ér
patients, while remaining patients were not able to nosedlieir breathing parameters due to absence of desire or
motivation and quitting the method during its initial stagésus, those patients who achieved large CPs signifycant
improved their health state. Normalization of breathing ydWaads to dissapperance of symptoms and no need for
medication.

» 1990, Shevchenko's Central Hospital, Kiev, Ukraine (radiation diease)

50 patients with radiation sickness due to Chernobyl's nugleat disaster. 82% patients had considerable
improvement in blood analysis, cardiovascular paramet&ed pressure, pulse, etc.), work of the digestive system,
and reduction in medication. No cases of side effeatsmiplications due to the breathing exercises were reporte
(Bebeshko et al, 1990; p.221, Zimchenko & Romanenko, 1991).

» 1991, Kiev Scientific and Research Institute of Epidemioby and Infectious Diseases, Kiev, Ukraine (AIDS)
This trial involved 7 young patients with AIDS, two of théad HIV-infection in the lympho-adenopathic

stage (Frolov et al, 1991a). Progression of this dissasgually accompanied by a variety of symptoms and

complaints in the digestive, immune, cardiovascular, ragpyrahormonal and other systems. The official document

of the Institute provided information about improvementdimaal symptoms and the patients’ quality of life such as

emotional stability, irritability, panic attacks, chrof&tigue, insomnia, digestive complaints and some otlotoria

All symptoms were relieved with no side effects due tathiag retraining.

» 1991, Kiev Scientific and Research Institute of Epidemioby and Infectious Diseases, Kiev, Ukraine (hepatitis
and liver cirrhosis)

30 patients, mostly 20-40 years old, diagnosed with acute @fstand chronic (18 patients) hepatitis and
cirrhosis of the liver (6 patients) applied the Buteyko methdnile continuing to use traditional medication (Frolov et
al, 1991b). 28 patients had remissions of their symptoms &higlhowed improvements in their blood test results.
The official documents report 93% success rate.

» 1995, Mater Hospital, Brisbane, Australia (asthma)

20 patients with a long history of asthma and significaedioation. In 3 months, they decreased use of
relievers (bronchodilators) by 96%, preventers (inhaled s&rbly 49%. Minute volume decreased from 14 |/min to
9.6 I/min. The symptoms' score was improved by 71% (Bowla; 4098).

» 1997, Perth Academy of Natural Therapies, Australia (chrom fatigue syndrome)
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A study by Shellie Gaskin, as a partial fulfilment fdDiploma of Naturopathy, was conducted on 15 people
diagnosed with CFS. There were following improvementggdat87%, night sweats 75%, depression 70%, allergies
66%, anxiety 66%, muscular aches 60%, difficulty sleeping 24fthheadaches 50%. After 10-12 weeks all those
who continued their breathing exercise regimes repartsaD% reduction in fatigue.

» 1999, Alfred Hospital, Prahan, Australia (asthma)

18 patients with mild to moderate asthma were taught theyBoitmethod by a video and compared with 18
control subjects (Opat et al, 2000). The study found a signifiogprovement in quality of life and significant
reduction in inhaled steroid use.

» 2003, Gisborne Hospital, Gisborne, New Zealand (asthma)

In this blinded randomised controlled trial conducted in 38 geejih asthma Buteyko Breathing Technique group
was compared with control (McHugh et al, 2003). The Buteyko gn@gtaught by a Buteyko practirtioner Russell
Stark. As in the previous western trials, the Buteyko gredpced inhaled steroid use by 50% and 32-agonist use by
85% at six months from baseline. In the conclusions, the menim@ssionals wroté,ConclusionsBBT is a safe and
efficacious asthma management technique. BBT has clinical and potential phagocmaomic benefits that merit
further study.”The instructions for the Buteyko group were provided by RuSssalk.

» 2003, Division of Respiratory Medicine, City Hospital, Nottigham, United Kingdom (asthma)

90 patients with asthma taking an inhaled corticosteraitcjgeated in a randomised controlled trial. The
groups were followed in 3 and 6 month periods (Cooper 208B). ‘Symptoms remained relatively stable in the
PCLE and placebo groups but were reduced in the Buteyko group...The Butatkingreechnique can improve
symptomand reduce bronchodilator usé€...

» 2003, Glasgow, United Kingdom (asthma)
According to the recent press release (4 December, 2088 8fritish Thoracic Society (the UK'’s professional body
of respiratory specialists),

“Nurse, Jill McGowan, led the world’s largest clinical trial neasure the effects of the Buteyko method
(breathing retraining exercises in conjunction with conventional astharegement). 384 of the initial 600
participants (64%) completed the trial...

Those patients who were taught the Buteyko Institute Method all exgeligigoificant improvement in
asthma, with reduced symptoms, reduced medication and improvement i afudbt

- asthma symptoms decreased by an average of 98%;
- use of reliever inhalers decreased by an average of 98%;
- use of preventor inhalers decreased by an average of 92%.”

These results were found after 6 months (McGowan, 2003).sElifunded trial was possible due to heroic
and sacrificial, in financial terms, efforts of tBateyko practitioner Jill McGowan.

* 2005, Foothills Hospital, Calgary, Canada (asthma)

64 patients, all of whom were using inhaled corticosteradter 6 months improved their asthma control from
41% to 75% (Proceedings, 2006). Decrease in inhaled coetiomig was found in 39% patients, elimination of
steroids in 21%.

*» 2006, Royal Prince Alfred Hospital, Camperdown, Australia (athma)
The Buteyko method was applied for 12 weeks. Median reductigsage of relievers was 86%, preventers
50% (Slader et al, 2006).

» 2006, Gisborne Hospital, Gisborne, New Zealand (asthma)

8 children, from 8 to 14 years old, in 12 weeks reduced dlveraggi2-agonist use (salbutamol) by 66%,
inhaled steroid (fluticasone) by 41% (McHugh et al, 2006)ilé\t1 courses of prednisone were given 3 months
before the trial, only 1 course of prednisone was requireg tmonths after the trial.

None of these trials or reports revealed any complicatosgle effects due to the Buteyko breathing method,
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although there are many important practical rules andijesomplications in cases of incorrect application of the
method.

A note about Soviet medical approbations or trialsThe Soviet health care system, for political and $oe&sons,
had always been more centralized than Western amesvdtions in medicine were usually introduced by the Soviet
authorities and health care bureaucracy. New ideas ans warg often tested in hospitals and research Itestijtu
which provided higher authorities with reports about thelt@sin the West, as we know, results of scientific istid
or trials are usually published in journals. While the Scapgiroach was different, the reliability of their infa@tmon
was comparable. Directors, managers and project leatlensresponding organizations and departments put their
signatures to official reports about such Soviet triatbthair approbations. These people were personally rabpsons
for the trustworthiness of the results and their namdscapies of the relevant documents, related to the Butegk®
as well, are still archived in Russia and Ukraine.

Q&A section for Chapter 5
Q: Why did the western clinical trials not revealed impovements in lung function test in those students who
learned the Buteyko method?
A: The lung tests reflect presence of inflammation meathat, while the Buteyko group could reduce medication,
their airways, on average, remained inflamed after thagtioed the method for 3-6 months (typical durationssif la
follow ups). Healing would result in better numberss k big physiological change to eliminate inflammationiand
needs large morning CPs (about 30-35 s) with no exposuigders for some weeks so that the tissues can get
healed. Another expected achievement is elimination ofy@teleading to full clinical remission of asthma. This is
how the method was and is taught in Russia (so that tiemiplaas no inflammation and no allergies).

Many western students, as we know, progress only until abeB® 83no medication, better sleep, ability to
exercise, etc.). Why do they not progress further? esicidicates that usually breathing teachers help theleats
to achieve the same level as they have.

It is not a surprise then that Buteyko demanded 60 s fatolei®rs in Russia so that the students learn the
method till the level of the teacher. High CP teacheosn fihe very beginning, target their students to Professor’s
golden health standard: 60 s CP. Russian doctors expldieitstudents that being stuck, during the healing process,
at 40 s is a normal phenomenon due to fundamental changesongdmesm. Such information about the known future
obstacle (40 s threshold) is important for long-term nadiow.

Q: Is CO;, the only cause of success for the Buteyko method?
A: CO, is the most known and investigated factor that relatésdathing and the Buteyko method. There are many
other factors that are known to students and practitioners.

The Buteyko method also includes, for example, psychologictdrs. The students learn how to stop their
symptoms and prevent attacks, how to pay attention te stresother factors that cause hyperventilation. Heneg,
acquire a sense of control over their health. Helplessirekdepression are no longer the parameters that define the
course of their diseases.

Nasal breathing helps the body to use its own nitric oxidei$ produced in nasal passages. The roles and
some important effects of this hormone have been discovergaecently and there are still many questions in
relation to this substance.

Emphasis on diaphragmatic breathing and relaxation of cresthibrg muscles should favour elimination of
possible abnormalities in regulation of breathing by theremmous nervous system. Activity of the chest breathing
muscles at rest often points to sympathetic dominance simest muscles get active during both exercise and
hyperventilation. While the Buteyko method is not focused@n diaphragmatic breathing pattern, this pattern
gradually appears by itself, for example, during sleeps &fiect promotes lymphatic drainage of the nodes located
under the diaphragm.

Passive relaxed exhalation during the breathing sessionisl sten have good effects on the balance between
parasympathetic and sympathetic nervous systems. Thesesgsteaften out of balance for many diseases, like
asthma, heart disease, chronic fatigue, cancer andhahih problems.

Deliberate attention to posture and relaxation of body resstiould also influence the autonomous nervous

104



system. When we relax we again pacify the overexcited syntjgatieevous system which is often too active due to
the fight-or-flight mode. Healing and tissue repair arearamtive when the parasympathetic system is dominant.

Reduced breathing decreases oxygen levels in the lungs addcbéating temporary hypoxia. Such hypoxia
is beneficial for various reasons. First, modern aitd@asnuch oxygen. Free oxygen in our bodies generates free
radicals causing cellular damage and aging. This damag@inger during hyperventilation. Second, hypoxic training
at high altitude has many known published benefits.

It is difficult to tell at the moment what the contributicafghese factors are. Clearly, they are individual. Can
the various effects of the Buteyko method be separated? Prgleablpr example, using G@jections or CQ
chambers or submarines with special air. Can €@mbers have similar effects? There are many ottexesting
scientific questions for further research.

Q: There are many medical studies indicating that acutéyperventilation produces asthma attacks in
asthmatics. However, several studies found that acute hgpventilation with CO, enriched air also results in
asthma attacks. Therefore, as some doctors claimed, |@€O, could not be considered as a single cause of
asthma. Is this opinion correct?

A: Before being tested with G@nriched air in laboratories, typical asthmatics imaty hundreds of times the
following course of events. On the background of chronic hypétagon (all known studies reported presence of
hyperventilation for initial stages of asthma), asthmadiqgeerienced the influence of some other triggering factors
(like exercise, overeating, oversleeping, allergies, etdigh resulted in additional hyperventilation and further
bronchoconstriction or in further inflammation of airwayshathe same results: feelings of air shortage (duewai
obstruction), chest tightness, laboured breathing, etcgab sif an asthma attack. (Sometimes, this airway wtigin
could be due to, for example, excessive mucus produatimfl@mmation. That could result in anxiety and panic
causing acute hyperventilation.)

In all cases these asthmatics breathed normal air dtht £.04% C@concentration. Thus, before the attacks
the following physiological changes were repeated many humidned: abnormally hard work of the respiratory
muscles, increased air flow through the respiratory, tiacreased amplitude of pressure variations in intemmans,
etc. All these changes, before the attacks, were semseg hundred times by the millions of nervous cells of the
nervous system. Finally, further lowered a@Dd some other factors produced additional bronchoconstrastthe
attacks.

Now exactly the same asthmatics arrive in the laboratariesre they perform the same acute
hyperventilation, which is accompanied by all these destalditional features (again sensed by the millions of
nervous cells) with one difference, the inspired air@s-ich. Such air has never been experienced by these
asthmatics before, but the whole nervous system learnesittasituation causes bronchoconstriction. What would
be the result now?

The result due to the changed stimulus would be definédwwymuch of the previous stimulus is left. Low
carbon dioxide already created many chronic abnormal chalfigedly, some other triggers which cause the attacks
can also be at work when the person deliberately hypiates, even with temporary increase in carbon dioxide
stores. It was not sudden drop or increase in carbon distades that causes or prevents asthma attacks, but those
chronic changes which affect every cell of the respiratast in asthmatics. Therefore, since less than i®ults is
absent (low Cg), while the remaining 99% is left, the reaction would bectxahe same, as for the whole stimulus.

But assuming that the human nervous system is incapaldarafrig from the previous experiences repeated
hundreds of times, and that all these events sense@eordied by the nervous system did not produce habituation an
conditioning, one can assert that low carbon dioxide is natathge of asthma.

Therefore, even in conditions of artificially increas&cl, the influence of so many areas of the nervous
system should be more powerful, than that of the bregtentre. Meanwhile, if such tests with &i@h air were
repeated many times, the effect of gradual relearrangoe observed and acute hyperventilation with-@eD air
would not cause bronchoconstriction and the attacks.

Moreover, physiological studies found the confirmations ofghischological effect based on physiology of
the nervous cells. It is known that, for example, somethirepmanoeuvres (chapter 2), e.g., Valsalva and Mdiller
manoeuvres, or breathing air with the same composititreagnd of the breath hold, as in the lungs, extends BHT.
Why? All previous life, movements of respiratory musclesited in new oxygenated air coming into the lungs.
Normally, the nervous system learned millions of timeat such respiratory movements are signs of new (frash) ai
flow. When, all of the sudden, the conditions are different; i@ breathing centre creates the stimulus to breathe,
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while the rest of the nervous system is “happy” and does ndtilmate to the urge to breathe.

It is now a clear fact, which has been confirmed byalilished studies, that development and first stages of
asthma are always accompanied by hyperventilation. Theisiiwaith medical respiratory professionals and asthma
was accurately reflected by Peter Kolb,

“... asthma is a disorder which is investigated by thousands of respirgpagialists with millions of dollars worth of
equipment to measure breathing. Yet after more than half a centaprloby all these people measuring patients’
breathing, they haven't picked up that asthmatics are just breathing tdd’ r{i<iclb, private communication, 2001).

Q: Doctor Buteyko claimed that, for example, gastritis icaused by hyperventilation. However, it is known that,
poor dietary habits (like eating when not hungry, not cheiing food properly, eating spicy and hot meals) can
create gastritis without any influence of breathing. Howcan such facts be explained?
A: Practical studies done by Doctor Buteyko revealed tiveast necessary for the patients with Gl (gastroiimzsi$t
problems to have low levels of agfressure (e.g., less than about 40 mm Hg) in ordeaftritis and other Gl
disorders development to take place. That is probably dyspeaeance of certain pathological substances generated
by affected mucosa of the stomach lining. In practicatgetow CPs (less than 40 s) are required for the progres
existence of the disease. At the same time, the ideaf 68 s makes such pathological processes impossible due to
normal repair, adequate oxygenation and blood supply of the ctoifiae ideal CP and Gl disorders are incompatible.
Thus, if we accept 40 mm Hg agf@vel (about 35 s MP) as normal (as it is done by offitiedlicine), then
Gl problems and hyperventilation are independent events. A pessdmave Gl problems, gastritis included, with or
without hyperventilation.
If our norm is 6.5% aCg(60 s CP), then gastritis and other GI problems canketgiace, unless this aGO
level is lowered. Damage to tissues intensifies raipimt making the CP less than 40 s.

Q: Which health conditions, while related to breathingand curable by breathing retraining, are not considered

as breath-related by ordinary people?

A: “Breath”, in Russian, has the same translatiotspsit”. Similarly, other people consider breathingsasnething
immaterial. Hence, when thinking about breathing, many peuoglieve that breath can only relate to respiratory
problems, fatigue, and, maybe, asthma. What woulgpesite, in our minds, to the volatile and escapable bré&xth?
course, our strong bones. Hence, it is difficult for manyleetm make a mental connection between fragile breath and
bones. However, musculoskeletal problems respond to the Butegdthibg method as nicely as heart disease or
diabetes. The short summary of the effects of breathirgnigtg on various disorders is provided in Appendix 7.
Russians even published a study about a greatly accelemtgesf bone healing in chickens who were living in air
enriched with CQ

Q: How can the breathing teacher deal with a student whbas some rare disorder or a variety of symptoms
related to different diseases? How could one know if tHButeyko method can solve some specific health
problems?

A: The names of health conditions, even in official meditedature, often do not have strict definitions. For exi@mp
asthma can have wide range of cases with varying defssenptoms. Many cases of asthma can be close or even
diagnosed as COPD, emphysema, bronchitis, etc., by diffeventries and doctors. Russia, for example, have
bronchial asthma, asthmatic bronchitis, etc. Some leadidgcat@uthorities claim that the term “asthma” should not
be used by medical professionals. The same vagueness telabany other health conditions, ranging from heart
disease to various neurological and Gl problems.

This absence of clear criteria in official medicine isdzhon absence of the understanding of the mechanisms
of disease appearance, development, and treatment. Holweaghing teachers are armed with understanding of:

- the cause and mechanism of development of various symptoms;
- the method of their treatment.

Doctor Buteyko in his lectures was often going, one by onautfin the effects of hypocapnia on different
systems, organs and tissues of the body (what happdnsasitiovascular system, musculo-skeletal, nervous, Gl,
etc.). These facts indicate more emphasis on symptodnspaaific abnormalities rather than official labels.

It would be logical therefore, to view the “sudden” appeeesof various human abnormalities and symptoms
with the assumption of increased ventilation. Practicallyen a student asks a breathing teacher about possible
efficiency of the method for a certain rare health comali(*‘Can you help me with my ...?"), the teacher may ask t
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student about particular symptoms and tests’ manifestaititre a@isease, time sequence of their appearance, their
severity, and evaluate current breathing (e.g., visuayiyooice, posture, and/or CP test). This informatioriccou
provide the teacher with information related to the lileffects of the method when the certain CP level is actlieve
(when fatigue is reduced, rigorous exercise is possiblge is clear, medication can be safely reduced, boldes

can be taken, etc.)

It would therefore make more sense to speak, in masgsc about the same parameters that practically
matters: current symptoms, tests’ abnormalities (as e®tations of hyperventilation in respiratory, cardiousest
nervous, immune, and other systems), and current CP.

Finally, let us look at the dynamic of labelling in Russile Tvebsite in Novosibirsk and early Russian doctors
used official medical names (Appendix 3). Later, insteadisgases, many websites have been using the names of
symptoms (like coughing, blocked nose, running nose, too much mileusies, cold hands, feeling tired, pains in
various body parts, sensation of panic, digestive complanstsminia, etc.).

The real life teaches us that there is one disease pftieathing and many symptoms (asthma, heart disease,
diabetes, chronic fatigue, etc.) depending on personals$acto

“Q: What is most important in your method?
A: To decrease deep breathing (the volume of inspiration) until the tNotto hold breathing, but gradually
normalize it. This is difficult, although primitive people and aninbaésmathe like that...[Buteyko, 1997).
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