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test and full lung functions t.)(.>~..done on all the
subjects.

No definite changes were found in any of the
physiological parameters measured in either
group. Both groups produced evidence of an
improvement in their quality of life.This
improvement was grAater in the trial
subjects.Compliance in long term participation in
this programme wa~ better than that shown in other

v
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Int enn i ty, l'JUE; tE'l'1l1 11(11\.\1'"1>ni.lki.lH~ 1;'x81'oiBfJ progrt,mm1:l

could pruduoe phy~iolQgical ohangos in patients with
oh~onic Dbst:u0tive pulmonary dis8uo9
(COPD).Subjective psychological affects of auah a
programme were also evaluated.

TYl'e',tysub,;€lots (twelvE' trial and eight.
controls) with cope partioipated in the study. All
the eubd ec t s a t t.e+ Ied an ongoing pl'ogl'ammt.1 wl1ic,h
exists at the Johannesburg HU8~ital where patientG
are taught to manage their conditi~n. This was done
by means of education. grc,up SUfll?ot't, br..~athing
retraining and ~elaxalion toohniguBs.They are also
taught to manag0 pulmonary mucus and to manage

exacorbationG oaumed by bronchial inf8Qti~n8.
The trial subjeots participated in the huspital

pro~rBmme 8S well as a structured law intensity
.:.7alkir.,gpl'ogl'amme whlob they oarried out. at home .
The Gubjocto visited the hoapital two to four times
a month to Rttend the above ruontioned programme and

1:.0 have t.heir H(lll'i.in£~ schedu l e l\ll)nit(~l'ed and

ad~iuf:ltod .

All ~1.\b,i~i1(;;tD Hf:H'fJ t(·fJ't.(H,I at. five mon thl.v
il1t;ol'volf.J. ·tjl0Y pr;:!rfurmod n bil''Yoll~' l'l'lf"llnf\t:.f'l'

ul{urnin.'} tf'!f:t lvlH'rn ven ti laj:ic'll, lIIet.ubt'll1,;, c'ff',,!('t8

and bl,;.ud [~lilfJ(in H01", <~:v:.dl1(lt.,!\I. '!'huy an:;)WI':l"!,j :i

t\lni~:,::a· np( ....j,i.'lc qualit.y (If lif"!.? qIJHi:t.i' ..nIH1i~·I·.A aix
"to.
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improvement in exercise capacity than a control
group.Busch and Clements ( 1988) did a study where
two groups of patients were placed on a hom~
programme.Bach group was visited by the
physiotherapif::ltweekly. '1'}1eone group was given an
exercise programme which ~as supervised by tha
physiotherapist on her weekly visi~.The other group
was not involved in exercise t.~ all but were merely
asses£ed by the physiotherapist at each visit.After
18 weeks the control group deteriorated in their
work capacity by 18% While the exercise group
improved by ::.9· •

2.3. HomB progralUlUos
Many of the patients who are referred to us with
COPD are unable to attend the programme regularly
bec~use they do not pussess private transport Bnd
can not af.fot'dpublic transport. A home programme is

thus far more practical.Tyderman at al (19B4)
carl'ied out a study where they exercised eight
patients at home ~nd eight patiAnts in hospital for
an average of 36 t-leel~s.1J.1heyfound that both groups
improved equally in the distance walked and in their
sense of well being.Home programmes carried out by
McGavin at a1 (1977) Bus~h .t a1 (1988) and Mall et
a1 (1988) also reported on favourable re~ults. Holle
and Williams(1988) initia'ly oxercised their
patients under the supervision of a respiratory

10
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such as: being a volunteer in a therapeutic study,
increased contact with health care professionals
(~tc.II 't'hiareducea t.he credibility of uncontrolled
trials.

Two studies, one done by vyas at a1 (lY~l) and
another done by Alpert at a1(1974) reported on
slight phYSlological changes after exercise
reconditioning in COPD but neither trial had a
control group.

Jones at al(1986) compared three differen~
gx'oups of patients with COPD. ('ll1egroup was given an
exercise programme.The second group exercised their
inspiratory muscles by bres'thing against. a device
that resir;ted inspiration. 'l'l'lethird group breathed
through a placebo device. 'rhey found that all three
groups improved in the 12 minute walking distance
test as well as in the work load e~ercised on a
bicyole ergometer.

There are other controlled studies, however,
that have shown differences between the
groups.Cookcroft and Berry (1982), when comparing a
group who participated in an exercise programme with
a group who did not/found that both groups improved
psychologically. The exercise group only,however,
exhibited an improvement in work capacity.Chester
and 13elman(1977) also reported on the fact that
their exercise group was able to show a greater

9
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can exercise submaximally cnly. ~ubmaximal testing
can only give a crude indioation of physical
fi.tness.Pati(mts benefitted socially by the fact
that thev w\:lraable to reduce their " exertion
phobiah,They felt that even patients Who became
hypoxic on eXercising could participate in exercise
under careful supervision.

Two reviews by Lee and smythe (1985) and
Gimenez (.L989) agreed that exercise was valuable for
patients with COPD, but studies on the subject
lacked standardization in respect of patient
samples, testing procedures, types of.exercise
programmes and the f ina1 outcomes examined. 'rhey also
felt that no differentiation was made bet:.weenthe
results oroduced by learning effects and actual
psychological and physioal causes.These factors
could affect the acceptability of some of the
reported results.

Bundgaard et a1 (1984) and Braun et al (1982)
in their reviews both reported that exercise for
chronlc lung sufferers was worthwhile and safe
provided it was monitored carefully.

2.2.Controlled studies.
Many of the studies roviewed in the literature were
not controlled.Levine at a1 (1986) stated that
"Other factors may contribute. to t:he inprovemenu

8



Ll'J.'8.RA'l'URE BUl{Vl::Y

is known to increase the incidence of cor pulmonale
and death amongst patiants with COPD (Sahn et a1
1.980). Hospital admissions were low for -the Petty
group of patients and a large percentage of them
wera able to return to or regain employment.
staffing for the programme was provided by existing
hospital personnel. 'l'heythus felt that a
rehabilitation programme as described was beneficial
for patients with COPO.They also found that their
programme was cost offective.A later publication on
the subject by Toevs at al(1984) confirmed the cost
effectiveness of these programmes.This group
analyzed the expenses of behavioral rehabUitation
programmes for these patientG 'caking all factors
into account and found a financial gain for both the
individual and the hospital conoerned •

2.1,,'1'he role of e:!Cercisein rehabilitation
prClgranunes.
In 1976 Morley et al reviewed tha constituents of a
rehabilitation programme anC!.recommenC!.edthe
inolusion of exercise in the programme,Hudson anC!.
Pierson 1n 1981 anC!.Higgs in 1985 agreeC!.with this
vi~:r"~•

Cox et a1 in their review on exe~cise and
COl?D(1908) believed that under cert.ain
cir.cumstances, exercise prodUces cardiovascular
improvement. Unfot"~unately many of these patients

7
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Rehabilitation programmes for patients with chronic
obstructi VEl pulmonary d.isease have b'?en well
represented in the literature. In most of tho
programmes d(;.'icribed,exercise plays a pj.votal
role.In spite of this, there is vary little
information available indicating that exercise
produces any physiological changes which ~ould alter
the course of the disease.This, together with the
fact that excreiee can cause hypoxia with adVerSe
physiological effects in seme of these patients, has
led some people to believe that exercise in patients
with COPD should not be recommended.

Sahn, Nett and Petty (1980) reported on a
programme that has existed in Denver, Colorado since
1968. This programme for patients with COP~ includes
education/bronchial hygiene,breathing
retraining,physical reconditioning and
individualized pharmacology arId oxygen therapy.They
found that patient survival after five years was 41%
and after ten y~1rs it was 17%.This was similar to
Burvi val rates for patients with COl?D not;exo1:'cising
but living at sea level.This was however,
considerably better thal'!survival figures at
8.1titude. Denver is situated at a high aJ.ti'l:udewhich

6
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between these three conditions.clinically, it is
difficult to differentiate categorically between
them as a great deal of overlap exists in the three
conditions. Wanner(1990), said that" it is
difficult to determine the degree to which luminal
secretions narrow the airway lumen and contribute to
airway obstruction in patients with COPD in whom
other mechanisms of airflow limitation are also
operative".~his problem has also been pointed out by
others in the literature (Lee at al 1985, Gimer
1989) TO eliminate misunderstanding, reduced airflow
and resultant hyperinflation are used as the main
selection criteria in choosing the SUbjects. The
reduction in airflow is calculated as a percentage
of that predicted for age, sex Bnd height.

Some of the subjects have shown a certain
amount of reversibility in airflow obstruction en
treatment with a bronchodilator.ln order to
eliminate those subjects who have asthma and Who
show variable responses to treatment which could
interfere with the interpretation 'of the
results/subjects who show a reverSibility of greater
than 20% were excluded from the study.

5
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1.2. PN1'HQPHYSIOLOGY 01<' COPD

Ln order to clarify the criteria which 1 used
in order to select the sample in my study I will
give a brief summary of the relevant
pathophysiology.

The definition which was given by the
American 'l'horacicsociety in their official
statement of 1986 was u~ed as a guideline.The
statement defined COPD as "a disorder characterised
by abnormal tests of expiratory flow that do net
change markedly over periods of several months
ob!;ervation".'rhe definition further states that:
"'r'beabnormal airflow may be structural or
functional.specific causes of airflow obstruction
such as localized disease of the upper airway,
bronchiectasis and cystic fibrosis are
excluded.Bronchial hyperreactivity may be present
as measured by an improvement in airflOW following
the inhalation of a beta - adrenergic agent or
wormaning after inhalation of methacholtne or
histamine.

Three disorders are;incorporated into Copo:
emphysema ,peripheral airways disease and chronic
bronchi tiS ..,

In this stUdy no distinction has been made

4



INTRODUCTION

from medical treatment is limited, exercise is
definitely an alternative that should be considered.

Due to the nature of their disease, patients
with COPD almost always compla.in of dyspnoea and
diminished exercise capacity. Generally these
patients are older and physical prowess and
achievement play a less important role than they do
in younger people.High intensity aerobic exercises
and daily attendances at a gym do not appeal to
these patients on the whole.

In this group of patients compliance in an
exercise programme is a problem. Atkins et al (1984)
reported that compt Lance was a major problem when
organizing exercise programmes tor these
patients.They stated that most studies found that
less than half of those who initiate an exercise
programme were still participating after three to
six months.

In this study, I have attempted to assess
whether a long term exercise programme of low
intensity exercise carried out at home by patients
with COPO can produce objective physiological
benefits.This type of exercise is more acceptable
fOr this patient population.It could also prove to
facilitate compliance in SUCh programmes.



Tab 1e 1. 1* Proportion of all deaths due to 8mol1l11g~related causes In South Africa. 1988,
by race and gender

"'----.--~--.-
Afrk.au White Coloured AlIbI"

Men Women Men Women Men Women Men Women_____..
Total death 70726 46403 21792 18156 15006 10930 3202 2162
% O,IJE TO:
lschaernlc henri disease 0.9 OS 2:tl 17.2 64 6,8 19.f) 14,5
LUllg cancer 13 0.5 48 2,7 4 1 1.8 1.6 0,7
Pulmonary circulatory disease 0.8 10 2.2 26 10 12 08 1 1
Chronic obstructive airways disease 2.7 2.3 6,5 5,6 6.4 '1,6 7,3 4,3
Aortic aneurysm 0.1 0.1 1.3 O.() 0.2 0.2 0.1 0.1
TOTAL 5.8 4.7 37.9 28.7 18.1 14.6 29.3 20.7

* From ~S~oking in S. Africa: Health & Economic Impacth by Yach 0, Saloojee V & McIntyre O ..With permission of Vach O.



Table 1.1* Proportion of aU deaths due to smoking-related causes in South Africa. 1988.
by race and gendeIl"

Afrlcan White Coloured P1JIl'ln
N

Men Women Men Women Men Women Men Women.
Total death 70726 46403 21792 18156 15006 10930 3202 2162
% DUE TO:
lschaernic heart disease 0.9 08 23.1 17.2 64 6.8 19.5 14.5
Lung cancer 13 0.5 48 27 a ~ 1.8 16 0.7•. 1.

Pulmonary drculatory disease 0.8 10 2.2 26 10 12 08 1 1
Chronic obstructive airways disease 2.7 2.3 6.5 56 6.4 4.6 73 43
Aortic aneurysm 0.1 0.1 1.3 0.6 0.2 0.2 0.1 0.1
TOTAL 5.8 4.7 37.9 28.7 18.1 14.6 29.3 20.7

* From "Smoking in S. Africa: Health & Economic Impact" by Yact!D, Saloojee Y & McIntyre o.
.With permission of Yach D.



INTRODUCTION

CHAPTER 1.INTRODUCTION

1.1.EXERCISE AND CHRONIC OBSTRUCTIVE PULMONARY
DISEASE

A study was done in 1991 by Yach et a1 on the impact
of smoking on health in South Africa. They looked
into the proportion of deaths due to smoking related
caused and found the following: (see table 1.1)

with the exception of ischaemia heart disease,
chronic obstructive airway / pulmonary (CaPO)
disease was the greatest tobacco related cause of
death in South Africa in 1988. When cO!1Verting'these
figures to actual numbers 1,909 men and 1,625 women
died of the d~sease in that year.This does not,
however reflect the morbidity cau~ed by this
condition, which, no doubt would represent much
greater numbers.Any medical intervention that has an
effect on chronic COPD is thus relevant to a large
number of people in thj.s country.

In the South African contimting Medical
Education Journal of February 1993, Nowitz asked if

"exercise can be considered an appropriate medical
intervention?" She felt that in COPD where the
amount of actual improvement that dan be obtained

1.
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They categorised the limitations as fallows:
i.pulmonary mechanics and ventilatory
muac l.e s

U.Gas exchange.
iii.Dyspnoea and breathing control.
iv.Cor pulmonale.

2.6.1.1. PU:',MONAR'l MECHANres AND VEN'rrLA'1'ORY xusci.ns

As early as 1976 Butler,in a study where he
looked at the effects of diaphragmatic changes in
emphysema, reported that the flattening of the
diaphragm Which occurs due to hyperinflation in
emphysema led to shortening of its fibres. He stated
that this shortening did not produce atrophy as much
as i.tproduced "contracture" of the diaphragm. At a
conference held in 1983, Roussos found that in
emphysematous hamsters, this "C01\t'racturewat..·due to
a reduotion in the number of sarcomeres in the
diaphrl"lgmaticmuscle". '1'his same effect was found in
the autopsies of humans who had emphysema.

similowski et a1(1991) Were of the opinion that
this reduction in the number of sarcomeres wa~ arr
adaptation of the diaphragm to the abnormal
mechanios.They did not find that t~c ~ontractile
properties of the diaphragm in patients with
emphysema were any worse than that in normal
subjeats when stimulated electrically.

22
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lactate accumulation in their pLL~m"l atter tr.aining.

The general consensus of opinion in the
litarature thus seams to be that exercise retraining
does improve work capacity Bnd quulity of life in
t;'90plewith GOPP. 'l'hereis not SUt flciorrt evi.dence
however,to indicate anv concreto phy~iological
changeA resulting from these programmey.

An outcome c:l:'ite:rionwhich is very difficult
to measure but n~nethe1ess important is that
exercise reduces the risk of cardiac disease. Blair
at 0.1(1989) in an eight year follow up study, found
that, even with a mOderatg amount at eXercise, the
chance of dying of cardiac disease waS considerably
reduced.
__a. 6 • 1 ,WHY OQ-XI:Uii·PBQGBliliMES NQ!J.' t~RQDtJ..ruli

Imxs:J;QT.lOGIQ~lt...~~_.

The preceding literature indicated the lack of
physiological signs of improvement could be
attributed to the fact that patients with COJ?D arc'
unable to ~xercise onough to produce these
phYSiological changes.

At a symposium in 19M, Loke Mahler et al
summed up the limitatinns that chronic lung
pathology j,n:LJ.ictsem the ",lor.kability of
sufferer.s.Using their guidelines, r would like to
examine these limitations.

:21
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results in a rise in v~ntllatory rate. ~he athletes
with lower concentration of lactate can thus
exercise fer longer without experiencing
urlc(nn."ortaoledyspnoea. Should patients with (;O.f?D
react in the same way after being trained, it would
be a distinct advantage .

Wasserman at a1 (1989), found that patients who
could not exercise sufficiently to produce a lactic
acidosis did not benefit physiologically from an
exercise ~rogramme.

In 1991 Oasaburi ot a1 showed that patients
witb COPO who exercised at loads that produced a
greater metabolic acidosis were able to Show a
larger reduction in blood lactate and a lower minute
ventilation after training .'l'heydivided their
subjects into two groups. The one group exercised at
a high work rate (90% of maximum capacity ) while
~he other group worked at a low work load (60% of
maximum capacity). Both groups exeroised for fo:t'ty
five minutes per day, either in one session or, if
they were unable to exercise fot' so long, it was
divided into up to five sessions.The group who
exercised at t.he hj:gher work load were able reduoe
their laotat3 and ventilation to a greater extent
after training than those who exercised at ti lower
work load. Both groups, however exhibited a lower
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Moser at a1.(H180) did extensive tests on their
patients. They classified the patients into definite
functional categories and found that those who had
participated in an exercise programme were able to
improve their functional abiH ties .'l'hisiY.1i~rovGment
extended into their activities of daily living, but
they tQO could not show definite physiological
changes.

Mungall and Hainsworth(19aO) found that their
patients showed a small imprOVement in lung
functions but no improvement in cardiorespiratory
indioes of physical fitness. They felt that this was
due to the fact their subjects were too severely
disabled and ware unable to exercise at a high
enough load to produce these changes.

According to Jones and Ehrsam (1983), a fall
in the bicarbonate concentration of plasma occurS
during exercise which is equimolar to the rise in
pl&sma lactate uoncentration in normal subjects.

LaM + NaHC03 -~ NaLa + C02 +H20. where LaM =
Lactic acid,NaMco3 - Sodium Bicarbonate, Nata y

Sodium lactate •
It has been shown that the increase in

coneerrcra+rcn of lacta'te occurs at a higher oxygen
consumption (V02) in trained athletes than in
untrained sUbjects (Jones et al 1983). Accumulation
of lactate gives rise to metabolic acidosis which

19



2.(:).Physiological changes ref:1ul·tingfrom
exercise progral11ll1es
Reports on definite physiological change~ produc~d
by pulmonary rehabilitation programmes are felli,Many
studies reported on improvement in work capacity
after participation in exercise retraining in
patients with COPD.ChanqQs suc~ as increased oxygen
consumption/increased muscle enzymes/improved
mUSCle oxygen extraction sne increased capillary
circulation (Jones 1989 '/ara .')talways obvious in

pat.ients with respiratory limitation.Chester et 13.1
(1977) and Alpert et a1 (1974) could not prove any
physiological training effects after exercise
retrai~ing.McGavin et 13.1(1977) also could only
report on an increased ability to perfurm exercise
in their subjects after a three month home exercise
programme.Belman (1985) reporte.d that when
measurements were made in patiencs with capo at a
similar submaximal oxygen consumption (V02) after an
exercise programme/no definite difference could be
Shown in heart rate, stroke volume, cardiac
output/arteriovenous differenoe and blood lactate
levels. Another study which Belman did with
Kendregan in 1981,could not shoW improvement in
skeletal mUscle enzymes after training COPO
patients.

18
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For a questionnaire to be suitable for use in a
scientific study, pitzpatrick at a1 (1992) and Oeyo
and centor (1986) ,have identified it must possess
the following properties : - Validity, reliability
and responsiveness.

Gyatt published several articles describing the
tests that he and his coworkers did to ascertain
whether the Chronic Respiratory Questionnaire (eRQ)
fulfilled the necessary criteria to be acceptable
for use in studies on the quality of
life of respiratory patients (Gyatt at a1 1985,
Gyatt et a1 1987a,1987d, Kirschner and Gyatt 1985,
Gyatt ~988, Gyatt et al 1989). They fOUnd that their
questionnaire fulfilled all three properties
mentioned above.

F.W.Joneb(19Qla) and Morgan (1991), in two
separate articles, questioned the usefulness of tho
eRQ. The CRQ individualizes the subject's problems
by allowing the subject to state actual activities
that result in dyspnoea.They felt that this made the
questionnaire unsuitable to be used when comparing
different popUlations in comparative studies.Morgan
found 'chatthe CRQ was not suitable for test,ing
children or thoSe patients who exhibited minimal
symptoms.As these objections were not applicable to
my tria.l, I have found the CRQ questionnaii'e
va.luable.

17
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COPD.Factors such as symptoms/activity and impacts
on the patient are evaluated. 'l'heusefulness of this
questionnaire was discussed in the Respiratory
Medicine Journal in 1991b.This questionnaire has not
as yet been fully investigated.

2.b.l.3.Dimension or item specific
questionnaires are questionnaires in which only
specific dimensions such as dyspnoea are
investigated. An example of this type is the
Dyspnoea IndGx Questionnaire designed by Mahler at
a1 in 1984. Mahler et a1 (19S8), when comparing
their questionnaire with two otl1er qUestionnaires I

found that it correlated better with lung fUnction
scores than the others did.Unfortul1ately physiologic
indices do not always give a good indication of the
individual's personal quality of life perception.For
the measurement of quality of life, this type of
qUestionnaire is too limiting and may fail to give
an overall picture of the patient's perception of
his/har quality of life.In a pilot study we used
this qUestionnaire with limited Success.

Another questionnaire whioh Looks at
l"ospiratory patients' pe:r:ceptionof their own
breathlessness is the Oxygen Cost Diagram reported
on by McGavin at a1 (1978)

2.5.2. MnASUREMENT VROPERTIES OF THE
QUESTIONNAIRE.

16
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in a single questionnaire,Examples of these kind of
questionnaires dre the Minnesota Multiphasic
Personality Inventory (MMPI) and the sickness impact
profile.These questionnaires are long and time
consuming to administer. 'rhese ques't Lonnaaz-as Were
used by Luetic et a1 (1972), cockcroft et a1 (1982)
and Agle et a1 (1973) ( see 2.4.)

2.5.1.2.Disease specific questionnaires
- 'l'hisincludes the chronic Respiratory Disease
Questionnaire (CHQ), which was designsd by Gyatt in
1987a and in 198'7c .r1'hisis the questionnaire that
was ~~ed in this study (see Method).

Rusch and Clements, when evaluating theh~ home
exercise programma for patients with COPDI made use
of part of the Chronic Respiratory DiSease
qUBsticnnaire(CRQ) (see 2.2. section of this thesis)
They evaluated only the patients' response to
dyspnoea after participating in their trial.The
quality of life in patients with COPD involves much
more than just their perception of dyspnoea.For this
reason, eVen though their results were favourable, I
do not believe that they can categorically state the
quality Of life of their patients improved

The st Georges' respiratory questionnaire
designed at st Georges' hospital in London and
reported on by Jones (1991a) also looks at specific
factors that affect patients with asthma and

15
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thus improve patient's p~rception of their
functional worth.

:a.b.Psychometri<: Questionnaires
The necessity of evaluating the effects of

treatment on the quality of life of chronicaJ.ly ill
patients is a well accepted fact. How to measure
this quality ot life, however, is disputed. Quality
of life is a very subjective perception.!n ordar to
have a scientifioally acoeptable tool to measure
this, the tool must adhere to definite standards.In
a series of articles published in the october and
November issues of the British Medical JOUrnal in
1992, quality of life questionnaires were
analyzed. Fitzpatrick et al discussed the need for
using quality of life questionnaires and their value
in clinical trials. Fletcher examined the design of
these questionnaires, their application and their
interpretation.

Using the B.M.J. articles as guidelines, r

examined the use of questionnaires 1n the literature
as follows:

2.5.1. T¥PE OF' QUESTIONNAIRE.

Quality of life questionnaires can be Qivided into
three types.

2.5.1.1.Generic questionnaires which cover
a broad range of general quality of life dimensions

14



Ll'l'I::RA'['URE SURVEY

<:-- IMPAIRHEN'I'

J
FUNC'l'lONAL LIM1'l'A'l'[ON

RESTRICTED ACTIVtTY (objectified disability)

I~HANDICAP~(SOCiali2.d disability)
(from Williams 1989 pg 798)

Quality of life is dependant on tle
individual's perception of his/her own
worth. Decreased functional ability leads to the
feeling of being handicapped. All the psychological
support one can give the patient with COPD is not
good enough if it is not accompanied by improvement
in function.

Henderson and Cole (1993) did a study using
the self efficacy theory, and tested COPD patients
befOre and after an exercise programme.The self
efficacy questi~nnaire assesses the individual's
jUdgement of their capabilities to achieve
designated performances.They found that these
patients showed a significant improvement in their
physical efficacy (how much physical work they were
able to achieve) a~ also an improvement in their
emotional efficacy which was not, however as
significant as the physical.Exercise programmes can

13
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not. 'I'heexercise group improved s1ightl y more than
the non exercise group.

cockcroft et al (1982),in a similar study did
not find a correlation between exercise ability and
psychological scoring between two groups of patients
with COPD/one of which participated in an exerciE~
retraining programme and the other not. The tests
used in this scudy were the Lorr J.l1cNai!:test and the
Eysenick Personality test. Both these tests were
generalised psychological tests for quality of life.

Agle et al found in a s..:udy done in 19'73 in
which they examined the psychological scores of
patients who had been involved in a comprehensive
rehabilitation programme for one year/that those who
exhibited the greatest functional improvement also
showed the greatest psychological improvement. They
assessed the psychological improvement by means of
psychiatric interviews.

A flow diagram (fig.2.1.) which appeared in a
review on the psycho~oci~] 'ature by Williams in
1989 illustrates ~he importatcD of functional
ability on the quality of ljfe in respiratory
disease:

Fi.g:2.1 RELATIONSHIP BETWEEN IHPAIRMENT, DISABILITY
AND HANDICAP.

J.2
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therapist three times a week for six weeks/and then
they wer8 g1ven a home exercise programme. rrwelve
months later 24 of the subjects had improved their
exercise capacity by 129%.They calculated the total
cost cf the programme to be between 600 and 800
dollars. 'rhis reinforces the opinion 'that home
programmes are could be cost effective and show
positive changes for these patients.

2.4. Psychological effects in rehabilitation
Dudley et al in a revue on the psychosocial

concommitants in COPD(1980) stated that the role of
psychosocial and psychological techniques could not
be overemphasized in rehabilitation programmes.
Sandhu in a review (1986) also insisted that
psychosocial support was of the utmost importance.

Lustig et al (1972) tested patients with COPD
extensively usin~ three well known psychological
tests i.e.the Minnesota Multiph 1c Personality
Inventory (M.M.P.I.), Medical orientation Scale and
the Work Attitude Scale. They then divided the
patients into three groups. One group received
exercise and relaxation therapy.The other received
psychotherapy and the third group were simply
observed over the trial period (six to seven weeks).
Thex found that the first two groups improved on the
psychological tests while the third group did

11
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most of them were unable to produce conclusi~~
evidence of physiological improvement.

Mall and Madeiros (1988) followed up 101
patients who had participated in an outpatient
community hospital rehabilitation programme over a

period of one to five years.They repo~ted on changes
in the anaerobic threshold in these patients.
Unfortunately it is not clear how many patients were
followed up for one year and how many were followed
up for more.

Booker (1984) did her study over 12 months and
found some changes in lung function in a group of
patients who received breathing retraining as well
as exercise retraining.She did not report on any
other changes in physiological parameters.In my
study the patients Were followed up for a periOd of
f if teen :;~'mths .

2.8.Tests for evaluating the effects of
exercise in exercise r.ehabilitation programmes
2.8.1. INCREASING LOAD CYCLE ERGOMEr.t'RY OR 'I'READMILL

TEST.
An exercise test is the best way of obtaining

objective assessment of exercise tolerance.
Spiro(1977) reviewed exercise tasting in Clinical
medicine and felt that incre&.ing work load exercise
tests formed the bases of clinical testing.In such a
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heart rate.Patients with COPD should exercise for a
longer time daily,even it the programme is broken up
into severnl smaller periods.

A study by Gobel in 1991 showed that, even in
cardilc patients, exercise of lower intensities can
produce favourable results. He found that a group of
cardiac patients who participated in a programme of
light exercise training showed the same amount of
i'provement in their performance on B treadmill as a
group who had done oarefully monitored aerobic
exercise training over 1 year.Patients wlth COPD may
show the same effects.

2. 'I • 2 •DUHM'ION OF' PROGRAMME

The .l!.mericansports medicine statement on physical
fitness, found that people who are sedentary have to
train for longer periods in order to produce
physiological changes associated with improved
physical conditioning. Patients with COPD, due to
the fact that activity re~ults in dyspnoea,usually
take up a sedentary life style. In many of the
stUdies reviewed the programmes have been ('larried
out over short periods of time. Examples of these
are Busch at al (19S8) ~ 18 weeks, Cockcroft at al
(1982) - 8 weeks, Alpert at al (1974) - 18 weaks,
caeaacur i, et al, (1989) 8 weGl\s.rri1ismay explain why
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When comparing patients who managed to exercise
ta their aerobic threshold (A'L')with those who did
not, they found that thoro were no significant
differences in the benefits derived from exercise
training between the two groups ,Il'heydetermined NIl

noninvasively by ~xamining the pattern of the
ventilatory equivalent of 02 (VE/V02) and
C02(VE/VC02) as well as the respiratory quotient CR)
at inoreasing loads.This differs from the results of
the study dona by casaburi et a1 \1991) (eee 2.6.)

Carter at al (1.992) also attemp'l:.edto establish
guidelines for training patients toli th COPO. 'L1hey
exercised their patients to their ventilatory
limits.Thay also exercised them for longer periods
pe~ day (ie 64 to 80 minutes) than other studies
haVe done (CQsaburi 1991).This was done by allowing
the subjects to i£lxercJ,seat least twice a day.'rhe
programme was done in hospital for 12 days and then
at home for 3 months after that.Their results showed
an improvement in the exercise tolerance and a
red.uction in dyspnoea in thes(~ patients. 'J:'hey
reported on an increase in VE, most of which was
accounted for.by an increased tidal volume at peak
exercise .After 3 months of training', 02 consumption
and C02 production at rest decreased.

They concluded that training intenSity ~n COPD
should depend on ventilatory limitation and not Oli
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max. (maximal oxygen consumption) or 50% - 90~ of
age predicted maximal heart rate (220 ~ age) carried
out for l~ to 60 minutes (continuous or
discontinuous) is requIred to produce an improvement
in fitness. These gUldelines apply to normal
subjects. I am not sure if they are relevant in
patients with capo who possess abnormal respiratory
mechanics and Bre thus unable to achieve the same
maximal oxygen consumption as their nOrmal peers.

2.7.1.1NTENSITY OF EXERCISe

Punzal et a1 (1991) questioned using heart rate
as a means of determining intensity for exer~ise
training in cOP!'). '!'haybeJ iaved that exercise
training based on principals derived from those for
normal SUbjects and cardiac patients are misapplied
when used for patients with cope who are limited by
other factors than their heart and skeletal muscle
function. In their s1:udy where 57 patients ~d.th COPO
participated in a walking retraining programme for e
weeks, the.i.rsubjectH showed a reduced exet'cise
tolerance in relation to ventilator~ limitation (ie
hi.gh VE/MVV l'atif."l)"Theytrained their. patiento at
higher percantagNs of their maximal heart rate than
was previously recommended.They used ventilatory
indication to prescriba exercise ie they used
dyspnoea as an indication for termination of
exercise.
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2.6.1.4.COR PULMONALE
A fact which can not be ignored is -" what will the
eventual toll be on the patients cardiovasoular
system as a result of exercise?" Bahler et al (197'7)

found that pulmonary arterial wedge pressures were
raiSb1 on ~xeroise in patients with COPD.These
effects w~re aggravated mare by excessive
ventilatory effort than by hypoxia.
J:rJ a st,udy on th~ limitation of exercise in COPO,

Hughes ~nd Davison (1983), reported that several
studios had found f!hatCOPO produced adverse effects
en ~drdiac function. Exercise stresses oardiac
fu.nction and may thllS acoentuate these effects.

Stewa:t:tet eJ. (:1986)showed that in patients
with (~OPD caz-diao output did n.ot inorease
SUfficiently durjng exercise.He found that this was
~aused by the hype:t:inflatedthorax. Biernacki et al
(l988) found that the pulmonary hYPOl"tension
exhibitad by thesa patients did not affect
ventrioular contractility.It is nevertheless
probable that exercise in COPD can result in
considerabls strain to the heart.

2.7. Intensi.ty and dura'cion of the prograllUlle
According to ths 1990 American College of

Sports Medicine statement on physical fitness,
physical activity oorresponding to 4Q% - 80% of V02
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stabilization does not always occur in chronic lung

Kepron and charrtLak (19'/3) \I,fhenstudying the
response to the inhalation of carbon dioxide of
chronio respiratory patients and normal subjects
found that the patients presented with blunted
r~ spcnaes to C02. '1'hosewho suffered from chronic
hypoxia showed a slower response to C02 than those
who were not hypoxic.Although this reduced response
may serVe to protect the respiratory muscles, it
also reinforces the abnormal blood gas picture.

Fahey and Hyde (1983) attempted to
differentiate between patients whose exercise
capac Ley was limited by their resp~ra~:::ory
musoulatul"e and those who did net; have the
neurological ability to r~spond to the demand (can't
br.athe against won't breathe). They discovered that
by looking at the Ventilatory response of their
sUbjects to C02 and comparing it to their measured
MVV against the predicted MVV., a prediction could
be made as to which sut.ectY were Hmited from
exercising at adaquane ...llt:.cmsitiesby their
ventilatory musc'.es,anc:which were lilnited by their
neurogenic drive to brea:l:.he.Although a 11ttJ.e
complicated, this equation lnay be a useful When
assessing the ventilatory limitation in a patient
with COPD.

29
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be caused by deterioration in blood gases and
fatigue of respiratory muscles.
This theory is reinforced in a study done by Light
and Muro (1989) where patients with capo were given
morphine, a drug which alleviates the unpleasant
sensation of breathlessness. 'I'hesepatients l!lere
able t( improve their exercise capacity
considerably. 'l'heyI however I exhibited a marked
deterioration in their blood gases while
exercising.

Altose (1985) believed that the sensation of
breathlessness is due to two! ctors. Firstly it is
due to the quantity of ventilation required for the
activity l"elative to the maximal voluntary
ventilation of which the patient is capable.
Secondly this sensation is effected by the
neurological response to the demand tor
ventilation.At rest/this response or drive to
breathe is dependent on the changes produced in the
blood gases which act on the chemoreceptors in the
medulla and in the carotid bodies.In normal
subjects blood gaSes do not change dUring
exeroise.In patients with COPD,however,exeroise
often causes an increase in PC02 and a decrease in
P02.(D'Urzo et al 1989, Kepron 1973) Thsse changes
should make the patient hyperventilate in order to
stabilize tileblood gases. :t appear's that th.is
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nyspnoAR or th~ unpleasant awareness of
br~Rthing during activity, is the Ringle most common
Rymptom complained of by patients with copn. The
American 'I'hor-ac ic society in an official RtatemE'!nt
an the ave luat Icn of impa irment; and di sab i li tiy
secondary to respiratory disease in 1082 stated that
dYflpnoAa could not be used as the "$(")lec'r'iterion
for evaluating impairment because the cBuses of
dyspnoea are multiple and complex." 'Phis is indeed
true as shown hy campbell (1963) in an early
investigation. He attributed dyspnoea to a
diRturbance in the relationship of le~~th and
tension of the respiratory muscles. He also stated,
however that this sensation was affected by
naurol.ogical and psychological factors.

While lookinsr at breathlessness associated with
exercise, Jones (1984) found that this
hreathlessness was due to an increased metabolic
demand which gives rise to an incr~ased ventilatory
response.In patients with chronic respiratory lung
d.i.sease, the ventilatory I"nu$culatU;t:'e:i.scompromised
and ·thus cannot pr.oduce the increased vent1.1atory .
response required for exercise leading to further
exacerbation of dyspnoea.

Killian and Jones (1984) believe that this
breath1p~Aness should be viewed as a protective
mechanism to p~event respir.atory failUre which could
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pati ents were affected hy the int:1~erH::;edwor-k of
breathing whioh resulted in inoreased ~Rage of
substrate.Many of these patients are malnouriShed
whioh further effects the ability of the muscles to
fUnotion optimally.

~.6.1.~.GA9 WXCHANGR
A11 the Above facton:; 1aad to an imps ired gas
axchanqa in pat i.entR with COP!) 'l'heye:x:1'libi.t a
decreased oxygen partial pressure (Pa02) and an
inoreased carbon dioxide tension (PaC02) in the
circulating ~rterial blood. Many studies have shown
that this low(-lredPaO;)'is accentuated when
exercising (Fletcher et a1(19B9), Danztker et
a](1986), Rias et al(19S3)).This is une of the
greateRt limi.tations to exercise.Hughes and Davison
(198~) repor1;ed on dangerous arrhythmias that Ca1"1
result from hypoxia. Van Meerhaegm and Setgysels
(1983) found that patients who developed hypercapnia
were unable to exercise at as high a load as those
who did not. Belman in lQS5 stat.ed'that patients
with COPO breathed'with a greater dead space tidal
volume ratio due to the inefficiency of their gas
exohange.

i .

2.6.1.3.BREATHr~SSNmss AND CONTROL OF BREATHING.
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Pardy and ROUSROR(19H1) made their subjects
hyperventilate until the end partial pressure of
carbon dioxide in their arterial blood (PaCO?)
dropped by 10 mm Hg. When compa r ing (;norma 1s wi.th 6

patients who had chronic airway limitation/they
found that the respiratory muscles of the pati,ents
fatigued whereas those of the normal subjects did
not. The latter study however, could be criticised
since the average age of the normals was thirty two
whereas that of the patients was sixty one.

Sharp, in 1995, when considering the
therapeutic implications of respiratory muscle
fUnction i.npatients with cOPO, summed it up by
stating that inspiratory muscles under these
circumstances were compromised in several ways:

a.hyperinflation led to shortening of the
diaphragmatic fibres and absorption of
sarcomeres.This decreuuDd the ability of the
diaphragm to genorata optimal tension.

b.increased airway resistance added to the load
on these muscles which were already strained.

c.hypercapnia led to taohypnoea which decreases
the time available for the respiratory muscles to
rest within the breathing cycle. This accelerated
the fatiguability of these muscles.

Gray Donald et ~l (1989) and Schols at a1
(1989) felt that respiratory muscles in these

25
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the alveolar capillary surface which limits
diffusion and hypoxia results.This may explain how
oil1ard at al(lga9) found that reduced diffusion in
patients with COPD was one of the factors Which
affected exercise capacity in these patients.

Morrison and Richardson(19S9) did a study where
they compared ventilatory muso Ie s'trength in e1der1 y
subjects and patients with emphysema.They found

that elderly subjects Were able to build up a
greater mouth pressure on inspiration than those who
had emphysema.This reinforces a statement made by
Rochester Lhat the diaphragm in COPD is
"better than expected but not good enough".

Dodd et a1 (1984) examined the action of the
chest we'll and the abdominal muscles during exercise
in COPD patients.They found that very complex
adaptations occurred to cope with the stress
prOduced by exercise which could lead to fatigUe of
these muscles.

Faulkner at the pulmonology Conference (Braun
at a1 1983) stated that fatigue results when muscles
are required to perform unaccustomed l,nsks.This
would be the ca~e when unfit patients with COPD
participa~e in exercise.Grassimo et al(19S9)
confirmed that the respiratory muscles of these
patients fatigUed during exercise as shown in
electr.omyogram studies.
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Rochester(1983), at the same conference as
RoUSSOS above, felt that, although this adaptation
does occur,in practice the shortened diaphragm
interferes with the movement of gas volumes in the
lung which leads to limitation of tidal volume.
During exercise this limitation is an impediment.

Dempsey,in the J.B.Wolf memorial lecture in 1986
described how, in order to 00pe with the increased
metabolic demand of exercise, ventilation is boosteJ
by the increase of tidal volume.This is done by
encroachment into the inspiratory and expiratory
rest:.rvevolume.If the tethering action which tends
to hold the airways open at low volumes,is removed
(as happens wLth COPD where elastic tissue is lost)
these reserves are limited and the increase in tidal
volume is restricted.The patient compensates by
increasing the frequency of breathing.This increase
together with airtrapping produces greater dead
space breathing/which limits the amount of oxygen
made av~ilable for. exercise.

Dempsey also found that during exercise the
red blood cell transit time through the lung
capillaries is reduced because of the increased
perfusion resulting from exercise.In normal
subjects, expansion ~f alveolar capillary surface
occurs allowing diffusion and blood gases to remain
within normal limits. Emphysema causes a reduction in
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EXercise tolerance was tested using the six minute
walking distance test.
'3 • J • ;J, • L• 'l'm! 'l'gS'!' PROCfil!JUR[!!

The test was carried out in a hospital corridor 35
meters long. Bach subject rested for five minutes
sitting on a chair before carrying out the test.He I

she was then instructed to walk up and down the
corridor. gach was requh"ed to cover as much ground
as possible in six minutes.The subjects ware told to
keep going if possible but not to be concerned if
they had to slow down or stop ,torest. 'rhe aim was
to feel at the end of the test I that they could not
have covered more groulld in that time.The distance
covered is cvnsidered an indication of exercise
tolerance.

The measurements tak~n during the AM~D~ incl~ded:
i. distance covered in 6 mirutes
ii.heart rate at rest and immediately at the end of
the 6 minutes. This was done using B heart rate
monitor (uni1ife Sport Tester 300 Hamhurg West
Germany) .'1'he transmitter was at:taohed to the
subjeots' chest while the monitor was worn on the
wrist.
iii. the time tal<¢'nWhen sub~jects who v1ere unablA to
walk. without stopping I were fO'J:'cedto pause (due to
dyspnoea or leg pain).

46



MW[,HO£)

[n the bicycle ergometer teAt minute ventilation
(VE) ,m"ltabolic r-ssponsea and blood gas resl!lts were
reco.ded nnd analysed at each work load in all four
tests.

The results of the trial group was compared with
those of the control group at each work load for the
initial te~t and each subsequent test.

Percentage change in Ve was compared between the
two groups.

As the sample size was small and the results did
not exhibit a normal distribution, the datil was
analysed using non parametric analyses.! used the
Wilooxon sum of ranks test.
A l? - value of less 'Chan 0.05 was considered
~1ignificant .

if
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:~ • :3 • 1 • J. MBASUREMEN'J.'S 'l.'AKBN

i.Ventilation Rnd oxygon consumption were measured
using a one way non rebraathing Hans ~udolph valve
connected to an on line analysis system ( oxycon 4

Mijnhardt Bunnik, Netherlands) The instrument was
calibrated using a gas of known concentration (Gas
.::hromatograph)

ii.Blcod gasses were measured by
analyzing blood taken from a warmed ear lobe.This
was done by an experienced technolagist.This method
of obtaining arterial blood gases has been found to
correlate wall with rasults of tests dane on blood
from arterial puncture. (Qodfrey at a1 1971, Goldman
et al 1967, spiro et al 1976 ) Blood taken during
the last 30 seconds of each work load was analyzed
using the ABt. aoo Acid Base Labcn:atory r~i:ldiomater
(Copenhagen, Denmark).

iii.ECG measurements were monitored continuously
via three leads on D. Hewlett packard ECG monitor
(model 7835111. "Boblingen Germany ) 'rlle heart rate
was recorded 111 the last 30 seCOnds of each work,
:lad.
i~.Blood pressure was monitored manually at the

end of each work load.

3.3.1.4. S'.L'ATISTICS
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vi. Purther incremantR of ~o watts were repeated
until the test was terminated (Ree
',3 • :,1 • L • ;>, • )

'j •3 • 1. 2 •CH,I'l'BRtA I"On 'J.11mMINNlIION OP 'l'BS'l'

The bicycle ergometer tp~t was terminated when I

i. the sUbject felt that he /she was too
breathless to continue.

ii. the heart rate roached 80% of age
predicted maximal heart rate
io 0.8(220 - age).

iii. an abnormal BeG response occurred 1e
B. dep~cBsed ST s~gment
b. n,...re than two consecutive
eotopic heart beats
c. bradycardia

an abnormal blood pressure response
occurred ie:-

iv.

B. a decrease or lack of inorease in
systolio B.J?

b. an increase in d,iastolic E.P. of
more than 10 mm Hg.

c. a systolic B.P. above 2~O mm Hg.
(Guidelines laid down by the American Thoraoic
Society in 1982 )
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iv. A full lung function assessment.
'l'hEleeft.'ll:t' t:eS'\tswere r(lpeated after b months, then
again after LO months, and aftar 1~ months.

;3 • :1. 'L~l'HJL.Bl.G:LGl!~:_ra~fLQM__h~!'11Lfl~E;1~.QIflK~r~g;~:r

'l'hephysi.ological effc,lctsof our programme were
evaluated by measuring ventilation and oxygen
consumption while the subject exercised on a bicycle
ergometer.
:3 • :3 • 1 • 1. • 'l'ESfl' PI~OCFlDORE

i. Base lino measurements were taken far five
i inutes with the subject comfortably seated
on a Chair.

ii. The subject than exercised on an
electronically bra],l'\dconsistant. work load
bicycle ergometer ( Medifette Maarn,
Netherlands) .

iii. Each subject exercised on the bicycle three
minutes at a work load of 20 watts.
Measurements were read every 30 seconds and
recorded in thQ last 30 seconds of this
three minute period.

Iv , While remail'lingaaacad , the subject rested
for one minute.

v. The work load was increased by 20 watt
increments and the procedure was l:epeatcd.
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have a dip c blood pressure at
rest h1SS than 110 mm , Hg.
be able to participate in a walking
exe~cise programme.
be able to carry out pre - programme
base - line tests.

x . not ShO'll an improvement in airflow
greater than 20~ after inhalation of a

bronchodilator.

vii.

vi it.

ix.

Subjects selected for the trial were divided into
two groups ...the trial group and thCdcontrol
group.They were allotted into the groups in an
alternating manner/according to the order that they
were admitted into the trial.

\ total of.31 patients were selected but 11
dropped out leaving 20 subjec',"l I of these l2
Patients were trial SUbjects ctnd8 patients were
control SUbjects.
~.3.TESTS ~ERf~

on entering the trial each subject underwent the
following
i. a graded exercise test using a

bicycle ergometer.
iio a six minute walking distance test.

a quality of life questionnaire.iii.
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~11 patients with COPD who were rafer~ed for
physl.ot.herupy at che '!'oharll1(1sb\u'Sj HOBpita.l and who
fuLti.l1ed the critoria listed below were asked to
part; Lcl.pat.e in the t;:r:'ial, Theme who conaent ed to do

no ,Hll€.ld 111. an inf:t)rm(~d consent; form UW€l appendd.x)

and them became ouli:j~Wt.8 f:OJ~ my trial.

:2.,..3.",Jil.ijJ1s/:lNQ1~,.>t._~RL1'l~rlJ.,

BeCore being accepted as a subject for the study

C'.Wl:l (mhj ect must:

1. f bc.) d:L1;lS)nC)f3ed as having chrond o

obst.ruccdve pul.monary (.USl';lIHlE~ as

defined by t.he AmeJ:ican 'fho:r:'BCic

Society in 3.986
be between the ages of 45 anti BOi.L ,

years (male or tpmale) .
iii . be smokars 0:1:' ox srnckern .

complain of. dyspncea which :Ll'ltor:Eer'~riJ

with normat dai ly activit,iss.
be ment.aJ.:ly able to undel:.'stcmd the

requiremGlI1l~D 0:(: the pro!JrammGl.

not exhibit any signs of ca~diac

1:f:l:Ll.ure.

:Lv.

v,

vi.
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swinburn(19Sb)looked at the L2 MWDT,B
submaximal bicycle ergometer test and a paced step
test. He repeated eaoh of these tests four times and
found that the 12MWDT produced the least variation
on retestinq(the step test showed the greatest
variation).He tested 02 consumption (voal during the
12MWDT and during the step test using a portable
device (Oxylog l? 1<. Morgan). 'L'hebicycle ergometer
test and the 12MWDT produced similar V02 at the
highest work load while the step test produced a
highel.~V02. He concluded that all three tests
produced valid consistent information about the work
capacity of patients with COl?D He did feel,
however,that the chief disadvantage of their use was
dependence on the motivation of the patient.
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test (6MWD'r)for tt:lstingthe exercf.se capability of
patients with COPD was thus initiated.
Bernstein (1994) reanalyzed the 12 minute walking
distance test as a tool for measuring exercise
tolerance in patients with COPD.They found that the
12 minute distance and the 6 minute distance
correlated well (r=.97) We have used this test in
our trial.

Many studies have ma \e Use of this test to
Bssess the effect of treatment ~n exercise capacity
in patients with COPD (Cockcroft et al ( 1982)
Niederman et tLI.(1991) Mungall and HainSWorth (1979)
McGavin et al (1977) Mahler et al(1984)and
others).!n spite of this the valUe of this test has
often been questioned.

Belman in an update on exercise testing in 1985
and MuerS in a letter to the editor of Respiratory
Medicine in 1990 both questioned this test but were
prepared to accept the fact that if the six minute
walking distance was oarried out according to strict
standardS, its validity fell within acceptable
limits.

Morgan (1989)examined simple exercise tests
such as walking tests and step tests.He found that
if they were carried out correctly, they could
provide a useful meaSUre of exercise performance Bnd
disability in respiratory disease.
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BACKGROUND In 1968 Doctor Kenneth cooper when
training a large number of servicemen Ln the united
states air force, needed a simple test that would
give him an indication of their physical fitness.He
needed a valid test that CQuld be done on a large
group of people simultaneously. He devised a test
in which he encouraged the subjects to run as fast
as they could for a definite time (12 minutes).The
distance covered in that time was uSed as an
indication of the subject's fitness.When comparing
these results with the results obtained on a V02max
test for these subjects, he foun'L that this distance
correlated well with the V02 l'<1AXand could be used
to measure the exercise capacity.

In 1976/ MCGuvin/Gupta ~nd McKardy investigated
whe't:.hera 12 minute walking: test could be used to
assess the exercise toleranoe or disability of
patients with COPO.They found that this test was
suitable for this purpose.

In 1982 Butland et a1 felt that many patients
with COPD found walking for 12 minutes too
exhausting. They investigated whether walking for a
shor.ter tin'e could still be an :lndioation of
exercise capability. They discovered that walking
for 6 minutes correlated well with the 12 minute
walking distance test.A six minute walking distance
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incremental fashion until exhaustion (Reported on by
Brown et al 1984).

'l'hevalue of using a submax.lma I bicycle test to
evaluate the physiological effects of a medical
intervention in patients with caPD has been accepted
in the literature generally.

Belman(1985) ,in a review on exercise testing
and training in patients with caPD,felt that a
bicycle ergometer test was of limited value as the
end point of the test was more often the result of
motivation rather than true exercise tolerance.

2.8.2.SIMPLE WALKING TESTS
When looking a,t the effects of an exercise programme
an the exercise tolerance ot patients with capo
clinically,I was concerned mainly with the effect
that this change has n their daily living
activities. Mak (1993) expressed it well when
discussing bicycle ergometry and treadmill exercise
tests. He sa,id" these farms are unfamiliar to most
patients and extrapolation of such data to every day
activity may nat be appropriate. The' six minute
walking distance test uses a more familiar type of
exercise (ie. walking)for these patients and is a
more relevant form "e exercise in their daily lite.1I

2.8.2.1.SIX MINUTE WALKING DISTANCE TEST.
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test, (either on a bicycle ergometer or on a
treadmill) abnormal responses to exercise can be
detected by comparing changes in oxygen consumption
and ventilation at increasing loads with normal
responses. Physiological indications of changes in
exercise tolerance can be examined by looking at
these changes at the different work loads when
testing the effects of certain interventions

Mahler and Harver(1988) recognisad the ~act
that it was not possible to obtain a maximal
exercise test in Fatients with COPD because their
ventilation limited them from exercising maximally.
They Were, however, satisfied that a peak V02 test
where the patient exarcised to the highest load that
he/she was capable of, was a suitable indication of
exercise capac i.cy in these patients. They found that
the peak V02 on a subrnaximal bicycLe ergometer test
correlated well with factors such as age, FEVl and
the dyspnoea index. These factors may hot necessarily
give a conclusive assessment of the V02 MAX.

Brown et al (1985) investigated the
reproducibility of peak oxygen consumption tests in
patients with chronic airway limitation.They
concluded that, with the except.Lon of a few
individuals, these tests were reproducible.In their
stUdy they tested their patients exercising on an
electronically braked bicycle ergometer in an
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breathlessness.To start off with, these patients
walked until they felt that they had to stop.The
time taken for them to reach this state was then
used as their base line exercise prescription.They
were subsequently encouraged to increase their
exercise until they, too, were exercising at the
required heart rate.

All subjects were encouraged to exercise for at
least 15 minutes every day. Most subjects had to
achieVe this by walking for shorter durations
several times a day in orde~ to reach this amount of

, ',,,
\\
\'

exercise.
iii.l"requency
Subjects exercised g.:t....J:LQ.~.on a daily basis where
possible.They were told to walk an a flat
surface,Each patient was given a diary in which to
record hotJmuch they exercised and how many times
per day/week they did so.
iv.Rate of progression
Subjects adjusted their exercise only on the advice
of the physiotherapist. progression was dependent on
two factors :
a)the subjects pulse rate at the end of
exercise.This pulse rate was taken ma~ual1y.As soon
as the pulse dropped at the same work load of
exercis~,the walking time was adjusted as follows
* Subjects who exercised for more tban 6 minutes
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sports Medicine (lUYO) tor quality and quantity of
exercise necessary to maintain cardiorespiratory and
muscle fitne8~ in hoalthy adults •(Unfortunately, it
was not always possiblo to achievQ the intensity
requir~d in our group due to the fact that they were
limited by their rospiratory condition. We did,
however attc:n\ptto reach the requirem<'lntswhenevez
possible. )
i. Mode of activity
Subjects were placed on a walking exercise
programme. ~_hl,lUJi\i was a relevant form of exercise
for these peoplo and it could be carried out at
home , people in th()age group from whiccihthis sample
was taken felt more comfortable performing an
exercise that did not roquire the learning of new
skilJ.s.

The recommendation for mode of activity (American
College of Sports Medicine 1990) is to use any
activity which uses large mUscle groups that can be
maintained for a prolonged period and is rhythmic
and aerobic in nature.Walking exeroise is thus
su:l.table.
ii.Intensity and duration of exercise
Subjeots walked for a length of 'time which Lnducad a
heart rate corresponding to 60Q ~eO% of age
predicted maximal heart rate. Initially soma patients
were unable to reaoh this intensity due to their
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operata three times a weck in tho oivision of
pulmonology at the hospital.

All subjocts had to attend the two lcctures
initially. ('L'haywere also enccuraqod to attend those
lectures again at any stage for revision).

They also had to attend the classes at least
twice a month throughout the trial,.

~3• 4 • 2 • '1!HE 'l'RIAL PHOGHAMMB

In addition to the above,th~ trial group
participated in a carefully structured, monitored,
exercise retraining programme.

:L.Initially, exercise was prescribed for each
subject as described below (3.4.2.1.).

ii.Subjects exercised at home d~ily.
iii.The subj~cts had to come in to the hospital

once a week to have their exercise monitored and
progressively adjusted.

(During the ccurac of the trial. their exercise
sometimes had to be cut down due to the fact that
they developed qXBcerbations of bronChial
infactions.This is why continuous monitoring is so
important.As the exacerbation cleared up I norma),

progression of the exercise prescription continued.)
3 • 4 • 2 • 1 •J':mSRQx.sIJ: PRESCBIETIQ:t{
Exercise prescription was based primarily on the
principals recommended by the American College of
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progressive rolaxation techniques as described by
Jacobson (1938) are URed in these
sessions.Relaxation training is included in the
claBses given by the physiotherapists three times B

week.
iii.Bronchia1. hyghme.patient are taught to do

postural drainage on an individual bases .'1'hisis
only done when an actual need for removul af
secretions has bean (3stablished (Sutton 1988,Selsby
1989,Leith 1968).

Bronchial hygiene includes the use of
bronchodilators when necessary. It has boen shown
that patients with COPO do exhibit some
reversibility to tho administration ()f
branchod' .anor'sunder certain certain
circumstances (olivon at al 1995, rtamsdell
1982).These are prescribed to t~e patients in the
f.orm of metered dose inhalers or in the form of home
nebu Li,zers .'rhonurse and the physiotherapists teach
the pl:ttientsto use their bronchodilator equipment
optim<'allY(Newman et al 1981 t Blaquiere 1989 I

Jacobson et al 1990, Zainadin et a: 19B8).
iv.Breathing retraining.In order to relieve their
dyspnoea, patients are taught such. technj,ques aD
pursed lip breathing (Mueller et al 1970) and
breathing control(Kaloczkowski 19S9,Casciari 1981,
Serg~~els 1979).This is carried aut in classes which
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After baseline determinations had bean made, all
Bubjects (trial and control) participatod ~n the
pulmonary rohabilitation pr~gramme which exists at
the Johannesburg Hospital.'.l.'hlsprogramme is
organized by two physiotharakJ.J.stsand one nuX'sing
assistant. 'l'heauchor of this thesis i.s the
physiotberapist responsible t or the admi.nistration
of the programme.

'l'heprogramme was designed according the
guidalines laid down by the American Thoracic
society statement on pulmonary Rehabilitation(19Yl).
:3 • 4. 1 • 'I'HE P!~OCEDUR£

The Johannesburg Hospital programme consists of:
i.Education (2 lectures ).Ignorance about their own
condition is known to increase anxiety in patients
with COPD(Becker at.al 19'75,1:.lerry1981). Lectures on
the pathology of COPO and its clirtical impHcations
are giv91'1on a weekly basis by n\yself:or a
physiotherapy colleague.The lectures are designed to
encourage as much patient participation as possible.

,
ii.Relaxation training. Due to their dyspnoea and
their loss of funofion, patients with COPD generally
experiece an excessive amount of stress and tension
(Light at a1 1985).Relaxation training allows
patients to gain control over their anxiety and
tension (Dudley et al 19so,Agle et a1 1977).
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A P - value of less than U.Qb was cons~dered
significant.
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(PRC) ,measured and calculated using the closed
system Helium dilution method.
iv,diffusing 0apacity calculated using the modified
Krogh single breath carbon Monoxide diffusion
test(Ruppel 1991 page 8'l).
v.expiratory flow rates ie peak expiratory flow rate
(PEF), expired volume in the :first second (.FEV1)and
maximal expiratory flow rate between bO% and 'l5~ of
vital capaoity (MEl" 60 -'15) were obtained by dynamic
spirometry.

The computer linked to the P.I<.Mor::ran(KentUK) dry
rolling seal spirometer calculated all the reeults
as a percentage of the predicted results for age,
height mass and S9x(Knutson 1976). 'rhese vaJ.ues as
well as the actual values were recorded.

i .

J. 3 • 4 • 3 •S'l'A'llIS'l'ICS

The difference between the lung function readings in
the tests taken at 15 months and the readings taken
I'.ltthe initial test was compared within each group
and between t,he two groups.

The change in lung function Which occurred in the
~ubjects w~o were still exercising two years after
the end of the trial was evaluated.

The data were analysed using the Wilcoxon sum of
ranks test.
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:3 • 4 • J:!l1.lJ.!:=LJt~lltm:t!'Ql~L~;.1.'!!?~J,~$.

3.3.4.1. ThE PROTOCOL
i. The lung function tests were carried out in th~
lung function laboratory at the Johannesburg
hospital.
ii.The tests vere carried out by a trained
technologib't.
iii.Subjects were seated throughout the tests.
iv.'l'he"'1'ransfertest" (P.I<'Morgan Kent UK) used to
obtain these rasults included a dry rolling
spirometer, a Helium analyser.an oxygen analyser, a
Carbon Monoxide analyser und moisture absorbers.
3.3.4.2.'1IESTS DONE:

Assessment of lung function included:
i.static lung volumes ie forced vital capacity
(FVC) ,tidal volume (VT) ,inspiratory reserve volume
(IRV) and expiratory reserve volume (ERV) .'l'hese
volumes were obtained by using a dry rolling seal
spirometer.
ii.maximal voluntar.y ventilation (MVV) .This was
obtai,led by meaEluring the volume of air moved by the
subject carrying out a maxltttalventilatory manoevre
into the spirometer for 12 seoonde Which was
extrapolated to one minute and expressed in litres
per minute.
iii-lung subdivisions, Lo residual volume (RV),total
lung capacity (TLC) and functional residual capacity
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METHOD
each category and the baseline score was compared at
~ach test within each group.

The difference between the two groupe with regards
to perce~tage change in each quality of life
category at the end of the trial was evaluated.

The data was analysed using the Wilcoxon sum of
ranks t~~t.

As the scores were compared to baseline at each
instance/the results were adjusted using the
Bonferonni correction.A P - value of less than
O.OlG'l was considered significant.
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iv.iour questions look at the subjects' ability to
cope with chronic respiratory c..'isease(;mgst;,e:tY.l.

:3.:3.:3.2.ADM.INISTHA'l'rON 01" QUES'l'IOIl!NA!RE
i.Each sUbject was interviewed by myself or a
colleague (both are trained interviewers). Where
possible, 1 did not question subjects on the follow
up to prevent bias.
ii.Questions were asked exactly as described in the
questionnaire. All questions addressed the subjects
~eelings during the two weeks prior to the current
test.
iii.Subjects were given seven possible answers to
each question(supplied on coloured cards with the
questi0nnaire 9ackage ).
iv.The subjects were given no assistance or
encouragement when answering the questions.

3.3.3.3.SCORING FOR THE QUESTIONNAIRE
The seven possible answers supplied were numbered

according to the quality of life value measures. The
higher the number, the more positive the quality of
life measure.A combined score was nalculated for
each quality of life dimension.These scores were
compared at each test.
3.3.3.4.STATISTICS
The difference between the quality of life scores in
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3.3_._L__QUALr'l'Y OF J.J.P~LQlJll~TH)t:lllAlRE

The effects of the programme on the quality of life
of the subjects was tested by making use of a
questionnaire which haL been designed specifically
for patients with chronic respiratory disease at the
McMaster university in Canada ..'l'he questionnaire and
the protocol for its administration was supplied to
us by the designers of this r'l11~stionnaire(Guyatt et
al 1986) (see Appendix).

3 • 3 • 3 • 1 DESCIUPTloN OF QUES'l'IONNAIRE

The questionnaire consists of twenty questions
evaluating fotlJ~quality of life dimensions:
i.five questions evaluate the subjects' perception
of dyspnoea. In this section each subject has to
decide on the activities of daily living which they
personal] y cons i.uer'important to themselves and
which are affected by their breathlessness.The
amount of breathlesuness caused by this activity is
evaluat~d according to the structured answers
supplied with the questionnaire in the form ~l ~

likaert scale (Gyatt et al ~~87b).
it. four questions pertain 1.0 tIle subjects sensation
of fatigue . They are asked questions whiCh reflect
on how energetic they feel.
iii.seven questions evaluate the subjects emotional
function in relation to their social interactions.
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3 . .3 • 2.3. S'l'EPS 'l'AKKN 'I'D IM.PROVE REI.IABILI'fV OF 'rES'!'

i.The test was repeated three times (Knox et a1
1988) at weekly intervals (Muers at al 1990).The
best of the three readings was used as an indication
of the patient's exercise tolerance
ii.Standardized encouragement was given to each
subject while performing the test (Gyatt et al
1984).

3 •3 •2. 4. S'fA'l'IS'rrCS
'fhepercentage change in distance cover'ed, resting
heart rate and exercise heart rate which occurred at
the end of the trial was compared between the two
groups.

The difference between the distance covered,the
resting heart rate and the exercise heart r~te at
each test and the baseline score was compared within
the two groups,

The data was analysed using the Wilcoxon sum of
ranks test.

As the results were all compared with the baseline
score, (testB - testA,teste - testA,testD - testA
the results were adjust'.i using the Sonieronni
correction.A P- value less than 0.0167 (0.05/3) was
considered significant.
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FIG 4.5 EXERCISE TEST AT 10 MONTHS
TRIAL GROUP
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FIGURE 4.5 AND FIGURE 4.6

Ventilation, metabolic responses and blood gaseo obtained at
defined Lrrcer'va.l s by the trial subjects and the corrcrol
sUbjeots While performing the bioycle ergometer test at ten
months.

Abbreviations: VE Minute - ventilation
BRIM ...breaths per minute
VOl{G - O)(ygen consumption per minute
PO ...arterial oxygen partial pressure
PCD ,.. arterial carbon dioxide partial preSsure
STDBIe - standard bicarbonate



FIG 4.3 EXERCISE TEST AT 5 MONTHS
TRIAL GROUP
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FIG 4.4 EXERCISE TEST AT 5 MONTHS
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FlGURE 4.3 AND FIGURE 4.4

Ventilation,metabolic responses and blood gases obtained at
d~fined intervals by the trial subjects and the control
subjects While performing the bicycle ergometer test at five
months.

Abbreviations: VE Minute - ventilation
BRIM - breaths per minute
VOKG - oxygen consumption per minute
PO - arterial oxygen partial pressure
PCO - arterial carbon dioxide partial p'ressure
STDBIe - standard bicarbonate



FIG 4:1 INITIAL EXERCISE Tl:ST
TRIAL GROUP
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RESULTS
between the two groups at any stage during the
trial. There was no significant change within each
group either.

TABLE 4.3 COMPARISON BETWEEN TRIAL GROUP AND CONTROL

GROUP WITH REGARD TO PERCENTAGE C1fAtiGV- IN

MINUTE VENTILATION (Ve) WHILE PERFOruHNG

BICYCLE ERGOMETER TEBT INITIALLY AND AFTER

15 MONTHS

VeO - VeA
l( 100

Work VeA

Loa.d

Trial Control
Mean Std Oev Mean std D~v p-v~lue

Rest +24.00 46.00 -12.00 14.00 0.0449*
20 watts +12.00 11.00 -13.00 12.00 0.0007*
40 watts +10.00 9,00 ~5.00 22.00 0.1356
60 watts + 7.00 9.00 -6.00 17.00 0.2888,

A = Sase-line score
n • Score at 15 months
Std Dev = standard deViation
+ ..% increase

- '"% decrease
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RESULTS
4.1.2. VEN'.I,'lI.A'l'ION

(including minute ventilation (VE), brea.ths per
minute (br\m) and tidal volume ('IIV))

When comparing the resting and exercise VB between
the two groups at different work loads, the trial
group exhibited significantly higher VB than the
control group did at 15 months both at rest (p =
.0061) an when exercising at 20 watts (p = .0127).

'I'hepercentage change in VE over the 15 month
period in the tJ..-ialgroup compared to the percentage
change in the control group (table 4.3) was
significantly different at rest (p = .0449) and at
20 watts (p = .0007).1n the control group this
difference was negative while, in the trial group
this difference was positive.

Figures 4.1,4.2,4.3,4.4,4.5,4.6,4.7 and 4.8
show that the VE in the trial group was consJstently
higher than the VE in the control group. The
difference between the VB in the two groups WaS only
significant at fifteen months at rest (p = .0061)
and at 20 watts (p = .0127).

4.1. 3 •ME'rABOLIC RESPONSES

(incl uding oxygen consumption (V02 and V02\1<G),

carbon dio}'~de production (veo:>.)).

There was no statistically significant difference in
oxygen consumption and carbon dioxide production
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TABLE 4.2 CONTROL GROUP: HIGHEST WORK LOAD ACHIEVED BY
INDIVIDUAL SUBJECTS AT TERMINATION OF THE
BICYCLE ERGOMETER TEST AT EACH TEST

Patient No A B c D

2 20 watts 20 watts No test 20 watts ±

8 60 Ylatts 80 watts 60 v.ratts 80 watts +

9 80 watts No test 80 watts 60 watts -
12 20 watts 40 wat.ts 40 watts 60 watts ++

14 20 watts 20 watts 20 watts 20 watts ±

15 60 watts 60 watts *40 watts 60 watts ±

17 40 watts 60 watts 60 watts 60 watts 1-

20 60 watts 80 watts No test 80 watts +

Mean 45 watts 51 watt.s 50 watts 55 watts

A ~ initial test
B = test at 5 months
C = test at 10 months
o = test at 15 months
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TABLE 4.1 TRIAL GROUP - HIGHEST WORK LOAD ACHIEVED BY

INDIVIDUAL SUBJECTS AT TERMINATION OF THE

BICYCLE ERGOMETER TEST AT EACH TEST

Patient No A B C D

1 20 watts lfO watts No test 40 watts ±

3 20 watts 20 watts No test 20 watts ±

4 20 watts 40 watts No test 20 watts ±

5 40 watts 40 watt.s 40 wat ts 40 watts ±

6 40 watts 40 watts 40 watts 40 Ivatts ±

7 40 watts No test 40 watts 60 watts +

10 20 watts 40 watts No test 40 watts +

11 20 watts 20 watts 20 watts 20 watts ±

13 60 watts 80 watts No test 80 watts +

16 20 watts 20 watts 0).:40 watts 20 watts ±

18 60 watts 60 watts *80 watts 60 watts ±

19 60 watts No test 60 watts 60 watts ±

Mean 35 watts 40 watts 40 watts 41 watts

A '"initial test
B "" test at 5 months
C ""test at 10 months
D "" test at 15 months
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4.1. .1:HCYCLI:! gRGO~l:!rl'I:!R 'PES'!'

4.1.1. WORKLO,AD (table 4.1. and 4; 2. i

From the tables 4.1 and 4.2. it app~ars that there
is no differenbe between the work loads achieved at
termination of the bicycle ergometer test on all
four test days in the trial group and the control
group, both in the individual loads and in the mean
work lead of the two groups (p>0.05).

At 15 months four trial sUbjects out of twelve
(33%) could achieve a work load ot 20 watts only in
the exercise test, and two out of eight control
subjects (25%) could not manage to exercise at a
load higher than 20 watts.

In the trial group 25% (3 subjects)
improved in their work load at the end of the trial
and the rest remained the same.In the control group
50% (4 subjects) improved in the load achieved,
37.5% (3 subjects) remained the same and 12.5% (1
subject) deteriorated.
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ME'[,HOD

above.They were discouraged from participating in
any structured exercise. 'l'heywere told to continue
with Whatever activity they tlTereaccustomed to do
but not to increase this activity in any way.

They were told that exeroise has not been proved
to have any beneficial effects On COPD patients as
yet. If this study proved any bengfi.tsI they were
promised that they could also join the exercise
~roup after fifteen months.

.:
y"
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Mr;'['HOD
progressed by 1 minute.
* sUbjects who exercised for less than 6 minutes
progressed by .~ minutp..
b) at the end of the exercise, the patient was
presented with a chart to rate their perceived rate
of exertion (R.P.B.),according to Borg(1970 and
1982).(See scale in appendix ).When the subjects
R.P.E. dropped at the same work load, exercise WaS
progressed as described above (pr-ov ided that the
pulse rate was not above 80% ~ predicted heart
rate) .

The exercise done by these subjects was of a lower
intensity than some of the programmes reported i.n
the literature(Casaburi et al 1991,Holle et al 1988)
. The reason for this is that there have been
several reviews emphasizing the dangers of
eXet.'cisingpatients with COPD (stewart et a1 1986,
Spiro et al 1975, D Urzo et al 1989 and Phillips et
a1 1988) In nddition, our patients were exeroising
at home without superviaion.Thus,for safety we felt
it was advisable to exercisA at these lower
int:ensi"ies.

3 . 4 • 3. 'l'HE CONTROL PROGRAMME
The control group was tested exactly as the trial
group was.They participated in the rehabilitation
programme at the Johannesburg Hospital as described
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TABLE 4.6 A COOPARISON OF TI-IE DISTANCE COVEruID IN 6 MINUTES, TIm RES'rING
ftEART RATE AND EXERCISE HEAR'l' RATB OF THE 'flUAL AND 'rUE
CONTROL SUBJECTS AT EACH TEST IN RELATION TO 'llm RFSULTS N!'
TIlE BASE-LINE TESt'

Trial Group .~ Control Group

Mean St Dev p value n Mean St Dev p value n
- -=-=B 517.55 89.93 0.071,3 10 552.99 62.61 4

vs 0.2500
A 490.99 74.85 521,.90 71.24

Distance C 526.l15 41.55 540.32 70.14
Walked vs 1.0000 6 0.7500 II
(n\etres) A 523.99 27.57 533.75 70.f3

D 532.90 62.57 551. 76 87.36
vs 0.0078 11 0.1563 7
A 494.09 71.74 519.93 71.33

Resting B 78.22 8.7/t 83.20 13.68Heart vs 0.0202 10 0.3125 4Rate A 86.00 11.66 80.00 12.96
C 711.33 8,'13 87.00 12.38vs 0.0625 6 1.0000 II
A 83.67 12.80 86.50 8.23

Beats 0 80.73 9.26 80.00 6.11per vs 0.1074 11 0.3125 7
~in'lte A 86.18 10.45 84.28 6.57-Exercise B 109.55 10.94 1011.801~1~1101,S

Heart vs 0.0117 10 0.3750 4Rat!;! A 121.11 8.49 100.00 16.73
C 113.00 9.27 116.00 7.30
vs 0.8438 6 0.1250 I,
A 114.33 10.15 109.00 10.52

Beats D 116.73 12.11 105.71 10.55per vs 0.',405 11 1.0000 7Minute A 118.73 9.43 105.71 9.76

A '"Initial tert
B '" Test at 5 monthsC = Test at 10 months
D '"Test at 15 months
n = Number of subjects
Note: Values for A vary due to change in sample si?e at oach test
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TABLE 4.5 COMPARISON nEMEN THE PERCENTAGE CHANGE IN THE

DISTANCE COVERED, RESTING HEART RATE AND

EXF.RCISE HRAR'l' RATE IN TIlE 6 MINUTE WALKING

DISTANCE TES'!' OF THE TRIAL GROUP V(ffiSUS THAT OF

THE CON'l'ROL GROUP
-----_. -----_.

D ~. A

x 100
A

,-_-------_._-_.,_,--
Trial

Mean Std Dev
Control

Mean Std Dev p-value

-.-------.-------------------.----~------,----------
Distance
cOvered
Resting
heart rate
Exercise
heart rate

B.OO 8.00 6.00 10.00 0.5849

-6,00 -5.0011.00 9.00 0.8919

"1.00 1.00 .50 11.00 0.5559

A ~ BaSe-line score
D = Score at 15 months
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RESUL'l'S

4....LJiI X_JiJ N lJ:l' It-W Akl<J.N.C:tJXl£l.T.bJ'f C 8 ~,:t£:g',,t_JJL_MW.Q:I'•J.

4,2.1. In the f,MWDrl', ccmp.u, Lnq 'the percentage change
which occurred between the final test and the
baseline test, there was no statistically
significant difference between the trial group and
the control group with regard to distance covered,
resting heart rate or exercise heart rate (Table
4.0. ) .

4.2.2. Looking at the results within the two groups
the fOllnwing was noted (table 4.6):
4.2.2 .1. D.~srrANCE COVBRED IN 6 M1NUTES
Initially ten trial patients covered a mean distance
of ~9Q.99 metres and seven controls covered a mean
distance of 624.9 metres. There was no significant
differenco between these two groups.

At the second tS(;t, there was an i:mprove.l,lentin
the distance covered by both groups. 'rhe trial gl~OUp
covered 517.55 metres and the control group covered
55~.99 metres. Statistically the difference in
distance betWeen the first an~ second test was not
significant for either group, Ten trial s~bjects
and five controls participated in this test.

At ten months the trial group continued to walk
fUrther in six minutes to 526.4 :metres While the
control group appeared to cover less distance.
Ne~ther of these results were statistically,
significant.
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TABLE 4.4 DIFFERENCE BETWEEN STANDARD nrCARBONA'l'E IN BLOOD

SAMPLES OF INDIVIDUAL SUBJECTS OBTAINED WIIlLE

EXERCISING AT THEIR HIGHEST LOAD INITIALLY A'l'

HIGHEST LOAD AND WHEN TESTED A'l' 15 MONTHS IN THE

'rRIAL GROUP AND IN THE CON'rROL GROUP

TRIAL CONTROL

Patient Test A Patient Test A Test D

-l- 2.7mEq - O.40mEq 2 - o .llmEq + O.6mEq
3 - 1.2mEq - 1.9mEq 8 - 2.6mEq ~ 2.6mEq
II 'I- O.5mEq + O.3mEq 9 - 2,lml!q - O. 9ml~q
5 + 1,.2mEq + O.3mEq 12 + O.6mEq - 2.01liEq
6 - O.3mEq .' 1.3mEq 14 - O.6mEq ... 1.2mEq
7 .•O. 7mEq - O.lmEq 15 - 0.7mEq - 1.2mEq
10 + 0.8mEq - 2.4ml!;q 17 - 2.0mEq - 3.7ml!q
11 .. 1.3mEq - 1.7mEq 20 - 2.4mEq - O.3mEq
13 - 2.4mEq - 2.1mEq
16 + O.2ml!.q - 1.2mEq
18 - 2.8mEq - 2.8mEQ
19 - 1.7mEq + 2.0mEq

A = Base-line test;
D = Final test at 15 months
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FIG 4.10
02 SAT TRIAL GROUP
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FIGURE 4.10

oxygen saturation obtained at defined intervals by the trial
subjects while performing a bicycle ergometer test initally
and after participating in a trial for fifteen mont~~.

Code: Tast A ~initial test
Test D - Test at fift~en months
Safe limit - oxygen saturation above 85%



FIG 4.9
02 SAT CONTROL GROUP

02 SATURATION
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FIGURE 4.9

oxygen saturation obtain~d at defined intervals by the control
subjects while performing a bicycle ergometer test initally
and after participating in a trial for fifteen months.

Code: Test A -initial test
Test D - Test at fifteen months
Safe limit - oxygen saturation above 85%



RESUW'S

4 .1. 5. HEART HA'l'E

There was no significant change in heart rate at
rest or at peak exercise during the whole trial.This
applied to both groups.

7l.



HESUL'I'S

4.1.4.I3LOOD GASES
(including arterial oxygen partial pressure (P02),
arteria 1 carbon dioxi.de partial pressure (PC02),
arterial standard bicarbonate (HC03), arterial baSe
excess (BE), oxygen saturation in arterial blood (02
sat.) and arterial blood PH).

No statistically significant difference was
:cound betwe~n the two groups at any stage and at all
work loads in all the blood gas parameters mentioned
above.

NO significant changes occurred within the two
groups either.

Should an oxygen saturation of 85~6be
considered a safe limit (Carter at al 1992,
Niederman et al 1991),the trial group appeared to
show a greater tendency to drop to these low levels
than the control group did. In figs. 4.9 and 4.10,
we see that at 20 watts both groups displayed low 02
sats. After 15 months the control group appeared to
improve While the trial group deteriorated even
more. The results at 15 months When exercising at 60

\\'atts Were influenced by the fact that the sample
was small (4 trial and 4 control subjects).One of
the trial sUl:ljectsproduced an 02sat of 72%.

'rhe standard bicarbonate results were variable
in both groups (see table 4.4) with no sig~ificant
difference being noted.
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PIG 4.7 EXERCISE TEST AT 15 MONTHS
TRIAL GROUP

1()0r-----~-----------___.
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FIG 4.8 EXERCISE TEST AT ;5 MONTHS
CONTROL GROUP
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FIGURE 4.7 ANO FIGURE 4.8

Ventilation,metabolic responses and blood gases obtained at
defined intervals by the trial subjects and the control
sUbjects while pertorming the bicycle ergometer test at
fifteen months.

Abbreviations: VE Minute - ventilation
BRIM - breaths per minute
VOKG - oxygen consumption per minute
PO - arterial oxygen partial presSure
PCO - arterial carbon dioxide partial pressure
STOBIC - standard bicarbonat~



'l'ABLE4.11 INI'rIAL RESTING PULMONARY FUNC'rION TEST REStJL'rS IN

'rRIAL AND CON'rROLSUBJECTS

TRIAL CONTROL p Value

Age (Years) 65.9 :!: 8 65.7 :!: 7.8 0.8866
Weight (kg) 72.6 :!: 12.8 71.9 :!: 15.7 0.6436
Height (em) 1.67 :!: 0.7 1.63 :!: 0.9 0.3922
FVC (litres) 2.83 ± 0.6 2.l.8 ± 0.79 0.2702
FEY1 (litres) 1.4/+ ± 0.56 1.44 ± 0.63 o .64l.0
FEV1/r.yC 50 ± 12.4 58.1 ± 14 0.2267
PF (l/sec) 4.89 ± 1.99 5.14 ± 1.8 0.6693
MEF 25-75 (l/sec) 0.71 ± 0.39 0.84 ± 0.48 0.4773
MVV (l/min) 58.33 ± 23.1 51 ± 1.28 0.8032
FRC (litres) 4.93 ± 0.89 3,67 ± 21.6 0.0)67
RY (litres) 4,53 ± 1.6 2,77 ± 1.19 0,0087
TLC (litres) 6.92 ± 1.29 5.28 ± 1.42 0.0135
RV/TLC 56.85 ± 8.01 49.64 ± 1'+,78 0.2569
DLCO (lO/min/mmHg) 18.05 ± 7.45 (n=8) 13.8 ± 11.21 (n=3) 0.7589
Ya 6.23 ± 1.:)2 (nc8) 5.08 ± 0.71 (nt:l3) 0.1530
DLCO/Va 3.15 ± 0.97 2.77 ± 2.15 (n=3) 0.6831

AbbreViations:
n '"subject number; CO ""Carbon monoxide; Hg '"mercury!
FVC '" Forced vital capacity; FEY1 '" Flow volume in first
second; PF '" peak flow rate; HEF25_'I'$'" mid expiratory
flow; FRe :=: functiona.l residual capacity; RY '" residual
volume; TLC :=: total lung capacity; DLeO .. diffusionj Va '"
alveolar ventilation
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4~L'?," )··.!JNG.~:'IJNC:J'lqN 'l'B6:t

4.0.1. • .LNJ'l'lAl.(table ,1.11.)

Initially there was no difference in the lung
[unctions of the trial group and the control group
in all the tests except for the tests which giv~ a
ueasure of hyperinf.lation (J:IRC / RV AND 'l'LC) ,'l'his

indicates that the trial group ware mora
hyperinflated than the control group.
4 • !) • 2 • A,lt"J.l EH. 1 b MON'!'HS

4.B.2.1.~xamining the differance in the percentage
Change in lung functions aftar 15 months between th~
two groups/there was no significant differencB in
tho change in any of tho parameters measured (table
4.12).
4.5.2.2.Examining changes within the groups after 15
months, no diffarpnce was found in the lung
functions of the control group(tablo 4,13).

In the trial group, the lung fUnctions showod
no stati~tically significant changes in any of tho
parameters except: a) RV whioh deor~a.sed from 4.211
to 3.311 ( P-value aO.0391)

b) RVl'l'!'C whioh decreased
from 59.5% to 52~ (P-valuecO.0469)

c) PEV1/FVC Whioh decreased
from 45.5~ to 40.9~ (P-value = 0,0117)

d) MVV which decreased from
51,1 t044.6 (P-value ~ O,no?s)
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TABLEUO COHPARISO'mvm TUB QUALm Of Lifl rm SCORESammD H fB£ nm AID m
comOL SOftJECTS AT Em 1m lH mATION TO tHE MSHm SCORES

__ w ___ · ---------a-----~---~frtal Group . Control Group.___ -... __ ""'._____ . _w __ ...__ ..._____ -- -___ ...___ ~_______

Hean St Dev p value DHf Ii Mean St Dev p value Dlf! n
--=.;:===~~::::::=:::::;:.::::.:::!..'!:';::=:;.,------=-~='::==:::: -!:====:==::.=::::::==----:=

5 23,09 !4,1 20,2 11.1
V8 6,0010 t 5.1) 12 a,mo ~,S
A 11. 36 H,l 14,1 !IQ, 2

24,8 !U 25,2 !6.6
Dyspnota VB 0.031J 1. 47 0,1250 4.1

A tl,ll ±l ,0 2U 16,1

24.1J !6,O 24.6 16,0
vs 0,0041 i 1,08 12 0,09)8 402
A 11, 25 14,0 20,4 !4.8

......_------- _ ..........-_....'-.._---_._ ...
3B ,2 II. 2 34,1 !6,9

vs 0.0039 ~ 4.84 12 l.0000 -0.3
A 33.36 16,6 31.0 !J .6

42.00 12.9 39,0 16,0
EIIQtional VB 0.1563 50S o ,81S0 -0, ~
Function h 16,5 t5.1 40,5 !) ,0

41,) !4 ,6 40,00 11.8
va 0.0020 ~ 6.5 12 0,562$
A 34,0 !6,6 38.00 H.2_ ......----_ _ ......_- ....

20,09 !2,6 IB, I !3,O
V8 o,om 3,0 12 0,1100
A 17.09 !2.8 IT.S 14,0

21, 1 15,0 22,S !4,6
Fa tigue vs 0,2500 3.2 1,0000 o ,j

A 17,)) 12,8 22,2 !3.3

21.$ :2.8 22.1 13.7
vs 0,0519 L~ 12 0,0938 2, j
A 17,0 j2,1 19,8 14 ,6---_ ..._--

!4 ,) Il.l 2S.1~ tl,)
V6 0,0313 2,4 12 I.0000 -0,21
A 21.9 15,2 26,0 !I.B

2U IU H,OO !4,1
Hastery VB 0,2100 4.2 0,2100 2,3

A 12,5 16,6 22020 t4 .4

25. ~ 12. 9 24,4 13. 9
V$ 0,0)63 3,6 12 O,4.m 1.3
A 22.3 15,2 2J,1 13,J

_____ Oof_ .. .-...,.

A • D4sHlne; a • S IiOnths; C ~ 10 Iantha; 0 e IS .onths
~ n S1tnificant at p-valup <0,161
n n HU3ber of subjects
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BEING AlIGRY OR UPSE't'
BAV!NG A OATil OR SHOWER
BENDING
CARRYnlG t SUCH AS CARRY!lIG GltOCERIES
DRESSING
l:ATING
GOING FOR A WALK tlJ:O
DOlUO YOUR l!OUSEWCRl{ 1'4'0
HURRYING l-t <;i
MAXING 11 BED Nt)
~G OR SCRUBDt}W THE noOR 1'1.. c:.

12, MOYWG FURNITURE NO
::.J. PLAYING IiITn C!UJ.,DRElI OR GMIIDCl!ILDREN
14. fiLAYIN'G SPORTS N-O
15. REACIl!NG OVER YOUR HEAD
1.E.. !l.UlmWG, SUCU AS tOR A BUS NO
QJJ Sl'IOPP!NG
18. ~HILE TR'lIl1G TO SLEEP
19. TA1Jl\WG -
20. VAciftiMiNO No
21. YALR:INO MOUllD YOUR OWN HOME
22. IiALl\ING UPHILL NO
23. ilALlmw UPS"AIRS {'., 0
24. lrALR:ING !lITH OTHERS ON LEVEL GROUND
:5. PREPARING HEALS tXo

1.
CD
3.

CD
WG.
7.
8.
9.

10.
11.

OTHER ACTIVITIES

~/,__,._( /''\ J c:; '-~ r I lui., (a_r .

Acti'rity 3:1.)

.a.ctidty 3b)

,\cti'lity 3a)

J\l::tir:t.ty 3d)

Activity 30)

r 0

,-..._,. .....(:~.-----
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lH<:8UUl'S

Thn abilI tv of.: i.I patLent. to cope wi l.11 t.hoLr own

Monditio?] 8howed the following results: At no stage
did nitl'lo.r the trial or t:l:i(l control uroup produce
i.nd.i.m.ltJ.Ol'lG of atat ..Lgti<!rll1y 8i~3n:i.f:Lcant cnanqes ,

I~our quest.Lons were aGJ\:edon masnary ,

Cllnic.m:U,y t ne trial SP:'()UP:i.mpr()vC!d ttl; uach ~'(lI:.ll[)t;

Wl'l':I"(.l(;tD tllO cont.rol S)'l"'oup Lmpz'ovod ,;tl; 1:1:10 r.U[jt: dona

i\t ro months only.

shaut on page 86.
DyspnoG,lu "" qu.CJ~lt:Lol'w 4{;), '.to

Ji'iltlqut1 ::;qtH.:HJtitms '7,10,14,16

Emot:Lorlal I!'unction to qU(lElt.:i.ons 5 18 t 1.1,1.3,15,17 I

19
MeHltm:y .• queatIons o,9,:L2,lEl.
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IU;I:-lUL'l'!:i

4.4.1.2. li:lllotionall"unction
statisticall y I within the tr 1a1 group, Elh.otional
function was significantly better after
par~icipation in the trial.The control group did not
produce significant results.

According to the questionnaire protocol, the
clinical significance. of these changes was as
:follows: 'J.'herewere 'I questions. An Improvement; of
3.5 was considered clinically significant. After 5

months the average improvement in the scares of the
trial group was 4.84. After 10 months it was 5.5 and
after 15 months it was 6.5. Significant improvement
was thus present at each stage in the trial group.

In the controls the ohan0es were -,3 and minus
.2 and 2. None of these chanqas were significant.
4.4.1.3. Fatigue
statistically, the results tVi th.i.rlthe gl~oUps tor the
fatigue category were all not significant.

The clinical scores however, showed an
imprOVement in the trial grQUp (there WFl::,e4
questions in th:i~ ,':-."l.t.e'J ...ry). At 5 months the,
increase was 3. At 10 months, it was ~.2 and at 15

months it wa03 3.5. 'rhe control group Showed a
~linioally signifioant improvement at 15 months
only.

4.4.1.4. Mastery
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According to the protocol of the questionnaire,
clinically significant improvement is measured by an
increase of .b score points per question. In the
dyspnoea category there were b questions. An
improvement of 2.!::Iwould thus be clinicnl1y
sig tficant. if this method of evaluating the
questionnaire WG:e to be uSed, the control group
also experienced an improvement in their perception
of being able to carry out familiar activities with
less breathlessness.

At the 5 months, the difference between the
groups was not marked. (TriuL group 5.73 and control
group 5.5).It was, however, clinically significant
in both groups,

After 10 months the trial group improved by
7.47 questionnaire score points while the control
group only improved by 4.7 points.

At 15 months the trial group continued to
improve by another 7.08 points and the control group

I

by 4.2 points.
Sample sizes were as follows:
Initial test, trial: 12 subjects, control ~ 8
subjects.
5 months trial: 11 subjects control = 4 subjects.
10 months trial ~ 6 subjects, control = 4 subjects.
Final trial: 12 subjects and control = 8 sUbjects.
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TABLE 4.9 DIFFERENCE BETWEEN PERCENTAGE CHANGE IN QUALITY
OF LIFE QUESTIONNAIRE SCORES IN THE 'l'RtALGROUP
AND IN THE CONTROL GROUP

D - A
------ x 100

A
-"~ .. -.._"",......-,-

Trial Control
Hean Std Dev Hean Std Dev pnvalue

Dyspnoea 46.0 1~6.0 25.0 46.0 0.1630
Emotional 28.0 ll1.0 5.0 111.0 0.1619
Function
Fatigue 30.0 28.0 14.0 16.0 0,0755
Nastery 23.0 41.0 7.0 18.0 0.5809

D l:: Score at 15 months
A = Scores at base·-line test
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TABLE 4.8 QUALITY OF LIFE QUESTIONNAIRE SCORES OBTAINED

BY: TRIAL AND CONTROL SUBJECTS AT COMMENCEMENT

OF THE STUDY

Trial
mean SD

Control
mean SD p Value

Dyspnr a 17,25 ± i,.O 18.00 ± 7.97 0.3717
Emotiona.l 34.00 ± 6.64 38.00 ± 4.41 0.1997
FUnction
Fatigue 17.00 ± 2.70 19.89 ± l,.25 0.0739
Mastery 22.33 ± 5.17 23.i,4 ± 3 ./~3 0.6679
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RESUL'I'S
4.4. PSYCHOME'l'RIC OUES'I'lQl'!NAJRE_

4.4.1. There was no statistically
significant difference in the psychometric scores
produced by the trial group or the control group
when answering the CRQ questionnaire in respect of
all four quality of life parameters measured at the
initial test (table 4.8).

4.4.2. When comparing the percentage change that
occurred in the psychometric Scores at the final
test with the scores at the first test, no
statically significant difference was found between
the trial group and the control group with regard to
dyspnoea, emotional function, fatigue or maotery
erable 4.9).

4.4.3. Examination of the changes that occurred
within the groups (table 4.10) with regard to the
psychometric scores produced the following:
4 • 4 •1.1. Dyspnoea
(This category indicated the amount of
breathlessness experienced by the subjects when
carrying out relevant activities in their daily
living) •

Within the trial group, when comparing the
feeling of breathlessness that this group
experienced there does appear to be a significant
improvement whereas there appears to be a non
significant improvement within the control group.
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TABLE 4.7 COMPARISON BETWEEN TltE DISTANCE AND TIME THAT

THE TRIAL SUBJECTS WERE ABLE TO WALK AT
DEFINED INTERVALS DURING THE TRIAL AND THE
DISTANCE AND TIME THEY WERE ABLE TO I-lALK

INITIALLY

Mean St Dev p value Range
-- -

B 588.27 248.33 1280-2l15
vs 0.0020
A 403.45 133.53 612-201

Training C 702.78 404.27 1680-227
Distance vs 0.0039
(in A 390.55 140.69 612-201
meters)

D 722.18 404.12 1820-210
va 0.0010
A l,03 .45 133.53 612-201

B 6.62 1.73 10.0-3.3
vs 0.0010
A 4.77 1.17 6.5-2.5

Training C 7.16 2.20 10.5-3.3
1'ime vs 0.0078
(in A 4.56 1.21 6.0-2.5
minutes)

D 8.18 3.33 16.0-3.5
vs 0.0010
A 4.77 1.17 6.5-2.5

A := Baseline
B '"At 5 months
C := At 10 months
D := At 15 months
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The sample size was smaller as only 6 trial subjects
and 4 controls participated in this test.

At the finaL ~est the trial group improved more
(532.~ metres whJle the control group walked
slightly less thaI they had at the second test.
Eleven trial $ubidcts and seven controls
participated i~ the last test.
4 • 2 • 2 . 2. HEAR'I'RA'l'E
The trial group started with a resting heart beat of
86 beats per minute and the control group with a
heart rate of 80 beats per minute (b/m).The
differem::e between the two was not significant.

Thera Was no significant changes in the resting
at'exet'cis~~heart rates in either group at any s t.aqe

in the trial.

4.3. EFFECT OF. 'l\RAINING ON THE WALKING ABILITY OF

THE TRIAL SUBJECTS (trable 4.7)
At the end of the trial the trial subjects were able
to walk a li\eandistance of 319.7 ID('tresfurther than
they could initially while their'h~art rate was 60%
of 220 minus their age.This was significant to a P -
value of .0010. They ~ere also able to walk for a
mean time Of 3.31 minutes more than they could
o:d.ginally.
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DISCUSSION
5.2.2.1.VE and blood gases

According to spiro (1977), minute ventilation (VE)
increases during exercise to prevent hypoxemia and
hypercapnia,The blood gases of the trial patients
taken while performing the exercise test in our
trial did not seem to indicate that the increased VB
resulted in these effects. The trial group did not
show an increase in PaC2. If anything, the Pa02
dropped slightly (not statistically significant) at
similar work loads, after participation in exercise
retrainlng. Increased ventilation should have
produced a dE-.lcreasein PaCC2. This did not. occur
either.

When looking at the ~2 saturation(sat.) while
exer:-ising at c1' ff'3rent.loads at any stage in the
trial.we saw that the mean 02 sat often dropped
below 85 percent. Nieder~)n ~t al (1991) ~brminated
their exercise test when the 08 sats dropped below
85%. They felt that saturations below this level
could compromise their subjects physiologioally. We
must; remember that if a mean value was at this low
level some individual scores were considerably
lower.

Although analyses of 02 sats. did not produce
any significant changes, clinically I could not
ignore persistent deturioration in 02sats.lt does
appear t..hat the the trial group I when exercising at
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VB at c~mparable loads after participation in an
exar~ise p&~q~amme.MY subjects were more severe and
elder than tho~e of casaburi at al.The mean FEVl of
my subjects was 1.44 litres against 1.69 litres and
the mean age of my subjects was b5 years against 49
years in casaburi's subjects.This reinforces the
criticism that Carter et al (1992) made of
casaburi's study that the latters subjects did not
represent the general COPD cohort in medical
practise.

When comparing the VE of my trial subjects with
that of the ccnt.rol.swho were not; participating In a
structured exercise programme, the difference was
~ignificant at rest and at 20 watts at the 15 month
test only.

P~tients who were more severely affected by the
disease were not able to exercise at a higher load
than 20 watts.They thus contributed to the
statistics at this load only. ThilJ group of subjects
may thus have been responsible for the significantly
higher VB at this load

A question now arises - is this raised VE a
positive effect of exercise retraining in the trial
group, or is it a negative effect?

In o~der to attempt to an~wer this question, I
looked at the following:
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DISCUSSION
ethical reasons, 1 was fully justified in setting
these limits to my exercise testing.

Another criterion for terminating tho teAt was
the subject's percept.ion of the amount of dyspnoea
that he or she was able to tolerato before
terminating the test. It: is possible that they
stopped exercising before they had reached their
full potential.Tho strangeness of the laboratory
situation may have been responsible for this
prematuro termiliation of the test (Malt at a1 1992).

Although an attempt to familiarise the subjects with
the laboratory situat.ion before commencing the tests
was made,they still found the environment alien Bnd
displayed signs of nervousness wh~n carrying out the
relevant tests.

They also found the mouthpiece and headgear
uncomfG)rtable.This c1iscomfol:tmay have caused the
subjects to stop the test sooner than they would
have done otherwise.

b.2.2 MINUTE VENT!LAT!ON (VE)
rrhe changes Which occurred in the VB of my trial
subjects after participating in an oxercise
retraining p:rogrqlnmeappeared to contradict. the
results of Casaburi at a1 (199~).Their sUbjeots
showed a lower VE at comparable loads after .
training. My subjects appeared to exhib~t a higher

99



DISCUSSION

5.2. BICYCLE ERGOMl!i'l'ER ~~tE,L~l'.

s . 2 • 1 WOHK tOAD ACHU.:v HD

When looking at the work loads that both groups were
able to attain in the bicycle ergometer test(table
4.1 and 4.2 ), the results were so erratic that
subjectively they did not warrant statistical
analyses. 'l'hereWaS no obvious difference between the
two groups.It was interesting that 50% of the
control subjects were able to exercise at a higher
work load at the final bicyole test whereas only 25%
of the trial subjects were able to exe:r.ciseat
highElj.'10ad.1J:1hiswas balanced off by thE! fact that
one of the control subjects could exercise at a
lesser load only after 15 montihs while nons of the
trial subjeots deteriorated in this manner.

It is possible that thes~ erratic results could
be ascribed to the criteria that I used to terminate
the exercise test (see 3.3.1.2.).1 terminated the
test when the subjects reached a mandatory heart
rate of 80% of 22Q - age. According to J?unzal at a1
1991 and Carter at al 1992, heart rate measurement
giVes a poor indication of exercise ability in
patients with COPD.

My subjects exhibited a great deal of ol'YCjen
deslturation while eXercising (figure 4.9 and
4. J,Q) • This desaturation of'can reached levels that
Were not oonsid.e1:'edsaf9. I thus feel that, fot
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D.(SCUSSlON
months and at ten months may not have been fully
relevant. Different groups of subjects were tested a~
each interim tast.

1 did however make sure that the initial and
the final test 1b months later were entirely
compatible. '!'heindividuals that were tested at the
first test were also tested at the final test. Any
subject who could not fulfil this oriterion was
eliminated from the trial.
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,!:l '.L.SAMPLE

b.Ll-SAMPLE SIZE

Subjects were recruited from the patients referred
for rehabil.itation to the Physiotherapy Department
at the Johannesburg Hospital. This trial was
completed in 3 years. DUring this time approximatel~
300 patients were referred for physiotherapy. Only
32 of these p~tients were suitable as study
subjects. Any attempt to obtain a larger sample size
would have extended this study over an impractically
long period.
5.1.2.SAMPLE SIZE AT ~~CH TEST

During the course of the trial difficulty was
experienced in retesting the subjects at the exact
tilM .ltervalr.that were laid down by the protocol
of th...study. '.rhereasons for this Was either
equipment dysfunotion or the vagar: "l of chronic
respiratory disease or both.

A feature that is common in COPD patients is
periodical exacerbation resulting from infection.
'r.hussome of the sub [ectis became unavailable for
r(3testi.ngon var Lous occasions. This was the reason
that the sample size varied at each retest.
Al though stat.:l.sticalmethods were used tel compensate
for these inconsistencies, the interim tosts at five
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in 3.4.2.1. as I had promised them originally (see
:304.3). 'l'WOtrial subjects died wi thin this
period.Both subjects died of malignancies. one of
cancer of the lung and the other of cancer of the
bladder.
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i_,_,_6• COM£J-!.lANCE

4.6.1. DIARIES

When examining the diaries of the subjects, the
foUowing results were obtained:

4.6.1.1.TRIAL PATIENTS - exercised regularly
as required. They seldom walked more than once per
day even though they had been requested to do
so. 'l''heysaid that they found that they Were unable
to do so on most days.

Initially, all subjects exercised daily.As the
programme advanced, hoWever, they became less
enthusiastic and some of the subjects did not
exercise every day.AII exercised at least 4 times a
week throughout the trial unless they were ill,Any
trial subjects who exercised for less than this,
were eliminated from the trial.

4.6.1. 2,CON'l'ROL.i?ATIEN'I'S- were i!l. little more
active than they had been initially while they
participated in the trial.They did nct, however walk
regularly or adjust the amount of activity that they
participated in.

4.6.2. ADHERENCE '1;'0 PROGJ.~E

Two years after completion of the trial, 9 subjects
were still participating in the exercise
programme.Trial subjects and contrQls were
participating in an exercise programme as described
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TABLE 4.14 PULMONARY FUNCTION MEASUREMENTS OF TRIAL

AND CONTROL SUBJECTS AND l'AKEN (\T COMPLETION

OF TRIAL + 2 YEARS LA'rER

1'EST TEST D SD TEST E SD p VALUES
Fve (1) 2.6 ± 5.6 2.17 ± 0.42 0.0313
FEV1 (1) 1.25 ± 0.39 0.99 ± 0.35 0.0625
MEF:as_75 0.63 ± 0,26 0.42 ± 0.31 0.0938
(l/sec)
MVV (1) 46.33 ± 16.95 45 ± 2186 0.4063

RV (1) 2.49 ± 0,96 3.90 ± 0.47 0.0313
l'LC (1) 5.29 ± L32 6,113 ± 1.59 0.0313
RL/TLC 45.5 ± 7.59 59.5 ± 4.13 0.0313
OLCO 16.21 :t 1L 17 16.17 ± 5.32 0.8438
(eo/min/mmHg)
:)LCO/YA 3.43 ± 2.40 3.99 ± 1.04 0.6875

Test D • test at 15 months; Test E ~ test 2 years later

Note: Number of subjects := 8
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4.5.3. LUNG F'UNCTIONS 01" SU13JEC'l'S S'rILL pj'.R'l'ICIPNl'ING

IN 'l'HE 'l'!UAL 2 YEARS LNl'ER (table 4.14.)

Examining the changes in the lung function of the
subjects who were still participating in the
programme which included exercise retraining two
years after the end of the trial, the following
result~ were obtained (table 4.14):
(;I:t must be noted that at this stage subjects who
participated in exercise retraining wer8 from the
control group as well as from the trial group)
There was no significant change i~ any of the lung
function parameters measured except:

a) PVC which decreased ( P value = 0.0313)
b) RV which increased (1'-va).ue= 0.0313)
c) TLC which increased (P-value = 0.0313)
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TABLE 4.1) COMPARISON BETWEEN THE CHANGE IN PI.ll,M)NARY FUNCTION OVER 15

mN'IllS IN nm TRIAL GROUP VEESUS THE CHANGE IN THE CON'IROL GROUP

TES'f Trial Group
D-A

p Value Control Group
D-A

p Value

FRC (1) -0.76 (4.28-5.04) 0.0663 -0.•42 (3.21-3.64) 0.2188
RV (1) -0.89 (3.31-4.2) 0.0391 -0.46 (2.46-2.93) 0.3125
TLC (1) -0.58 (6.38-6.97) 0.6406 -0.02 (5.25-5.27) 1.0000
RV/TLC -7.t19 (52.0-59.L19) 0.0469 -3.5 (50.75-54.25) 0.6250
FVC (1) 0.38 (3.21~2.83) 0.1731 -0.13 (2.56"'2,43) 0.4375
FEVl (1) -LI.67 (40.89-45.55) 0.0117 -1.00 (54.33-55.33) 0.5625
FEVdFVC ...Q.09(1.21-1.31) 0.066:l -0.00 (1.35-1.35) 0.8438
PF (l/see) 0.45 (4.65-4.2) 0.1731 -0.08 (4.95-5.02) 1.0000
MEF25_75 -0,10 (0.52-0.62) 0.0504 -0.01 (0.67...Q.68) 0.5625
(l/see)
MVV -6.55 (44.55-51.11) 0.0078 1.00 (53.33-52.33) 0.8750
(l/min)

DLCO + Va could not be calculated due to lack of data
D = measurements at 15 months
A = Base-line ~~asurements
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TABLE 4.12 DH'FERENCE BETWE,EN TRIAL GROUP AND CONTROL
GROUP IN RESPECT OF PERCENTAGE CHANGE IN LUNG

FUNCTIONS AFTER PARTICIPATING IN THE 'I'RIAL
FOR 15 MONTHS

D - A
.~~Change ie x 100

A

Trial Control
Mean Std Dev Hean Std Dev p-value

RV/TLC -0.12 0.15 -0.07 0.11 0.4909
RV -0.18 0.23 -0.10 0.24 0.5186
TLC -0.07 0.15 -0.02 0.11 0.8973
FVC 0.12 0.2 0.0,3 0.2/1 0.6374
FEV1 -0.06 0.10 -0.02 0.11 0.5557
MEF25_"~ -0.1Lf 0.14 -0.03 0.24 0.1573
MVV -0.11 0.09 -0.07 0.01 0.2625

Sample size. in DLGO + DLCO/Va too small for statistical
analysis
A '"Initial test
D '"Test at 15 .nonths
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DISCUSSION
clet8riOl~ntibn,is that it is di:tficult to have an
objective ncasuro or how much tl\>J sub'jo('tswould
have uet,">'doratedwithout treatment.

Patients with COP~ deteriorate emotionally as
the condition progresses. We have already noted
that our programme does not affect the natural
decrease in lung tunction of the::;;epatients, and yet
these patients did not show a raduction in their
perception of their quality of lifo. In fact both
groups showed signs Of improvement in their quality
of life with the t:r.'ialgroup exhibiting sUghtly
better resul.ts than the controls.

It thus appears that t.he comprehensive
rehabilitation which is provided for patients with
COPD at the Johannesburg hospital produces an
improvell'sntin the quality '?f life of these patients
in respect of perceptions of dyspnoea,Fillutional
function, fatigue and mastery. EXercise seems to has
an additional e::fft;'Jcton these improvements.
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tho support that they receive from th(-'Jprogramme
may, in fact feel less fatigued.

Pour questions were asked on fatigue.
b • b • 4 • f.lAS'l'ERY

As part of the programma all tho subjeots were given
lect.ures on how to cope with their condition.
Both groups were taught behaviour modification
techniques (Dudley at al 19S0,2).In this each group
reoeived exactly the sama information. In spite of
this the trial group improved by :3.6 points while
the control gained 1.3 points only,As there wore
four gueutions in the mas'cery category I the COl'ltrols
did not exhibit significant changes.

Quantitatively I I was unable to show any
difference between the t.wogroups functionally.
Qualitatively, however, the subjects who
participated in an exercise retraining programme
showed a greater imprOVement than those who did not.

5.5.5.. LAcK OF SIGNS OF Dl!!l'EltrORAT:tON

It is interesting to note th~t. the control
gl:.'OUPdeteriorclted slightly in emotional function
after 5 months and after 10 months. They were also
lass energetic after 5 months.

One of the shortcomings of a study on patients
with a condition like COPD which naturally produces
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According to questionnaire scores as
calculated by the authors of the qUQstionnaire,
emotional function doterioratod slightly in the
control group initially and then showed a slight
improvement Rt the final test.Tho score was G.b
points higher than it had becn originally in the
trial group while it was only 2 points higher in the
controls.

There ware seven questions on emotional
function. I t is •.nus clear that the trial group
improved whereas tho controls did not.

5.5.3 .l"A'l':tGUB

In this ~ategory of the questionnaire, feelings
of energy and vitality are evaluated.
'.rheaverage ags of my subjects was 65 years.At this

age, people generally are not as energetio as they
were when they were younger. Dudley et al (1980)
st.ated that cope is" a disease that interferes with
breathing and reduces energy and vitality." Any
improvement in this category could thus be
considered unusual in this group of people. Although
no statis't:.icalimprovement was found in this
category, both groups did show relevant clinical
improveme.nt.The diffe:t'encebetween the chenqe of
score for the controls and the trial group was
small (3.5 for the trial group and 2.3 for the
controls). Patients Who feel less helpless due to

111



DISCUS::HON

inde.xand in the.6MWDT the contro19 showed
improvement initially. Psychological support which
the subject!; roceived from the programme may have
resulted in the patients feeling better initially.
'rhegains resulting from ~ ds type of treatment
appears to be limited and not ongoing.

'rhere were five questions on dyspnoea and as an
increase of .b point per question is considered
clinically significant, both groups improved with
regard to dyspnoea. 'l'hetrial group improved to a
greater extent.
5.5.2 • EMO'r:CONAL l~UNCT:CON

Within the groups, the trial group showed
significant improvement in their perception of their
emotional funotion while the control group did not.
AS ~he trial group participated in an exeroise
retraining programme whioh resulted in an increased
walking ability ($ee 5.4.),increased walkiny ability
in patients who are usually restrictsd in all
physical activities,will lead to improved functional
ability. In a review by Willia';U$(1989), he stated
that "!lllpair'mentand functional limitation results
in B perception of being handicapped,"B perception
Which mllSt affect emotional function. Reduction in
this functionol limitation should Lead to i.mpz oved
emotional f~nctlon and thus may explain this
improved qUestionnaire soores 3.nthe trial group.
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schmoll in B book on research in Physical ~herapy by
Bark (1992).she says that" quantification of
qualitative data places t~.e researcher at risk of
presenting data out of the "real life" corrcext;and
thus undermining the very strength and significance
of qualitative research,lI

When looJdng at the results of t.he
questionnaire, 1 took this into consideration and
examined clinical signi:eicance as described by the
authors of the questlonnaire as well as the
quantitative statistical data.

rrha clinical analyses within the two groups
produced the fallowing results:

5.5.1. DYSPNOEA
The author of the questionnaire calculated the

significance of improvements differently to the
calculations of the statisticians (see Results). If
we examine the results it! this light , it appears
that initially the both groups shewed B decreased
perception of breathlessness. This decrease in the
sensatj,on of dyspnoea did not continue in the
controls while it did in the trial group.

In C()PD, dyspnoea on activity is the major
cause of disoomfort and reduc.'tion in qual! ty of life
(Sandhu, 1986). BrGathlessness is also known to be
affected by psychological issues (Campbell, ,1956).

It if:! interesting to note that both in the dyspnoea
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.2, 5 .rmRONl~_Jif;SPIRA'110HYpU8sr121Q.lliibJ.R1L ..lQ_~.Q}.

aehabilitation programmes fer patients with COPD
have frequently reported an improvement in quality
af life. (Luetic at a1 1972, Angle at a1 1973,
Henderson et al 1993). "Is this improvement the
result of the psychological support given to the
subjects, or can it be attributed to improved
functional ability (Williams 1989)11. In my study,
the control group received the same psychological
support and attention that the trial group did (See
method) • The con t.col group oid not howavar
participate in a structured, supervised monitored
exercise programme.

When evaluating quality of life in patients
with COPD,I made use of a questionnaire which
examined subjective perceptions of dyspnoea,
fatigue, emotional function and mastery. ~~ese
perceptions were evaluated by the reaponses of the
sUbjects on a 1ikaert scale which provided relevant
options to the subjects. It must; be noted that the
higher the numj:)eron the scale I the more posi tive
the response.When analyzing the results
stat.istically, there was no difference between the
twa groups in any of the four categories in terms of
ch~nge p~oduc~d over fifteen months.

This type of research is qualitative rather
than quantitative. This is described by Beverley
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the trial and the control group. I can thus say that,
according to the 6MWDT, the exercise progtamme which
the trial patients took part in did not improve
their walking ability. We cannot ignore the fact,
however that these patients wore able to walk
fUrther at the end of the trial while their heart
rate was the s~mf as it was when walking the smaller
distances at the beginning of the trial.

It.iPo interesting to note thr.t even after 15
months of exercise training, the trial subjects were
still able to walk for an average time of 8.18
minutes only. According to the statement on physical
fitness by the American College of Sports Medicine
(1990),in normal subjects, the duration of exercise
shoUld be 15 to 60 minutes of continuous or
discontinuous Rerobic activity for a training effect
to occur. My trial subjects were not. able to reach
this level of exercise. It is possible that the
difference between the exercise done by each group
may not have been lar~e enough to show changes in
the 6MWDT ie the difference betwee:p the structured
programme and the amount that the controJ~ did in
thoir every day living activities
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deteriorated.In my study/unfortunately, due tCJ no
statistical significant verification, no definite
scientific conclusion can be drawn from these
observatiohs.lt does/however leave the way open to
possible effects which could have been illustrated
with greater samplE sizes.

I looked at resting and exercise heart rate in
the 6MWD'I'. I a factor that was not investigated by
other researchers. Here also/no significant
differences were found between the groups as regards
percentage change. Within the groups/ significant
changes were found in the trial group but not in the
control group.

5.4. WALKIN~1LT,~y'
The exercise retraining programme which the trial
subjects participated in showed that the distance
and the time that the they were able to walk for
after 15 months improved significantly (p =
O.OD1).They walK~d significantly further while their
heart rate did not change from 60% of 220 minus age
(see 3. 4 •2 .1. ) .

Tht'!six minute walkirlg distance teE"t (6MWDT)

which is a well documented 'l:.(.O)stof walking abi li ty
in patients with caPD (Bernstein et al 1994) showed
no significant difference in the results obtained in
this test after participa'l:ion in the trial between
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5.3. 'rHB SIX MINU'l'E WALKING DlS'l'ANCE _:rES.1.

The distance covered in the 6MWDT is considered an
indication of the exercise capacity of patients with
COPD. (MCGavin et al 1976; Butland at al 1982;
B~rnstein et al 1994).

The fact that when comparirtg the difference
between the trial and the control groups with regard
to the percentage change in the distance walked in
six .;:inutesafter fifteen months WC\s not significant
indicates tha;, exercise retraining was not
responsible f.or any change in the 6MWDT.

Within the group, however,it was interesting to
note that the control group covered a greater
distance in six minutes at the second test; they did
not manage to cover a greater distance at 10 months
or at 15 months whereas the trial group walked a
greater distance at each test.These changes were not
s.lgnificant and the interim samples were very small
but other inv~stigators have reported on similar
results. Nosworthy at al (1992), When comparing a
group of patients, after participating in a large
muscle qroup exercise training programme for six
weeJ<:s,with patients who receive post"".",·,r'lrainage
only, found that both groups showea an ~ncrease in
the 6MWDT initially. After three months however the
exercise group continued to show an improvement,
while 't.hepostural drainage group actually
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low work loads where patients with severe disease
contributed to the results whereas at higher loads
where this group plqyed no part in the result, these
differences were not significant.
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status of the respiratory muscles.Should the
increase in VE in the trial group have been as a
result of improvement in respiratory muscle
function, MVV should have shown signs of an
increase.In fact, the MVV decreased significantly
within the trial group whereas it increased in the
control group (not significant).

The relevance of this decrease :i.squestionable
as there is no statistically significant difference
between the two groups when looking at percentage
change over the 15 months. Furthermore this
deterioration did not continue with subjects who
were exercising 2 years after co',;pletionof the
trial.

What can be said is that exercise retraining in
the trial group did not produce an improvement
(increase) in MVV and the increased VB is unlikely
to be de to improved respiratory status.

In conclusion, when looki.ng at the results of
thr bicycle ergometer test, We can only say that
there occur-reo r Jignificant increase i11 VE at low

,
work loads after participation in exercise
retraining.This increase was not accompanied by any
difference in blood gases or in lung functions wtdch
could indioate advantages to exercise retraining.
One mu.st be aware of the fact, however that these
effects were only statistically significant at the
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low work loads, showed even greater desaturation
after 15 months than they had initiaJ.ly.This did not
appear to occur in the controls.As described
earlier, subjects with severe capo could often not
exercise to a higher work loan than 20 watts.It may
thus have·been this group that was responsible for
the results at 20 watts.At 40 watts,there did not
appear to be a great difference between the two
groups in.respect of desaturation when looking at
the final compared to the in:~ial result
Unfortunately, the results at 60 watts may have been
affected by the fact that, in a Stti.aU sample (4
trial and 4 controls) one subject desaturated to
72%.This may he.vobeen a chance result because this
particular subject did not exhibit such low 02 sats.
at any other stage during the trial.

Spiro also said that the increased VE may be
due to raised plasma lactate levels Had this been
so, the standard bicarbonate should have shown a
significant decrease (Jones and Ehrsam 1982). This
did not happen either(see table 4.4.).

Examination of the blood gas results can thus
not confirm the possibility that the increase in VB
produced positive changes on exercising blood gases.
5.2.2.2.VB and lung functions

According to Ruppel (1991 page 58 ), maximal
voluntary ventilation (MVV) is an indication of the

102



CBsciari RS, Fairhster RD, Harrison A, Morrison JT,
Blackburn C, Wilson AW. Effects of breathing retraining in
patients with chronic obstructive pulmonary disease. Chest
1981: 79: 393-398.

Chester EH, Belman MJ, Bahler RC, Baum GL, Schey G, Buch P.
Multidisciplinary treatment of chronic pulmonary
insuffic':'(mcy: The effects of physical training on
cardiopulmonary performance in patients with chronic
obstructive pulmonary diseas~. chest 1977; 76: 695-702.

Cockcroft A, Berry G, Brown EB, Exall C. Psychological
chanqes durirlg a controlled trial of rehabilitation in
chronic respirato:r.:ydisability. Thorall':1982; 37: 413-416.

Cooper Ma jor K. A measure of assessing .'naximaloxygen
intake. JAMA i96ei 203: 135-138.

Cox NJM, v Herwaarden CLA, Folgering H, Binkhorst RA.
Exercise and training in patients with chronic obstructive
lung disease. Sports Medicine 1988: 6: 180-192.

Dahlstrom WG, Welsh GS. MMl?I Handbook. Minneapolis
University of Minnesota Press, 1960; pp 559.

125



Busch AJ, McClements JD. Effects of a supervised home
exercise program on patiento with severe chronic
obstructive pulmonary disease. Physical Therapy 1988; 68:
409-4'74.

Butland RJA, pang J, Gross ER, Woodoock AA, Geddes DM.
TWo-, six- and la-minute walking tests in respiratory
disease. Brit Med J 1992; 284: 1607-1608.

Butler C, Diaphragmatic changes in emphysema. Am Rev Respir
Dis 1976, 114: 1~5-159.

Campbell EJM, Howell JEt. The sensation of breathlessness.
Brit Mad Bull 1963; 19; 36-40.

Carter R, Coast JR, Idell S. Exercise ttaining in patients
with chronic obstructive pulmonary disease. Mad Sci Sports
and Exercise 1992; 24: 281-291.

casaburi R, Pateseio A, Ioli P, Zanaboni S, Donner CF,
Wasserman K. Reduations in exercise lactic acidosis and
ventilation as a result of exercise braining in patients
with obstructive lung disease. Am Rey Respir Dis 1991, 143:
9"18.

Casaburi R, Wasserman K, patessio Ai roli P, Zanaboni SI

Donner CF. A new perspective in pulmonary rehabilitation
aerobic threshold as a discrimin t in train~ng. Sur Re~pir
J' 1989; a suppl 7: 6188-623S.

124



Booker HA. Exercise training and breathing control in
patients with chronic airway limitation. Physiotherapy
1984; 70: 258-260.

Borg G. Perceived exertion as an indicator of somatic
stress. Scand J Rehab Mad 1970; 2-3: 92-98.

Borg GAV. Psychophysical bases of perceived exertion. Med
Sci Sports and Exercise 1982; 14: 377-381.

Bark CEo Research in Physical Therapy. JB Lippincott
company, Philadelphia, 1992.

Braun SR, Fregosi R, Reddan WG. Exercise training in
patients with COPO. Postgraduate Med 1982; 71: 163-173.

Brown SE, Fische:r:CE, stans:yury OW, r.ight RW.
Reproducibility of V02 max in patients with chronic
airflow obstruction. Am Rev Respir Dis 1985; 131: 435-438.

Brown SE, King RR, lJ.'emerlinSM, stansbury OW, Hahutte CK,
Light RW. Exercise performance ~V'ith added dead space in
chronic airflow obstruction. J Appl Physiol 1984; 56:
1040-1026.

Bundgaard A, Ingermann-Hansen T, Hankjaer-Kristensen J.
l)hysical ·t.rainingin bronchial asthma. Int Rehab Med 1984;
6: 179-182.

123



Belnlan MJ, K'.3ndreganBA. BXercisE'ltraining fails to
increase skeletal muscle en&ymes in patients with chronic
obstructive pulmonary disease. Am Rev Respir Dis 1981; 123:
256-261.

Belman MJ, Kendregan BA. Physical training f<.lilsto improve
vetilatory muscle endurance in patients with chronic
obstructive pulmonary disease. Chest 1982; 81: 440-443.

Bernstein ML, Despars JA, Singh NP, Avalos K. stansbury OW,
Light RW. Reanalysis of the 12-minute walk in patients with
chronic obstructive pulmonary disease. Chest 1994; 105:
163-167.

Biernacki W, FlenJ.ey DC, Muir AL, MacNee W. Pulmonary
hypertension and right ventricular f,ur,ctionin patients
'N'ithchronic obstructive pulmonary cUsease. Chest 1988; 94:
1169-1175.

Blair SN I Kohi I1WI Paf£enbarger RS, C),arltDG I Cooper I<H,
Gibbons LW. Physical fitness and all cause mortality. JAMA
1989: 262: 2395-2401.

Blaquiere P, Christensen DB, Carter WE, Martin TR. Use and
misuse of metered dose inhalers by patients with ohronic
lung disease. Am Rev Respir.'Dis 1989; 140 = 910-916.

122



American Thoracic Society: Official statement on evaluation
of impairment/disability secondary to respiratory disease -
June 1982. Am Rev Respir Dis 1982; 126: 945-956.

American 'rhorac1C Society: Standards for the diagnosis and
care of patients with chronic obstructive pulmonary disease
and asthma. Am Rev Respir Dis 1987; 133: 225-244.

Atkins CJ, Kaplan RMI Timms RM, Reinsch S, Lofback K.
Behavioral exercise programs in the management of chronic
obstructive pulmonary disaase. J Consult Clin Psych 1984;
52: 591-603.

Bahler RC, Chester EHI Belman MJ, Baum GL.
Multidisciplinary treatment of chronic pulmonary
insufficiB~cy: ~he influence of intrathoracic preSsure
variations on increases of pulmonary vascular pressure
dUring exercise in patients with chronic obstructive
pulmonary disease. chest 1977, 72: 703-708.

Becker ME, Maiman LA. socio-behavioural determinants of
compli~nce with health and medical care recommendations.
Mad Care 1975; 8: 10-24.

Belman MJ. Exercise testing and training in patients with
COPD. Pulmonary Update, May 1985; 2-7.

121



REFERENCES

Agle OP, Baum GL, Chester EH, Wendt M. Multidiscipline
treatment of chronic pulmonary insufficiency. Psychosomatic
Medicine 1973; 35: 41-49.

Agle OP, Baum GL. Psychological aspects of chronic
obstructive pulmonary disease. Med Clin North Am 197'7; 61:

749-758.

Alpert JS, 13"'0::;5 H, S2:" s MM, Banas JS, Dalen JE, Dexter r..
Ef.fects of l. }sical training on hemodynamics and pu Lmcnar-y

fUnction at rest and during exercise in patients with
ohronic obstructive pulmonary disease. Chest 1974; 66:
647-651.

Altose MD. Assessment and management of breathlessness.
Chest 1985; f8 (SUpp.1.):'77S-835.

American College of 5port:s Medicine Stand: The recommended
quanti ty and quality of exer c.iae for developing and
maintaining cardiorespiratory and muscular fitness in
healthy adults. Med Sci Sports and Exercisl:!1990; 22:
265-274.

Americ.an Thoracic Society Official statement: Pulnlonary
rehabilitation. Am Rev Respir Dis 1981; 124; 663-666.

120



D1 cuss rON

6.1. 1 have shown that a comprehensive
:(ahabilitation programme produces an improvement in
the quality of life in patients with coPO .'l'his
improvement is greater when exercise retraining is
included in -the programme

6.~. Oefinite beneficial physiological indications
of training effects at this low intensity exercise
were not found.

6.3. Even at low intensities of exercise signs of
potential harmful blood gas effects were present in
some patients.

6.4. Patients found this program~ne easy to adhere
to over an extended period.

6.5. Exercise retraining did not halt the
deterioration in the lung functions of these
patients.
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DISCUSSION

more than r would have liked to. practically, it is
almost impossible to ban a group of subjects from
activity for 15 months.

Atkins et a1 (1984) report' on a 50% dropout
in patients participating in a rehabilitation
programme for 3 to 6 months.In the present study 20
patient::;participated in the programme for 15 months
with a dropout of 50% (11 subjects dropped out see
3.2).TWo years after completion of the trial 9 (40%)
subjects were still exercising. It does thus appear
that, in my group of patients, this programme does
result in better compliance than that reported on by
Atkins et.a1.
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DISCUSSION

acceptable form of exercise for the patients with
COPO who were referred to the physiotherapy
department at the Johannesburg Hospital.

In spite of a slight deterioration in
compliance as the programme advanced,the subjects
did exerci~e enough to fulfil the rl~uirements of
the programme for the full 15 months.

Unfortunately the actual amount of exerC'ise
done by each subject on a daily bases was dependant
on the credibility of the reports in the dairies of
the patients. At no st~ge did r have any reason to
question the reliability of these dairies and I feel
that they are a valid indication of the compliance
of my subjects.
5. 'I •2. COMPLIANCE IN 'l'HE CONTROL GROUP

Although I had asked these subjects not to initiate
any changes in their normal activity levels while
they were participating in this trial,they did do d

little more exercise than they had done before
because they felt less dyspnoeic. Not one of these
subjects, however/exercised as often or in as
structured a manner as the trial group had. AS I was
investigating a clinical situation, this is,
unfortunately one of the difficulties that one
encounters. I was looking at low intensity exercise,
and even small amounts of exercise in the control
group may have resulted in equating these two groups
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DISCUSSION
(a facto~ which was el~minat8d in our entrance
criteria to the study) c) should not have been
affected by exercise. Ruppel does state that normal
MVV can vary up to 30% from the mean. The manoeuvre
required to elicit this result often exaggerates air
trapping. Bven with this clarification 1 do not
believe it can explain the fact that the trial group
deteriorated significantly in their MVV and the
control group did not.

Analyses :Jfthe percentage chang'e in MVV in the
two groups after fifteen months/did not show any
significant difference between the trial and control
groups. 'rhis could have meant that had my sample been
different, the control group may also have shown a
deterioration.

Retesting of the group of subjects who were
still exercising two years after termination of the
trial did not produce significant signs of
deterioration in MVV.

These facts, nevertheless do not explain the
significant deterioration in MVV in the trial group
which occurred.

2.....1., COMl?l,IANCEi
5.7.1.COMPLIANCE IN TRIAL GROl"
An aim of our study was to ascertain whether a long
term low intensity exercise pr.ogramme would be an
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DISCUSSION
trial, they exhibited signs of an increase in
hyperinflation.This chang' may, be an indication of
the normal progression of the disease.The decrease
in hyperinflation shown in the study mny have been
of a transitory nature.

This seems to confirm the official statement on
pulmonary rehabilitation given out by the American
rrhoracic Society in 1981 which stated that the
majority of published studies had not shown any
extension of life span or slowing of pulmonary
function deterioration as a result of comprehensive
respi.ratory care programmes. Later investigators
reported the same results (Carter et al 1992 and
Niederman et a1 1991).

5.6.2."MAXlMAL VOLON'rARY VENTILATION (MVV)
A finding which is rather puzzling and whioh

has not been reported by other investigators, is
the significan·t ("l~teriorationof I-t'..:'l'tthinthe
tJ::ialsUbjects. This is oorrnra- H :::.1 would
have expected. According t ~ pag€ 58 (1991),
MVV measurement depends on~

a) status of respiratory muscles
b) oom};llianceof the lung bnd thorax system
c) resistance offered by airway and lung tissue

One would expect exercise to improve a) and b) above
and, unless a patient has exercised induced asthma
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DISCUSSION

5.6 LUNG FUNCTIONS

5.6.1.HYPERINFLATION

Initially, the trial group were more hyperinflated
~han the control group (see 4.5.1). It is
interesting to note that had I not used a controlled
study,snd had only looked at the results within the
trial group, I would have been lead to believe that
exercise results in a reduction in hyperinfation due
to the significant decrease in residual volume in
the trial group after exercise retraining. Mungall
et al (1980) also reported on such findings in their
study, where their subjects participated in an
exercise retraining programme for twe.L?e weeks , 'rhey
did find, however that these changes in lung
fUnction returned to their previous levels when
exercise was discontinued.

This apparent reduction in hyperinflation
cannot be categorically attributed to the effects of
exercise retraining due to two reaSonS. Firstly,
when comparing the percentage change in RV, RV/TLC
and TLC which occurred during the trial in the
e)cercising group and that change in the control
group who did not exercise, no significant
difference Was noted. Secondly, when retesting the
lung functions of a group of patients who were still
exercising two years after they had completed the
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9. In the Ia$~ 2 weeks, how much of. the time did you feel
vary co~f.ide~t and sure that you could deal ~ith your
illne.o~t rlease indicate how much of the time you felt
very cont:'~':lAtand sure that you Clouid deal with your
illness by choosing one of the following options from the
card in tront of you: (YELLOW CARD)

1 NONE OF THE TIME
2 A LITTLE OF TaE TIliF.
3 SOME OF THE TIME
4 A GOOD BIT OF THE TIME
5 MOST OF THE TIl1E
6 ALMOST ALL OF THE TrUE
7 ALL OF THE nHE

10. How much energy havo you had in the last 2 ~eeks? Please
indicate how much energy you have had by choosing one'of eha
following options from the card in front of you: [PINK CARD]

1 NO ENERGY AT ALL
2 A LITTLE EUERGY
3 SOME ENERGY
4 MODERATELY ENERG~T!C
5 QUITE A BIT OF ENERGY
6 VERY ENERGETIC
7 FULL OF ENERGY

11. In general. how much of th. time did you foel upset,
worried, Or depressed dU~lllg the last 2 weeks? Please
indicate how much of th~ time you eelt upset. worried, or
depressed during tbd past 2 weeks by choosing one of the
following options from the card in f~cnt of yau. (BLUE
CARD)

1 ALL OF THE TIME
2 MOST OF THE TIME
3 A GOOD aIT OF THE TIMt
4 SOME OF THE TIME
5 A LITTLE OF THE' TIM~
6 HARDLY ANY OF THE T!.11E;
7 NONE OF 'fHE 'I'IHE



6. How often during the past 2 weeks did you hav~ a feeling of
feat or panic when you h~d diff.iculty getting your bteath?
Please indicate how often you had a feeling of foar or panic
when you had difficulty getting your breath by choosing one of
the following options from tbe card in iront of you: [SLUE
CARD]

1 ALL OF THE TIm:
2 110ST OF THE TII1E
3 A GOOD BIT OF TltEUHF
4, SOME OF THE TIliE
5 A LITTLE OF THE '!':tME
G !tARDW Alii"OF THE nUB
7 NOUE OF THE TIl1E

7. What about fatigue? How tired have you felt over the
last 2 weeks? Please indicate how tired you have felt
over the last 2 weAks by choosing one of tht folloNing
options from the card in front of you: (ORANGE CAROl

1 EXTRF.liELY TIRED
2 VERY. TXRED3 QUITE A BIT OF TIREDNESS
4 MODERATELY TIRED
5 S()MEWHAT TIRFJD
Q A LITTLE TIRED1 NOT AT ALL TIRED

8. ltow often during the last 2 wecks have you felt
embarrassed by your coughing or heayy preathing? Plea$e

. indi¢ate~how much of the time you felt embarrassed by
your.coughin~ or heavy breatLing by choosing one of the
following options from the card in front of you: (BLUE
CARD] ~

1 ALL OF THE TIME
2 MOST OF THF,TXME
3 A GOOD BIT or THE T~ME
4 SOME OF THE TIME
5 A LITTLE OF 'rllE TIME
G !iAROL'{ANY OF 'raE TIME
7 NONE OF THE TIME



c) Please indicate how much shottness of breath you have had
during the last 2 weeks While [INTERVIEWER: !NSERT
ACTIVITY LIST tN 3c) by choosing one of the tollowing
options troll!the card in front of you: [GREE1~CARD)

1 EXTREMELY SHORT OF BREATH
2 VE~Y SHORT OF BREATH
3 QUITE A BIT SHORT OF BREATH
4 MODERATE SaORTNESS OF BREATH
5 SOHE SIlOR.'rrn:SSOF BREATH
6 A tITTLE SllonTNESS OF BREATli
7 N<n AT Ai.L SHORT OF BREATH

d) Please inaic~te hOW ll!uchshortness of breath you have had
durinq the last 2 weeks lfhila [INTERVIEWER: INSERT
ACTIVITY LISTED IN 3d) by choosing one of the following
optlons ftom the card in front of you: (GREEN CARD)

1 EXTREMELY SHORT OF BREATH
2 VERY SHORT OF BREATH
3 QUITE A BIT SHORT OF BREATH
4 MOPERATE SHORTNESS OF BREATH
5 SOME SHORTNESS OF BRrJATH
6 A lJITTU SHORTNESS OF DREATR7 NOT AT ALL SnORT OF BREATH

e) Please indicate how much shortness of breath you have had
dUring the last 2 weeks while rINTERVIEWr::R: INSERT ACTIVITY
LISTED IN 3e] by choosing one of the following options from
the card in front of you: (GREEN CARD)

1 EXTREMELY SHORT OF BREATH
2 VERY SHORT OF BREATH
3 QUITE A BIT SHORT OF I.IRElA'fH
4 MODElRATE SHORTNESS OF BREATH
5 som: SI-lORTNESS OF BREATH
6 !I. LITTLE SHORTNESS or BUl\TR'
7 NOT AT ALL SHORT OF BREATH

5. In general. boW ll!u~hof the time durina the last 2 weeks have
YO\I fe~t f~ustrated or impatient? Please iLdiaa~e how often
duri~~ the last 2 weeks you have felt frustrated or impatient
by dboosing one of the following OPtions from the card in
front of you: [BLUE CARD I

1 ALL OF 'ritETIm:
2 HOST OF THE TIllE
3 A Goon aIT OF THE TIME
4 SOME OF THE TIME
5 A LIT'l'LEOF THE TIllE
6 HARDIlY ANY OF THE n:IE
7 NONE OF ~'HE TIUE



c) of the remaining items, which is most important to you in
your day-to-day life?
[LIST ITEM ON RESPONSE SHEET]

41 Of the remaining items, which is the most important to
you in your day...to-day life?
(LIST ITEH o~r!U:SPOHSE SHEETJ

e) Of the remaining items, which is the most important to
you in your day-to-day life?
[LIST ITEM ON RESPONSE SHEET)
erOR ALL SUBSEQt1EUT QUESTIIjNS, ENSURE RESPONDENT HAS
APPROPRIATE RESPONSE CARD IN FRONT OF THEM BEFORE
STARTING QUESTION)

'4. I would now like you to describe how much shortness of
breath yoU have experienced during the last 2 weeks while
doing the five most important activities you have
selected.

a) Please india ate bow much shortness of breath YOU have had
during- the last 2 weeks while (Il~TERVIEWER: INSERT ACTIVITY
LIST nt 3a} by c:hoollingone of the following options from the
card in front of yout [GREEN CARD]

1 EXTRE}!EL'l SaORT OF BREATH
2 VERY snORT OF BREATH
3 QUITE A an' SHORT OF BREATH
4 MODERATE SHORTNESS OF BREATH
5 SOME SRORTNESS OF BREATH
6 A LITTLE SHOkTNESS OF BREATH
i NO~' AT Al.aLSHORT OF BREATH

b) Please indieate hQW much shortness of breach you have had
during the last 2 weeks While [INTERVIEWER: INSERT
ACTIVITY LISTED IN 3b] by choosing one of the fol10W1DQ
options from the card in front of you: (GREEN CrtRD)

1 EXTREHEL'{ SHORT OF BREATH
2 VERY SHORT OF BREATH
3 QUITE A BIT SHORT OF BREATH
4 :'IODERATESHORTNESS OF BREATH
5 $OHE SHoRTNESS OF aREA'I'!!
6 A LI'.l'TLESHORTNESS OF BREATH
7 NOT A1' ALL SliORT OF BRE;ml

"

,.,



1. B~!NG ANGRY OR UPSET
2. aAVING A BATH OR SHOWER
3. BENDING
4. CARRYING, SUCH AS CARRYING GROCERIES
5. DRESSl.NG
6. [~l'ING
7 • GOING FOR A WALK
8. DOING YOUR HOUSEWORK
9. HUltltYING

10. ~ A BED
11. MOPPING OR SCRUBBING THE FLOOR
12. MOVING FURNITURE
13. FLAYING WITH CHILDREN OR GRANDCHILDREN
14. PLAYING SPORTS
15. REACHING OVER YOUR HEAD
16. RUNNING, SUCH AS FOR A BUS
17. SHOPPING
18. WHILE TRYING TO SLEEP
19. TALKING -----
20. VACUUMING
21. ~LKING All.OUNll'lOUR OWN HOME
22. WALKING UPHILL
23. WALKING UPSTAIRS
24. WALKING WITn OTHERS ON LEVEL GROUND
25. PREPARIlf9_ MEALS
3.a) ot the items whit..h you have listed, which is the mOSt illlportant to

you in your day~t¢-day life? I will read through the items, and
lthen I am finished, I would like yo \'1 to tell me which is the most
important.
[READ THROUGH ALL ITEMS SPONTANEOUSLY VOLUNTEERED AND THOSE
FROM THE LIST ~HICH PATIENT MENTIONED)
Which of these items is most important to you in your day-to-
d;'lY life?.
(LIST ITEM ON RESPONSE SHEET]

b) Of the remaining items, which is the m~st important to you in your
day~to"day life? I will read, through the items, and when I am'
finished, I would like you to tell ae 1fhich is the most importallt.
(nEAD 'l'HROUGH RE1UINIHG ITEMS]
Which of the$e items is most important to you in your day-to-<lay
lHe?
[LIST ITEM ON RESPONSE SHEET]

"
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CHRONIC RESP!RATOP.Y UIDE:( QUEST!mINAIRE

First Administration, 7 Point Scale
!NTERVIEWER FORI1

This questionnaire is designed to find out how you have been
feeling during the last 2 weeks, You will be asked about how short
of breath you have been, how tired you ha1e be~n feeling and how
your mood has been,
l. I would like you to think of the activities that you have

done during the last 2 weeks that have made you feel
short of breath. These should be activities which you do
frequently and which are important in your day-to-day
life. Please list as many activities as you can that you
have done during the last 2 weelts that have made you feel
short of breath,
(CIRCLE THE NUMBER on THE ANSWER SHEET LIST ADJACENT TO
EACH ACTIVITY MENTIONED. ~F AN AC'l'!V!TY liENTIOI1J:1D IS NOT
o~t THE LIST, WRITE IT IN', I~l THE RESFONDENT' S OlJU WORDS,
IN TH~ SPACE PROVIDED]

Can you think at any other Qctivities you have dona
during the last 2 ~aekn that have made you fe~l short of
breath?
(RECORD ADD!TIONAt ITEHS]

2. I KiLl now read a list of activities whiah make some
people with lung problems feel short of breath. I will
pause after each item long enough for you to tell me if
you have felt short of breath doing that activity during
the last 2 weeks. If you haven't done the ae~ivity
~uring the last 2 weeks. just answer 'NO', The
activities are:
(READ n':!liS ,. O~!ITTING THOSE WHICH RESPONDENT HAS
'10LUNTEfl.Rlm SPONTANEOtISLY. PAUSE AFTER EACH ITEll TO GIVE
RESllONDEN'r A CH.A.I.'1CETO IND:tCATE WHETHER HE/SHE HAS BEE~I
SHORT OF BREATH WHILE: PERFORMING TUA'r ACTIVITY DURING THE
LAST WEEi\. CIRCLE THE NU~!BER ADJACENT '1'0 APPROPRI.\TE
ITEMS ON AI~SWER SHEET)



PULMONOLOGY DIVISION
DEPARTMENT OF MEDICINE, JOHANNESBURG HOSPITAL.

Thank you for agreeing to take part in my trial. The results of this
trial will greatly benefit many people suffering from chronic lung problems.
This letter is just to confirm what r have already told you about what is
expected of you while participating in this trial.

1. This trial will last one year. During this period, whenever pOSSible, I
would like you to attend our clinic once a week. During this visit youwill join the exercise and relaxation classes and I will check on your
progress and plan your further treatment accordingly. Please inform me
should you have to miss visits.

2. The following tests will be carried out on you every 4 to 5 months.
a) An exercise test on the stationary bicycle;
b) A walking test;
c) To answer a questionnaire;
d) Lung fun~tion tests.

3. You will attend two lectures on this subject in order to understand and
cope wi th your condi tion. Shou 1d you, at any stage feel that you have
forgotten a few details of this information, you will have to attend the
relevant lectures again.

4. It is essential at all times that you be completely honest with me as to
the amount of exercise that you do at home. It is advisable to follow
our instructions explicitly, but if you are unable to do so at any stage
and do either less or more than we have prescribed, please let me know.
Record all the exercise done accurately in your log book.

4. Any change in your medication or oxygen use (even if you are doing lt
.without your doctor's instructions) must be reported to me.
r have to have all tllis inforrnation,fol' my results to be of any value,
in order to prove what my treatment can do for patients with lung
conditions.
Let me remind you that you are at liberty to discontinue this trial as
long as you let me know of your intentions.

, You will certainly gain a lot from taking part in this trial and will
also be helping many future patients.
Thanking you once again,

}D . 6'o/,_ .~
DINKY COHEN

"



INFORMED CONSENT

JOHANNESBURG HOSPI'rAL

. ? (.'(\rl? /U.,-,. __.11 __ ~_.~ VV ~ I consent to +ake part in [1 trip]
to assess t~~ffec of physlotherapy on my condition.
I

I am fully aware that the fol10win~ tests are going to be carried out on
me,

1. Cartain breathing tests will be carrlsd out Which may cause me some
tiredness.

2. I will take part in an exercise test on a stationary bicycle to test
my ability to do exercise. This may also make me tired. While this.
test is being done, my heart rote, my blood pressure and my breathing
wllj bemonf bor'ed. Blood will be taken from an ear pricle \vhile I am
exer eising to check the effect of exercise on my blood.

3. A questionaire will be filled in by me to find out how i feel about
my condition.

At any stage during this trial, I have the right to witndr-sw,

WI'!'NESSES

PC/hj

j J

"
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THE :1.5 G:RADE

J?ERCE~VED
SCALB FOR f{ATINGS OF
EXERTION (BORG SCALE)

1------------------------------
:2 VERY VERY l...I(,H·!T ---------------

3 ------------------------------
4: VERY L:tGHT --------------------

5 ----------------.-.---~------~----

7 ------------------------------
S SOMEWHAT HABD -----------.----.----

8 -------------------------------
:1.0 HARD ----------------------.-.--

:1.:1. ------------------------------

:1.2 VERY HAIRD -------------------.---

:1.3 -------------------------------
:1.4 VERY VERY HARD -.----------------

15 -------------------------------

(Taken from Had. and Soi. in Sport Bnd Ex.1982,14;37B
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14. How often during the last two weeks have you felt low in
energy? Please indicate how often during the last t~o
weeks you have felt low in energy by choosing one of the
following options from the ~ard in front of You, keepinq
in mind that last time you an~d the questionnaire you
chose (INSERT PATIENT'S ANSWER FROM PREVIOUS
ADMINISTATION) • [BLUE CARD)

15. In general, how often during the last two weeks have you
felt discouraged or down in the dumps? Please indicate
how often during the last two weeks you have felt
discouraged or down in the dumps by choosing one of the
following options from the card in front of you, keeping
in mind that last time you answered the qUestionnaire you
chose (INSERT PATIENT'S ANSWER FROM PREVIOUS
ADI1INISTRA'rION)• [BLUE CARD]

16. How ofl:en during the last twO weeks have you felt worn
out or sluggish? Please indicate how much of the time
you falt worn out or slUggish by choosing one o~ the
following options from the card in f~ont of you, keeping
in mind that last time you answered the questionnaire you
chose [INSERT PATIENT'S ANSWER FROM PREVIOUS
ADMINISTRATION], (BLUE CARD]

17. How happy, satisfied. or pleased have you been with your
personal life during tbe last two weeks? Please indicate
how happy, satisfied or pleased you have been by choosing
one of the following options from the card in front of
you, keeping in mind that last time you answered the
ques tionnaire you chose (INSERT PA'1'IErtTt S ANSWER FROH
PREVIOUS ADM1NISTRATION). [GRAY CARD]

18. How often during the last two weeks did you feel upset or
scared when you had diffiaulty getting your breath?
Please indicate how often during thi last two weeks you
felt upset or scared when YOU nad difficulty getting your
braath by choosing OM of the following options frl!lm'the
card in front of you, keeping in mind that last time you
answered the questionnaire you chose [INSERT PATIENT'S
ANSWER FROM PREVIOUS ADMINISTRATION). [BLUE CARD)

19. In qeneral, hON often du~inq the last two weeks have you
felt restless, tense, or uptight? Please indicate how
often you have felt restless, tense, or uptight by
choosing one Qf the following options from the card in
front of you, keeping in mind that last time you answered
the questionnaire you chose [INSERT PATIENT'S ANSWER FROK
PREVIOUS ADMINISTRATION]. [BLUE CARD)



8. How often during the last two weeks have you felt
embarrassed by your coughing or heavy breathing? Please
indicate how much of the time you felt embarrassed by
your couqhing or heaving breathing by choosing one of the
following options fr~m the card in front of you, keeping
in mind that last time you answered the questionnaire you
chose [INSERT PATIENT'S ANSWER FROM PREVIOUS
ADMINISTRATION) • [BLUE CAR)))

9. In the last two weekS, how much of the time did you feel
vary confident and sura that you could deal with your·
illn~ss? please indicate how much of the time you felt
very confident and sure that you could :~\l with yaur .
illness by choosing one of the following o~~ions from the
card in front of you, keeping in mind that last time you
answered the qUestionnaire you ChCD~ [INSERT PATIENT'S
ANSWER FROM PREVIOUS ADMINISTRATION) :'~LLOW CARD)

10. How much energy have you had in the last two weeks?
Please indicate how much by ahoosing one of the following
options from the ca~d in f~ont of you, keeping in mind
that last time you answered the questionnaire you chose
CINS~RT PATIENT'S ANSWER FROM PREVIOUS ADMINISTRATtON].
(PINI<CARD]

11. In general. how much of the time did you feel upset,
wo'cried or depressed during the .last rT~O weeks? Please
indicate bow much of the time you felF ~'lt, worried, or
depressed during the last two weeks < noosing one of
the following options from the ~n front of you,
keeping in mind that last time you answered the
qUestionnairl:l you cho",e (INSERT PATIENT'S ANSWER FROM
PREVIOUS ADMINISTRATION]. (BLUE CARD]

12. How often during the last two weeks did you feel you had
complete control of your breathing problems? Please
indicate how often you felt you had complete control of
your breathing problems by choosing one of the following
options from the card in front of you, keeping in mind
that last time you answered the questionnaire you chose
(InSERT PATUI'iT'S ANSWER FROM PRF.VIOUS ADHINISTRATION].
(YELLOW CARD]

13. How mUch of the time du~ing the past two weeks did you
feel relaxed lnd free of tension? Please indicaee how
much of the time you felt relaxed and free of tension by
choosing one ot thQ following options from the card in
front of you, keeping mind that last time you answered
the qUestionnaire you chose [INSERf PATIENT'S ANSWER PROK
PREVIOUS ADKINISTRATtON]. [YELLOW CARD]



c) Please indicate how much shortness of breath
you have had during the last t~o weeks while
(INTERVIEWER: INSERT ACTIVITY LISTED nl 3c] by
choosing one of the following options from the
card in front of you, r.eepinq in mind that last
time you answered the questionnaire you chose
[INSERT PATIENT'S ANSWER FROM PREVIOUS
ADMINISTRATION). [GREEN CARD)

d) Please indicate how much shortness of breath
you have had during the last two weeks while
(INTERVIEWER: INSERT ACTIVITY LISTED IN 3d) by
choosing one of the following options from the
card in front of you, keeping in mind that last
time you answered the questionnaire you chose
(INSERT PATIENT'S ANSWER FROM PREVIOUS
ADMINISTRATION]. (GREEN CARD)

e) PleUG ;.ndicate how much shortness of brE'at:h
you had during the last two weeks while
(INTERVIEWER: UrSERT ACTIVIT? LISTED IN 3el by
choosing one of the following options from the
car.din front of you, keeping in mind that last
time yoU answered the questionnaire you chose
(nrSERT ~A'UENT' S ANSWER FROM PREVIOUS
ADMINIS'l'MTION) • (GREEN CARD)

S. In general, how much of the time dur:!.nq the last t1{O

weeks have you felt frustrated o~ impatient? Please
indicate how often during the last two weeks you 'have
felt frustrated 01:' impatient by choosing' one of "the
fQllowing from tne card in front of you, keeping in mind
that last time you answered the questionnaire you chose
(INSERT PATIENT'S ANSWER FROM PRmVIOUS ADMININSTRATION).
[BLUE CARD]

6. How often dUring the past two weeks did you have a
feeling of fear or panic when you had difficulty getting
your breath? Please indicate how often you had a feeling
of felr or panic When you had ~~,fticulty getting your
breath by choosing one of the fo,.:~inq options from the
card in front of you keeping in m'n\ that last time you
answered the questionnaire you ¥rtose (INSERT PATIENT'S
ANSWER FROM PREVIOUS ADMINISTRATION]. (a~UE CARD]

7. What about fatigue? How tired have you felt over tbe
last two veeks? Please indicate hnw tired you have felt
o'er the last two walks by ehoosinq one of the following
cpr-ions from the card in front of you, keeping in mind
tblt last time you answered the questionnaire you chose
(INSERT PATIENT'S ANS'U::lnFROM PREVIOUS ADtUNISTRA'I'ION].
(ORANGE CARD]



CHRONIC RESPIRATORY DISEASE INDEX OUEST!ONNAIRE
Follow-up, 7 Point Seale, Informed

tou have previously completed a questionnaire(sl telling us about
how you were teeling and hoa your lung disease was affecting your
life. This is a follow-up questionnaire designed to find out how
you have been getting along the last [insert length of time since
last scen].
When you are anSWering th~ questions this time I Nill tell you the
anSWer you gave us the last time. I would like you to give your
an~~er today keeping in mind what yoU said the last time. For
example, letls say that last time I asked you how short of breath
you Were while beating carpets (GIVE RESPONDENT GREEN CARD] and you
said "4 Moderate shortness of breath~. If you were exactly the
same today, you would answer 4 once again. If you l~eremore short
of breath you wculd choose 1, 2, or 3 and if you Nere less short of
breath you would choose 5, 6, or 7.
[FOR QUESTIONS 4a) to 4e) INSERT ACT!VITIES 3a) to 3e) FROM FIRST
ADMINISTRATION ANS~ER SHEET}
4. I would now like you to describe how much shortness of.

breath you have experienced during the last two weeks
whlle doing each of the five most important activities
you have selected.
a) Please indicate how much shortness of breath

you have had during the last two weeks whlle
(INTERVIEWER: INSERT ACTIVITY LISTED IN 3a] by
choosing one of the following options from the
card in front of you, keeping in mind that last
time yo~ answered the questionnaira you chose
(INSERT PATIENTIS ANSWER FROM PREVIOUS
ADMINISTRATION). (GREEN CARD)

b) please indicate how much shortne~s of breath
you have had during the last two weeks While
[INTERVIEWER: INSERT ACTIVITY LISnD IN 3b] by
choosing one of the following options from the
card in front of you, keeping in mind that last
time you answered the questionnaire you chose
[INSERT PATIENTIS ANSWER FROM PREVIOUS
ADMINISTRATION). [GREEN CARD)



18. How often during the last 2 weeks did you teel upset or
scared when you had difficulty getting your breath?
Please indicate how often during the past 2 weeks you
felt upset or scared when you had di'ficulty getting your
breath by choosing one of the followin~ options from the
card in front of you: [BLUE CARD]

1 ALL OF THE 'l'IHE
2 MOST OF THE TIME
3 A GOOD BIT OF THE TIME

SOME OF THE TIME
5 A LITTLE OF THE TIME
6 HARDLY ANY OF THE TIME
7 NONE OF THE 'l'Il'lE:

19. In general, how often during the last 2 weeks have you felt,
restless, tense, or uptight? Please indicate how often you
have felt restless, tense,' or uptight by choosinq one of the
following options from the card in front of you: [BLUE C1\.RD]

1 ALL OF THE TIME
2 MOST OF THE TIME
3 A GOOD BIT OF THE TIHE
4 SOliEOF THE TnlE
5 A ltITT1.:: OF THE TU1E
6 HARDLY ANY 0:1'THE TII'IE
7 NOlIE OF THE TIl1E

i »
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15. In general, how ofte~ dUring the last 2 weeks have you
felt discouraged or down in the dumps? Please indicate
how often during the last 2 ,Teeksyou felt discouraged or
down in the du~ps by choosing one of the following
options from the card in front of you: [BLUE CARD]

1 ALL OF THE TIME
2 HOST OF THE TmE
3 A GOOD BIT OF TH~ TIME
4 SOME OF THE TIME
5 A LITTLE OF THE TIME
6 HARDLY ANY OF THE TIME
7 NONE OF THE 'rIME

16. How often during the last 2 weeks have you felt Worn out
or sluggish? Please indicate how much of the time yoU
felt worn out or Sluggish by choosing one of the
following options from the card in front ot you: tB~UE
CARD]

1 ALL OF THE TUlE
2 HOST OF THE TIME
3 A I;OODBIT OF THE TIHE
4 SOME OF THE TIME
5 A LITTLE OF ":'!-lE THIE
6 HARDLt ANY c.: rHE TruE
7 NONE OF THE TIME

17. How happy, satisfied, or pleased have you been with your
personal life dUring the last 2 weeks? Please indicate
how happy, satisfied or pleased you have been by choosing
one of the following options from tha card in front of
you: (GRAY CARD]

1 VERY DISSATISfiED, UNHAPPY HOST OF THE TIHE
2 GENERALLY DISSATISFIED, UNHAPPY
3 SOHElolHATDtSSATISFIED, UNHAPPY
4 ......GENERALLy SATISFIED, PLEASED
5 HAPPY MOST OF THE TI!1E
6 VERY HAPPY MOST OF THE TIHE
7 EXTREMELtYHAPPY, COULD NOT HAVE DEErl HORE SATISFIED OR

PLEASED



12. How often during the last 2 weeks did you feel you had
complete contral of your breathing proble~s? Please
indicate how often you felt you had complete control of
your breathing problems by choosing one of the following
options from the card in front of you: [YELLOW CARD]

1 NONE OF THE TIHE
2 A LITTLE OF ~'HE TIUE
3 SOHE OF THE TntE
4 A GOOD BIT OF THE TIME
5 MOST OF TH:E TIME
6 AIJMOST ALL OJ:" THE: 'I' ,1::::1
7 A1L OF THE TIM~

13. How much of the time during the last 2 weeks did you feel
relaxed and free of tension? Please indicate how much of
the time you felt relaxed an'" l:'ee of tension by choosing
one of the following optio~D' com the ca{d in front of
you: (YELLOW CARD)

1 NONE 011'THE TntE
2 A LITTLE of THE TIME
3 SOHE OF THE TI:1E
4 A GOOD BIT OF TilE TI:IE
5 MOST OF THE TIHE
6 ALMOST ALL OF THE TIHE
7 ALL OF TUt TIME

14. How often durin~ th~ l3st 2 weeks have you felt ION in
energy: Please indicate how often during the last 2
w~eks you havo felt low in energy by choosing one of the
following options from the c~rd in front of you; [BLUE

, CARD]

1 ALL OF THE TlHE
2 MOST OF THE T~ME
3 A GOOD BIT OF THE TIME
4 SOHE OF THE TIME
5 A LITTLE OF THE TiME
6 HARDLY ANY OF TaE TIHE
7 NONE OF THE; TINE

(\
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