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ABSTRACT

Bronchial asthma is an obstructive respiratory
disorder characterised by recurrent attacks of
breathlessness.

Some studies have suggested that the exacerbation
of asthma by exercise is probably due tc the fact that
asthmatics are poor in physical fitness and that small
amounts of exertion may produce disproportionate hyper-
ventilation and onset of exercise-induced asthma (EIA).
Several studies have shown that regular physical exercise

has no adverse effects on tLhe respiratory function of

L]

asthmatic children. Rather, it had beneficial effects
on their physical and psychological growth, Several
researchers have recommended regqular physical activities
for asthmatic children but with a pre-exercise admini-
stration of a bronchodilator drug to suppress the onset
of EIA and enable the asthmatic child to exercise safely.
The aim of this study was to find out whether asthmatic
children can engage in regular physical exercise without

the pre-exercise bronchodilator therapy and with no

resultant adverse effects on their respiratory function,
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Fourteen asthmatic children participated in a

graded endurance exercise programme thrice weckly for

12 weeks. Flve asthmatic children who did not participate in the

exercise served as controls. Forced expiratory volume
in the first second {FEvll, forced vital capacity (FVC)
and peak flow rate (PFR) were used as indices of
respiratory function.

The mean number of asthmatic attacks three months
before the programme was 1.64 + 1.5 in the experimental
subjects and 2.4 + 1.5 in the control subjects. The
baseline respiratory function measurements showed that
all the subjects were pocor in respiratory function when
compared to the predicted normal values (PNV) for normal
Nigerian children.

None of the subjects developed frank or full blown
asthmatic attacks during exercise sessions.

At the end of the programme, t-tests gave signifi-
cant increases only in the PFR and FEUI in the experi-
mental group. None of these showed significant increases
in the control group. ANOVA for both groups gave signi-
ficant F-ratio for only the PFR and FEV, in the

experimental group. Significant increases in'ia-ting
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PFR and FEV. were observed after 10 and eight weeks

1
of training respectively.

Only the experimental group had signiiicant decrease
(¢ = =3,135; P < 0,01) in the number of asthmatic
attacks during the programme. Absentecism from school on
account of asthma during the programme came to an aggre-
gate of 10 days and 14 days in the experimental and
control groups respectively compared to the 56 days and
28 days which were reported three months before the
programme .,

It was concluded that regular physical exc rcise
training can be tolerated by asthmatic children without
a4 pre-exercise bronchodilator administration if the
programme is carefully designed and monitored. The
physical conditioning programme had no adverse effects
on their respiratory function. Rather, by the end of
the programme, the asthmatic children had improved in
their respiratory function measurements and their
clinical status.

It was recommended that the complete treatment
programme for asthmatic children should include physical

exercise programme,
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CHAPTER 1

INTRODUCTION

1 Introduction

Bronchial asthma is a chronic respiratory condition
hich was thought to be common among caucasians but rare
ng African children  (Warrel et al, 1975; Dobbs,
%9?5]. However, the reports by Aderele 1979 and 1982
seem to refute this impression. Aderele (1979) was of
1khe view that asthma is one of the commonest causes of
.chelt diseases in African children. Asthma is primarily
an obstructive respiratory condition in which there is
impedance to ventilation. It manifests by paroxysmal
episodes of dyspnoea, wheezing, cough, increased mucus
production and a sense of constriction in the chest
(I'tkin, 1964).
It is a common clinical observation that exercise

18 a specific precipitant of asthma (Aderele, 1979; 1982;
and 1985; and McNeil,et al, 1966), This can be

sxplained on the basis of increased ventilatory
©

quirements. Greater transpulmonary pressures are

iired to increase the rate of airflow through the
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airways. This makes wheezing pronounced in asthmatics
during and after exercise. Several studies (Joncg, et
al 1962 and 1963; Buston, 1966 and Fisher, et al 1970)
have confirmed that exercise induces bronchoconstric-
tion in asthmatic patients. According to Aderele
(1979, 1982 and 1985), exercise is one of the commonest
precipitants of asthmatic attacks in childhood. This
phenomenon, according to Holgate (1983), is due to the
fact that asthmatics are poor in physical fitness and
even small amounts of exertion may produce dispropor-
tionate hyperventilation and therefore, broncho-
constriction,.

In the past, physicians, parents, teachers and
other members of the soclety tended to insist on pro-
longed period of bed rest and a generally low level of
physical activities for the asthmatic child (Itkin,
1964). The asthmatic child is often exempted from
household chores at home and from physical education
sessions at school. He is considered unfit to play
games or participate in any strenuousactivities, and
generally over-pampered. According to Henriksen and

~ Nielsen (1583), exercise induced bronchoconstriction
L]
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airways. This makes wheezing pronounced in asthmatics
during and after exercise. Several studies (Uoneg et
al 1962 and 1963; Buston, 1966 and Fisher, et al 1970)
have confirmed that exercise induces bronchoconstric-
I tion in asthmatic patients, According to Aderele
(1979, 1982 and 1985), exercise is one of the commonest
precipitants of asthmatic attacks in childhood. This
phenomenon, according to Holgate (1983), is due to the
fact that asthmatics are poor in physical fitness and
even small amounts of exertion may produce dispropor-
tionate hyperventilation and therefore, broncho-

constriction.

In the past, physicians, parents, teachers and
other members of the society tended to insist on pro-
longed period of bed rest and a generally low level of
physical activities for the asthmatic child (Itkin,
1964). The asthmatic child is often exempted from
household chores at home and from physical education
sessions at school. He is considered unfit to play
games or participate in any strenuousactivities, and
generally over-pampered., According to Henriksen and

- Nielsen (19€83), exercise induced bronchoconstriction
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‘and environmental over-protection are reasons why many

.~ children with bronchial asthma avoid physical

activities. In the same vein, Scherr and Frankel

" (1958) believed that the combination of over-protection
by parents and physical incapacitation due to asthma,
can lead to the asthmatic child being deprived of all
physical activities, The asthmatic child grow: up to
see himself as fragile and special; he often grows up
to be lazy and unable to withstand normal stresses of
life, Due to the fact that the symptoms of acute asth-
matic attacks can be troublesome and frightful, the
asthmatic child may be physically and emotionally
isolated by his peer group. This may result in great
mental suffering and loss of much initiative and confi-

dence which should normally aid his personality adjust-
ment to life (Scherr and Frankel, 1958).

There is a tendency for asthmatic patients,
particularly children, to subscribe to low level of
physical activity for fear of provoking asthmatic

attacks., Some studies (Jones et al, 1962 and 1963;

Itkin 1964; and Seaton et al, 1969), on the effect of

physical exercise on asthma, tend to imply that it is

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



unsafe to make asthmatics exercise for more than [ive
minutes at a stretch. This is because the respiratory
function indices would fall below the resting level and
severe exercise-induced bronchoconstriction would ensue,.
If, however, the respiratory endurance of the asthmatic
child can be built up gradually by exercise, then his
respiratory function might improve. Several workers
(Jones et al, 1962 and 1963; Itkin, 1964; McNeil et al,
1966; Henriksen and Nielsen, 1983 and Holgate 19813),
have shown the beneficial effects of regular physical
exercise for asthmatics, but have highlighted the pro-
blem posed by exercise-induced bronchoconstriction
following exercises of more than three to five minutes
duration. These workers have therefore,recommended the
administration of a bronchodilator drug prior to
exercise in order to overcome bronchoconstriction and

enable the asthmatic child to exercise safely for longer

periods.

1 by Statement of the Problem

The main aim of this study was to evaluate the

effects of graduated general conditioning or physical
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fitness exercise programme of 12-week duration at a

frequency of three exercise sessions per week,on the

respiratory function of asthmatic children without a

pre-exercise administration of a bronchodllator drug.
The specific aims were as follows:

1. To determine the effects of general conditioning
exercise programme of 12-week duration at a
frequency of three exercise sessions per week on
the pre-training values of the ventilatory func-
tion variables.

2 To determine the effects of general conditioning
exercise programme of 12-week duration at a fre-
quency of three ecxercise sessions per week on the
frequency of asthmatic attacks during the
programme .

3. To find cut whether asthmatic children could
engage in physical exercise on reqular basis.

4. To see whether asthmatic children could adjust to

and benefit from graduated regular exercise without

Pre-exercise administration of a bronchodilator

drug.
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1.3 Hypotheses

) ke 1o General hIEEtheuis

Endurance exercise programme of 12-week duration
at a frequency of three exercise sessions per week with
no pre-exercise bronchodilator administration would
have no significant effect on the respiratory function

of asthmatic children.

1.3.2 Specific hypotheses

1% There would be no significant difference between
the initial and final pre-bronchodilator values
of the forced expiratory volume in the first

second (FEV,) of the asthmatic children following

a l2-week endurance exercise programme.

2. There would be no significant difference between
the initial and final pre-bronchodilator values of
the forced vital capacity (FVC) of asthmatic
children following a 12-week endurance exercise
programme .

3. There would be no significant difference between

the initial and final pre-bronchodilator values of

the peak flow rate (PFR) of asthmatic children
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1.4

following a 12-week endurance exercise programme.
There would be no significant difference bLetween
the pre- and post-training values of chest expan-
sions of asthmatic children following a l12-week
endurance exercise programme.

There would be no significant difference between
the frequency of asthmatic attacks during the

12 weeks of endurance exercise programme and the

12 weeks pre-programme period.

Delimitation of Study

The scope of this study was as follows:

Selection of subjects was limited to patients who
have been diagnosed as having bronchial asthma by
a paediatrician, based on the normally used crite-
ria such as a history of at lunlt,three attacks of -
breathlessness, often associated with cough and
auscultatory findings of widespread respiratory
rhonchi. This was to exclude other respiratory

conditions that have some common features with

asthma, such as bronchitis, tuberculosis, emphysema

and bronchiectasis. To ensure this, subjects were
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gselected from the Paediatric Asthma and Chest

l Clinics of the University College Hospital

g (U.C.H.), Ibadan, Asthmatic children in the mild,
moderate and severe groups according to the classi-
fication of Aderele (1979) were included in the
study as they became available,

r Only subjects whose asthma was uncomplicated by
such respiratory conditions as pulmonary tubercu-
losis, other childhood d1§eaﬂes of the liver,
heart, kianey and blood and any physical, visual or
auditory handicap were used.

3 Only subjects between six years and 12 years were
included in the etudy. This is because children
below six years might not be able to carry out
instructions concerning exercise programme and
the assessmenc of their respiratory functions,
while those above 12 years are outside the usual
paediatric age group. This age range was also
chosen for easy comparison with results of studies

on ventilatory functions in normal Nigerian achool
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1.5

Limitations

The limitations encountered in the study were:

The number of subjects was few for the following

reasons: :

a. The consent to participate in the study was
required from both the subjects and their
parents. Consent was refused by some parents
for fear that the study could make the asthma-
tic condition of their children worse in spite
of assurance and willingness of the asthmatic
children to participate, Refusal to give
consent was encountered mostly from the
fairly well educated parents.

b. The age range of subjects included in the
study greatly limited the number. Aderele

(1979) reported that the age at presentation

in U.C.H., of children with asthma was from 10
months to 13 years and that 49% of the patients
reviewed were less than five years old, Therefore, going
by this report (Aderele, 1979), an appreciable

number of the asthmatic patients seen at the

clinic did not qualify to participate in the
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study.

c. Poor and irreqular attendance at exercise
sessions led to the results of some cf the
subjects being discarded. This was because
they had missed more than half of the exercise
sessions and fortnightly reassessment sessions.
Their results could not represent the effect
of 12 weeks programme, The discarded -esults
further reduced the number of subjects. It
was aimed to have about 50 experimental
subjects and about 20 controls. However, it
was not possible to recruit 70 subjects for
eight weeks from two clinics per week. (The
Children's Chest Clinics on Mondays and the
Children's Asthma Clinics on Thursdays),

It was not possible to control what the patients

did at home in terms of medication and physical
activities which could affect the outcome of this
study, The patients were instructed not to carry
out the exercises at home but that they should

continue with their normal activities of daily

1iving.
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g8ince much reliance was placed on parents aund
patients to give information concerning lrequancy
and severity of asthmatic attacks at home, drugs
used and their dosages, types of physical activi-
ties at home and other relevant information, it
was not possible to fully ascertain whether or not
the patients and their parents gave accurate
information,

Poor and irregular attendance posed a serious
problem, This was in spite of all attempts to
encourage regular attendance such as offering

transport fares and providing refreshments for

subjects and parents,

1.6 Significance of Study

Asthmatic children are not often encouraged to
participate in physical exercise programme because
exarcise L& believed to make asthma worse. This low
lavel of physical activities has been shown to have

adverss affects on the physical and psychological
development of the asthmatic child.

The outcome of
this study will throw more light on the importance of
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‘physical exercises in the management of asthma in
‘children. It will shed light on whether it is neccssary
in all exercise situations to give a pre-exaercise
bronchodilator drug to asthmatic children. This is
particularly important in view of the economic situa-
tion in Nigeria where some essential drugs are scarce
and when they are available, they are very expensive.
The magnitude of the problem can be appreciated when
one considers how many times in a day the asthmatic
child finds himself in the mood for exercise., Will he
require a pre-exercise bronchodilator each time? Or
does he abstain totally from physical exercise? The
outcome of this study will also shed light on the mini-
mum duration of training required to attain improved
respiratory function measurements in the asthmatic
children. The outcome of this study will be particu-
larly useful tc the following people:

l. The doctor, especially the paediatrician, who
would be able to apply the outcome of the study
tc take a decision on the safety of exercise
therapy for asthmatic patients, He will be able

to decide whether general conditioning excrcises
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prescribed for the asthmatics on continuous basis
can improve their respiratory efficiency and

make them better prepared for stress and able to
lead normal lives.

The physical therapist; who will bLe able to decide
with more confidence, the extent to which he can
work up the asthmatic child in a rehabilitation

exercise programme either as a routine or as part

of a programme for an asthmatic child with other

presentation on referral. He will be able to
decide whether he can use general conditioning
exercises to improve the lot of the asthmatics in
terms of frequency and severity of attacks and the
extent of airway obstruction between and during
attacks,

3. The physical educator; especially the classroom
teacher, who will have more knowledge about asthma
and physical activities and thus make appropriate
decisions about the asthmatic child and school
physical education activities,

4. The parents 'Hf guardians of the asthmatic child

who with a better knowledge of the scope of the
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asthmatic child from the point of view of physical
‘activities, can help him to grow into a physically

and psychologically fit adult.

5, The asthmatic patient himself who would know and

understand himself better as far as his condition
¥
.is concerned, he will be able to know his own

limit of physical activities based on his experience

and not on his fears.

1.7 Definition of Terms

| The following terms are defined as they are used
~ in this study:

Initial Pre-bronchodilator Value

| This refers to all the measurements taken as part
of the initial assessment of the subject before the
administration of the bronchodilator drug.

Initial Post-bronchodilator Value

This tefers to all the measurements taken as part
of the initial assessment of the subject after the

~administrationof the bronchodilator drug.

Final Pre-bronchodilator value

This refers to all the measurements taken at the
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‘end of.the 12 weeks of endurance exercise programme as

part of the final assessment of the subjects befcre

the administration of the bronchodilator drug.

" Pinal Post-f ronchodilator Value

This refers to all the measurements taken at the
end of the 12 weeks of endurance exercise programme as
part of the final assessment of the subjects after the
administration of the bronchodilator drug.

Ventilatory Variables

These refer to the measurements of the FEUI, FVC,
PFR, respiratory rate and chest expansion at the three
levels (apical, lateral costal and diaphragmatic).

ira u

This refers to the total mechanism of ventilation

whereby air is drawn into the lungs and expelled. It

includes the function of the thoracic cage, the respira-

tory muscles, the respiratory tract and the lungs. 1In
this study, respiratory function was assessed by timed

vital capacity (FEV, and FVC), flow rate of expired air

through the respiratory tracts (PFR) and movement of
the thoracic cage during respiratory excursions [chest

expansions at apical, lateral costal and diaphragmatic levels.
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‘Normal Subjects/Children

This refers to non-asthmatic children who are

apparently healthy and who have no personal or family
history of acute or chronic cough and breathlessness

" or clinical evidence of respiratory, cardiac or other

major systemic illness.

Predicted Normal Values (PNV)

These are already determined values of the respira- -
tory functions of normal (free from any respiratory
diseases) Nigerian children between the ages of
four and 18 years. For the purpose of this study, pre-

dicted normal values of PFR, FEV, and FVC for each

1
subject were estimated using the values obtained by
Aderele and Oduwole (19833) and Oduwole et al (1983).

(See Appendices B6 and B7).
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CHAPTER 2

REVIEW OF LITERATURE

The word "asthma" is a Greek derivation waich

mfz.l pefinition and clinical features of asthma
|

signifies "panting”. The ecarliest use of the word was
traced to Hypocrates (460-370 B.C.) who used it to
describe episodic shortness of breath (Scadding, 1976).
The American Thoracic Society (1962) defined
bronchial asthma as a disease of the respiratory
passage characterised by dyspnoea of an obstructive type
which is predominantly expiratory, partially reversible
and of varying severity and duration. Herxheimer ( 1975)
described bronchial asthma as a tendency to transient
attacks of dyspnoea by bronchial obstruction which may
occur at any time of the day or night but most usually
in the evening, during the night or early in the morning.
Also, that the obstruction may be brought about by spasm
of tha bronchial muscles or by oedema of the mucosa or
by mucus secreted into the bronchial lumen or by any

ination of these three factors,
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Aderele ( 1985) defined asthma as a respiratory

disorder characterised by recurrent attacks of breath-
lessness due to bronchospasm and obstructive secretion.

According to Itkin (1964), it is preferable to
consider asthma as a chronic diffusely obstructive
disease of the bronchial tree made manifest by paroxysmal
episodes of dyspnoea, wheezing, cough, increase mucus
production and a sense of constricticn within the chest.
The characteristic symptoms of asthma are wheezing,
laboured breathing with prolonged expiration, a tight
and dry cough with viscid sputum, (Thurlbeck et al,
(1970) ; Aas, 1972).

The disease may occur in acute attacks with free
intervals lasting from a few hours up to several years,
or it may occur in chronic form in which the patient
is constantly combating bronchial obstruction with
severe acute exacerbations. The disease may be
80 mild that {t hardly affects normal function of life

or it may develop into an unbearable menace with
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ntinuous respiratory embarrassment and incapacitation

Nas, 1969; Swineford, 1973). The acute attack may be

of short duration or it may be extremely prolonged; it

may even lead to death due to lack of oxygen ((Aas,1972).

Apart from the airway obstruction which is charac-

teristic of asthma, restrictive dimensions get added

.~ to the problem as the condition becomes more chronic.
During the acute phase of asthma, due to the severe

| obstruction (more pronounced during expiration), the
chest still remains in an inflated inspiratory position
at the end of expiration. With each added inspiration,
the magnitude of the change tends to increase (Itkin,
1964). With subsequent attacks particularly in child-
hood, the result of the above is that pressure changes
within the thorax tend to bring about bony and cartila-
genous distortions which make up the typical chest
deformities of the asthmatic patient. The deformities
accordina to Itkin (1964) include the sternum by:coming

prominent, the ribs assuming more horizontal position,

the anterioposterior diameter becoming equal to or
{erltnr than the lateral diameter, giving the typical

"barrel® chest deformity in asthma. There is a tendency
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r the shoulders to become elevated and for kyphosis
f the spine to become greatly exaggerated. These
hanges do not become fixed until after a number of
;ttnckl. particularly those occurring in childhood.
j Other clinical features of asthma which are not
Eﬁ-:eanarily peculiar to asthma alone include breath-

lessness on exercise (McNeil, et al, 1966; Jones, 1976

‘and Herxheimer, 1975) and reduced lung function (in

the asymptomatic phase in chronic cases.

L terms of lung volumes) during an acute attack or in
F The aetiological and precipitating factors in
bronchial asthma include allergy (specific foods,

r animal epidermis, atmospheric and chemical pollutants),
heredity, infection, emotion or psychological factors
(Cohen, 1971 and 1977; Vavra et al, 1971) and physical
exercise (Femi-Pearse, 1974; Arsdel, 1976; Jones, 1976;
and Aderele, 1982). Two studies on childhood asthma

in Nigeria (Aderele, 1979) and 1982) have shown exercise

to be the most prominent precipitant of asthmatic attacks.

In the study of the aetiological and precipitating
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‘factors in bronchial asthma in 380 children, Aderele
(1982) observed exercise to be the precipitating

factor in 171 (45%) of the cases. In an earlier study,

derele (1979) reported that 60 (30%) out of 200 cases
" in the study presented with exercise as the precipitant
ﬁﬁf asthma,

The exact incidence of bronchlal asthma in many
i,

]
~ parts of the tropics is unknown (Aderele, 1985),

However, bronchial asthma is reported to be one of the
commonest causes 0f chest disorders in African children

{ Aderele, 1985). Sofowora (1970) estimated anp incidence
of 2.4 per cent in Nigerians., According to Femi-Pearse
(1974), there were about one million asthmatics in
Nigeria out of an estimated 60 million population and

about 42,500 of them in Lagos alone. Aderele (1979,

’n
|

1981 and 1982) studied 200, 280 and 380 asthmatic

'lildrnn respectively at the Paediateic Asthma Clinics
‘the University College liospital (UCH), Ibadan.
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Bronchial response to exercise and exercise-
. induced asthma (EIA)

2.2.1 Bronchial response of normal subjects to

Ehysical exercise

According to Itkin (1964), muscular exercise in-

creases the rate and depth of respiration in the normal
' ;lthy individual, it also increase the consumption of
gen and the rate of diffusion of gases. Itkin (1964)
i-pnrtnd further that this increase in pulmonary venti-

lation occurs without changes in the expiratory volumes

‘such as PFR, FE‘.’I and FVC.

2.2.2 Bronchial response of asthmatic subjects

to physical exercise

According to Mcleil et al (1966), it is a common
clinical observation that exercise makes asthma worse.
Jones et al (1562 and 1963) and Femi-Pearse (1974) also
agreed with this. Cotes (1963), McNeil et al (1966)
and Seaton et al (1969) explained this observation on
the basis of increased ventilatory requirements.
‘Increase in airways resistance of some d:ﬁrau after

exercise can be observed in a high proportion of patients
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[th asthma of extrinsic or intrinsic types (Scadding,
76) . When the increased airway resistance gets to a

level when the symptoms of asthma are induced, the

condition is referred to as exercise~induced asthma

"n;EIh} (Scadding, 1976).

According to Godfrey (1977), EIA was first

" described over 100 years ago by Sir John Floyer who
observed that "all violent exercise makes the asthmatic
to breath short". From then on,many investigators
(Aderele, 1979 and 1982; McNeil et al, 1966; Jones,
1976 and FPemi-Pearse, 1974) have noted exercise as a
potential cause of wheezing in their asthmatic patients.
Based on the outcome of studies, Godfrey (198l) defined
EIA as a post-exercise fall in PFR of greater than 10
per cent. In another report by Godfrey (1977), the
typical pattern of responsc to exercise in an asthmatic
child as it differed from healthy normal child of simi-
lar size is as shown in Fiqure 1. Both children were
well at the time of the study and both had PFR within

normal range. They both went through a six-minute

running on a treadmill. In the healthy child, there

a little random oscillation of PFR during and after

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



24

exercise but no significant change. By contrast,
n the asthmatic child, the PFR rose for the first two
minutes of running, then it began to fall sharply and

reached its lowest point at one minute after stopping
the exercise when it had fallen by 57 per cent. The

PFR slowly rose towards the base line over the next

.~ 20 minutes,
Godfrey (1981) found a similar pattern of response

in another related study. He was able to illustrate
" the changes in FEvl in an asthmatic child in response
to a six minute treadmill running. He observed that it
was rare for the onset of EIA to curtail the completion
of the test; when and if EIA set in at all during the
test, it was a mild one. However, the major broncho-
constriction and fall in FEU1 appeared after the exer-
cise had been stopped. The fall in FEUI reached its
most severe level about two to three minutes post
exercise, it then rose back gradually towards the rest-

ing level. According to Godfrey (1977), depending on

the degree of fall in FEUI. it is the post-exercise

ronchoconstriction that is the EIA itself. The lung

tion index (FEV, or PFR) used to document the change
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caused by exercise does not matter. All the indices
ﬁf;hiruayl obstruction reflect the same patter. as

in Figure 1.

2.2.3 Bronchial lability

Physical exercise may cause bronchodilation or
irnnchucunatrictinn either after the exercise or both
during and after the exercise. The form the exercise

\ takes, whether running or walking (Figure 2), can deter-

iynina the degree of dilation or constriction. The higher

l'tha level of exercise in terms of duration and intensity,

~ the greater the dilator and constrictor response (Jones,
1976). 1In order to quantify the effect of exercise on
the bronchial status of the asthmatic, indices which sum
the bronchodilator and the EIA (bronchoconstriction) are
employed. One such index is called the Bronchial
Lability Index or the Exercise Lability Index which is
the total bronchial lability as a result of exercise
(Godfrey, 1975, 1977 and 1981). While exercise lability
index reflects the total exercise induced bronchial

lability, it does not reflect EIA as EIA is only a part

" of bronchial 1ahi%ity (Jones, 1966 and 1976; Godfrey,
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76, 1977 and 1981).

2.2.4 Mechanism of EIA and bronchial lability

In order to make understnndfng of the mechanism

of EIA and bronchial lability simple, Godfrey (1981)

!hummnrilud EIA as follows:

ﬁi. EIA is a brief attack of asthma which only becomes

’ manifest after stopping exercise; during the early

i part of exercise there is often bronchodilation.

2. EIA is only associated with exercise which results
in enough hyperventilation of relatively cool dry
air such that airway cooling occurs. The EIA that
sets in as a result, is proportional to the heat
lost from the respiratory system. Airway cooling
occurs during exercise while EIA occurs after
exercise when airway temperature has returned to
normal.

3. Prolonged exercise may result in much less EIA
than brief exercise despite more prolonged hyper-
ventilation and cooling,

Repcated exercise at short intervals exhausts the

mechanism for producing EIA and renders the subjects
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refractory to EIA. The subject is not however,
refractory to antigen-induced asthma.
The drug cromolyn sodium has a protective effect

on EIA when given before exercise, It dces not

inhibit the onset of EIA when given immediately

after exercise even if it is before the onset of

any significant bronchoconstriction. While cortic-
osteroids do not inhibit EIA whether given before
or after exercise.

6. Late reaction or delayed reaction has not been
reported for EIA.

According to Jones (1976), the sequence of dilation
followed by constriction on exercise in the asthmatic,
suggests that two mechanisms are operating with opposing
effects. The effect on the bronchiole during exercise
depends on which of the two mechanisms is dominant.
Though the cause of each of these mechanisms is not
known precisely. Jones (1976) suggested that the early
bronchodilation could be due to catecholamine release
_ on exercisc while hyperventilation (Fisher et al, 1970),

Pﬂhlic acidosis (Seaton et al, 1969 and Widdicombe

et al, 1962) and a release of a constrictor substance
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uring exercise (Kerr et al, 1970) are possible causes
of bronchoconstriction.

According to Holgate (1983), the precipitating
event in exercise-induced bronchoconstriction is cool-
ing of the airway mucosa during humidification of

" inspired air. Weinstein et al (1976), Bar-Or et al

{1977) and Chen and Horton (1977) noted from their studies
that breathing humid air attenuated EIA. They noticed
that exercise in warm humid atmosphere, produces less
bronchoconstriction than exercise performed in cold,
dry conditions. They used this to explain the low
asthmagenicity of swimmingi that EIA occurs more fre-
quently in runners than in swimmers doing the same
amount of work.

Anderson (1984) contended that the initiating event
in EIA might be the loss of water and not the loss of
heat from the airwvay.

From all these different views on the mechanism
of EIA, there are some areas of agreement which are of

clinical importance. It is generally agreed that

physical exercise is a precipitating factor of asthma,

even in asthmatic patients who are in clinical remission,
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't is also generally agreed that the severity of EIA
san be manipulated by the appropriate choice of type,

duration and intensity of exercise,

2.2.5 Effects of type, duration and level of

exercise on EIA and bronchial lability

According to Sly(1970) and Godfrey (1977), the

| s
. type, severity and duration of @xercise influence the

" incidence and the degree of EIA. Godfrey (1377) con-
tended that some types of exercise can be tolerated by
the asthmatics, particularly swimming, in which Olympic
Gold Medals have been won by asthmatics,

Jones (1976), Silverman and Anderson (1972)and
Anderson et al (1971 and 1975) have reported tha* different
types or nature of exercise evoke the constrictor
response in bronchial lability (EIA) to varying degree.
Jones (1976) reported that walking, swimming, stepping,
running up and down the stairs, bicycle ergometry,
treadmil!l running and running on a flat surface evoke

the constrictor response in ascending order of potency

‘from walking to running on a flat surface. If an un-

suitable type of exercise is used, an asthmatic patient
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'qht fail to demonstrate the typical post exercise
ﬁrnnnhucnnitrictinn (Jones et al, 1961).

Godfrey (1975 and 1977) and Fitch and Morton
(1971) in their studies, carried out series of exercise
tests in which they used diffareﬁt types of exercise
i} on asthmatics. Their results were similar to those

of other workers (Silverman and Anderson, 1972;
Anderson et al, 1971 and Jones, 1976). In each of the
exercise tests, the subjects exercised at the same
lnvul of oxygen consumption and for a standard six-
minute period, such that the exercises were comparable
frnﬁ the metabolic point of view, Fitch and Morton
(1971) found that free-range running around the hospi-
tal grounds or the corridor was most potent asthmagenic
stimulus resulting in 47 per cent fall in PFR post
exercise. Treadmill running caused about 33 per cent
fall in PFR, cycling caused 25 per cent fall in PFR
Hpiln swimming and walking caused the least EIA with

post exerclse fall of between 13 per cent and 15 per
|

cent (Figure 2).
variations in duration of exercise affect the

pnset and severity of EIA. Jones et al, (1962)
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orted the effect of exercises of long and short

irations on the FEUl of 34 asthmatic children.

Pollowing exercise of short duration (one minu:e or
brief exercise) there was an increase in FEV, (broncho-
ﬁilltinn} in all the subjects although the change was
small in most of them. The peak increase was reached
in 24 subjects during the first minute post exercise

and in the remainder, one to five minutes post exercise,
Twenty subjects returned to their resting level of szl
within five minutes and the others from six to 19
minutes. There was no EJA or EIB (exercise induced
bronchoconstriction) from this duration of exercise.
Following exercise of long duration (five to 10 minut&l];
the PEVI increased slightly during the early part of the
exercise. Immediately after exercise, FE‘U’1 was above

or near to the resting level in some subjects while in
others, there was a pronounced post-exercise fall. The
maximum post-exercise fall in FEV, occurred between one

and five minutes when it was 75 per cent of resting

level. After this point, the rzvl rose sharply in all

children and stabilised near the resting value

setween 10 and 15 minutes.
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Exercise lasting up to 16 minutes produced less

bronchoconstriction than exercise lasting six to eight
minutes (Silverman and Anderson, 1972). Godfrey (1977)
reported that brief exercise even if it is quite
strenuwous does not usually give much trouble and that
intermittent exercise is usually well tolerated by the
asthmatics, He further reported that the worst types
‘ of exercise for the asthmatics are those that last for
8ix to eight minutes such as middle distance running.
‘ Longer and more strenwus exercise such as cross country
running was found to be well tolerated by asthmatic
patients. ( Figure 3). The result of the study by
Mahler et al (198l1) were similar to those obtained by
Godfrey (1877).

The inteneity or level of exercise also affects
the onset and severity of EIA. According to Fisher et
al (1970), there is an increase in airway resistance
and a decrease in maximal expiratory flow after strenuous
exertion in some patients with asthma. Silverman and

Anderson (1972) found that increasing the work load by

changing the gradient of the treadmill, caused an

ncrease in the amount of bronchoconstriction: there was
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‘higher bronchial lability. Maximum value of bron-
chial lability and EIA were obtained at gradients of
15 to 20 degrees, There was no significant difference
between values obtained at 10 degrees, 15 degrees oOr
20 degrees gradients, but they were higher than the
values of zero degree and five degrees gradients.

In agreement with the findings of Silverman and

~ Anderson (1972), Jones (1976) reported that the more
ltrtnﬁnustﬁa exercise, the greater the dilator and
constrictor response (bronchial lability)., According to
Jones (1976) and Godfrey (13977), although the subjects
need not work to exhaustion, a submaximal exercise with
a pulse rate of 180 to 190 per minute should produce
the maximal bronchial lability. Godfrey (1977) found
that running upecairs made asthmatics to wheeze while
running downstaire (being "negative work") did ot
cause the subject to develop EIA.

Apart from the effects of type, level and duration
of exercine on EIA, several workers (McNeil et al,
1966; Godfrey, 1977 and 198l; Jones, 1966 and 1976;
Jones et al, 1962 and 1963; and Silverman and Anderson,

1972) have reported the effects of the frequency of
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exercise tests within a lhnri period on EIA and
bronchial lability. The workers found that repecated
exercise tests within a relatively short period or
intermittent exercise tests of constant duration and
intensity have a diminishing effect on EIA and bron-
chial lability. Jones et al (1963) observed that

I exercise in the form of short bouts, is more suitable

‘| for asthmatics than prolonged continuous exercise even
F when this is at a level that would not make the subject

unduly breathless.

I 2.2.6 Effects of drug on EIA

: BEIA is a good model of clinical asthma in many
i respect, For this reason, EIA has been used to study
the effects of various pharmacological agents both from

the therapeutic point of view and for the light such

studies can shed on the pathogenesis of asthma (Godfrey,

s 1977). Godfrey (1975, 1977 and 198l1), and Jones et al

|

(1963) have suggested the use of exercise tests to
evaluate the efficacy of drugs used in the management
of asthmatic patients. Drugs, according to Jones et al

(1962) and Godfrey (1981) have been used to either
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suppress, abolish or cause exacerbation of EIA.

Jones et al (1962 and 1963) reported that the
effect of exercise on the respiratory function of
asthmatic patient can be modified by bronchcdilator
drugs in two ways: Exercises lasting less than 2
minutes preceded by a bronchodilator drug, proluced a
greater increase in FEV, than exercise alone. Broncho-
k dilator before exercise lasting from five to 10

I minutes reduced or abolished fall in FEV,. They recom-

’, mended the pre-exercise use of bronchodilator like
isoprenalin sulphate, adrenalin or noradrenaline,

I}

1 While all sympathomimetic drugs are effective in

-
| the protection of tha asthmatic subject from EIA, the

selective beta stimulants such as salbutamol, orci-
prenaline and terbutaline are more appropriate prior
to exercise than those drugs which cause tachycardia

such as isoprenaline and adrenalin (Godfrey, 1977). On

the other hand, Sly (1984) and Godfrey (1977) acvocated

the use of salbutamol aerosol as prophylactic agent
for the patient or asthmatic athlete who is troubled
clinfcally by EIA. This is due to its bronchodilating

efficiency, rapid onset of action, prolonged effect,
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relative lack of adverse effects and convenience; the
aerosol should be inhaled before starting exercise.

In a study of clinical pharmacology of oral and
inhaled salbutamol, Walker et al (1972) found that
FEV, rose within 10 minutes of inhalation while peak
rise in FEV, was seen between one and three hours after

an oral dose in six subjects,

h. Several studies (Godfrey, 1977 and 1981; Jones

et al, 1963; Jones, 1976; Silverman and Anderson, 1972;

| McNeil et al, 1966; Fisher et al, 1970; Sly, 1984;
Orenstein and Reed, 1984) recommended a pre-exercise
administration of a bronchodlilator to suppress the onset
of EIA which might not allow the asthmatic to exercise
safely and for a long time.

An international symposium on the special problems
and management of allergic athletes held in 1984, was
necessitated by the fact that 1984 was an Olympic year
and because individuals with allergic diseases often
compete at a disadvantage in athletics. Not ornly do
such athletes have disability associated with the
discase but they are deprived the use of a large number

. of drugs particularly if they are competing at
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international level such as the Olympics (Godfrey,
1984)." For example, theophylline derivatives have
been shown to be effective in inhibiting EIA in about
B0 per cent of individuals tested. They can therefore
be administered to asthmatic athletes prior to their
events in order to prevent the onset of EIA during
competition. However, it is known that theophylline
improves muscle contractility, it may also prevent

development of fatigue not only cf the respiratory
muscles but also of other skeletal muscles (Ellis,

1984). If theophylline is administered to an asthmatic
athlete prior to his event, the effect of the drug,
while inhibiting EIA, will put him at a performance
advantage, This constitutes ergogenic aid as defined

by Fox and Matthews (198l). In view of this, Ellis
(1984) recommended inclusion of theophylline derivatives

in the list of drugs banned for use in international

sports,

2.2.7 Effects of physical training on EIA

The effect of physical training or physical con-

ditioning on EIA depends on the factors discussed
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earlier, The onset and severity of EIA as a result
of general conditioning exercise programme would
depend on the duration of the exercises in the pro-
gratme, the level or intensity of exercise, the type
of exercise, whether the exercise is intermittent or
cnnti:uuui and whether or not there is pre-exercise
administration of a bronchodilator. (Jones, 1976;
Jones et al, 1962 and 1963; Godfrey, 1977 and 1981).
Physical training will not provoke severe EIA if
the duration of exercises in the training programme is
brief or lasts more than 12 minutes (Jones et al, 1962
and 1963; Silverman and Anderson, 1972; and Godfrey,
1977 and 1981); if the level is submaximal (Jones,
1976; Godfrey, 1977 and 198l); if the nature or type of
exercise is non-asthmagenic such as swimming or walking
on flat surface (Jonea, 1976; and Godfrey 1981 and 1977);
if there is a pre-exercise administration of a broncho-
dilator (Siy 1984; McNeil et al, 1966; and Godfrey, 1977.
and 1981); and if the exercise is intermittent (Jones,
1976; and Godfrey, 1977 and 1981).

According to Holgate ( 1983), exercise itself serves

only to increase tidal volume and respiratory rate. It
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18 not essential to brenchoconstriction. He was of
the view that when the effect of exercise on EIA is
being considered, it should be noted that asthmatics

are in poor physical condition &nd even small amounts

of exercise may produce disproportionate hyperventila-

tion and therefore bronchoconstriction.

2:2:8 Clinical imolicctlions of FIA

According to Godfrey (1977), EIA sometimes pre-
sents & clinical problem especially in children as it
prevents them from taking their desired amount of
exercise, Although it is rare that EIA is the only
obvicus manifestation, .ethmatics who develop EIA
should be encouraged tc carry on with most exercises
since the type of exercise encountered in everyday
life and even in sporcs, may not be asthmagenic.

McNeil et al (1966) and Godfrey (1977) have recommended
that asthmatics who develop EIA can participate in
intermittent exercises as obtained in football and some
types of gymnastics but will not be able to cope with

continuous running for up to eight minutes. He also

recommended a pre-exercise administration of an
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appropriate bronchodilator such as salbutamol, to pro-
tect the child from EIA and enable him to exercise
safely and with confidence., This is also the stand of
the American Academy of Pediatrics (1970).

Another clinical implication of EIA is the use of
exercise testing in clinical investigation of an
asthmatic (Godfrey, 1575 and 1977). Exercise test can
be used to confirm the diagnosis of asthma in a patient
who is clinically fit at the time of initial examina-
tion; it will thus serve to differentiate asthma from
other respiratory problems Godfrey, 1975, 1977 and
'1981; Jones et al, 1962 and 1963 and Jones, 1976).

With the growing knowledge of the mechanism of
EIA and the factors precipitating it, exercise prescrip-
tion for asthmatics is made easier, bearing in mind the
safety of the patients, There is conclusive evidence
from the reports of several studies (Peterson and
McElhenny, 1965; Graff-Lonnevig et al, 1980; Henriksen
and Nidlsen, 1983; Strick, 1969; and Scherr and Frankel,
1958) that asthmatic children can derive a lot of

.phjlicll and psychological benefits from taking regular

physical exercise. Asthmatics should exercise regularly |
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in spite of EIA, provided the precipitating factors
are avoided in the course of exercise prescription,.
Godfrey (1984) , while reviewing the contributions to
the symposium on the special problems and the manage-
ment of allergic athletes, noted with delight that
eight and 10 per cent of the Australian Olympic Team
were asthmatic in the 1976 and 1980 Olympics respec-
tively, and that slightly more than half of them were
swimmers., The asthmatic athletes must have been
encouraged to swim as it is known that swimming has
about the lowest asthmagenicity of the various sports

and exercises,

2.3 Effects of asthma on the Eﬂrlicul and psycho~-

logical growth of a child

According to Graff-Lonnevig et al (1980), children
with bronchial asthma are afraid of developing EIA
while thelr parents and tecachers compound their fears
by being overprotective. As a result, there is lower-
ing of the working capacity of asthmatic children.

They find it difficult to keep up with healthy children

in their physical and psychological growth, The effect
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is that this may lead to social isolation of the
asthmatics. They lose self-confidence and develop the
feeling of being the "loser".

All the 28 children in the study of Henriksen and
Nielsen (1983) were found to be poor in physical
fitness. These workers implied that asthma disturbs
the physical and psychological development of the
asthmatic child. Sly (1976) repcrted a psychological
consequence of inactivity on asthmatic subjects.

Aderele (1981) on the other hand.concluded from a
study of the physical growth of Nigerian children with
.brnnchill i;thma that, asthma on its own, is not a
usual cause of severe growth retardation in childhood.
He was of the view that the observed differences in the
growth indices of the subjects could be primarily gene-
tic and socio-economic rather than being due s»ylely to
the severity and the duration of asthma, -

Gershwin (198l1) reported that during a United
States iational Survey, asthma was found to be the most
frequent cause of absence from school and work.

Peterson and McElhenny (1965) had earlier reported that

‘the 20 boys studied by them missed an aggregate of 185
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school days in the school year before the study.
Peterson and McElhenny (1965) were ;} the view that

the presence of asthma which is a chronic and disabling
ailment, creates in a child psychological, ﬁhysical and
emotional disturbance.

During the psychological assessment of the subjects
in their study, Peterson and McElhenny (1965) found most
of the children to be emotionally immature and sub-
standard as far as their capacity for physical activity
was concerned,

According to Scherr and Frankel (1958), the combina-
tion of over protection by parents and physical incapa- °
citation due to asthma can frequently lead to the
asthmatic child being deprived of all physical
activities. This, they contended, may lead to great
mental suffering and loss of initiative and confidence
which the asthmatic needs, to aid his personality adjust-
ment to life. The deficient personality adjustment to
life may cause the asthmatic child to suffer behavioural
and personality disorders. He may become unmanageable,
irritable and dependent on others. At the other

extreme, he may become aguressive, hostile, demanding,

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



a7

bullying his parents and other children around. He

| feels that he must competc with nog-asthmatic children
and where he is unable to do this successfully, he
becomes more of a problem in his management. &Strick
0969) suggested that asthmatics are deprived of the
physical and psychological benefits ¢f general con-
ditioning exercises as a result of their ailment, while
Holgate (198)) was of the view that asthmatics are poor
in physical condition and due to the £frightening and
troublesome nature of asthmatic symptoms, they may be

isolated by their peer groups,

2.4 Respiratory function tests

According to Jones (1976), asthma has an unusual
property of impaired ventilatory function. At the same
tlnn. asthma causes fluctuations in the level of respi-
ratory function over the period of time the attack
lasts.

The most important and most easily performed

pulmonary function test is to assess the respiratory

organs and their ability to ventilate (Garbe, 1978).

According to Garbe (1978), the main function of respiration
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is the supply of oxygen to all tissues of the body and
the subsequent removal of carbon dioxide (CO,) which
is a waste product of metabolism. Any impaiirment of
this function as is found in bronchial asthma, is
significant and may have serious consequences.
According to Aderele and Oduwole (1983), most
respiratory problems in childhood can be diagnosed and
managed without pulmonary function tests; the tests
however, add objective paramaters to observable clini-
cal phenomena. The tests reveal defects in some
aspects of lung function which are not accessible to

routine clinical methods of examination.

2.4.1 Spirometric indices of ventilation

(Dynamic lung volumes and airflow)

Spirometry is the most usual screening test of
ventilation. It is the procedure commonly referred to
as “"pulmonary function test" (Francis, 1978). According
to McFadden =t al (1973), the spirometric assessment is
either the absolute volume expired in a given time such
as FEV, and FVC or rate of change of volume with time

or flow rate such as PFR and maximum expiratory flow
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rate (MEFR). Jones (1976) described FVC as VC
measured during forced expiratory effort. The FVC is
the maximum volume of air that can be expelled as
rapidly and completely as possible after maximum
inspiratory effort (Garbe, 1978). According to Itkin
(1964), that portion of FVC which is expired by the
end of the first second is called forced expiratory

volume in the first second {FEUIJ. FEV. is a measure

1
of timed VC and it is the most commonly used measure
of timed VC. FEU1 is a moasure of FVC in a given
time just as FEV, and FEV, 44+

FVC and FEUl can be obtained from a single spiro-
metric tracing or spirogram(Figure 4). They are both
expressed in litres (Francis, 1978; Garbe, 1978; and
Jones, 1976), and they both vary with the anthropome-
tric characteristics of the subject such as ace,
height, body weight, surface area and sex. (Francis,
1978; Garbe, 1978; Jones, 1976 and Herxheimer, 1975),

Another measure of absolute volume of expired air
in a given time is the forced expiratory volume in the
first 0,75 seconds IFEUD'.H]. Jones (1976) was of the

view that rﬂvn 7% is a better index for children because

L
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forced expiration is sustained for a shorter time than

the FEV The FEvlfr?C per cent is also used as an

1
index of airway obstruction., It decreases in asthma
(Jones, 1976; and Francis, 1978).

Measurements of rate of change of volume with time
in spirometry are done in litres per minute. The most
commonly used of these measures is the peak flow rate
(PFR). PFR as an index of lung function is the maximum
flow rate attainable during forced expiration (Aderele
and Oduwole, l1983a), According to Herxheimer (1975)
PFR is a measure of airflow during the first 0.0l
second of forced expiration after maximum inspiration.

PFR, like the FEV. and the FVC is also effort dependent.

1
It correlates well with FEV, and is highly valuable in
asthma (Jones, 1976). The advantage of PFR in spiro-
metry is its relative sensitiveness and simpli-ity of
measurement (Jones, 1976; Herxheimer, 1975), As with

FEV, and FVYC, the PFR depends on the anthropometric

I
characteristics of the individual.
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2.4.2 Clinical implications of spirometry in

lung function test for asthmatic chilldren

The measurements of spirometric indices can be
useful in the diagnosis of bronchial asthma and for
the differential diagnosis of asthma from other obstruc-
tive airway disease such as chronic and wheezy bronchi-
tis and emphysema (Herxheimer, 1975). For example, the

_FEUlKFHC per cent which is between 95 and 70 per cent
in normal subjects is below 70 per cent in asthma and
other obstructive diseases.

In a clinical setting, spirometry is used to
detect alrway obstruction by the degree of response of
the airway to bronchodilator administration (Francis,
1978). Also, spirometry can be used to test the effi-
ciency of drugs used to treat asthma., (Godfrey, 1977,
1981 and 1984; S5ly, 1984 and Herxheimer, 1975).
Spirometry is useful in the assessment of prognosis in
asthma. According to Herxheimer (1975), it is well
known from spirometry that lung function is below normal
during an acute attack of asthma, it would not however
be possible to prove this unless the lung function

values before the attack are known.
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Aderele and Oduwole (1983b) recommended that pul-
monary function tests be performed routinely in all
asthmatics during clinical follow-up even when they
are in clinical remission. This will make it possible
t&rdetect those who have residual bronchial obstruction.

The recommendation was based on their findings that a

lot of asthmatics during remission have poor pulmonary

function,

2.4.3 Measurement and instrumentation in

spirometry

(a) Forced expiratory volume in the first second

(FEV,) and forced vital capacity (FVC)

FEvl and FVC are usually measured during the same
expiration. Their values are determined from forced
expiratory spirogram as shown in Figure 4. FEV, and
FVC are measured using a dry or wet spirometer or gas
meter (Herxheimer, 1975). A recording spirometer such
as the vVitalograph spirometer is preferable as the
values of Fﬂvl and FVC can easily be read off from the

tracing.
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(b) Peak Flow Rate (PFR)

Although PFR can be measured by sophisticited

‘techniques (Jones, 1976), the Wright Peak
”'rlﬂﬂ Meter (Wright and McKerrow, 1959) provides a

simple technigque of measurement. The Wright Peak Flow
Meter is a small and very handy instrument which serves
as a welcome supplement to the absclute spirometric
examination ( Herxheimer, 1975). According to Chiang
and Han ( 1965), the Wright Peak Flow Meter can be used
for children below the age of 2k years, The suitability
of the instrument in children was confirmed by the
studies of Aderele and Oduwole (1983a) who measured PFR
in normal children between ages four years and 16 years,
They did not report any difficulty of measurement in
children below the age of six years which Oduwole et

al (1983) encountered in a similar population during

I the measurement of F!Wl and FVC., The studies of Onadeko
et al (19684), Murray and Cook ( 19613), and Aderele and
Oduwole (1783b) have reported successful measuremeht of

PFR in children using the Wright Peak Flow Meter,
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2.4.4 Merits and demerits of the respiratory

function indices

(a) Forced Vital Capacity (FVC) and Forced Uxpiratory

Volume in the first second ( FEV,)

According to Herxheimer (1975), the FVC spirogram
can be easily recorded if the patient is cooperative.
The major advantage of FEV, according tc Herxheimer
(1975) is its relative simplicity and ease of measurement
compared with FVC. This is because forced expiration is
sustained for only one second in FEUI. This accounts for
the frequent use of FEvl relative to FVC '(Jones, 1976;
and Herxheimer, 1975).

According to various studies, it would seem that the

demerits of FEV, and FvC outweigh thelr merits in clinical

1
use on asthmatics., For example, Jones ( 1976) has
reported that many patients get tired easily during
forced expiration for FVC measurement which is not time-
dependent.

Herxheimer (1975) noticed that forced aupir;élnn
from maximum inspiration caused bronchial spasm in the

sensitive bronchi of an asthmatic. He concluded that the

FVC is an unsatisfactory procedure which is likely to
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produce low values in a number of patients. The FBUl

.~ has a similar disadvantage of being tiring to some

I'Iuhjnctu. resulting in low values especially with
repeated attempts. The harsh expiration pressure as n-
result of the fast and forcible expiration has been
known to cause bronchial obstruction in some subjects.
(Herxheimer, 1975).

Nowak et al ( 1979) observed a difficulty in
obtaining a spirogram in some patients in acute
asthmatic attacks. They expressed the view that this
difficulty of obtaining spirogram in illness, greatly
limits the usefulness of spirogram.

) The small instrumental dead space of the
Vitalograph spirometer makes it possible to obtain a
spirogram in children provided the instruction is
well understood. The studies of Oduwole et al ( 1983)
and Onadekc ot al (1979) showed that it is possible to
‘obtain spirogram in children. Chiang and Han (1965)
however, reported that it is impossible to obtain a
satisfactory spirometric tracing in children below the
age of five years. The difficulty encountered by

Oduwole et al (1983) in their study seemed to confirm
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report of Chiang and Han ( 1965). The number of
ihhjnctl below the age of six years in the study of
Oduwole et al (1983) was very few because of the diffi-
~culty in getting this age group to perform the test
satisfactorily. The children either did not expire

. forcefully or they were unable to sustain the forceful
expiration beyond the one second point. As a result,
Oduwole et al (1983) were only able to record FVC and

FEV, in 14 per cent of the subjects below six years.

1
From this report, the suitability of FEU1 and FVC as

respiratory function teste in normal children was
doubtful below age six vears. One would conclude that
with i1l or asthmatic children, the difficulty will be
aggravated.

Another demerit of FVC and FEV, as measures of
respiratory function is the dependence of the neasuring
instrument such as the Vitalograph Spirometer on
electricity supply. This greatly limits the use of the
spirometer in a situation where electricity supply is

not available or where it 1s inconsistent.

(b) Peak Flow Rate (PFR)
The main merit of PFR which makes it the method of
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Ehuieu in clinical monitoring in the hospital and at

home, is its simplicity of measurement ( Herxheimer,

:iIﬂ?S: Jones, 1976; Chiang and Han, 1965; Aderele and

M

1

Oduwole, 1983a and 1983b; OnadekO et al, 1984; Murray
and Cook, 1963; and Wright and McKerrow, 1959).
According to Onadeko et al (1984), measurement
of PFR is used to assess respiratory function in clini-
cal practice particularly in young children who might
not cooperate adequately when a spirometer is used to
study their lung function. FFR measurement can be
tolerated by the younger children because the forced
expiration is sustained for only 10 milliseconds.

Unlike the FEV, and FVC measurements, Chiang and Han

1
(1965), concluded from their study that the peak flow
meter is a very useful instrument for paediatric
practice. According to Rosenblatt et al (1963), the
peak flow meter has the advantage of being portable,
small in size and relatively easy to use even by
extremely 111 patients. This is why the Wright Peak
Flow Meter is useful for the screening of obstructive

Pulmonary diseases.
The special clinical advantage of the peak flow
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- meter is its independence of electricity supply
1Hright and McKerrow, 1959). This makes it particu~
larly useful in field testing and for home monitoring
of patients. The subject himself or the parents can

be easily taught to use the peak flow meter at home.

2.4.5 Predicted Normal Values (PNV)

The values obtained from pulmonary function tests
can only be accurately interpreted if they are com-
pared to the values obtained from normal subjects.

According to Francis( 1978), predicted normal
values ( PNV) are based on values from normograms in
which the mean values obtained from large groups of
healthy or normal pecple are varied with their height,
weight, age, body surface and sex.

As much as possible, the normogram for prediction
lhnﬁld be obtained from a population which is similar
to that of the study. The most important similarity
is r;cinl similarity between the study group and the
prediction (normal) group (Onadeko EE_EL. 1979 and
1984; Aderele and Oduwole, 1983a and 1983b; and

Oduwole et al, 1983). According to Onadeko et al

)
—— e——
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:}Liﬂlj. it is unsatisfactory to use the PNV of cauca-
~ sian children for studies on African ((negroid) child-
ren as the values are known to differ in the racial
groups. There are ventilatory function studies on
normal subjects in a number of racial groups which

can now be used to obtain PNV in studies on asthma

and other obstructive disease conditions. Sucn studies
in children include the reports of Oduwole et al

(1983) ; Aderele and Oduwole (19B83a); Onadeko et al
(1979 and 1984); Murray and Cook (1963); and Chiang

and Han ( 1965). The studics of Aderele and Oduwole
( 1983a) and Oduwole et al( 1983) were on normal
Nigerian children of Yoruba origin who lived at
Ibadan (See Appendices B6 and B7). The boys and girls
in the studies weres aged between 4% years and 16 years.
The studies by Onadeko et al (1979 and 1984) involved
normal Nigerian school children of Yoruba origin who
lived in Ibadan and were between the ages of seven years
and 18 years,

The importance of PNV in studies on asthma is that
it gives basis for the comparison of value obtained

- from the subject to what it should be; this gives some
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&ﬁdicltian of the degree of obstruction.

2.5 Physical treatment of asthma

According to Haas et al ( 1976) physical condition-
ing is paramount in a well balanced rehabilitation pro-
gramme for asthmatics, It ensures proper continuation
of physical and mental health developmental processes,
They were of the view that physical conditioniig and
breathing exercises are particularly important in child-
ren who are kept away from exercise by their parents for
fear of EIA., Several other studies (Fein and Cox, 1955;
Scherr and Frankel, 1958; Buston, 1966; Peterson and
McElhenny, 1965; Hyde and Swarts, 1968; Strick, 1969;
Holgate, 1983; Fitch et al, 1976; Graff-Lonnevig et al,
1980; and Henriksen and Nielsen,1983) have reported the
beneficial effects of physical exercises on the asthma-
tic children.

From the principle of treatment outlined by
Swineford( 1973), physical exercise would feature in

" both the specific and symptomatic treatments oi asthma,

Avoidance of physical exercise constitutes specific

eatment of asthma in patients with the tendency for
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severe EIA on slight provocation., Several studies

62

(Godfrey, 1975, 1977, 1981 and 1984; Jones, 1966 and
1976; Jones et al, 1962 and 1963; McNeil et al, 1966;
Anderson 1984; and Silverman and Anderson, 1972) have
reported that the occurrence and severity cof EIA
depend on the duration, level, type and frequency of
exercige, Therefore, the specific treatment of EIA is
not the total avoidance of physical exercise but the
avoldance of specific asthmagenic exercise situations.
The benefit derivable from the use of physical exercise
as part of the symptomatic treatment of asthma include
the balanced development of the physical and mental
health of the child with asthma. If the exercise is

carefully prescribed, the fear of EIA can be removed.

2.6 Principles of exercise prescription for

asthmatic children

According to Nickerson et al (1983), the optimal
safe excrrcise prescription for asthmatic children is
controcversial, Several studies (Itkin, 1964; Fein and
Cox, 1955; Aderele, 1982; Peterson and McElhenny, 1965;

- Bly, 1976; Holgate, 1983; Henriksen and Nielsen, 1983,
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: Godfrey, 1984; American Academy of Pediatrics, 1970;

- and Graff-Lonnevig et al, 1980) haye recommendad that
asthmatic patients should engage in regqular physical
exercise. '

From the studies of Fitch and Morton( 1971), Jones

(1966 and 1976), Sly (1976), Silverman and Anderson

{ 1972) , Anderson et al (1971), Anderson( 1972 and 1984),

Godfrey (1975, 1977 and 1981), it is known that sone

forms of exercise situations (type, duration, level)

are more asthmagenic than others. While some authors

(Fitch and Morton, 1971; Anderson et al, 1971; Silverman

and Anderson, 1972; Anderson 1984; and Godfrey, 1984)

recommend only forms of exercise that are unli:ely to

provoke EIA, others (Nickerson et al, 1983; Peterson

and McElhenny, 1965 and Itkin, 1964), encouraged any

form of exercise.
From all the above cited studies, it can be con-
cluded that asthma could get worse on exercise, that

severe E1) is not evoked in all exercise situations

and that reqular exercise is beneficial to the asthmatic

child, SilvermAn and Anderson (1972) reported that

‘exercise has become an accepted practice in the management
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wheezy children. Therefore, exercise prescription
for the asthmatic children should be such that the
rfina programme is of appropriate duration that
would not provoke severe EIA. It should contain appro-
Iﬂprinta types of exercise such that the overall effect
of exercise will be non-asthmagenic. The intensity of
exercise should be submaximal such that peak heart
rate during exercise, does not exceed 180 per minute in
children. The exercise programme should be in form of
intermittent exercises; the frequency should bt at
least twice weekly for a minimum of six weeks for

maximum benefit.

2.7 Exercise protocol

s g 20 | Duration of exercise

Jones ( 1966), Fitch and Morton( 1971), Silverman
and Anderson (1972), and Godfrey( 1977 and 1981)
reported that peak post excrcise bronchoconstriction
occurred in exercise of between six to eight minutes
‘duration. The degree of EIA (bronchoconstriction)

decreased on either side of this peak. Exercises of

fvﬁﬂﬁr duration such as the Marathon have been reported
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'to be well tolerated by asthmatics (Nickerson et al,
:ﬂﬂllr and Mahlar et al, 1981). However, post cxercise
. bronchodilation has in fact, been known to ogcur:’
;fbllnuing brief exercises of between one and two
l"ﬂinutan duration (Jones et al, 1962 and 1983). Fitch
et al (1976) in their swimming training for asthmatic
children, gradually increased the daily duration of

swimming until it reached one hour.

2ol Type of exercise

Exercises such as free range running and tread-
mill running are known to be highly asthmagenic while
exercises such as swimming and walking have low
asthmagenicity. (Jones, 1976; Anderson, 1972; Silverman
and Anderson, 1972; and Godfrey, 1977 and 1981).

(Figure 2).

Haas et al (1976) recommended the use of light
calisthenics while Jones et al (1962 and 1963), Itkin
(1964), Jones (1976) and Godfrey (1977 and 198l1) recom-
mended ba!l games, especially football. Aderele (1982)

recommendod swimming as a suitable form of exercise

for asthmatic children.
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. The asthmatic subjects in the study reported by

- Itkin( 1964) had calisthenics followed by period of
games, Measurements of their performance werc done in
sit-ups, pull-ups, shuttle run, 50 yard dash and
treadmill running, No adverse effects were observed.

' Scherr and Frankel (1958) recommended/ the use of
breathing exercises, postural exercises and non-
respiratory gymnastics. They reported a study in which
the exercises included rope climbing, swimming, tumbl-
ing and apparatus workouts with Roman rings, horizontal
bars and medicine ball. The children were also taught
skills of boxing, judo and self-defence. Graff-
Lonnevig et al (1980) designed their exercise programme
such that during the warm-up period, they did not
allow any running, the warm up was followed by circuit
training. Peterson and McElhenny ( 1965) included in
their physical fitness tests, exercises such as 50 yards
dash, standing broad jump, sit-ups, soft ball throw,
agility run, pull-ups and rope climbing. It was
envisaged that these exercises would improve the Ikilll-

of running, throwing and catching., Hyde and Swarts

'(1968) gave a group of perennially asthmatic children
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of running, throwing and catching. Hyde and Swarts
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'jﬁ:h exercises as strengthening of the abdominal
-ﬁﬁﬁlﬂll:, flexibility techniques to stretch the muscles
i

" of the upper limbs, rope climbing, tumbling and relays.

Henriksen and Nielsen ( 1983) made their asthmatic

- subjects perform five to six minutes running on the
treadmill with gradually increased work loads as the

| éxercise test, while the actual six weeks training in-
cluded various ball games, running, gymastics , circuit
training and team games such as relay race. Fitch et
al (1976) designed a five-month swimming training for
46 asthmatic children,

The American College of Sports Medicine (ACSM)

(1978) recommended that the mode of endurance .ictivity
should be such that would use large muscle groups as

occurs in swimming, rope skipping, run/jog, bicycling,

skiing and othexr forms of ondurance activities.

2.7.3 Intensity or level of exercise

The ACSM (1978) recommended that the endurance
exercise for healthy adults should be subma¥imal to

‘achieve bLetween 60 per cent and 90 per cent of maximum

?jlrt rate reserve or 50 per cent to B85 ﬁur cent of
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oxygen uptake {Uﬂz max.). However, several
studies ( Godfrey, 1977 and 1981; Holgate, 1983 and
Jones, 1966) on asthmatic children recnmneﬁded sub-
maximal work load falling short of provoking EIA such
ﬁ%hlt will not exceed heart rate of 120 to 180 beats
. per minute. All the studies prescribed a level that

will not exhaust the child and a level that can be

individualised.

| Graff-Lonnevig (1980) was of the view that each

. child should be encouraged to try to improve on his

! own record of cross country skiing rather than compare
himself with other children. Peterson and McElhenny
(1976) and Scherr and Frankel (1958) recommended that
exercise should be individualised and no attempt should
be made to exceed the tolerance limit of the individuals,
Aderele (1982) recommended that asthmatic children should
not be discouraged from physical exercise as long as
they exercise within their limits of tolerance. Strick
(1969) however, reported that asthmatics can tolerate

graded vigorous exercise programme, Similarly,

Emlr.gn et !_1{ 1983) recommended that asthmatic

hildren who are receiving adequate drug therapy be
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wcluding the forms of exercise that can provoke EIA,

2.7.4 Intermittent exercise programme

Several studies have shown that interrupted exer-
‘cise is less likely to cause EIA than continuous

. @exercise (Jones, 1966 and 1976; Godfrey, 1975, 1977 and

1981; Haynes et al, 1976; Jones et al, 1962 and 1963;

: Silverman and Anderson, 1972).

| Many endurance exercise programmes for asthmatics

‘ have been designed with this in mind (Henriksen and :
Nielsen 1983; Hyde and Swarts, 1968; Graff-Lonnevig et

al, 1980).

2:7.5 Suparvision of exercise

Fein and Cox ( 1955), Scherr and Frankel (.958),
Henriksen and Nielsen ( 1963), Haas et al ( 1976), and
Graff-lLonnevig et al ( 1980) specifically recommended
that physical exercise programme for asthmatic child-

ren should be supervised. Close supervision of asthma-

‘tic children during training could be implied from the
?ﬁuﬂlll of Peterson and McElhenny (1965), Hyde and

L
ts (1Y68) ana Fitch et al (1976). Graff-Lonnevig

L
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" al (1980) made the asthmatic boys exercise under the
supervision of a physical education teacher while
"Fitch et al (1976) assigned each subject to a pro-

i,%hllinnnl swimming coach.

2.7.6 Frequency of exercise per week and total

duration of programme

The ACSM (1978) recommended three to five exercise
l;llin;l per week for at least 12 weeks with each
exercise session lasting between 15 to 60 minutes of
*continuous aerobic activity for the development and
:'mnlnbannnca of fitness in healthy adults,

The 36 asthmatic subjects in the study reparted by
Itkin( 1964) exercised daily for three months. . The
asthmatic subjects who participated in the five months
swimming programme by Fitch et al (1976) started with
three exercise sessions per week and the frequency
increased gradually until they exercised daily. 1In

%:thﬁ study reported by Scherr and Frankel (1958), the
:gginqu-n- was run twice a week with two sessions .

e O

1ily; the subjects were instructed to practise at

e daily. The 15 asthmatic children who participated
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n the distance running reported by Nickerson et al
g@il!] ran for four days in a week: for six weeks.
“iﬁi-liqht months programme for asthmatic boys reported
ﬁhy-rutarnnn and McElhenny ( 1965) had three sessions

r{ﬁdr week. The subjects in the study by Henriksen and

‘fﬂi;lluntlﬂﬂil participated in 90 minutes of supervised
‘physical training twice a week for a period of six

i weeks . Orenstein and Reed (1984) studied the response

‘of asthmatic children to four months running programme,
Winder et al (1979) demonstrated that three weeks of
endurance training was enough to demonstrate increase

in work capacity in healthy adults, while Henriksen and
Nielsen( 1983) felt that six weeks were enough in
asthmatic children. Peterson and McElhenny [1965) found the
greatest amount of improvement in the first four

months of the programme,

2,7.7 Moge of exercise

|
~ Peterson and McElhenny (1965), Graff-Lonnevig et al

In the studies of Scherr and Frankel (1958),

1980), ritch et al (1976), Haas et al ( 1976) and

iriksen and Nielsen (1983), the physical conditioning
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rogramme in asthmatic children were aunantia}ly aero-
l?ﬁl which made use of large muscle groups all cver
the body. Circuit training, with exercises in sta-
~ tions was used in the studies of Graff-Lonnevig et al

- (1980) and Henriksen and Nielsen (1983).

2.7.8 Progression of exercise

|
b

Haas et EL (1976) recommended that exercise pro-
. gramme for asthmatic children be gently graduated.

L Henriksen and Nielsen (1983) incressed the distance

| gradually to 3.2 km, Fitch et al (1976) progressed

| the swimming exercise by increasing the frequency from
three times weekly to once daily and by increasing the
duration to one hour of swimming. The exercise in the
léhdr by Graff-Lonnevig (1980) was progressed by
changing to stremwuscross-country skiing for one week

at five monthly intervals.

2.8 Effects of endurance exercise training on the

respiratory function of asthmatic children

When the exercise protocol is carefully worked

)t such that the exercise is submaximal and the type,
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70 adverse effects of general conditioning exercise on

| the respiratory function of asthmatic children.

- At the end of the six weeks of distance running,
ﬂlﬁkarlnn et al (1983) found no change in the clinical
status and the need for treatment of the children.
.'iﬁly reported reversed episodes of EIA during the

)
I'l'irogrmu. There was also no change in the res:ing

I.ﬁulnunnry function. In the study reported Er Itkin
(1964) on 36 asthmatic children who wept through three
‘months exercise conditioning programme, the result
revealed no worsening of the asthmatic condition. There
‘was no significant change in FEV,. This signified né

- change in the degree of bronchial obstruction. Itkin

U {(1964) reported no significant difference in the amount

! of medication required. Following a six-week period of

- physical training for 28 asthmatic children, Henriksen

‘and Nielsen (1983) found no change in the resting

pulmonary function i they however,found a significant

iduction in the degree of EIA. In the study reported
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ﬁ#hlrr and Frankel (1958), there were some improve-

rents,in the clinical state and pulmonary functicn of

e 25 asthmatic children who participated in the

itﬁdf. The frequency and severity of asthmatic

| ﬁ&tlckl decreased in the subjects as a aroup. None of

| them required hospitalization, while in the previous
year, almost half of them were hospitalised for asthma.

After five months of swimming trainipg for 46

asthmatic children, Fitch et al (1972) found significant
decrease in the medication received and in _the continuous
monitoring of the asthmatic state of the children.

They found that the frequency and severity of EIA after
'running. vas unchanged by swimming training. On the
whole, they observed no significant adverse effects
either in the form of increased asthma or change in
pulmonary function during the study.

Graff-lonnevig ¢t al (1980) at the end of the two —
year follcw up of asthmatic boys to whom they did not
give any pre-exercise bronchodilator, found an increase
in the respiratory and circulatory dimensions. They
noted that when EIA occurred during the programme, it
lways subsided within 10 to 15 minutes without medical
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treatment (indication of mild EIA) ; inhalation of

a-receptor stimulant was needed only occasionally.

N &
N |

- —

.“H:[;:nncludnd that long-term physical training had no

'ii@! Effects of endurance exercise training on the

! physical and psychological development of the

q asthmatic children

Reports of many studies while recording no channe

{edverse or positive), in the pulmonary function of

asthmatic children following endurance exercise pro-
gramme, were almost unanimous in reporting probably
some psychological benefits as well as improvement in

physical conditioning of the children (Fitch et al,

" e T eSS

'1976; Vavra et al, 1971; Scherr and Frankel, 1958;

‘and Graff-Lonnevig et al, 1980).
I Hyde and Swarts (1968) contended that although
exercises could not eliminate the disease of asthma,
.';;_y.:, as a result of participation in the physical

tioning programme, the children were able to

—x

rticipate in more school gymnastics and were able
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ope with extra physical demands. They then
‘suggested that a complete programme for perennial
‘asthma should include the cunventiﬂq}l medical
_T rapy as well as special exercises to improve the
‘patients' physical capabilities. Based on their
| results, they suggested that the exercise programme
i should be continued for as long as obstruction persists.
The study by Graff-Lonnevig et al (1980) have
shown that all the boys who participated in the 2-year
follow up training programme showed very good ability
to participate in the physical activity programme at

about the same level as the physical education given

-

at school without pre-exercise medication. This was

because the exerciege prescription was appropriate.
| Nickerson et al (1983) reported improvement in the

fitness levels of their distance runners as measured

by the specific test for the training which was the 12

$d-lﬁnutl run.

Scherr and Frankel (1958) found that all the 25
‘children in their study had demonstrated improvement as
| result of participation in the programme by way of

rovement and increase in school, home and church
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f?g}ﬁﬁﬂtinl as well as loss of fear of asthmatic

acks. They observed definite emotional improvement
' | each child. This was demonstrated by better adjust-

L e

ment to others in daily activities. Many of the child-
“fﬁiﬂ-ﬂ‘rl able to participate in activities such as
II.I.IIIII'.' camping and school sports activities. Some
of the children took up jobs as delivery boys and news
hnyl. All these, according to Scherr and Frankel
‘ (1958) were activities which the asthmatic children

- would not previously have attempted because of lack of

‘ confidence in themselves. Scherr and Frankel (1958)
claimed that some of the asthmatic children gained the
respect of their friends and classmates by no longer
being the coward or weakling of the peer group.

| Henriksen and Nielsen (1983) reported a beneficial

effect of endurance training programme on EIB, physical

fitness and physical working capacity. The subjects -

with the most severe EIB were the least fit and th;y

-

were the ones who gained most from the training.
Holgate (1983) recommended that regular physical
tivities are needed by asthmatic children to maintain

r fitness and help them through difficult periods.
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Fﬁfi;ivn exercise training on asthma, Holgate (1985)
was of the view that there seemed to be little change
in objective measurements but quite a marked change
ip‘tha patients' approach to their disease and to
sports.

& Peterson and McElhenny (1965) at the end of their
rgight months of endurance programme for 20 boys cﬁn-
ijnlud-d that asthmatic children can benefit physically,
L;in:inlly. emotionally and mentally from participation
{'1n specially designed, physical fitness programme. They
| drew the conclusions based on the fullnuiné findings:

.~ a. B0 per cent of the classroom teachers were of the

_Opinion that the children had improved in the

degree of acceptance by other children in the
classroom, that the asthmatic boys participated
more fully in play ground activities and improved
in emotional stability.

There was an increase in the intelligence score

as well as improvement in the subjects sociability,

self-assertion and group activities., There was
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‘Eihhlnnid;palr group acceptance as a result of the
- exercise programme.
Itkin (1964) in his study on 36 asthmatic children

pported that after the three months of physical train-

--; improved. Objectively, there was a statistically

sic ificant increase in the measurements of their ability
to perform the tests. -

The American Academy of Pediatrics (1970) recom-

d that asthmatic children should participate in

| carefully prescribed physical exercise and sports for
 their psychological well being.
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CHAPTER 3

MATERIALS AND METHODS

3.1  Materials

The materials used for this study are listed
below:

Materials used for exercise:

'l. ‘Vooden bench (33 cm high).

r ik Cassette player.

3. Recorded cassette of the Long Play record, "Be
My Priend" by Dizzy K. Falola. Track - "Baby
kilode"™.

4. Skipping rope (2.4 metre long).

5. Two batons made from rolled up newspaner (14 cm
circumference) .

6. Stop watch.

{’;- Two plastic balls (0.675 metre circumference)

;ﬂltlrilll for measurements

Plastic tape measure calibrated from zero to
150 em,
l._lml'llgul Skinfold calliper calibrated from zero to
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60 mm (Cambridge Scientific Industries
Incorporated, Marvland).

Mini-Wright Peak Flow Meter (Figure 5) calibrated
from 60 L/min to 80O L/min (Airmed, England).
Single Breath Wedge Bellows Vitalograph Spiro-
meter (Figure 6). (Vitalograph Ltd., Buckingham,
England).

Paediatric Mouth Piece adaptor. (Vitalosgraph
Ltd., Buckingham, England).

Paediatric disposable mouth pieces. (Vitalograph
Ltd., Buckingham, Fngland). v g
Stadiometer (Weight and Height scales) calibrated
from zero to 140 kg (weight)and 75 to 200 cm
(height). (Wagebeareich, Germany).

Stethoscopes. (3™ Company, England).

Drug used to assist recovery from exercise-induced
wheezing:

1., Salbutamol aerosol called Ventolin Inhaler (Allen
and Hamburys (Glaxo) Ltd., London), Each canister
contains about 200 inhalations., Each inhalation

or puff delivers 100 micrograms of salbutamol.
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- 60 mm (Cambridge Scientific Industries
Incorporated, Maryland).

Mini-Wright Peak Flow Meter (Figure 5) callibrated
from 60 L/min to BOO L/min (Airmed, England).
Single Breath Wedge Bellows Vitalograph Spiro-
meter (Figure 6). (Vitalograph Ltd., Buckingham,
England) .

Paediatric Mouth Piece adaptor. (Vital»sgraph
Ltd., Buckingham, England).

Paediatric disposable mouth pieces. (Vitalograph
Ltd., Buckingham, England). A a
Stadiometer (Weight and Height scales) calibrated
from zero to 140 kg (weight)and 75 to 200 cm

{height). (Wagebereich, Germany).

Stethoscopes. (3M Company, England).

Drug used to assist recovery from exercise-induced
wheezing:

- IR Ssibutamol aerosol called Ventolin Inhaler (Allen

and Hamburys (Glaxo) Ltd., London). Each canister
contains about 200 inhalations. Each inhalation

or puff delivers 100 micrograms of salbutamol.
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Figure 6 The Single Breath Wedge Bellows Vitalograph
Spirometer
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Subjects

3.2.1 Selection of subjects

To ensure that for this study only patients who
\ave been properly diagnosed as being asthmatic were
li}nctuﬂ. all subjects were thnn; attending the
Matric Asthma and Chest Clinics of the University
College Hospital (UCH), Ibadan. The following attri-
‘butes or factors were considered in the selection of

patients:

1 Severity of asthma: It was originally intended

that subjects would be chosen from the mild and
moderate groups using Aderele's (1979)
classification., However, due to the inadequate
number of subjects avalilable, the severity of
asthma could no longer be used as a criterion for
subject selection. Subjects for the experimental
and thea control groups were therefore selected
from the mild, moderate and severe groups as they
became available,

Age: The subjects were between the ages of six

years to 12 years, Children below six years were

excluded because it was thought that they might not
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cooperate with the exercise training and the tests
of respiratory function. While those above 12
years are outside the usual age of paediatrics.
This age range was ﬂlﬁu chosen because narmﬂli
values were available for the assessment of respi-
ratory function in Nigerian children within this
age range (Onadeko et al, 1979 and 1984; Aderele
and Oduwole, 1983a;0duwole et al, 1983).

3. Sex: Boys and girls were included as they became

avalilable.

< Y S - Response rate

A total of 35 asthmatic subjects were recruited
over a period of eight wecks from the Monday Chest
Clinic and the Thursday Asthma Clinic of the Children's
Out-Patient Department of U.C.H; They were to partici-
pate in the study either as control or as experimental
subjects. Some parents refused to give thelr consent
probably out of fear that exercise would worsen the
asthmatic condition of their children. This attitude to

!:IIE1=E was also reported by Aderele (1985). These

“Elldrln were excluded. Out of the 35 children, 23 were

ated to the experimental group on the basis of the
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illingness of thegir parents to allow them to partici-
pate in the programme. Twelve subjects were allocated to
‘the control group on the basis that their parents said
-%fh.y would not be able to find time to bring them three
‘times a week for the programme. This was either due

| to Ehe children being in the afternoon shift in school

~ or the parents having irreqular hours of work.

Fourteen of the 23 experimental subjects completed the
programme. The results of 9ther subjects were cancelled
becausé they missed at least, 25 exercise sessions and
at least,five of the six fortnightly reassessments.

Five of the 12 subjects in the control group completed
the programme. Three subjects had their results can-
celled because they did not come for up to five of the
8ix assessments and the final assessment. Four subjects
did not even keep their first appointment,

On the whole, 19 subjects completed the study, 14
a8 experimental subjects and five as controls. The
subjects in the experimental group were identified by

‘numbers from El1 to El4 in order of their recru. tment

while the controls were identified by numbers from C1l

to CS as they were recruited.
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3.2.3 Education of subjects and parents

The subjects and their parents were enlightened on
the effects of physical exercise on asthma. Thils was
considered to be very important due to the serious
nature of asthma in children. McCombs (1976) advocated
that parents should be educated on the nature of asthma
and the various therapeutic measures available., In this
study, it was envisaged that improved parents' education
would make the parents to give more effective cunpuru:in;
to the entire treatment plan. The parents were taught to
observe their asthmatic children more closely and -
regularly,

After selecting the subjects, the purpose of the
training and the tests were explained to them and their
parents., Informed consent was then obtained from the
parents to enable their children participate in the study
in compliance with the Declaration of Helsinki of 1975
(World Medical Assembly, 1975) and the American College
of Sports Medicine (ACSM), (1979). All the subjects

were Lnstrdcted to report any asthematic attacks which
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occurred at home between exercise sessions and the
treatment they received. One orientation meeting was
held with parents and children prior to entry into

the programme to acquaint them with the purpose of the
study. It was stressed to the parents that the success
of the programme and the maximum benefit to their
children depended largely on their cooperation in ensur-
ing the transportation of their children to the pro-
gramme venue regularly and promptly.

The children were motivated to work hard during
every exercise seseglon and to attend regqularly and
promptly so that they could derive maximum benefit from
the programme. Some bit of self and group competitions
were encouraged even though each subject was to exercise
at his own pace since there was no fixed cadence for
performanca, The children were given small gifti for
regular and prompt attendance and for working hard at
the sessions. At the end of each exercise session, the
parents gnd children were given some material inducements
as part of maximum encouragement to attend all the

sessions.
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Methods

3eded Study design

This study was an experimental clinical trial in
which asthmatic children between ages six and 12 years
‘participated in an endurance exercise programme for 12
‘weeks at a frequency of three exercise sessions per
week. The endurance training and the tests were con-
ducted at the Physiotherapy Department, College of
Medicine, U.C.H., Ibadan. Some of the required instru-
ments which were not available in the Physiotherapy

Department were borrowed from the Departments of

e o e

Paediatrics, Medicine and Anaesthesia of the U.C.H.
All patients entering the programme either into
the control or the experimental group had detailed
history of their illness and treatment taken. The in-
formation obtained from the informant was compared
with that of the patient's hospital case notes. Where
there was conflicting information from both sources,
aup!uially on issues pertaining to the occurrence and
livi;ity of asthmatic attacks and the treatment glven,

the information in the hospital case note was upheld,
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‘Severity of asthma was computed from the number of
asthmatic attacks as recorded in the hospital case notes,
using the classification by Aderele (1979).

The following variables were measured pre-training:

Forced expiratory volume in the first second (FEV,),

forced vital capacity (FVC), and peak flow rate (PFR),
respiratory rate, pulse rate, height, weight, chest
! diameters, chest expansions and skinfold measurements.
| These were referred to as the initlal pre-bronchodilator
variables,
Still pre-training, a bronchodilator aerosol
| ( Balbutamol inhaler) was administered to the subjects,
The steps outlined for the correct use of inhaler by
Kelling et al (1963) and Lee (1983) were followed.
Fifteen minutes later, the following variables were
measured: szl, FVC, PFR, respiratory and pulse rates.
These were referred to as the initial post-bronchodilator
variables.
The {initial pre- and post-bronchodilator variables
served as baseline values to each subject to which

subsequent values were compared. In addition, there
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yas a control group to the entire experimental group.
fil control group was selected from the available popu-
~ lation as described in section 3.2.2.
1 The experimental subjects went through an endu-
rance exercise programme for 12 weeks at a frequency of
© three exercise sessions per week. The exercises were
| arranged in stations in a circuit. They were all
aerobic in nature.
| Before each exercise session, pre-exercise observa-
tions of the subjects were done. These included pulse
and respiratory rates, precsence of cyanosis, dyspnoea,
audible wheezing, wheezino on auscultation and cough.
History was taken of any‘uthmntic attack after the last
exercise session and the details of treatment given. -
Any residual illness was also noted. From all the above
observations, the suitability of the patient to partici-
pate in the day's exercise session was determined.
The subiects in the experimental group went
through all the exercise stations which constituted the
. eircuit ot any given exercise session. At each

. exercise station, subjects were closely observed for

signs of exercise-induced asthma (EIA). They were
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pecifically observed for the presence of cyanosis,
|ﬂyipnuun, audible wheezing, wheezing on auscultation .
and cough. From these observations, the suitability

of the subject to continue with the exercise was
. determined. The subject was stopped from proce=ding
with the exercise if he was found to be excessively *
breathless accompanied by audible wheezing. Apart from
stopping the exercise, salbutamol inhalation was
. administered and the patient's pulse, respiration and
all the earlier stated observations were assessed at
one minute, five munites and 10 minutes later. If
after 10 minutes, the patient hadn't recovered or had
gone into full blown asthmatic attack, it was arranged
that a doctor would be contacted for the appropriate
management of acute asthmatic attack. Even though this
provision was made, it was never utilized as the
subjects recovered within 10 minutes.

At the end of each exercise session, a post-

exercise observation was done, This included respira-

tory and pulse rates monitoring, presence of cyanosis,

Eﬂflpnnun, audible wheezing, wheezing on auscultation,

and onset of severe exercise induced asthma.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



923

. These observations were done at the one minute, five
minutes and 10 minutes post-exercise. The pcst exercise
observations were used to assess recovery from exercise,

In order to cope with emergency treatment of severe

| exercise-induced asthma during the entire programme, a

tray was set up containing ampoules of Adrenalin injections

ampoules of Aminophylline injections, 31 cc ard 10 cc

disposable syringes, disposable neesdles, cotton swabs, 80

per cent ethanol and salbutamol inhaler canisters. There

was an arrangement with two paediatric Medical Registrars
who could be called in case of emergency to give prompt
treatment for acute asthmatic attack (as a result of
exercise) depending on their assessment of the need of
the patient, This provision was however, never utilized.
After the programme had commenced, repeated tests -

were administered fortnightly. On each test day, the

following measurements were taken pre-exercise: PFR, FEV, ,
and FVC. At one minute and 10 minutes post-exercise,
these measurements were repeated. On test deys (reassesg-
ments), the usual pre- and post-exercise observations

were done as for the other exercise sessions., Absence

of a subject on any of the fortnightly test days
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and the exercise session immediately followinc the
test day, meant that the subject had missed the parti-
uu{rr test and would be assessed during the next
!erfﬁiqhtly test day. If however, he was present on
the exercise session immediately after the test day,
his fortnightly assessment was done. The exception
to this was the 12th week assessment ( 6th reassessment)
which was done only on the scheduled day because the
final assessment was only one week away.

One week after the last exercise session of the
12 weeks training programme, all the initial pre-
bronchodilator measurements were done. They were
referred to as the final pre-bronchodilator mecsurements.
Salbutamol inhalations were then administered.
Fifteen minutes later all the initial post broncho-
dilator measursments were taken, they were referred to
a8 the final post-bronchodilator measurements,

For the control group, apart from obtaining thl. :
detailed history of illness, the initial afd final pre- and post-
bronchodilator measurements were done just as for the

experimental group. Pre-test measurements were taken

fortnightly as for the experimental group. However, no
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exercise training was given to this group. The number
of asthmatic attacks as well as the treatment given
were closely monitored for the control group throughout
the 12-week period of the study.

At the end of the l2-week exercise programme for
the experimental subjects and 12 weeks of only
fortnightly measurements for the control subjects, they
were all closely monitored mainly via their hospital
case notes a'.ndallao through personal contact for six .

weeks after the programme.

3.4 Exercise protocol

3.4,1 Ceneral design of exercise programme

The exercises in this programme were chosen based
on the various reports on exercise and EIA and consider-
ing the local needs, ability and interest of the sub-
jects as well as the facilities available. While it was
the chiective of the exercise design to avoid highly

asthmagenic exercises, it was also desired to constantly

L
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stimulate the interest of the children, hence the

~ inclusion of such activities as shuttle run, dancing

- and ball bouncing in the programme. Few people have

access to swimming pool in Ibadan, even if a swimming
pool was available, the children in the present study
could not swim. One could therefore not include swim-
ming in the exercise programme in spite of the knnwh.
low asthmagenicity of swimming. In order to encourage .
the asthmatic child to exercise regularly, the highly
asthmagenic types of exercise were included in the
programme hoping that with gentle graduation and close

observation, severe EIA would not be evoked,

The training programme which was made up of
general conditioning exercises lasted for 12 weeks
with three exerclse sessions per week. Each

session was held between 4.00 and 6.00 p.m.

The programme contained exercises which worked
up the muscles in the whole body especially the large

muscle groups sufficiently enough to have effect on the
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respiratory systems. While it was desirable for
exercises to be vigorous enough to cause mild
Ertnthlnnanulu. severe breathlessness was considered

dangerous and was avoided as severe exercise-induced

-
asthma could be precipitated. Therefore, any time

- excessive breathlessness or wheezing was observed
during the exercise the subject was stopped from fur-
ther exercising for the particular session and he was
given salbutamol inhalation to aid recovery from
exercise,

It was a group training with the exercises in
stations and arranged in a circuit. Each station was
supervised by an assistan® who ensured that the exer-
cises were performed properly and who counted the num-
ber of times (repetitions) each exercise was performed.
Group training was preferred for the subjects because
they were children. The spirit of competition
generated by the group training made each child to put
in his best. Even though the children u:ﬁrcilad

together, there was only one subject at a time in each

station., Group training was preferred for the children

"1;“_ i5e it would make each child to feel that he was not

’ .
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alone with his problem. There was one minute rest

between exercise stations during which each subiect

carried out breathing exercises,

The timing was uni-

form for the rest periods and the exercise periods

for a group.

This exercise protocol was chosen

because it was envisaged that the effect of circuit

exercise would mimic exercises of short duration per-

formed one after the other. (Jones et al, 1963).

The

following were the exercises included in the circuit,

Station
Station
Station
Station
Station
Station
Station
Station
Station

Station

1

2

o U

9
10

17 metre shuttle run,

Rope skipping.

Ball bouncing on the wall,
JB metre walk/run.

Bench step.

Dancing.

Zig zag broad jump.

Running on the spot.
Ball bouncing on the floor.

Jump to wall point,.

The subjects could enter the circuit at any

station but they all moved in clock-wise direction

until they completed the circuit,
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3.4.2 Specific description of exercise

stations

tion 1l: 17 metre shuttle run

For this exercise, the shuttle run test designed
;;:Hatthuwuf15751 was used. Two parallel lines were
hlrked on the floor 17 metres apart, Two batons made
"of rolled up old newspapers were placed behind one of
;thl parallel lines., The subject stood behind the other
line which was then designated the "start line®. On
the signal "Go", the subject ran to the opposite line,
.~ picked up one of the batons and ran back to the "start
L line" behind which he placed the baton. The subject
l then ran back to pick up the second baton and placed
:' it behind the "start line”. A cycle was completed when
the two batons were behind the "start line". The next
cycle began immediately with a reversal of the "start
line" so that there would be no need to return the
batons to the initial position at the end of each
cycle., The score was the number of completed cycles

in the specified period of exercise depending on the

stage or progression as scheduled in the exercise

programme as shown in Table 1.
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" tion 2: Rope skipping

A 2.4"metre long rope with a wooden handle at
either end of the rope was used for this exercise.

Cﬁnch subject skipped using ‘a suitable
fllngth of rope for his height. Since the heights of
the subjects varied, the length of rope was adjusted
to the individual height. The rope was knotted in
several places to shorten it while the knots were

loosened to lengthen it for taller subjects. The score
was determined by counting the number of times the rope

hit the floor in front of the subject for the duration

of exercise.

Station 3: Throwing and catching a ball

A plastic ball with a circumference of 0.675
metre was bounced against the wall and caught by the
subject on its rebound. The subject stood two metres
from the wall, he was instructed to throw the ball to

a point about 20 centimetres (cm) above his height on

the wall and to catch the ball on its rebound. The
score was determined by the number of times the plastic

ball hit the wall for the duration of exercise,
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tation 4: 38 metre walk/run

" At this exercise station, the subject could
:ithar walk or run (Figure 7) for the whole o1 part
‘of a marked out rectangular area with a perimeter of
38 metres. The score was the number of times the
subject went round the marked out arca for the dura-

tion of exercise.

Etntigp 5: Bench step

r A 33 cm high bench was used for this exercise

which was done at the subject's own cadence. The
height of the bench was in conformity with the adapta-
tion of the Ohio State University Step Test by Callan
(1968) for elementary school boys. The subject was
instructed to step up the bench and step down one leg
after the other continuously for the duration of the
exercise. The score was the number of times the
subject stepped up and down (one cycle) for the dura-
tion of exercise.

Station G: Dancing

At this station, the subjects danced to some
popular local music which stimulated their interest.

Each subject was free to dance in his own style. Only
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Figqure 7: Subject Performing 38 metre walk,run,
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‘the duration of dancing was recorded.

ﬁﬁtltinn 7: Zig zag broad jump
The subject jumped two rows of five "equares"

‘each from one "square" to another in a zig zag
fashion (Figures 8 and 9) following the adaptation of
c!?tllt advanced by Matthews (1978). Each square had
 dimensions of 98 cm by 90 cm and had markings in the

centre indicating where the feet of the subject should
| be placed on jumping. A cycle was completed when a

subject jumped ffnm the "start" to the "finish",

S8ince the exercise was continuous for the duration
-

" alloted, at the end of each cycle, there was a reversal
I of the "start" and the "finish"., The number of cycles
completed in the duration of exercise constituted the

8Core,

Station 8: Running on the spot

The subject ran on the spot for the dura“ion of

exercise, No repetition of exercise was recorded

for this station,

Station 9:  Ball Bouncing on the floor

A plastic ball with a circumference of 0.675 metre

was continuously bounced about on the floor (Figure 10)
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(START)
FINISH

START
( FINISH)

Figure 8: 2ig-zag broad jump (ndapted from Matthews, 1978).
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Figure 9: Subject Performing Zig-Zag Broad Jump.
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Figure 10: Subject Performing BEanll Bouncing on the

Floor.
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by the subject for the entire duration of exercise.
Only the duration of exercise was recorded for this
station as it was difficult to count the number of

repetitions.

Station 10: Jump to wall point

The subject was required to jump to reach a mark
on the wall. The mark was made on the wall mt about
15 cm from above the tip of the middle finger of the
subject's outstretched right arm (Figure 11). This
was to make room for the individual variation in
height., The number of jumps made in the duration of

exercise was the score,

3.4.3 Prngrunninn of exercime

The duration of the exercise sessions was made to
progress by increasing the ime spent at each station
and therefore the total time spent to complete the
exercises in the circuit, Alternatively, the exercise
was progresscd by adding on more stations to the
circuit, There was a minimum of five stations and a
maximum of 10 stations. The perlods of rest were not

considered as part of the duration of exercise. The
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Figure 11: Subject Performing "jump to wall point",
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1"_ spent at each exercise station was from a minimum
of one minute to a maximum of four minutes, The
‘exercise programme was progressed weekly as shown in
‘Table 1.

Irrespective of the time allocated to be spent
r at each station, exercises were performed entirely at
subjects own pace although the number of times the
- patient performed the exercise in each station was
recorded, Since it is not desirable for the training
to produce undue distress, the subject should exercise
to a level below the maximum of which he is capable in
order to exercise safely. Therefore, no attempt was
made to make the level of exercise uniform for the
group as a whole. Each subject was allowed to adjust
to his individual tolerance, There was no pre-exercise
administration of a bronchodilator.
Although the American Colleges of Sports Medicine
(1978) recommended a minimum of 15 minutes per exercise

session for an endurance programme for healthy adults,

* for the purpose of this study, the total duration of

@exercise was started at five minutes and gradually

;#nurlnlqd to 40 minutes., Starting at 15 minutes
] .

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



- W N

-
6
7
8
9
10
11
312

110

'TABLE 1

Weekly progression of exgrcise programme

Nurber of Tim® spent at Total duration

exercise each station of exercise
stations ( minutes) fudnutes)
5 1.0 5.0
5 G- 7.5
] 1.5 9.0
6 2.0 12.0
7 2.0 14.0
7 2.5 17.5
8 Red 20.0
8 3.0 24.0
9 3.0 27.0
9 3.5 1.5
10 3.5 35.0
10 4.0 40.0

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



111

ration might produce such a drastic fall in lung
unction measurements that the subjects and their
parents might lose confidence in the programme as a
result of excessive breathlessness. The exercise
‘programme was designed such that the respiratory
‘endurance of the subjects would be gradually built up
from spending one minute per exercise station with
total duration of exercise of five minutes to spending

four minutes per exercise station with total duration

of exercise of 40 minutes.

3.4.4 Exercise sess.ons

Each exercise sessicn was described such that the
week and the day of the excrcise was depicted. Each
of the weeks one to 12 was described by the correspond-
ing number. The days of the week were designated 1, 2
and 3 for Monday, Wednesday and Friday respectively.
For example, the Wednesday exercise session in the 10th
week was described as 10:2, while 6:1 referred to the
Monday session during the 6th week.

Thers were supposed to be 36 exercise sessions in
Lo

the entire programme, but only 34 were held as two of
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;:; days fell on National Public Holidays,

3D Measurements (Tests)

Before measurements were commenced, there was a
pre-test run of procedures. Each child was asked to
repeat each test until he was familiar with the techni-
qui, then the initial pre- and post-bronchodilator
assessments were done., Measurements for the initial
assessments were not done during or immediately after
an acute attack ot asthma. They were taken in between
attacks., The initial assessments included the follow-

ing measurements.

3.5.1 Peak Flow Rate (PFR) 7

This was measured using a Peak Flow Meter. In

order to overcome the problem of excessively large

dead space which would not record PFR below 150 litres
Per minute as cbtains in the Pulmonary Monitor

by Vitalograph Ltd., England), a Mini-Wright Peak

Flow Meter specifically designed for paediatric
meéasuremsnt was used. Measurements as low as 60 litres

"Per minute could therefore be recorded (See Figure 5).
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PFR was measured with the subject in sitting
‘position (Figure 12). The technique of performing the
‘test was demonstrated until the child had become
Ffﬁmilinr with the procedure. Each subject was in-

- structed to take a deep breath and apply his lips

tightly round the edge of the disposable mouthpiece,

and to breathe out as hard and as fast as possible.
H The test was repeated three times. The best recording
T was taken as the value of PFR. The measurements were
~ recorded in litres per minute. Predicted normal
| value of PFR for each child was estimated from age and

sex using the values obtained by Aderele and Oduwole

(1983a). See Appendix B6.

3.5.2 Forced Vital Capacity (FVC) and lorced

EinraturI_Hulumn in the First Second

12

were measured using a spirometer,

(FEV
FVC and FE‘U’1
For this study, a single breadth wedge bellows

Vitalograph spirometer was used. Prior to spirometry,

each child was made to practise full exhalation with

‘the use of brightly coloured baloons., A little
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PFR was measured with the subject in sitting
osition (Filgure 12). The technique of performing the
est was demonstrated until the child had become
familiar with the procedure. Each subject was in-
structed to take a deep breath and apply his lips
tightly round the edge of the disposable mouthpiece,
and to breathe out as hard and as fast as possible.
'ihl test was repeated three times. The best recording
was taken as the value of PFR. The measurements were

recorded in litres per minute., Predicted normal

value of PFR for each child was estimated from age and

. sex using the values obtained by Aderele and Oduwole

(1983a). sSee Appendix B6.

3.5.2 Forced Vital Capacity (FVC) and lorced

Eggirutugy Volume in the First Second

(FEV, )

FVC and FEUl were measured using a spirometer.

| For this study, a single breadth wedge bellows

Vitalograph spirometer was used. Prior to spirometry,
‘@ach child was made to practise full exhalation with

;h! use of brightly coloured baloons. A little
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Figure 12; Measurement of PFR using a Mini-Wright
Peak Flow Meter,

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




115

competition was introduced into the baloon blowing.

'Each child was allowed to take away as many baloons as
he could inflate fully. The technique required maxi-

mum inspiration followed by a forced, rapid, maximum

expiratory effort. The following were the procedures

prior to testing.

e,

The spirometer was connected to electricity supply.
The vitalogram chart was inserted into the carrier
which was moved to the starting position such that
the stylus point was on the “"stylus start®™ line

of the chart just of{ the grid (Figure 6).

The paediatric adaptor was cleaned and fitted

into the breathing tube, the disposable mouthpiece
was fitted tightly into the adaptor.

The test procedure was explained and demonstrated
several times to the subject. All forms of restric-
tions in the subject's clothing were removed.

The measurements werc taken with the subject

seated on a chair with a back rest.

After these preliminaries, the test commenced.

Each subject was instructed to take in a deep breath,

- apply his lips tightly round the edge of the mouthpiece
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nd breathe out as fast and as hard as possible into
mouthpiece while the operator pressed the
"Recording” knob (Figure 13). At the preliminary
stage, the subject's nostrils were clipped between
the operator's thumb and middle finger to prevent air
iaaquu via the nose and get him used to exhaling com-
‘pletely through the mouth. The actual tests were done
‘without nose clipping when the patient had got used

to breathing out via the mouth only, The subject was

encouraged to continue to breathe out until the stylus

point no longer showed any movement.

The measurements were recorded using the BTPS
volume scale on the right hand side of the chart.
Similar to the reports by Nowak et al ((1979), Onadeko
et al (1979), Oduwole et al (1983) and Henriksen and
Nielsen (1983), the test was performed three times on
each subject and the best recording was used. From
each test, the FEUI and FVC were determined from the
Vitalograph tracing. (Figure 4).. Both the FEV, and

"FVC were mcasured in litres. Predicted normal values

of FVC and FEV

y Were estimated for each child from age

And sex using the values obtained from Oduwole et al
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Figure 13: Measuroment of FEV, and FVC

Vitaleograph Spirometer.

Using a
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983) . See Appendix B7.

S e Chest diameters

Chest diameter measurcments included anterio-
posterior diameter to the right and left, and lateral
diameter, using non elastic tape measure and recorded
in centimetres, Measurement of lateral diameter was

‘taken at the level of the tip of the stermum (by locatirg the tip of

the xiphoid cartilage) from the midaxillary line on the
. left side to the midaxillary line on the right side.
Measurement of the anterio-posterior diameter was taken
at the level of the tip of the sternum from the ante-
rior midline of the body to the posterior midline of

the body, on the left and right sides.

3.5.4 Chest expansions

Measurements of chest expansion were taken at
maximum ingpiration and then at maximum expiration.
The difference between the measurements represented
~ chest expansion. Measurements were taken at three
|-1f;1i‘ll'i1l namely: apical, lateral costal and diaphragmatic,

-
- Apical expansion was measured at the level of the

Sterno-manubriun junction (angle of Louis). Measurement
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of lateral costal expansion was taken at the level of
‘the tip of the sternum (tip of xiphoid cartilage),
,diaphragmatic expansion was measured at the level of
the tip of the tenth rib. All measurements were taken
using a non-elastic tape measure, and recorded in

centimetres,

Measurement of chest expansion at various levels
served as some pointer to restrictive chest condition
in addition to the obstructive airway condition of

asthma.

3.5.5 Respiratory and pulse rates

Respiratory rate per minute was taken by listening
to respiratory movements using a stethoscope. The
number of excursions per minute was counted using a
8top watch. Pulse rate was estimated by counting the
radial pulse per minute using a stop watch. Radial
Pulse was obtained by lightly pressing the middle

finger against the raidal artery above the wrist,

3.5.6 Weight and height

I Each subject was weighed with only his under-

Clothes on, Weight was recorded in kilograms. Height
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f each subject was measured and recorded in centi-
ﬁqltrnl: it was taken without shoes on. Weight and

‘height were measured using the stadiometer.

3.5.7 Body composition

ﬁ The effect of training programme on body composi-
| tion was assessed by estimating lean body weight (LBW),
per cent body fat (% fat) and body density {DH]. In
order to estimate the above, a Lange Skinfold calliper
was used to measure subscapular and triceps skinfolds.

The following Parizkova Equations (Parizkova, 1961)
were used to compute body density for the age group
stated by the equation as well as for children between
ages six to eight years as there was no other appro-
priate equation for them.
Males
9 to 12 years: Dy = 1.108 - 0.027 log triceps

- 0.039 log subscapular

Females

9 to 12 Years: DE = 1,088 - 0.014 log triceps

- 0.036 log. subscapular
S8iri's Equation (Siri, 1961) was used to compute % fat

for all the subjects from the known body density (Dg) -
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195
DB

ri's Equation: % fat = - 450.

3.5.8 Final subjective assessment

At the end of the 1l2-week training period, the

parents of the experimental subjects were reguested

&n subjectively evaluate the programme and itsieffects
on their children. The questionnaire (See Appendix F)
Was administered on the parent or guardian who usually

brought the subject for the exercise sessions.

3.6 Treatment of data

l. The percentages of FEV,, FVC and PFR values from
the tests to the predicted normal values were
determined for all the subjects for the entire
study.

2, The summary values showing mean and standard

deviation were computed for all the measured

variables.

3. Paired t-tests and the chi square {HE] tests were

used to determine the significance of differences

or changes during the programme.

4. The analysis of variance (ANOVA) prucndura¥unu used
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o determine the overall changes that accompanied
the 12 weeks of the endurance programme. The
ﬁhlngul were considercd to have taken place over
eight stages of the programme. The eight stages
were: Initial pre-bronchodilator, Reassessment 1,
Reassessment 2, Reassessment 1, Reassessment 4,
Reassessment 5, Reasscssment 6 and Final pre-

bronchodilator,

Each hypothesis was tested at 0.05 level of
significance. All the tu:tsix;, t-tests and F-
ratio) were significant at the 0.05 probability
level.

The data analyses were done both manually and

using a computer.
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CHAPTER 4

RESULTS AND DISCUSSION

WL Results

4.1.1. Physical Characteristics of Subiects

{Appendix C)

The baseline (pre-programme) physical character-
;!ticl of the subjects in both the experimental and
ceontrol groups are shown in Table 2. There were six
girls and 13 boys in the entire group.

The experimental group was made up of three girls ‘
and 11 boys while the control group was made 1p of
three girls and two boys. There was no significant

difference in the mean age of the two groups (t = 0,263;

P > 0.05).

4.1.2. Clinical History of Subjects

(_Appendix A)

This refers to the clinical history of the asthma-
tic condition in all the subjects with special emphasis
On the clinical history during the period of three months

before the commencement of this programme,
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TABLE 2
Physical Characteristics of Subjects (Pre-exercise)

Mean anedd Standard Deviation
Physical Characteristics

Bxpt Group Control Group tvaluee

Age (Years) 9.18 + 1.74 9 +2.12 0.263 (N.S.)
Height (cm) 129.34 + 12.47 126.1 + 10.96 '0.55 (.S.)
Weight (kg) 23.97 + 5.85 20.68 + 5.68 1.10 (N.S.)
Body density (kg/litre) 1.050 + 0.004 1.054 + 0.005 1.62 (M.s.)
Percent fat 18,0 + 1.9 19.6 + 2.6 1.26 (N.S.)
Fat Weight (kg) 4.4. + 1.4 4.1 + 1.4 0.41 (N.S,)
Lean Body Welcht (kg) 19.6 + 4.6 16.6 + 4.3 1.31 (N.S.)
Lateral Chest Diameter (cm) 31.9 + 2.6 29.8 + 2.4 1.64 (N.S.)
W chest 30.7 + 2.7 28.9 + 2.0 1.56 0i.s.)

(cm)
left anterior-posterior chest 30.7 + 2.7 28.9 + 2.0 1.56 [N.S.)
Diaeter (cm)

N.S. = Not significant
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The mean and standard deviation of age at onset
asthma in the experimental and control groups were
.S + 3.1 years and 4.5 + 2.4 years respectively
(&Ihln 3).

The mean and S.D. of duration of {llness (asthma)
3.6 + 2,47 years and 4.4 + 1.8 years respectively
in the experimental and control groups (Table 3).
&Tﬁlrl was no significant difference in the mean dura-
tion of illness of the experimental and control groups
(t = 1.153; p > 0.05).

The entire group was made up of four mild asth-
‘matics, 13 moderate asthmitics and two severe asth-
matics, The experimental group was made up of three
‘mild asthmatics, ten moderate asthmatics and one
8eéVere asthmatic. There was no significant difference

ﬂ-in the distribution ot severity of asthma in both the

‘@xperimental and control gqroups {x§ = 0,64; P > 0.05).
The factor precipitating asthma was unknown in
11 of the entire subjects. Five of the 19 subjects
_;?F-ﬁlttnrrh as the known precipitating factor. 1In

(L

Subject, exercise was the precipitating factor.
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le was a severe asthmatic and was in the experimental
Toup. The other severe asthmatic, who was in the
ontrol group had asthma precipitated by exposure to
dusty environment (Table 3).

There was a positive history of asthma in the

o
IAa

illy of five subjects! two of these (C2 and Cc3)

,’_:‘t 8iblings (See Appendix A ). The number of asthma-
itic attacks three months before the start of the study
in the entire group ranged from zero to six with a
‘mean and S.D. of 1.8 + 1.5 attacks. Three of the
‘8ubjects had no attack at all, Two (14.3%) of the
Subjects in the experimental group were symptom-free
4n the three months preceding the programme while 12
(85.7%) had asthmatic attacks. Four of the controls
had asthma three months before the programme while

the fifth subject was symptom-free (Table 3).

One subject was admitted into hospital on account

# asthma during the three months pre programme period.

=g
-y

% subject was severely asthmatic and in the experimen-
- - 9TOUp; he was admitted into hospital three times. The

-

SBE Of attendances at the Asthma Clinic during three months
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sefore the programme, ranged from one to 11 in the
ntire subjects,

All the subjects were routinely placed on inter-
'ffﬁint bronchodilator therapy by their doctors. The
drugs were used only when required. The bronchodi-
dator drug used by all the subjects was salbutamol
(Ventolin). Salbutamol was administered as syrup in
three subjects while it was used in the tablet form
Ain the remaining 16 subjects (Appendix A ). Each
tablet or 5mls syrup contains 2 milligramms ( mg) of
Balbutamol B.P. There was no significant difference
'.'“_l'l ¢he mean daily dosage of salbutamol between the

.hlPlrinlntul and control groups:-

A :xg = 0.434; P > 0.05).

Absenteeism from school on account of asthma
Ithtil months before the programme ranged from no
T'ﬁllntlniln to temporary withdrawal from school

iiﬁila 3). One of the subjects had not started school,
One subjoct who was in the experimental group i'ad

wWith

drawn temporarily from school for the rest of the
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missed an aggregate of 56 school days while the five
Subjects in the control group missed an aggregate of

28 school days because of asthma.

4.1.3. Baseline pulmonary function tests

(See Appendices B2, B3, B4, B5, B6 and B7)

4.1.3.1 Peak flow rate ( PFR)

The baseline values (initial pre-bronchodilator
E-"“'“'J-"l"-'*ll Of PFR of the entire subjects ranged from 100
0 260 litres/minute with a mean and standard deviation
"33~ﬂ-: of 192 + 45.9 litres/min,

| The initial! pre-bronchodilator (IPRB) value of
I'E?‘.iﬂ the experimental group ranged from 100 to 260
I&Glfll.in with a mean and S.D. of 197.5 + 44.49 litres/

S4R. The IPRB value of PFR in the control group ranged
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il
..;#n}tu 260 litres/min. with a mean and S.L. of

B # 56.75 litres/min.

.'J_I 4 shows the relationship between the base~-
line values of PFR and the predicted normal value
(PNV) . It also shows the relationship betwsen the
IPRB value and the initial post bronchodilator (IFOB)
value of PFR. All the subjects had IPRB value less
than the PNV of PFR. No subject had IPRB value less
than 508 of PNV, while none of them had IPRB value
above 90V of PNV of PFR. There was no significant
difference in the % PNV of initial pre-bronchodilator
f?;ﬁin the experimental and control groups ( kg = 4.389)
P > 0.09).

Fifteen minutes after the administration of
;?}!ﬂlin inhalation, all the subjects had increased

PFR values (Initial Post Bronchodilator value). This
-

e

ﬁh; broncho-

rease ranged from 9.5% ot the initial pre-
dilator value ot PFR to 45) with a mean and S.D. of
Eﬁ??}-ﬁ 11.54%. There was no significant difference
fﬁ%iﬁ-l.!l]: P > 0.05) in the percent increase of
the initial pre-bronchodilator PFR between the two

JTOups after bronchodilator administration.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



131

TABLE 4
BASFLINE VALLES OF PFR AS FELATED TO PNV AND IPCB VALLES
Age PNV of PRE value IPCB value  § IFOB value 1§ Increase
Study Wmber Neara i ces of PFR TR0 otug OF PFR of IPFB in TPRB
(L/MIN) (L/MIN) value value
El 8 260 20 88.5 260 113.0 13.0
E2 s 260 185 71.1 210 113.5 13.5
E3 7 217 180 82.9 200 111.1 11.1
E4 10 294 180 61.2 215 119.4 19.4
ES 11 310 250 80.6 280 112 12.0
E6 8 181 100 55,2 145 145 45.0
E7 B 260 150 57.7 200 133.3 33.3
ES 10 294 240 81.6 270 112.5 12.5
E9 10 294 160 54.4 190 118.8 18.8
E10 11 310 200 64.5 260 130 3.0
Ell - 260 210 80.8 230 109.5 9.5
E12 10 294 180 61.2 230 127.8 27.8
E13 12 332 260 78.3 290 111.5 11.5
El4 10 281 240 76.2 270 112.5 12.5
Moan 9.21 274.74 197.5 71 232.14 119.28 19.28
5.D. 1.72 39.5 44.49 11.65 41.4 10.69 10.69
M_E{‘F_M
9 270 180 66.7 220 122.2 22.2
c2 7 216 130 60.2 180 138.5 38.5
ca 10 294 200 68.0 240 120 20.0
12 332 260 78.3 295 113.5 13.5
. 3 7 218 120 55.6 10 141.7 41.7
;- - 265.¢ 178.0 65. 76 m_.gg % g uﬂ.ﬁ""—z?
' 2.12 50.39 56.75 8.6 50. 5 _ObE
BL 337 192.4 69.6 229.21 120.83 .83
1.77 41.33 45.9 10.96 42.73 .54 11.54¢

L
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]

4.1.3.2 Porced Expiratory Volume in the
first Second (FEV,)

The baseline values (IPRB value) of FEV, in the

1
subjects ranged from 0.3 litre to 1.35 litres

with a mean and S.D. of 0.958 + 0,294 litre (Table 5).
The IPRB values of FEV, in the control grcup ranged

: om 0,3 litre to 1.3 litres with a mean and S§.D., of

0.85 + 0.424 litre. The IPRB values of FEV, in the
perimental group ranged from 0.6 litre to 1.35

'¢1trﬁn with a mean and §.D. of 0,996 + 0.255 litre

(Table 5).

Table 5 shows the relationship between the base-

1line values of FEV, and the PNV of FEV,. It also

1
‘8hows the relationship between the IPRB value of FEV,

and the IPOB values. All the subjects had IPRB values

less than PNV of FEV No subject had IPRB value of

1-!
'1331 less than 20% ot PNV while none had value above
30! of PNV. There was no significant difference in the % PNV

= 2
Of the initial FEV, in the two groups {x3 = 3.45;

1
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TABLE 5

Hﬂhmwl_dm]umhmdeuﬂmm_

I]
3

Stad A PAVof IPRBvalue % PNVof  1IPOB value ! R i
value of
MEDex (Years) FEV, of FEV, IPR8 value of FEV, el T e e
Bgerimental Growp
El 1.34 0.8 59.7 1.05 131.25 31.25
1.34 0.6 44.78 0.85 141.67 41.67
.32 0.95 71.97 1.15 121.05 21.05
1.68 0.85 50.6 12 141.18 41.18
1.79 1.2 67.04 1.5 125.0 25.0
1.12 0.6 53.57 0.9 150.0 50.0
1.34 0.75 55.97 1.0 133.33 33.33
1.68 1.35 80.36 1:7 125.93 25.93
1.68 0.9 53.57 1.75 194.44 94.44
1.79 1.3 72.63 1572 130.77 30.77
1.34 1.1 80.09 1.5 136.36 36.36
1.68 1.25 74.41 1.5 120.0 20.0
1.87 1.25 66 .85 1.6 128.0 28.0
1.47 1.06 71.43 1.3 123.81 23.81
1.53 0.996 64.5 1.33 135.9 35.9
0.23 0.255 11.4 0.31 18.9 18.9
Control Grouwp
K 1.5 1.3 86.67 1.6 123.08 23.08
7 1.15 0.55 47.83 0.8 145.46 45.46
10 1.68 0.9 53.57 1.05 116.67 16.67
12 1.87 1.2 64.87 1.35 112.5 12.5
7 1.15 0.3 26.09 0.55 183.33 83.33
Bl 1.47 0.85 55,81 1.07 136.2 W2
2.12 0.32 0.424 22.3 0.49 29.1
9.15 1.52 0.958 £2.2 1.27 136.0
1.77  0.25 0.302 14.8 0.35 21.0



Fifteen minutes after the administration of

/rentolin inhalation, all the subjects had increased
FEV, values. The increase ranged from 12.5% of IPRB
rhulu- of PFEV, to 94.4% with mean and S§.D. of 36 +
21,28, The mean and 5.D. percent increase in the
experimental group were 135.9 + 18.9% while they were
36,2 + 29.3% in the control group, The difference in

the two groups was not IlﬂﬂlflﬁlhtiX§ = 4.457; P> 0.05):

4.1,3,3, Forced Vital Capacity (FVC)

The baseline ( initial pre-bronchodilator) values

of FVC in the entire subjects ranged from 0.51 litre

to 1.7 litres with a mean and S.D. of 1.118 + 0,311

litres ( Table 6) . The baseline values of FVC in the

experimental group ranged from 0.7 litre to 1.7 litres

with a mean and S.D. of 1.154 + 0.2086 litres (Table 6).

The baseline value of FVC in the control group ranged

[ from 0.5 litre to 1.451 litres with a mean and S.D. of
1.02 + 0.419 litres.

Table 6 shows the relationship between the base-

line values of FVC and the PNV of FVC, it also shows
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Bﬂhmmlmnfﬁtumhtndmmvaﬂmuﬂ t-bronchodi lator values
- — = O ‘nitla post-bronchodilator values
00 R T B P LB o
[ NuTber e o O we o e o IPF8
_ S YBRIN) | REVC FWC(L)  valee  FWC(L)  IPFS value value
u:
m%_“m B 1.47 0.95 €4.61 1.3 136.84 36. B4
E2 3 1.47 0.75 51.02 1.05 140.0 40.0
E3 7 1.36 1.05 77.21 19 123.81 23.81
E4 10 1.89 1.05 55.56 1.5 142.86 42.86
ES 11 1.95 1.35 69,23 ' 125.93 25.93
E6 6 1.27 0.7 55.12 1.1 157.14 57.14
E7 H 1.47 0.85 57.82 1.1 129.41 29.41
£ 10 1.89 1.7 89.95 1.95 114.71 14.71
E9 10 1.89 1.1 58.2 1.35 122.73 22.73
E10 11 1.95 1.4 71.8 1.85 132.14 32.14
Ell - 1.47 1.3 88,44 1.6 123,08 23.0
E12 10 1.89 1.4 74.07 1.7 121.43 21.43
El3 12 2.04 1.4 68.62 1.8 128.57 28.57
Eld 10 1.6 1.15 71.88 1.45 126.09 26.09
~ Mean 9.21 1.69 1.15 68.1 1.48 137.48 37.48
S.D. 1.71 0.268 0.286 12.0 0.29 29.32 37.48
Conthol
_‘c:"'li — 3 1.66 1.45 87.35 1.7 117.24 17.24
2 7 1.29 0.7 54.26 1.0 142.86 42.86
c3 10 1.89 1.05 55.56 1.25 119.05 19.05
c4 12 2.04 1.4 68.63 1.65 117.86 17.86
s 7 1.29 0.5 38.76 0.7 140.0 40.0
s e . 1.63 1.02 60.9 1.26 .4 27.4
S.D. 2.12 0.34 0.419  18.8 0.43 12.86 12.86
e e L B 1.67 1.118 66,2 1.42 4:83
gl 0.28 0.311 13.73 0.34 -

-::r_mmuu._

e

a‘—ﬂ——'
= &

H.I‘H

-ln"rn'l'lt-l.l ‘—!l'—r i S
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e initial post bronchodilator value. Al' the

jubjects had baseline PVC less than PNV of FVC. No
;ﬁijgﬂt had baseline value below 40% of PNV; while no
subject had baseline value above 90% of PNV. There was
'no significant difference in the % PNV of the initial
FVC in the two groups txf « 3,386; P > 0.05).

- From Tables 4, 5 and 6, the relationship between
n!5gﬂv'n! baseline PFR and % PNV of baseline FVC and
FEV, can be determined. Also the relationship between

'*f}?ﬂ? of baseline szl and % PNV of baseline FVC can be
‘determined.
The correlation between % PNV of FVC and &

" PNV of FEV. is 0.9858.

1 |
r = 0.9858

t = 24.07
p < 0.01
‘The correlation between % PNV of FVC and % PNV of PFR

is 0.7614
r = 0.7614

¢+ = 4.842
p < 0.0l
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e correlation between 1 PNV of
! 18 0.7195

Fﬂvl and § PNV of

r = 0,7195
t = 4,2685

P L 4 D.ﬂl.

Fifteen minutes after the administration of

ventolin inhalation, all the subjects had increased

FVC values, The increase ranged from 14.7% to 57.14%

With a mean and S.D, of 34.83 + 26.04%, The mean and

8.D. of percent increase in the experimental group

Were 37.48 + 29.52 while they were 27.4 + 12,86 in the

control group (Table §).

4.1.3.4 Baseline chest expansion (Appendix BS)

. The chest expansion measurements at the three
levels were the differences between maximum inspira-
tion and maximum expiration.

Apical chest expansion measurements in the entire
Bubjects ranged from lcm to 4cm with a mean and S.D.
Of 2.73 + 0.98. Apical measurements in the experimental

| group fanged from lem to 4cm with a mean and S.D. of
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4 i + 1.0Jcm. The range in the control group was
to 4om with a mean and S.D. of 3 + 1.0cm

(Table 7).

The range of lateral costal expansion in the
experimental group was l1.5cm to 6cm while it was from
lem to 4cm in the control group. The mean and S.D.
of lateral costal chest expansion in the experimental
group were 3.14 + 1,29cm while they were 2.4 + l.l4cm
in the controls,

Diaphragmatic expansion in the experimental
group ranged from lcm to 2.5cm with a mean and S.D,
of 1,64 + 0.57cm. While the controls had mean and

§.D. of 1.4 + 0,55cm (Table 7).

TABLE 7
MEAN BASELINE CHEST EXPANSION MEASUREMENTS

R e — s

Level of chest expansion. Experimental Control

Apical 2.714 + 1,032 3.0 ¢+ 1.0
Lateral Costal 3,143 + 1.292 2.4 + 1.14
Plaphragmatic 1.643 +# 0,569 . 1.4 # 0.548

h = — —
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the experimental and control groups.

t (apical) = 0,546 )

t (lateral costal) =~ 1,207 ; P> 0.05
t (diaphragmatic) = 0,843 :

4.1.4 Endurance exercise programe
( See Appendices D1 to D10

The total attendance at exercise sessions by the
‘experimental group ranged from 25 days (73,5% of regular
attendance) to 33 days (97.1% of regular attendance) The
regular attendance was 34 days as there were two public
holidays during the programme. The mean and 5.D.
attendance were 27.1 + 1.9 days. This was 79.7% of regqu-
lar attendance (Table 8). Table 8 shows the number of
‘tiﬂEl each subject was considered suitable for the day's
. exercise. Appendix DB shows the individual mean repeti-
tion per minute for the entire 12 weeks of training for
each exercise station. Table 9 shows the group weekly

- mean repetition per minute for each of the exercise

stations. The pre- and post-exercise respiratory and

?Eﬁiil-rltuu monitor are contained in Appendices D39 and
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TABLE 8

Attendance and observations at exercise sessions
?.:itnhility Occurrence of Nuber of
m :ut::.lﬂam exercise wheezing and I;:puﬂ'ndilahnr i:v::t:;n
Nuber of discontinuation inhalation
times) of exercise
El 27 26 1 1 Moderate
E2 25 25 0 0 Moderate
E3 27 26 0 0 Moderate
E4 27 25 1 5 Severe
ES 33 33 0 0 Moderate
E6 25 F 0 1 Moderate
E7 27 27 0 0 Mild
E8 28 28 0 0 Mild
E9 25 25 1 1 Moderate
: E10 27 25 2 5 Moderate
R, 27 27 0 0 Moderate
T 27 27 0 0
E13 27 | 2 :
Y 6.6 0.3 =
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TABLE 9
¥eekly mean repetition per minute for exercise performance at the stations
Noax Ha_e-kly mean repetition per minute
Station 1 Station 2 Station 3 Station 4 Station S Station 7 Et;:.t-m IE-
1 3.3 50.9 46.8 14 3.3 = -
2 3.0 41 40.1 Ry 27 - -
3 3.4 46.7 46.1 8.7 29.9 - -
4 2.9 41.1 %.0 7.6 25.3 - -
5 3.2 45.5 42.2 0.1 28.5 3.3 -
3 3.0 41.6 40.2 8.4 25.6 3.8 =
7 3.2 43.6 43.1 8.2 26.4 4.4 E
| g 2.9 34.6 38.2 7.1 23.3 4.1 -
A 9 2.9 38.2 35.7 5.9 22.6 3.8 =
‘ 10 2.5 31.3 0 5.4 19.6 3.3 -
1 2 28.2 2.5 5.0 17.8 3 24.9
a2 1.5 22.7 20.9 3.8 14.1 4.3 22358 |
ean 2.8 39.2 37.2 7.6 24.3 ~ 3.8 SRy T
0.56 8.1 7.9 2.6 5.1 0.5 1.7
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Discontinuation of exercise due to
onset of exercise induced wheezing

d full blown acute attacks of asthma as a result of

Ten of the experimental subjects never had

while the remaining had moderate asthma.
The four subjects who had to discontinue exercise

gﬁﬁn to onset of wheezing, did so on a number of occa-

‘sions which ranged from one to two times. Three of

these subjects were moderate asthmatics, the fourth

‘was a severe asthmatic (Table 8). Three of the subjects

'discontinued from the day's exercise only once. The

only subject who discontinued twice was a moderate

asthmatic. Table 10 shows the stage of the exercise

Pmrm at which discontinuation occurred. It shows

that exercise was discontinued five times during the

eighth week and four times during the twelfth week ,

4.1.4.2 Administration of post exercise
bronchodilator inhalation

Eight of the subjects {n the experimental group
_HJLFﬂt require post exercise bronchodilator (Salbu-
tamol) inhalation throughout the 12 weeks of exercise.
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TABLE 10

Discontinuation of exercise and post-exercise bronchodilator inhalation

. Nurber of Duration Di o Nurber of post—
Week exercise per station of mﬂm exercise inrhalations
stations ( mins) of bronchodilator

1.0
1.5
159
2.0
2.0
2.5
2.5
3.0
3.0
3.5
3.5
4.0

w|~ o o+ roorooro

" |G|a 0o nNuwroroorFE
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ded all the three mild asthmatics who were in the
group.

The six subjects who required post-exercise bronchodilator
tim, had it from between one and five times throughout the
12 weeks of exercise. Post-exercise salbutamol inhalation was
‘mequired 15 times out of a total of 3172 possible times, this was
‘about four per cent of the total times possible[ 4% of 372 times)

Mhrea Of these subjects required bronchodilator inhalation
just once, they were both moderate asthmatics. One subject
required two inhalations. He was a moderate asthmatic., The two
subjects who required five inhalations each, were made up of one
~ moderate and one severe asthmatic. Table 10 shows the stage of

the exercise programme of which post-exercise bronchodilator
inhalations were required.

4.1.5 Effects of training on pulmonary function tests
Sce 7ppendices B2, B3, B4 and BS).

The effects of training or lack of training on the pulmonary
function tests were determined by the changes fram the baseline
Pulmonary function tests throush the six fortnightly reassessments
to the fina) assessments. The nunber of subjects who were present
for each of these assessments had effect on the mean values.

11 shows the attendance at the testing sessions.
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TABLE 1
Attendance at pulmonary function testing sessions

‘Testing Session

Nurber and per cent of subjects present

,mtl
( At the end of 2
weeks )

Reassessment 2
(At the end of 4
weeks)

“Bxperimental  Control =
s Riasild = Total n __1&
14( 100%) 5(100%) 19 (100%)
11(78.6%) 5 (100%) 16 (84.2%)
11(78.6%) 3( 60%) 14 (73.7%)
14(100%) 2(40%) 16 (B4.2%)
10(71. 4%) 4 (BOW) 14 (73.7%)
11 78.6%) 3 (60%) 13(68.4%)
9(64. 38) 2(408) 11(57.9%)
14(100%) 5(100%) 19 (100%)

= —
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4,1.5.1 Peak Flow Rate (PFR)

X The final value of PFR (Final ore-bronchodilator value) in

the subjects at the end of 12 week - programme ranged from 140

‘ litres/minute to 350 litres/minute with a mean and S.D. of 241.58
' 64.16 litres/minute (Table 12). The range of final pre-hroncho-
dilator (FPRB) value in the experimental group was 170 litres/
‘minute to 350 litres/minute with a mean and S.D. of 257.14 +

61.85 litres/minute, The range in the control group was 140
litres/minute to 270 litres/minute with a mean and S.D. of 198.53

+ 51,57 litres/minute. Table 13 shows the relationsh p between
initial pre-bronchodilator and final pm-hmnc:md.i.lntnr. values of
PFR.

Analysis of the relationship between the initial and final
pre-bronchodi lator values of PFR to predicted nommal value showed
that five experimental subjects had final pre-bronchodilator PFR
greater than 1004 of Hwh.tt‘mufthnmtmhdid.

The changes which occured in the mean resting PFR values from
initial pre-bronchodilator value through the six fortnightly re-
assessieonts to the final pre-bronchodilator value are shown in Table 14.
Table 15 shows the changes which occurred in the per cent
differences between mean PNV and mean resting values of PFR (initial
‘and final pre-bronchodilator and pre-exercise values of reassessments
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TABLE 12

Changes in % PNV of initial and final pre-bronchodilator PFR values

Final Pre- % PNV of & PNV of Increase
Study Nurber M /Sex i:“:-j‘l H” bronchodi- I.PR.B. F.PR.B. Di£fe- (Change)
lator value value value Lt in ¥ PW
g-mﬁlm Group
B/M Moderate 280 88.5 107.7 19.2 sl
E2 8/M Moderate 220 71::1 84.6 13.5 19.0
E3 ™ Moderate 200 82.9 97.2 9.3 11.2
E4 10/M Severe 190 6l.2 64.2 3 4.9
ES 11M Moderate 340 B80.6 106.7 26.1 32.4
E6 &/F Moderate 170 55.2 93.9 38.7 70.1
E7 B/M Mild 185 57.7 n.2 13.5 23.4
EB 10/M Mild 3150 Bl.6 119.1 37.5 46.0
10/M Moderate 210 54 .4 71.4 17 31.3
El0 11/M Moderate 255 64.5 82.3 17.8 27.6
Ell 8/M Moderate 290 80.8 111.5 30,7 38
El2 10/M Mild 290 6l1.2 98.6 37.4 61.1
El3 12/F Moderate 340 28.3 102.4 24.1 30.8
Eld 10/F Moderate 280 _716.2 99.6 273.4 30.7
9.2 - 257.14 71.0 93,2 22.2 32.0
B 61.85 115 16.5 11.0 17.64
9/M Mderate 210 66.7 77.8 11.1 16.6
/F Moderate 150 60.2 69.4 9.2 15.3
10/M Moderate 220 68.0 74.8 6.8 10.0
12/F Scvere 270 78.3 8l.3 3 3.8
/F Mild 140 55.6 64.8 9.2 16.5
= 198.0 65. 76 73.62 7.86 12.44
- + 53.57 3.62 6.58 3.12 5.36
- 241.58 £9.6 . al -
- 64.16 11.0 16.9 11.48 17.64

PV

= Predicted Normal Value, ‘i
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TABLE

13

Differences between the means of the initial and

final pre-bronchodilator PFR values

Mean initial pre-  Mean final pre-

Growp bronchadi lator bronchodilator  Difference o Ot o alue Palwe
. PFR( 1/min) PFR (1/min) incapens g
Experimental
197.5 + 44.49 257.14 + 61.85 59.6 30.2 2.84 P <0.01
n = 14 - =
n=>5 178.0 + 56.75 198.0 + 53.57 20 11.2 0.62 N.S
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TABLE 14
programme
Testing Session Resting PFR( litres/minute)
| Experimental Control
I:ﬁm RERRnciod - 197,5 + 44.5 178 + 56.75
'Reassessment 1 199.09 + 47.82 179 + 36.5
Reassessment 2 215.00 + 52.15 176 + 32.14
Reassessment 3 220,71 + 51.25 200 + 75.5
240, 49,35 188.75 + 64.85
- Reassessment 4 240.5 +
~ Reassessment 5 261.82 + 60.84 193.33 + 37.86
Reassessment 6 260.55 + 72.91 205 +91.92
P L broncho- 257.14 + 61.85 198+ 53.57
t = 4.076;

There was & eignificant difference (

" P €0.01) between the & PNV of the initial and final

~ pre-bronchodilator PFR values in the experimental group,

1“ the difference was not significant (£t = 1.62;

a > 0.0%) in the control group (Table 12).
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TABLE 15

| !mmlﬂfhmrmhhmmnm:mdmn

resting PFR values ;
% difference between Mean PNV and Mean
T ‘Testing Session resting values
Experimental Oontrol
paitial pre-broncho- -28.31 + 12.21 ~34.25 + 8.64
Reassessment 1 -28.04 + 11.87 -33.87 + 8,97
‘Reassessment 2 -20.45 + 11.56 -32.26 + 2.77
Reassessment 3 -21.42 + 12.94 -28.45 + 13.97
1 Reassessment 4 =15.22 + 16.36 -28.43 + 10,67
- Reassessment 5 -6.21 + 14.9 -25.88 + 6.45
I X
~ Reassessrent 6 -6.12 + 18.62 -26.93 + 11.68
i
I.m pre-broncho~ e 51 + 16.67 _25.3521 6.58
I

Table 16 shows the paired t-tests between the

mtill pre-bronchodilator PFR values and each of the

.ﬁhllqu.nt assessments. Table 17 shows the analysis

'ﬁ variance ( AKOVA) of PFR values for the eight stages

. _
Of the programme.
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TAELE 16

Paired t-tests between the initial pre-brorchodl lator
PFR and each of the subsequent assessments .

Experimental Control
Paired tests
* t-value P-value t=value P-value
Initial pre—bronchodilator :
Versus reassessment 1 -0.04 N.S -0.02 N.S
Initial pre-bronchodilator
VErsus reassessment 2 -0.76 N.S -0.03 N.S
Initial pre-bronchodilator
versus reassessment 3 -1.09 N.S -0.53 N.S
; Initial pre-bronchodilator
versus reassessment 4 -1.99 N.S -0.35 N.S
Initial pre-bronchodilator
versus reassessment 5 -2.88 P<«0,01 -0.34 N.S
m | '-'2‘-“ P"u*m -0162 HIE

P<0.01
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TABLE 17

Analysis of variance table for PFR for the eignht stages of the
Programme
. Deqgrees of 5 £
Source of f:me&:mn n:]u::;es HIan Mpuares F-ratio F-probability

Expt. Control Expt. Control Expt. Control BExpt. OControl ;t. Control

Between groups 7 7 59808.20 4314.70 B8544.03 616.39 2.84 0.16 P<0.05 N.S
Within groups 87 22 261403,90 83132.0 3004.64 3778.74
- Total 94 29 321212.10 87447.0

o = =

e — — = m— =

Pooled estimate of S.0. - Bpt. = 54.81462
Control _ ¢y 471464

N.S. = Not significant
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_t. exercise fall in resting (pre exercise)

- e

fiuf;dt»rrn constituted exercise induced broncho-
onstriction (EIB) or EIA. The severity of EIB was
-:;-_,}E,? by the degree ot fall in the resting value
at any given time post exercise. BIB was represented
in this study as percent of resting value at one

Fanba and 10 minutes post exercise (Table 18). Changes
i: "EIB which only applied to subjects in the experi-
{:hﬁll group were as shown in Table 18. Figure 14
Bh changes in EIB with total duration of exercise

Eﬁﬁill Figure 15 shows changes in EIB with number of

- .
éxercise stations,.

4.1.5.2 Forced Expiratory Volume in the

First Eacand[anll

1 The final pre-bronchodilator value of FEV, in the
1iﬂb§.¢t. ranged from 0.4 litre to 1.85 litres with a
‘mean and S.D. of 1.176 + 0.34 litres. The range of
.?311 pPre-bronchodilator FEU’l in the experimental

OuUp was 0.8 litre to 1.85 litres with a mean and S§.D.
:Lﬁ1‘11 + 0.273 litres. The range in the control group

0.4 litre to 1.35 litres with a mean and S.D. of

ﬂ.'l ( Table 19).
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TABLE 18

| in exercise-induced bronchoconstriction (EIB)
A i diﬂ'uamu fraom mean pre-exercise values of PFR

% difference from mean pié—emn:lm PFR
"'"ﬁM-HII;im
EIB at 1 minute EIB at 10 minutes
post exercise post exercise
A Reassessment. 1 10.20 + 3.29 -1.28 + 3.49
~ FReassessment 2 15.15 + 6.52 2,7 +3.75
I
| Feassessrent 3 14.77 + 5.29 0.74 + 3.84
Reassessment 4 15.68 + 6.12 3.82 + 1.28
Reassesarent 5 13.07 + 6.97 3.89 + 1.17
- Reassessment 6 14,07 + 6.97 3,98 + 1.48

EIB = Ewercise-Induced Bronchoconstriction,
t(EIB at | min for R, versus Re) = -1.88 (N.S)

t(EIE at 10 mins for R, versus Rg) = -5.19 (P < 0.0
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.D] per cent fall from pre-exercise [resting) PFR

7
L |
3
a
#
b T T H T T T ' - Voaant
10 20 30 40

Total duration of exercise (mins)

Fi .
Jure 14, Relationship between changes in exercise-
induced bronchoconstriction [EIB) (from PFR)

and total duration of exerclisc.
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TABLE 19

ummlintHaninitularﬂmalpm—mMmmlvﬂm

Final pre-

change
[ % PNV of % PNV of Dl fference .
e e rrv, I'PRB.Vale PPRB.Valw  (icrease) Gy pw
Experimental
group:
El 1.2 59.7 49,55 29.85 50.00
E2 1.05 44.78 78.3% 33,58 75.00
B3 1.3 71.97 83.33 11,36 15.78
E4 0.95 50.6 56.55 5.95 11.76
ES 1.45 67.04 81.01 13.96 20.84
E6 0.8 53.57 71.43 17.85 33.20
E7 1.2 55.97 89.55 33,58 60.00
E8 1.85 80. 36 110.12 29,76 37.03
E9 1.1 53.57 64.48 10.91 15.08
E10 1.6 72.63 83.38 10.75 14.80
Ell 1.45 80.09 108.21 28,12 B.11
E12 1.4 74.41) 83.33 8.92 11.99
E13 1.3 66.85 69.52 2.67 1.99
El4 1.35 71.43 91.84 20.41 28.57
1.27 64.50 82.90 18.41 29.50
0.237 11.40 14.98 10.73 20.54
1.35 86.68 90.00 3,32 3.83
0.6 47.83 52.17 4.34 8.1
1.0 53.57 59.52 5.95 11.11
1.2 64.17 64.17 0.00 0.00
0.4 34.78
0.91 60.13
0. 20.09

He

76.90
10.92
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Table 20 shows the changes which occured in the

,.j ., and final pre-bronchodilator values®of FEvl
i

| changes which occurred in the mean resting FEV

1
values from the initial pre-brahghodilator values
=ﬁ.3~ gh the six fortnightly reassessments to the final

i
pre-bronchodilator values are shown in Table 21.

‘Table 19 shows that two (10.5%) patients had

final  pre-bronchodilator FEV, greater than

""‘ of v none of the baseline values exceeded 90%
©f PNV, The relationship between the initial and final

i}t-hrunchudilatar szl, to PNV of FEUl is as shown in

z?iﬁll 19. The changes which occurred in the per cent
.ﬁ[llltln:u between mean PNV of FEV, and mean resting
values of FEV, (initial and final pre-bronchodilator
Values of FEV, and pre-exercise FEV, of reassessments 1
::Vil are shown in Table 22. There was a significant
r:!fl:unuu (t = 3,06; P<0.01) between the mean % PNV
the initial and final pre-bronchodilator FEV, values
ir tgg experimental group, while the difference was not
Significant (t = 0,322; P>0.05) in the control group
Pwslﬁ'lﬂir

Table 23 shows the paired t-tests between the initial
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TRABLE 20

Differences between the mpans of the initial and final pre-bronchodilator values

of E‘Evl
= B ¢
Initial Final pre- %
Nutber of pre= pre
Group A bronchodilator bronchodilator Difference Difference t-value P-value
JuC FEV, ) FEV, (L)
Experimental 14 0.996 + 0.225 1.27 + 0.237 0.274 27.5 2.66 PD.05

Control 5 0.85 +0.424 0.91 + 0.4 0.06 7.059  0.46 N.S




0.996 + 0.255  0.85 + 0.424

1.0 +0.25 0.82 + 0.4l
1.013 + 0.25 0.917 + 0.325 *
1.1 +0.26 1.2 +0.07
1,265 + 0.29 0.788 + 0.42
1,295 + 0.3 0.966 + 0.35
1.255 + 0.31 0.8+ 0.566

1.27 +0.273  0.91 + 0.40

- -
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TABLE 22

Changes in % difference between mean PNV and rean

mt.ingml values

T —————— — e ——

%t difference between mean PNV and

Testing Session resting ITV, values
Experimental Control
Initial pre—-
bronchodilator -35.36 + 11.63  —44.34 + 22.22
Reassessment 1 -35.78 + 11,37  -43.73 + 23. 24

Reassessment 2 -31.98 + 11.44  -36.97 + 17.6
Reassessment 3 -28.43
Reassessment 4 -18.66
Reassesament. 5 -18.09
Reassessrent 6 -17.94 + 17.18  -38.49 + 37.8

|+

11.78  -28.58 + 4.21

|+

16.81  -38.88 + 27.54
14.73  -33.88 + 18.17

|+

bronchoci lator -16.60 + 15.0  -35.6 +23.2

'—_ - — -
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pre-bronchodilator FEV, values and each of the subse-

s

._1;,:_-:_';1;_1_' _assessments. Table 24 shows the analysis of

,,r.: (ANOVA) of FEV, values for the eight stages

L)

of the programme.

'I'hl changes in EIB as determined by post exercise

£
L
Ll

asurements of FEV, at one minute and 10 minutes are

a2

as shown in Table 25,

4.1.5.3 Forced Vital Capacity (FVC)

The range of final pre-bronchodilator FVC in the
entire subjects was 0.6 litre to 1.9 litres with a
"ln and S.D of 1.3 + 0.346. FVC in the exper‘mental
subjects ranged from 0,95 litre to 1.9 litres with a
'?.-iiﬁ and 5.D. ot 1.35 + 0.J. The range of pre-
bronchodilator FVC in tne control subjects was from
0.6 litre to 1.6 litres with a mean and §.D. of 1,15
,ri 0.455 litres (Table 26).

Table 27 shows the changes which occurred in the
_I,Iil:'l_itill and final pre-bronchodilator values of FVC
15 ing the programme, The changes which occurred in
mean resting FVC values from the mean initial

N

Pre-bronchodilator FVC through the six fortnightly
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TABLE 23

Paired t-tests between initial pre-bronchodilator eV, and each of the

subsequent assessments
tal Control
- oo Experimen
t-value P-value t-value P-value
Initial pre-bronchodilator
versus reassessment 1 -0.16 N.S 0.07 N.S
Initial pre-bronchodilator
versus reassessment 2 -0.16 N.S -1.19 N.5
Initial pre-bronchodilator
versus reassessment 3 —=1.07 N.S =-1.31 N.S
Initial pre-bronchodilator
versus reassessment 4 -2.31 P<0.05 -0.23 N.S
Initial pre-bronchodilator
-2.71 P<0.05 -0.33 N.S

versus reassessment 5

tial pre-bronchodilator
Lol -2.22 P<0.05 -0.37 N.S
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TABLE 24

mﬂwdmfumlhﬂudﬁmmnfﬂnm

- — = —

Degrees of s
Source of fraedom :ﬁ.ﬂm Mean squares P-ratio F-probability
variance —

Bpt. Control BExpt. Control Bxpt. Control Bet. Control Bpt. Control
Between groups 7 7 1.41  0.46 0.20 0.07 2,70 0.9 Pc0.05 N.S
Within groups 8s 21 6.36 4.81 0.07 0.23
Total 92 28 TET 8 5.27

| Pooled estimate of 5.0. - Bet = 0.27355244
Control = 0.47869286

L N.S ‘= Not Significant
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TABLE 25

)
E

AR
_jg.. in EIB as % difference from mean pre-exercisc

i . mltzsnfmrl

% difference from mean pre-exercise FEV,

J Session
EIB at 1 minute EIB at 10 minutes
post exercise post exercise

Reassessment 1 13.07 + 7.67 6.1 + 2.86
‘ ssment 2 16.05 + 6.13 6.15 + 2.57

2= ] &4 t- 3 15;59 i ﬁ-ﬁg 3-39 i 4.9
Feassessment 4 16.32 + 6.32 5.57 + 4.2
Reassessment 5 19.84 + 5.61 6.92 + 2.9

Reassessment 6 22.38 + 8.95 6.85 + 4.28

|+

= =

EIB = Exercise-induced bronchoconstriction

E(EIB at 1 min. for R, versus REII = -3.0 (P<9.01)

1
t(ETB at 10 mins. for R, verus Rsl = =0.547 (N.S)
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TABLE 25

Changes in EIB as % difference from mean pre—exercis

values of }‘Eﬁ.'l

i difference fram mean pre-exercise FEV

]

Testing Session

EIB at 1 minute EIB at 10 mnutes

posSt excrcise post exercise
Reassessment ) 13.07 + 7.67 6.1 + 2.06
Reassessment 2 16.05 + 6.13 6.15 + 2.57
Reassessment 3 16.59 + 6.69 3.89 + 4.9
Reassessment 4 16.32 + 6.32 5.57 + 4.2
Reassessment 5 19.84 + 5.61 5.92 + 2.9
Reassesament 6 22.38 + 0.95 6.85 + 4.28

EIB = BPercise-induced bronchoconstriction

. - -3 <0.,01)
t(EIB at 1 min, for “l versus HEJ . 3.0 (P

= i -IE
t(ETB at 10 mins. for R, verus Rg) 0347, S
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TABLE 26
Oungaainlmnftheinitialmﬂﬂmlpm-bmﬂudihmrhcmﬂ

—

Final pre-

Di fference
Study, Maber bronchodilator 3 DIV O BB of \ Difference
F\C (Litre) -PR.B. +FR.B.
m_ﬁr@
El Y52 64.63 81.63 17.00 26,3
E2 1.0 51.02 66.03 17.01 31.3
E3 1.2 77.21 88.24 11.03 14.29
£4 1.3 55.56 68.78 13.22 23.74
ES 1.7 69.23 87.18 17.95 25.93
E6 0.95 55.12 74.8 19.68 5.7
E7 1.0 57.82 68.03 10.21 17.66
E8 1.9 89.95 100.53 10.58 11.71
E9 1.2 58.2 63.49 5.29 9.09
E10 1.55 71.8 79.49 7.69 10.71
11 1.4 88.44 95.24 6.8 7.69
- 1.5 74.07 79.37 5.3 7.16
= 1.8 68.63 88.24 19.61 28.57
=7 1.3 71.88 81.25 9.37 13.04
mmm" 1.% 88,11 50,31 3.2 18.92
S.D 0.3 12.0 10.89 5.2 9.8
E iEE;ElE 96.39 9.04 10.35
ks g:‘i 62.02 7.7 14.2
0.8 .
= 60.85 5.7 10.37
1.15 55.56
c3 . 863 78.43 9.8 14.28
e 25 . 46.7 7 19.97
: - cS 0.6 38.76 .
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TABLE 27

Differences between the means of the initial and final pre-bronchodilator

values of FVC

- e

Nurnber Initial pre- Final pre—
Group of bronchodilator bronchodi lator
subjects FVC (Litres) FVC (Litres)

= == = — s . e = = _—

i tference .

Experimental 14 1.15 + 0.286 1.3 + 0.3 0.21 18.26 1.99 N.S.

Control 3 1.02 + 0.419 1.15 + 0.45 0.31 12.75 0.21 N.S
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reassessments to the final pre-bronchodilator FVC are

shown in Table 2B.

The relationship between the initial and final

pre-bronchodilator FVC and the predicted normal FVC is

shown in Table 26. It shows that only one subject had

a final pre-brochodilator FVC more than 100% of PNV

| of FVC. The changes which occurred in the per cent

difference between mean PNV of FVC and mean of the
resting values are shown in Table 29, There was a
significant difference (t = 2,82; P<0.01) between the
mean & PNV of the initial and final pre-bronchodilator
FVC values in the experimental group, while the diffe-
rence was not significant (t = 0.066; P>0.05) in the
€ontrol group (Table 26).

Table 30 shows the paired t-tests between the
initial pre-bronchodilator FVC values and each of the
subsequent assessments. Table 31 shows the analysis

Of variance (ANOVA) of FVC values for the eight stages

Of the programme.

Changes in exercise induced bronchoconstriction (EIB) is de te rmd.nex
By post axercise fall in pre—exercise FVC at 10 minutes and at one
Minute are shown in Table 32.

|
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TABLE 28

Changes in mean resting FVC values during the progranme

- = e

Resting FVC (Litres)

Testing Session —
Experimental Control

Initial pre-

bronchodilator 1.15 + 0.29 1.02 + 0.41
Reassessment 1 1.18 + 0.3 1.01 + 0.41
Reassessment 2 1.19 + 0.32 1.07 + 0.33
Reassessment 3 1,23 + 0.29 1.45 + 0.07
Reassessment 4 1.33 + 0.29 1.06 + 0.53
Reassessment 5 1.36 + 0.28 1.13 + 0.35
Reassessment 6 1.38 + 0.36 1.075+ 0.74
Final pre-

bronchodi lator 1.36 + 0.3 1.15 + 0,45

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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TABLE 29

Changes in % difference between mean PNV of F\C and

mean resting FVC values

i difference between mean PNV
and resting FVC values

Experimental Control
Initial pre-
bronchodi lator =32.01 + 12.15 -39.09 + 18.18
Reassessment 1 ~11.08 + 11.03  -42.14 + 16.48
Reassessment 2 -27.7 +12.45 -33.99 + 15.92

-26.79 + 12.61
-22.94 + 14,37
-22.18 + 9.49

-19.86 + 13.77

-19.85 + 11.13

-29.65 + 19.77
-41.68 + 22.3
-29.81 + 17.57

-49,27 + 11.45

~35.05 + 18.65
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Experimental
Paired tests | Seatre
t=-value P-value t-value P-value

Initial pre-bronchodilator

VErSUS reassessment 1 -0.41 N.S -0.25 N.S
Initial pre-bronchodilator

VErsus reassessment 2 -0.45 N.S -0.17 N.S
Initial pre-bronchodilator

Versus reassessment 3 -0, 35 N.S -0.80 N.S
Initial pre-bronchodilator

VEIsus reassessment 4 -1.79 N.S -0.37 N.S
- L]
Initiad pre-bronchodilator

Versus reassessment 5 -1.92 N.S -0.71 N.S
Initial pre-bronchodilator

versus reassessment 6 -1.92 N.S =0.46 N.S
Initial pre-bronchodilator

versus final pre-bronchodilator -1.99 N.S -0,21 N.S

N.S = Not Significant

‘AL HEALTH REPOSITORY PROJECT
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TABLE 30

Paired t-tests between initial pre-bronchodilator INC and each of the
subsequent assessments

Patved tastn Experimental Control
t-value F-value t-value P-value
Initial pre-bronchodilator
Versus reassessment 1 -0.41 N.S -0.25 N.S
Initial pre-bronchodilator
VEI'Sus reassessment 2 -0.45 N.S -0.17 N.S
Initial pre-bronchodilator
Versus reassessment 3 =0.35 N.S -0.80 N.S
Initial pre-bronchodilator
juernm IEE.ESE:HE:Ent 4 =-1.79 N.S -0.37 N.S
Initial pre-bronchodilator
VErsus reassessment 5 -1.92 N.S -0.71 N.S
Initial pre-bronchodilator
Versus reassessment 6 2 N.S ~-0.46 N.S
Initial pre-bronchodilator
-1.99 N.S -0.21 N.5

versus final pre-bronciiodllator

N.5 = Not Significant
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TABLE 131 .

Analysis of variance table for FWC for the eight stages of the programme

of £ babi 15
Degrees Sum of M . F-ratio ty

Source of
variance

Expt. Control Expt. Control Expt. Control BExpt. Control Bxpt. OControl
Between groups 7 7 0.93 0.28 0.13 0.04 1.49 0.28 N.S N.S
Within groups 85 21 7.60 3.04 0.09 0.14
Total 92 28 B.53 3.32

Pooled estimated of S.0 - Expt = 0.29897118

N.S = Not Significant
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TABLE ' 32

. Changes in EIB as % difference from mean pre-exercise

valuve of FVC.

% difference from me:an pre-

exaercise FVC

Testing Session

Bperimental Control
Reassessment 1 16.6 + 9.2 B.0 + 7.6
Reassessment 2 15.4 + 4.6 6.0 + 3.7
Reassessment 3 16.5 + 10.1 4.0 + 4.3
Reassessment 4 23.3 + 5.1 556 SN2l
Reassessment 5 24.0 + 5.2 6.7 + 3.4
Reassessment 6 25.1 + 6.8 9.2 + 7.5

t(EIB at 1 min. for Rl versus R6) = =2.77 (P <0.05)
t(EIB at 10 mine. for Rl versus R6) = -0547 (N.S)

4.1.5.4 Chest expansion

The effect of the programme on the chest expansion

‘E!ﬂium:\tn at various levels was as shown in Table 31.

were increases in the chest expansion at the three levels in

:-_m Howsver, only the increases in the apical and diaphrag-
® expansions in the experimental group were significant.
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Effect of training on the mean values of chest expansion measurements

174

TABLE 33

Apical Expansion Lateral Costal Expansion
Expt. Control Expt. Dzn:ml Bpt. 3
2.71 + 1.03 3.0+1.0 3.14+1.29 2.4+1.14 1.61 +0.53
4.14 + 1.2 Bogeril.2 3.96 + 1.41 3.2 + 1.15 2.40 + 1.06
1.43 0.7 0.82 0.8 0.85
3.38 1.0 1.58 1.1 2.68
P<0.01 N.S N.S N.S P<.05

=

1.4 + 0.55
2.3 + 1.2
0.9
1.52

N.5

=

N.S = Not Significant
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4.1.6 Effects of training on the clinical

status of asthma during the programme

(See Appendix El)

The number of asthmatic attacks in the entire subjects
during the 12-week period of the programme ranged from no
Aattack to three attacks with a mean and S.0 of 0.63 + 0,.80.

"T of the subjects had asthma attacks during tne programme

while the remaining ten were symptom-free. Four of the nine

subjects who had asthma during the programme were in the

ontrol group while five subjects were in the experimental

#=SUP.  The relationship between number of asthma attacks
.'f':!ﬁr: Programme and during programme is shown in Table 34,
None of the subjects was admitted into hospital on account
of asthma throughout the 12-week period of the programme.

The number of attendances at the Asthma clinic

A0 the entire subjects ranged from one to six times

Vith o Mean and S.D. of attendance of 3.4 + 1,6, The mean
and s

"1 £ 1.5, while the mean and 5.D. of attendance in the

ﬁ[L

".:[_”

*D. of attendance in the experimental subjects were

Dle wern 4.0 + 1.7. The frequency of intermittent

B
= 1
- = .
¥k e

Allator were 1.8 and 1.0 times for the experimental

1 -l-.l..-.-l o
% Contro) groups respectively.
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TABLE 34

Differences between mean number of asthmatic attacks three months before
the programme and during the programme

Nutber of Before During
Group sibjectsl proamm’ b Difference % Decrease t-value P-value
Bxperimental 14 1.6 + 1.4  0.3640.48 1.24 77.5 -3.135 P&.01
Control 5 2.4+ 1.5 1.4 41.0 1.00 41.7 -1.25 N.S

N.S = Not significant
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from 2 mg to 12 mg with a mean and S.D. of 6.0 + 3.5 mg.
daily dosage of salbutamol required by the control
_ﬁl{jﬂ:u ranged from 2 mg to 12 mg with a mean and

..D. of 6.4 + 3.2 mg., Table 35 shows an overall
reduction (though not statistically significant) in the
;j_}ﬁﬂjr dosage of salbutamol during the programme,

In the 12-week period of the programme, the 17
‘Bubjects who were attending school missed an aggregate
Of 24 school days on account of asthma compared with the
B 73 school days missed during three months before the
Programme. The 12 subjects in the experimental group
missed ten days compared with 56 days before the
Programme. This was & significant reduction

t = =2.29; P<0.05). The five subjects in the control
9XOUp missed 14 days compared with the 28 days before

l the Programme (Table 36). The decrease was not signifi-

4Nt in the controls (t = -0.732; P20.05).
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TRRLE 15
Differences between mean daily dosage of salhutamol three months
before the programme and during programme

Naber of Mean dosage of Mean dosage Mean
Group subjects salbutamol before during ‘ difference % decrease t-value P-value
programme {(mng) programme (mg) mg)
Experimental 14 6.6 + 3.2 6.0 + 3.5 0.6 9.1 -0.474 N.5

Control 5 6.5 + 3.2 6.4 + 3.2 0.1 1.5 -0.049 N.5
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TRABLE 36

Difference between absenteeism fram school on account of asthma three
months before programme and during programme

Absenteeism  Absenteeism
Grop  JITo’ (days) before (days) during (ST 4 decrease t-value P-value

programme 8 — programme

. —

46 B2.1 -2.229 P<0.05

Bxperimental 12 56 10
14 50.0 =-0.732 N.S

if

= =
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4.1.6.1 Six weeks post-programme follow-up

The clinical status of each of the subjects was
ollowed up for a period of six weeks after the pro-
g!"i:m (See Appendix E2). On the whole, there was no
worsening of the clinical status of the children., Nine
‘of the subjects in the experimental grcup and four con-

trols were symptom-free during the follow-up period.

4.1.7 Effects of training on the physical

characteristics of the entire subjects

(See Appendix C2)

The changes in some anthropometric features of

the subjects are shown in Table 37, Both the experimental
&nd control groups had increases in the mean lean body weight

B the end of the programme. The experimental group had a mean increase

l‘““‘ﬁ:mtnﬂy fat while the mmllhﬂammM-
However, none of the changes were significant.

4.1.8 Subjective evaluation of programme by

parents (See Appendices Fl and F2)

T™his evaluation was done by the parent or guardian

Of the 14 experimental subjects who usually brought the

PJects for the exercise sessions.
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‘TABLE 37 .

of training on the mean values of m'anthn:p:mt:ic

features

cent body fat® Ilean Body Weight (kg)

BExperimental Control Bxperimental Control

=
—_— — —

Preprogramme 18,0+1.9  19.6+42.6 19.6 +4.6 16.6 + 4.3

Post-programe  18.5+41.9  19.4+42.4 20.4 + 4.6 1771 4.3

‘Mean difference 0.5 -0.2 0.80 1.10
0.6% -0.127 0.46 0.404
N.S N.S N.S N.S
':'-'-—-__.___- = S -___________,_

N.§ = Not significant
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" No parent wanted the training programme to dig-
B

pntinue; some wanted the frequency to remain at three

mes weekly while others wanted a weekly exer:ise
"session. Most parents felt that the exercise was not
too strenuous; it was just alright, No parent wanted
the intensity increased while two parents wanted the
intensity reduced. On getting home after exercise, most-
of the children were not tired but remained playful umi-l
excited all day. Most of the children looked forward
to the next exercise session. During the programme, the
Parents noticed that the intensity of group plays at
home increased in nine subjects. The intensity of runn-
ing around and doing other household chores increased in
8éven subijects.

Twelve of the parents felt that the frequency of
ASthmatics attacks had decreased in their children
although the clinical records of three of the subjects
Showed no change in the frequency:; no parent felt that
the frequency had increased. All the parents observed
& decrease in the frequency of their children being

e, ted
- 2, duri“‘l the programme while seven parents repor

*u‘.t they observed increased activity and alertness in
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sir children during the programme. Ten parents saw

"

he exercise as part of the treatment of asthma while

:!oux (21.1%) parents were not sure of this.

L]

: 40 KAL) Hypotheses testing (using paired t-tests)

Hypothesis 1:

There would be no significant difference between

the initial and final pre-bronchodilator values of

ml of the asthmatic children following a l2-week

endurance exercise programme, The observed t-value of

2,66 was greater than the tabulated t-value. The null
hypothesis is therefore REJECTED. This implies that the
final pre-bronchodilator value of FEV, was significantly greatex than
the initial pre~-bronchodilator value of FEU]_-

-!mtﬂ-l_h

There would be no significant difference between

the initial and final pre-bronchodilator values of FVC

of 8sthmatic children following a- 12-week endurance

®Xercise programme. The observed t-value of 1.99 was

1888  than the tabulated t-value. The null hypothesis

4' thnrufnre MCEPTFD.. This implies that the final pre=

tor value of FUC was not ulm\iflcnntljf.'imm than the initial
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‘There would be no significant difference between

ne initial and final pre-bronchodilator values of

' m of asthmatic children following a 12-week endurance
fi:lr:iu programme. The observed t-value of 2.8B4 was
greater than the tabulated t-value. ,The null hypothesis
s therefore REJECTED. This implies that the final
Pre-bronchodilator value of PFR was significantly greater than the
initial pre-bronchodilator value.

Hypothesis 4:

There would be no significant difference between

the Pr!-'hnnﬂ post-training values of chui: expansions
of asthmatic children following a 12-week endurance
exercise Programme.

Since chest expansion was measured at three

levels: apical, lateral costal and diaphragmatic,

Sbserved t-values of the difference will be given for

.l ; 1-“1‘

Cbserved t (apical) - 3,38 (P<0.91)

Observed t (lateral costal) = 1.58 BN.5)

.~ Observed t (diaphragmatic) - 2.68 (P <0.03)
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On the basis of the above given data, the observed

1#4" at only two levels of chest expansion measure-

‘ments were greater than the tabulated t-value, The null

gis is therefore PARTIALLY ACCEPTED. This

implies that not all the post-training values of chest
gjﬁl’nlinn measurements were significantly greater than
:Ehl pre-training values.

Hypothesis 5:
There would be no significant difference between

. the frequency of asthmatic attacks throughout the 12
weeks of endurance exercise programme and the 12 weeks
Pre-programme period. The observed t-value of -3.135
WaS greater than the tabulated t-value. The null

. bypothesis i{s therefore REJECTED. This implies that

the frequency of asthma attacks during the programme Wwas

""“"ﬂclﬂtlr less than the frequency of asthma attacks
before

the programme.

Using analysis of variance (ANOVA) procedure to

L88t some of the specific hypotheses, gave the same

:'Et

;’t’“'h 1: The observed F-value of 2.70 for FEV,

ff;}gF'lt-r than the tabulated value of 2.12. The null
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sothesis is therefore REJECTED. This suggests that

the exercise programme was responsible for the larger

e between the pre- and post-exercise FEV, values.

Hypothesis 2: The observed F-value of 1.49 for FVC

Ill less than the tabulated value of 2.12. The null
bypothesis is therefore ACCEPTED. This suggests that
‘the exercise programme had no significant effect on the post-
exercise FVC values.

Hypothesis 3: The observed F-value of 2.84 for PFR

was greater than the tabulated value of 2.12, The null

bypothesis is therefore REJECTED. This suggests that
the exercise programme was responsible for the larger

difference between the pre- and post-exercise PFR.

‘.2 Discussion

This study took 14 asthmatic boys and girls between

m."". of six and 12 years through 12 weeks of
®hdurance oxercise programme. The exercise training was
hlgn.g to improve the physical conditioning of the

i‘fj‘“tl- This was aimed at improving the ability of
th demands
¢ esthuatic children to cope with the physical

£ lfe without undue respiratory distress.
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;i%.i. known that exercise can make asthma worse
Neil, 1966; Femi-Pearse, 1974). The fear of
xercise-induced asthma (EIA) makes asthmatic children
o subscribe to low level of physical exercise. This
‘is a sort of physical handicap which can have ﬂﬂ““;

effects on the physical and psychological growth of the

asthmatic child. It is known that some exercises (such
as running on the flat surface) are highly asthmagenic
(Godfrey, 1975; Jones, 1976; and Silverman and
Anderson, 1972) and should be avoided. On the other
hand, swimming, which is known to be one of the least

asthmagenic forms of exercise, is highly recommended

for asthmatics.

The outcome of this study has demonstrated that

8sthmatic children can participate safely in a general

“onditioning exercise programme. It has also demonstrated

that asthmatics can participate in exercises of high

| ies
88thmagenicity. This result confirms previous studie

h'.!'“rik“n and Nielsen, 1983) which have shown that
s no adverse

‘jﬁfﬁllY graded exercise programme ha
: tic children.

fects op the respiratory function of asthma
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‘The 14 asthmatic subjects who participated in the
j_:ﬁiu programme showed greater changes in their
spiratory function measurements than the controls
were also asthmatic subjects but who did not parti-
I‘Eiirlta in the exercise programme. The changes in the
respiratory function parameters reflect physiological

adjustments due to improved physical conditioning.

4.2,1 Baseline pulmonary function measurements

All the subjects had baseline pulmonary function
‘measurements less than the predicted normal values for
their age and sex. The mean and S.D. of per cent pre-
dicted normal values (PNV) of the baseline values of

PTH, FVC and PEUl were 69.6 + 10.96, 66.2 + 13.37 and

2.2 + 14.8 respectively. It could thus be inferred that

the subjects in this study were poor in pulmonary funce

tion when compared with normal Nigerian children (See

Appendices B6 and B7). This is similar to the findings

©Of Nickerson et al (1983) in which 15 asthmatic children

=

| Values of 68.9% of PNV. Aderele and oduwole [1983)

dren
that out of 145 asymptomatic asthmatic chil
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tudled, 61(42.1%) had PFR values below predicted mean

PM) minus two standard deviations.
There was no obvious relationship between the per
t PNV of pulmonary function tests and the severity

of asthma. Aderele and Oduwole (1983b) also reported

‘this same finding.
\

The mean basel ine pulmonary function measurements
in the experimental group were higher than the control
group. Statistical analysis however, showed no
significant difference in the mean age and in the HEﬂﬂ
Per cent PNV of PFR, FEV, and FVC in both groups. This
shows that no group had better paseline pulmonary func=
tion than the other. The fact that all the subjects
after

Tecorded higher pulmonary function measurements

:uih“tm-'l inhalation implied that they all had some
1t was found that the

g function

degree of bronchial obstruction.
PO8t-bronchodilator per cent increase in lun
‘Beasurement also had no obvious relationship with

erity of asthma. The fact that Chi square analysis

. crease
d no significant difference in the per cent in
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ne pulmonary function post-bronchodilator,
1ied that the initial degree of pulmonary obstruction

wilar in both groups.

4,2.2 Exercise programme
The circuit training design for physical condition-

-

Ang

s
sed by Henriksen and Nielsen (1983). Sly (1376) and

exercise programme in this study was similar to that

’;ﬂﬂ&il et al (1966) have advocated the udmi.nistrntin_n of

‘2 suitable bronchodilator before such training sessions.

'ﬁ"iﬂr; no pre-exercise bronchodilator was given to sub-

f'ﬁtl in this study just as was the case in the study

Teported by Graff-Lonnevig et al (1980).

Swimming is recommended for asthmatics because it

18 known o be one of the least asthmagenic exercises (Fitch

&t al, 1975; Pitch and Morton, 1971; Silverman and

m““ﬂ- 1972; and Godfrey, 1975). However, swimming

 Decause of inadequate swimming facilitlies.

ra s
B '”1‘m1nq in this situation is 1ike prohibiting @

ttaining
2 children from exercising and thus from a

i ‘ forms of
-mntll-ninq adequate fitness jevel. Other
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exercises can be safely given to asthmatic children

;-:'_-;'j;'h ded they are well monitored. Running, which is

i
¥nown to be most asthmagenic was safely used by

Nickerson et al ( 1983) for training cardio-respiratory
; durance in asthmatics. Similarly, the use of cir-

e

‘cuit training consisting of exercises of varyiig

asthmagenicity in the present study was safe and was

L'ﬁit associated with adverse effects on the subjects.

| Several authors, including Femi-Pearse (1974) , have

| reported that running for six minutes will provoke EIA

~ in an asthmatic subjects; this will probably occur only
during exercise tests and in unconditioned subjects.
It is believed that carefully graded and supervised

| endurance exercise training programme even if it is

' al,
made up of running (Nickerson et al, 1983; Mahler et al

1981) will not provoke asthma but would rather build up

b
Physical fitness in the subjects just as reported by
| n and Nielsen

r and

Graff-Lonnevig et al (1980); Henrikse

L'-ll.lﬂllh Peterson and McElhenny (1965): Scher

o

'ranke 1 {1958) and Nickerson et al (1983) .
wheezing occurred in

frlnk or fﬂll

Even though exercise-induced

thi.

-i!t“ﬁ!h none of the subjects went into
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Jown asthmatic attacks probably because they were

1
r= s
[
e
]

iped to recover promptly by the administration of

=
o

i
E

sost-exercise salbutamol inhalation. It is prcbable

'at the subjects would have recovered spontaneously
"'-'ﬂmut medication as was reported by Henriksen and

qﬁflnnl 1983) among asthmatics in whom EIA which

occurred during exercise subsided spontaneously within

five to 10 minutes without medication. Spontaneocus

recovery was not encouraged in this study so as not
to alarm or frighten the parents who might default from
L the programme as a result of prolonged exercise-induced
| wheezing,

Since there was no pre-exercise bronchodilator

' cted
! administration, as recommended, One would have expe

nk
more severe EIB which might have progressed to fra

have
asthmatic attack in the subjects, OrF there should

wheezing than
se did not

been more cases of uxarcisn-inducud

1 'mrtlﬂ in this study. The fact that the

) sONs:
happen was probably due to the following rea

: cho-
=+ All the subjects were on 1ntnrn1ttant bron

tamol .
dilator therapy in the form of oral salbu

utamol
- The subjects who were on 2 OF 4 mg salb
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‘or thrice dally probably took the second
by lunch time which would be between two to
y hours to the exercise session, AconrdiNg
'.ﬁ'IIIkII' et al (1972), salbutamol reaches iis

peak plasma level about three hours aiter oral

| .imtinrn. This probably prevented Lhe deve lop-

pent of severe EIA and exercise-induced wheezing.

This reason cannot always hold for every exercise

session as none of the subjects was on cont inuous

bronchodilator tharapy. It was discovered that

¢ not giving the oral
ribed. They
ressed

many of the parents wor
salbutamol to thelr children as presc
were in fact giving underdoses for the exp

and
reason of non-avallability of the drug to buy

al
for the probably unexpressed reason of financi

constraints. Most of the parents by virtue of
thelr level of education and their o€
could be sategorised into the lower soci
group.  (Appendix A) .

The type of exercise include

cupation
o-economic

4 in the circuit pro~

vere EIA.
bably d4id not allow for development of se

i.t- was a combination of exercises of varying
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asthmgenicity with a resultant low asthmagenic effect. fThe
overall low asthmagenicity is evident from the fact that the
highest post-exercise fall in PFR in this study was 15.6%. This
value is camparable to the 13% and 15% fall in PFR reported by
Fitch and Morton (1971) after swimming and walking respectively.
The intensity and duration of exercise were gradually built up
fram five exercise stations to 10 exercise stations. This
llhmuﬂ:&n:qrumﬂﬂ.huLh}ﬂm:uf|iwﬂi=altxmﬂﬁthudnq.Ii!:ﬂ the
failure to cbtain the typical response as from exercise testing,
One important factor which can account for the non—development
of frank or full blown asthma during exercise programme is the
one minute rest periods between exercise stations. Several
studies (Jones et al, 1962 and 1963; Godfrey, 1975; Jones, 1376}
Fitch and Morton, 197); Silverman and Anderson, 1972) have shown
that intermittent exercise design as used in this study, produce
less severe FIA than continuous exercise design.

81086 and Sanstant observation of the subjectS&iPESS
exercige, during exercise and post-exercise mos t
Probably contributed immensely to the non-development
©f full blown asthmatic attacks at exercise sessions.

111 ana wheezing subjects were not allowed to

| ezing
Participate in the day's exercise. when whe
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was observed during exercise, further participa-

‘tion was stopped for the day.
‘salbutamol inhalation was the bronchodilator of

choice in this study for the arrest of exercise-
induced wheezing because, according to Sly (1984),
Godfrey (1975) and Walker et al (1972), it is an

effective bronchodilator. It acts quickly, lasts

long and is relatively free from side effects. It

is also convenient and easy to administer. Prompt

post exercise salbutamol inhalation quickly

reversed the exercise-induced wheezing episode and

did not lead to frank asthmatic attack requiring
additional treatment.

i
The weekly mean repetition per minute per station

s the
was found to diminish gradually, though unevenly a

3 of
Number of exercise stations and the total duration

xer, fact
8Xercise increased. This could be explained by the

| dic-
that no fixed cadence of exercise performance Was

to
tated to the subjects, Each subject was allowed

slowed
Iﬂ-j'“t to his own pace. The subjects probably

s could
1 @8 duration increased, the slowing down
| the number of

also

to having more work to do since
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~ Stoppage of exercise due to onset of exercise-

duced wheezing and post-exercise need for broncho-
‘dilator inhalation did not seem to have any obvious
relationship with the number of exercise station or

with the total duration of exercise. piscontinuation

l ﬂf exercise and post-exercise bronchodilator inhalation

‘seemed to occur mainly between the 7th and the 9th

week. They also occurred at the 12th week and the

first and 2nd weeks. The need for post-exercise

ventolin inhalation for 15 cut of a possible 372 times

implies that the subjects did not develop §
for ZFTtimu"

evere EIA

The degree of exercise-induced brnnchn:unltrictinn

(BYB) (post-exercise fall in resting pulmonary function

Reasurements) at one minute and 10 minutes were deter-

mined as per cent fall from resting pulmonary function

Measurement. A similar method of estimating EIB was

Used by Henriksen and Nielsen ( 1983) .

the: degree of EIB as the programme progre

The changes in

'gﬂﬂ bore nO

on of
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wercise, From Table 18 and Figures 14 and 15, it

P

~ould be seen that,on the whole (when the degree of FIB

¢ five exercise stations is compared to the degree of

BIB at 10 exercise stations), the degree of EIB at one
e post-exercise; had increased though insignificantly as the exercise

progressed, However, the changes in the degree of EIB

at the various stages of the exercise programme were

—
.

inconsistent. The sharpest increase in the degree of

BIB (from PFR) at one minute post-exercise occurred in the

‘fourth week when the number of exercise stations was 8iX

'“ﬂ the total duration of exercise was 12 minutes. This

one
stage also had the greatest per cent fall of PFR at

Th
minute post-exercise from the pre-exercise PFR. e

y urred
~ sharpest decrease in the degree of EIB from PFR occ

s
~ in the tenth week when the number of exercise station

e was 31.5

e with the

~ vas nine and the total duration of exercis

Binutes, This stage did not however, coincid

- | = PFR-
'hq‘ of least per cent fall from pre exercis

y urred
'-  least per cent fall from pre- -exercise PFR 0CC

B tations
iR the socond week when the number of exercise § a

8 7:5
:‘1 H“ and the total duration of exercise wa

week
'“lt"- The least EIB occurred in the second
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vabably because progression of exercise at this stage

‘
" wv increase in the total duration only. The in-

i g

consistent increase and decrease in the degree of EIB

as the exercise progressed can be attributed to the

=
.

5 " that there was no fixed cadence for exercise

‘performance. Each subject responded to the progression
exercise differently, each subject worked himself up

"at the various stages inconsistently. If the cadence

was fixed or uniform for all subjects, one would be able

4 tﬂ attribute a fall in the degree ~f EIB at one minute

:3'ﬁnlt—i:ur=in to the response of the respiratory func-

t as a
tion of the subjects to the more strenuous work

result of progression cof exercise.

Tables 25 and 32 show an overall significant

increase in the degree of EIB by the end of the
Programme. The increase in the EIB was more €O

¥ith PEV, and Fvc.  The 1

nsistent

Pfall  (at one minute) in FEV,

s

-I'IEE-..“W'"'*"""'lh values occurred in the seco

%@ number of exercise stations was five

—_ g 7.5 mi
84 the total duration of exercise wa
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‘The greatest post-excrcise fall in FVC and FEV,

| the pre-exercise value occurred at the twelfth

sk when there were 10 excrcise stations and the

ubjects worked for a total duration of 40 minutes.

ﬂi’l pattern of change in EIB from !-"E‘Ul and FVC (at one
gﬁhut- post-exercise) as the exercise progressed,

. suggests that the increased work caused greater post
exercise fall,

The difference in the changes in EIB (as exercise
progressed) from PFR compared with the changes from FEV,
and FVC cannot easily be explained because the same
Subjects were involved in the same exercise situations,
and the tests were taken one after the other at about
the same time. The possible explanation could be the
difference between relative ecase of obtaining the PFR
which requires forceful expiration for only 0.01 second
COmpared to the forced expiratory spirogram which
fequires sustained forceful expiration for six seconds.
lmﬂ‘ui’ since the measurements were taken post=
®Xercise when the subjects were very tired and getting
OUt Of braath.
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}flﬂ showed an overall increase (significant oniy in
,,q by the end of the programme. The difference in

| pattern of EIB at ome minute and 10 minutes is
‘mainly seen from the eighth week for PFR, FEV, and FVC.
From the eighth week, the degree of EIB at 10 minutes
‘remained about the same till the twelfth week. Apart
!Hl serving as a pointer to the effect of progressive
exercise programme on the ventilatory response of
asthmatic children, the degree of EIB at 10 minutes
post-exercise could also be seen as a measure of recovery

from exercise. The constant degree of EIB from the
eighth week to the twelfth week could be seen as a pointer
to improved exercise tolerance in spite of progression

of exercise,

The overall increase in the degree of EIB with

eXercise progression as seen in this present study differs

a
from other graduated endurance exercise programme

7 asthmatic children. MNickerson et al (1983) reported

Yersed episodes of EIB in their study on

- -
@istant running for asthmatic children. Henriksen an

Melsen {1983) found a significant reduction in the

m _I -. ] T:-I
S®9Xee of EIB in the subjects while Fitch et al (19

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



201

'Eir',_‘.'_i.v_u months of swimming training. However, while
. arson et al (1983) and Fitch et al ( 1972) measured
-!rﬁ FEV, ., Henriksen and Nielsen ( 1983) measured

" EIB from PFR. The design of this programme whereby
there is progression in the number of exercise stations
and the duration of exercise, makes 1t difficult to
effectively assess the effect of the training, on EIB.
The situation is further complicated by the fact that
each subject exercised at his own pace, Wwhich  was

not necessarily consistent during the programme for

the same subject. If the duration of exercise, number

of exercise stations and cadence of performance were

fixed, one would be able to assess more effectively:the

effect of endurance training on the degree of EIB.
-

4.2.3 FPffects of exercise training

on
Similar to the outcome of other gtudies (Nickers

St al, 1983; and Henriksen and Nielsen,1983), there

were no adverse effects

on in
R the respiratory function of asthmatic children

 th nin
thie Study. Rather than being adverse, exercise training
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- this study improved the respiratory function tests.
‘phis is similar to the results of Fitch et al ( 1976);
sraff-Lonnevig et al (1980) and Scherr and Frankel

(1958) . Itkin( 1964) and Nickerson et al( 1980) did

not report improved pulmonary function measurements
‘after endurance exercise programme. They, however,
reported no adverse effects of training.

The fact that the control group showed some improve-

ment or increase (though not significant) in the pulmo-

nary function measurements in spite of non-participation

in exercise programme could be attributed to improved

parents education or awareness of the physical capabilities

of asthmatics. It is however, more likely that the

improved pulmonary function measurements in the controls

&re due to improved familiarity with or understinding of

test procedures resulting in improved performance.

t AW
S8ince there was no significant difference in the per o

ot PPR, PVC and FEV. in the baseline values in both

1
| func-
 9TOups, and since the improvement in the pulmonary

: re than
m“-““!lnntl in the experimental group MRS 9

ha ibutad
SRRt in the controls, the difference could be attr

o ile
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ere were significant increases by the end of the

programme. Only in the PFR and FEV, measurements of the

experimental group, none of the measurements siowad

significant increases in the controls. This is in spite

" of the fact that there was no significant difference in
the baseline values in both groups, The difference in
the post programme respiratory function measurements in
both groups was also highlighted by the analysis of

.~ variance (ANOVA) of the respiratory function indices.

There were significant F-ratio (2.84 and 2.70 respec-

! tively) in the PFR and FEV, measurements in the experi-
meéntal group, while neither the F-ratio of the FVC in
the experimental group nor in any of the three indices

in the control group were significant. ( Tables 17, 24

~ 2nd 31), This suggests that the experimental treatments

{endurance exercise programme) is responsible for the

c
larger "betwesn group variance", to produce significan

¥ in the experimental group. It also shows that there

on
ATe more cxtreme scores of both ends of the distributi

An the experimental than in the control hmup. This

ai nce
.ﬂ!t‘“nca can ﬂnly be due to thﬂ .!fnct ﬂf I‘_hﬂ 'ndur.
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vC of the experimental group when the PEV, had signi-
ficant F could be due to the relative difficulty of

= 1

obtaining FVC in a forced expiratory spirogram than the

i b,
B

PEV,. Forced expiration has to be sustained for only
_*".llmd to obtain the le. whereas it has to be
;__-'_tllnlﬁ for about six seconds in order to cbtain the
FVC. 1f the subject gets tired during the forced

‘expiratory procedure, the FVC is more likely to be

"

severely affected than the FEV,.

Paired t-tests between the initial pre-bronchodi-
lator values and each of the subsequent assessments wore
meant to ghow the stage of the training programme at

‘Which significant change (increase) started to OCCuUr.

This was with the aim of recommending a minimum duration

of exercise training for building respiratory endurances

0 asthmatic children. It was observed from two of the

three measures ot raspiratory function utilized in this
Study (PPR,PEV,

Started to ccour after eight weeks of exer

and FVC), that significant increase
cise programse
s study, it has

> ®F FEV, and after 10 weoks for PFR. From thi
%80 denonstrated that a minimum of eight weeks
per week

o

~"=El&e training at three oxercise gossions
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3 required to bring about significant improvement in

@ respiratory function of asthmatic children. Winder
et’al (1979) demonstrated that three weeks of e.durance
E_ﬂininq were enough to demonstrate increase in the
.‘ghrl:inq capacity in healthy adults. Henriksen and
Nielsen (1983) demonstrated that six weeks of endurance
training were enough to bring about improvement in the

| physical working capacity of asthmatic children,

: A pattern of better (or relatively higher) PFR result
than I"Evl and FVC in both experimental and control groups
Prevails throughout this report. This can probably be
explained by the fact that both FEV, and PVC are obtained
from the same spirogram and according to Jones (1976),
BAny patients get tired during forced expiration. There
is a Btronger correlation between per cent PNV of FVC and
ml (r = 0.9858) than between per cent PNV of FVC and
PFR (r = 0.7614). The strong correlation between per cent
PRV of FVC and FEV, should be expected since they were got

1

from the game spirogram, The lower values of per cent FEV,

£pd Fve compared to the values of the per cent PNV of RER
““ be attributed to the relative difficulty of cbtaining the

h” ®Diratory spirogram, The forced expiratory spirogram o o i
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. expires forceful ly and maintains it for about

% seconds. This, particularly in children, could be

B ]

‘and the inability to blow forcefully and sustain

t -H'llf

the force could be the cause of low FVC results espe-
cially with repeated attempts. Oduwole et al [1983)

'-;-'_i_-'linllar experience cspecially with children below

the age of six years who were unable to biow forcefully

'and sustain the forceful expiration beyond one second.

(1976) and Herxheimer (1976) have expressed a simi-

ilr view. On the other hand, PFR 18 obtained easily,

it is not tiring even with several attempts, it 1s more

-’“E@l}“nient in terms of being less cumbersome ayd it is

mndent of electricity supply.
1

All the subjects had increases (though not signifi=

. cant in all cases) in the degree of chest expansion at

- d
th' three levels. The increase could be due to improve

miliarity of the subjects with the technique of loca=

"u_lﬂl and deep breathing which constituted the test

PEocedure. 7The experimental subjects had significant

- L ton
868 in apical and diaphragmatic chest exp

¢t breathing

' tween
Clnes during the one-minute rest periods be
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]

reise stations and possibly because the exercise train-
,nt opnd some of the respiratory volumes. The non-
Monificant increase in lateral costal measurement in the
;.; atal group could be due to the difficulty of under-

standing instructions for localised breathing at this level,

Rt a1 -

!‘:E'nl the clinical status of asthma of each subject
firing the 12-week period of the programme compared to
the three months pre-programme period, it could be
dnferred that all the subjects had improved clinically
.:J'E'.'r.,,, the programme. Improvement was observed in terms
of nunber of asthmatic attacks, admissions into hospital
:-Mﬂunt of asthma, attendance at clinic on account
of 8sthma, frequency and dosage of intermittent broncho=

'll" Ator therapy and absenteeism from schoocl on account

OF asthma, Prom the fact that none of the children

a-..‘ red admission during the programme, one could infer

SHat the few subjects who had asthmatic attacks had mild
h for admission into

herr and

attas

%8 Which were not severe enoug
:.'Z‘?','

Tark | n
SNl (1958), Since clinical improvement occurred i

R al
' 8Xps:imental and control subjects, the genes

Ahica) rimarily to the

":-’:-_I_Pl:nﬂnlnt can be attributed P
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lichtenment of the asthmatic children and their parents
_ asthma., This probably resulted in better
sooperation with the various aspects of the treatment of

asthma, The better clinical improvement in the experi-

=en :-"--"qrnup is attributable to the effect of exercise

training for 12 weeks.

Mine of the experimental subjects were symptom-free
'i'-::“*'-- the programme compared to two (14,3%) who were
Symptom-free three months before programme. Eleven
{78.6%) subjects in the experimental group had reduction

in the number of asthmatic attacks during the programme

‘compared to pre-programme, while three (21.4%) did not

“ any change in the number of asthmatic attacks.

.".i: ‘of the subjects in both groups had an increase in

,5'4 number of asthmatic attacks, however, only the

| -Nhﬂ.'“tll group had significant reduction in the

HES0er of asthmatic attacks.

Flteh et al (1972) and Scherr and Frankel (1958)

of
%80 reported significant decrease in the number

;""'F"- .
~SABALI~ attacks in the children after endurance

Exerc, - rson
R L8 Programme, while Itkin 1964) and Nicke

= &1 (1983 reported no change in the n

-
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ttacks. There must be other factors (in the
+ study) apart from the effect of exercise train-
account for the reduction in asthmatic attacks

4ally in the control subjects. Although the

e

ement could be just by chance, it is more probable

d parents' education about asthma could be

factor. According to Fitch et al{ 1376), the

., who participated in their swimming training had

insight into their children's asthma. 1In the

study, parents education came in the form of

%, regular counselling especially on the impor

of the routine asthmatic drugs and the general

tance

|
Care of their children, as it concerns close

cbservations at all times for the gigns of asth=a

. end other illness, adequate feeding and clothing,

&nd general nyglene;

crend
More frequent visits to the nospital to 8

sment
®xmrcies sessions or the fortnightly reasses

. Sessions fin the case of the control subiects) .

tanity
visits afforded the subjects the oppor

close
Mt respiratory function tests and

g
ations. An i1l child or & child ahowi
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atures such as running nose or cough was advised
nnnlult the paediatrician immediately. This
to ¢

auld have helped to abort some attacks of asthma,

™

_ There were reductions ( though statistically in-

significant) in the mean daily dosage of oral salbutamol

-j:ﬂ"r"- groups. Going by the mean difference between

the pre- and post-programme dosages in both
daily dosage of

groups, there

vas a more marked reduction in the mean

'!iitilttnnt bronchodilator therapy in the experimental

s

sibjects which could be attributed
y of intermittent bronchodilator

to the exercise

training, The frequenc
w three months before the st

“H"' in the experimental and control group
the frequency of

udy was 2.9 and 3.2

5 respectivnly.

llthl end of the 12 weeks of the study,
duced to 1.8 and 3.0

oups respectively.

‘-l-'-'t‘m-ttlnt bronchodilator had re

HI. in the experimental and control gr
33 h""l“ﬂﬂt intermittent bronchodilator therapy during

| : on
- ---_P’-'@Qrma indicates reduced requirement. Nickers
'?-._. "I. a
-"-'-.1=‘19031 and Ttkin ( 1964) found nO change in th

Bication required by the children. While pitch et al
significant

21 ( 1958) reported
This improved

n

,;L and Scherr and Frankel

® in the medication required.
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11;-; :riutu; in the present study could be as a

-

wi'f of exercise and improved parents' education on

asthma.
= ].i |
Absenteeism from school on account of asthma also

d significantly (t = 2.274) during the exercise

train g in the experimental group. The 12 subjects
I .

experimental group who were attending school,

1I-Iﬂ an aggregate of 56 school days three months

be eq 10
ibefore the programme compared to an aggregate of

.;....1_ days during the programme. The five controls

| ; $sed an aggregate of 28 school days before the pPro-
gramme and an aggregate of 14 school days during the

.ﬂ E__3
Fﬂg ot statis
Programme, the decrease in the controls was n

Ll‘.l-c:uy significant. The reduced absenteelsm from

be
' ml in the experimental and control groups could

1ini-
mm“d as one of the indications of mFl"—"""’d c

of
cal status. A similar reduction in the number

migs, rted
Mi88ed school days as a result of asthma was repo
months

nt
¥ Peterson and McElhenny ( 1965) followind eig

”;ﬂ"l-'nﬂl physical training for 20 asthma
Y, the subjects

1n1? via

\t the end of the 12 weeks Of stud
ey o e
*€ followed up for a period of six weeks
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8 val case notes and during courtesy calls at the

ysiotherapy Department, U.C.H. Nine of the experi-

VELO

pental subjects and four controls were found to be

LN - iod, From the
sysptom-free during the follow-up peric

—

-_,L,}’- it could be seen that none of the subjects

Lo

got iuru during the follow-up period compared with the

‘'study period. Having observed no adverse effects from
™ I,'_

‘the programme, the parents probably allowed their child-

f to take more active parts in physical exercise while
ley continued to be observant of them.

The post-programme changes in the mean per cent body

L‘tﬁ_.t“‘! the lean body weight in both groups Were not

ﬁhu'uﬂnﬁf significant. On the contrary, Henriksen

and Nielsen ( 1983) reported significant increase 1in

body ro-
‘ Y weight after six weeks of phyaicnl training P

. L
9tamme {n the training group and in the control group

at o 3 =4 in the
‘i:' 0.01 level. The subijects who participat

five y Fitch et al

® months swimming training reported b

but
1 Tﬂ had post-training increased body weight

.
bﬂd}' fat. The increase in body weigh
his study can be

(though

ﬂf-'lntj in all the subjects in &

"“*’ This

:_:""?'!"!' d to the normal growth of children.
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 with the observation of Aderele ( 1981) that asthma

it a usual cause of significant growth retardation in childrea.

."If'."r'
Ll

{Il;fﬂ'z;i Subjective evaluation by parents (Appendix F,)
Post-programme subjective evaluation by the parents

"‘ subjects indicate a high degree of enthu-
fasm and acceptance of the exercise training by the

tic subjects and their parents. This is similar

e i

%ﬁq.npurt by Scherr and Frankel (1958). Peterson

@nd McElhenny ( 1969) reported that 16 out of the 20

\Bothers of their subjects felt that there was a marked
b:,;_i":uﬂﬂ in the number and severity of asthmatic

‘Attacks in their children. Seven of the mothers in the

‘$tUdy of Peterson and McElhenny ( 1965) observed excellent

g rall improvement in their children while nine mothers

Classitieq the observed overall improvement as being

"F" Itkin {1964) also reported a subjective belief

i3 hrﬁ“ﬂnt in the patients even though there Were

nhiil:tivg changes in the FEV, and in the medication

resent study,

ted the in=

”-;-. From the response in the P

W par e
. 115' from the fact that no parent wan

. '3-"". )
SALY of exercise increased, it could be seen tha
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le :'_ju':p_lrantn were still slightly sceptical about
tercise, most of the children wanted more exercise.
iicould be inferred that the fear of exercise was

sressed by the parents more than by the asthmatic

shildren themselves.

‘Ten of the parents in the programme who saw exer-

cise as part of the treatment of asthma probably felt

e~

UE; this from their experience with the study and the
*ﬂi;l?ed effects of exercise training on their children.

Pour of the parents were not sure that exercise was part

:.-! the treatment of asthma., This is not because they
not convinced about the observed benefits of the

®xercise training for their children, they probably

ii.t that only drugs can be used for treatment, and that

|"* t=ent can only be effected when the subject is in

ACUte attack of asthma.
|

4.2.5 Overall effects of exercise training

Based on the subjective evaluation by parents and
respiratory function

.}';uhjttti?u observations from the

'—::'t' =
=

Ments, it can be seen that the 14 asthmatic

- amme had
'¥£ *€L3 who participated in the exercise progr

= 1'1'1 ttld from it. The '“I"ﬂi" ttliﬂinq did not hljl"
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ny adverse effects on the respiratory function of the
asthmatic subjects. Rather, there were some

improvements in all the respiratory function measure-
."', as well as in the clinical status of asthma. Hence,

of the hypotheses which stated that there would

L 'no significant changes in the respiratory function
ltl and the clinical status of asthma as a result of
112 weeks of exercise training were rejected because
'r'!:ht,_ru were changes indicating improvement at the end of
the programme.

The beneficial effects of endurance exercise pro-
gramme were achieved in this study probably because the

| @sthmatic children exercised under supervision.

Exercise in a non-clinical set-up cannot be avoided for

 Asthmatjc children, hecause it is impossible to prevent
the asthmatic children from joining peer group plays at
Ilﬂhml and at home to varying extents; from mere

PEStatorship to the most aggressive participants. In

fb T to encourage asthmatics to exercise but to exer-

""'-i'-_
. 'a"“ithin safe limits, there is need for some
% 8ipeTvision at all times. Supervision of asthmatic

sort

! ._". LFE-.".': e

“fen should be done at all times but in particular,
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,”' outside a clinical setting.

4.2.6 Response rate

The response rate of 54.3% in this present study

E.E poor when compared with the 99.9% reported by
Burr et al( 1974) where only one subject out of 817
_;ii.iltnﬂ. Sixteen subjects defaulted in the present
udr out of a total of 35 subjects recruited.

~ The experimental group attended exercise sessions
for a mean of 27.1 days which wasless than 80% of

Lﬁgﬁlur attendance ( 34 days) and defaulted for more than

‘ 208 of the time, The irregular attendance could have had

' "!mﬁlnq effect on the results in terms of exercise

'-'-..I."-ﬂ“mftct.renpiramry function measurements and effect

H!*'nrﬂhn on the clinical status of the subjects. A

similar pattern of irregular attendance was found at

el fortnightly pulmonary function reassessment sessions

|l = k ld
Aependix Bg). The irregular attendance Was more mark

n e
“Ng the rontrols who recorded 40% attendance At

‘testy Ewo
= ﬁ“‘l sessions and 60% attendance at another

g

‘H-i than individual results, the
f |:_.;1--;-5 3

L. =
€8 kept fluctuating not as a result of cha

group me an
ges due
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» the programme but due to the varying number of sub-

at the testing and exercise sessions. Attendance

t fortnightly testing session was fairly better in
the experimental group probably because they were

1'-:;_:}'_'531 d to attend more often in order to exercise.
t}!l_tht experimental subjects attended fairly regu-

larly because they felt they were benefitting from the

larl,
programme .
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CHAPTER 5

'SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

.1  Summary
i
The aim of this study was to find out whether

asthmatic children can safely engage in general condi-
tioning exercises on regular basis without a pre-
 exercise administration of wronchodilator drug, with

l‘-h& hope of gradually training their respiratory

‘endurance. The aim was to determine the effects of

| - -week
graduated general conditioning exercise of l2-wee

. _ _ _
duration at a frequency of three exercise Sessions pe

n
Wweek on the respiratory function of asthmatic childre

'ﬂ-‘hﬂ“t a pre-exercise administration of a broncho-

dilator, oOne general hypothesis and five specific

hypotheses were put forward.

) the
Pulmonary function was {nvestigated using

'ﬂmﬁ‘iflph spirometer and the Min

&hf- Some anthropometric features of

_ Bcasured using the skinfold calliper -
of both sexes Who

{-Wright Peak Flow
the subjects
nd the tape

. Nineteen asthmatic subjects
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were aged six to 12 years, completed the study, 14 in
the experimental group and five in the control group.

i

The experimental group went through an endurance
exercise programme of l2-week duration at a frequency
-; three exercise sessions per week. Aerobic exercises
of varying asthmagenicity were arranged in a circuit,
‘Progression was by increasing either the number of
stations ( from five to 10) or the time spent at each
station (from one minute to four minutes) every week for

the 12-week duration.
All the subjects in the experimental group Were

closely observed during pre-exercise, exercise and post-

exercise sessions for symptoms of asthma and EIA. Any

subject who was found to be wheezing or in acute attack

was disallowed from further participation in exercise

and given appropriate medical treatment.

two
The pulmonary function tests were rupaat:ud at

ts and
"“hlf intervals for both the e:perimental subjec

the
the controls, At the end of the programme. all

ch metric
. ®Mlidren had their pulmonary function and anthropo

- ed
‘®eisurcments taken. The data obtained Were analys

-
]

SOth manually and using a computer.
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~he mean age at onset of asthma in the entire s ubi-
acts was three years while the mean duration of ililness
AR | W

s 5.25 years. Four of the subjects were classified

as mild asthmatics, 13 as moderate asthmatics and two as

o
e

severe asthmatics. Statistical analyses showed no signi-

ficant differences between the age, the duration of

fliness, the age at onset of asthma and the severity of

asthma in the experimental and control groups. The

; . 1
mean number of asthmatic attacks in the experimenta

654
‘subjects three months before the programme wWas 1.6

eri-
attacks while it was 2.4 in the controls. Two exp
durin
mental and one control subjects were symptom free g

jects were
three months before programme. All the subjec

‘routinely placed on intermittent bronchodilator

The subjects in

{ Salbusamel) therapy by their doctors.

nt from school for an

the experimental group were abse

- 8ggregate of 56 school days during thr
jects in the control

ee months pre

= qtﬂﬂ# warle
Prograpme while the sub

' :Mt for an aggregate of 28 days.
' - 411 the subjects had baseline

val 2% below the Predicted Normal Value
| ¢ cent PNV of vF

peak flow rate (PPR)

( pNV) for thelr

. ninthl:dntml
#9% and gex. The mean pe
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-_éwﬂmnul groups were 65,76 and 71 respectively.
Fifteen minutes after ventolin inhalation, mean baseline

PPR increased by 19.28% and 12.27% in the experimental

‘and control groups respectively.

The mean per cent PNV of baseline forced expiratory
-'-mii.lll in the first second E‘E‘Jll were £4.5 in the experi-
‘mental group and 55.81 in the controls, Post broncho-
dilator increase in baseline FEV, were 35.9% and 36.2%

in the experimental and control groups respectively.

Mean baseline forced vital capacity (FVC) values in

the experimental and control groups were 68.1% and

60.9% of PNV of FVC respectively. Statistical analyses

showed no significant differences between the per cent

PNV of initial PFR, FVC and FEV, as well as the prer

imental
exercise chest expansion measurements in the exper

and control groups.

21.1
The mean attendance at exercise sassions was

: fon r
days out of a maximum of 34 days. The repetit pe

- as the
‘Binute per gtation decreased though unevenly

Rum to 10
BNEDer of exercise stations increased from five

K tl"
ABC the total duration of exercise increased from

:'-;_".: g un““.'
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Exercise induced wheezing occurred on five occasions

L=~

in four subjects who were stopped from further partici-

un with the day's exercise and given salbutamol in-

‘halation to aid prompt recovery from exercise. Post-

e

| exercise wheezing also qualified some subjects for

_ventolin inhalation. On the whole, six subjects re-
" quired ventolin inhalation for a total of 15 times

(4% of a total of 3172 possible times) throughout the 12

weeks of the study. None of the subjects went into
full blown or frank attacks of asthma.

The six fortnightly rcassessments of respiratory

function tests as well as the final assessments, showed

g for

9radual increase from the baseline measurement

' t
- both the control and the experimental groups. pexicen

increases in prg, FEV, and FVC were 30.2, 27.5 and

18.26 respectively in the experimental sub
control subjects.

jects and

|. _1112, 7.06 and 12.27 respectively in the

: _ . rimental
Only the increase in PFR and FEV, in the expe

~ in the
im:.ﬂt. were significant, while the increases n

pp {ficant.
E8, FVC, ml in the control group were not sign

Ar ~-ratio
AB8lysis of variance (ANOVA) gave significant F

A the PFR and PV, for the experimental 9rofb:
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‘the experimental group and the PFR and FEV, in
the control group did not have significant F-ratio.
red t-tests between the initial pre-bronchodilator

;alues and each of the subsequent assessments, showed

o

that significant increases in the PFR and FEV, respectively
.~ were first observed in the experimental group after 10 and
‘eight weeks of training. The post programme per cent

ﬁu?-nf PFR, FEV, and FVC in the experlmental group were

1
93.2, 82,9 and 81.25 respectively while in the control

subjects they were 73.62, 60.1J and 68.84 respectively.

While the differences in the initial and final pre-

bronchodilator per cent PNV of PFF, PVC and FEV; Wets

significant in the experimental group. they were not

significant in the control group.
4 decrease in the number of

gramme . while the
ﬂf 11-5‘: the con=

Both groups showe
asthmatic attacks during the pIoO

eXperimental group showed a decrease

However, only the

trol sucjects had 41.7% decrease.

nificant reduction in the

.:-m!rimfﬂtll group had sig

mf of asthmatic attacks.

was admitted into hospital on

Hone of the subjects
There was 9.1%

"Count of asthma during the programme .
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crease in the daily dosage of salbutamol in the

axperimental subjects and 1.5% decrease in the control

i U

subjects, neither of these was significant, The fre-

quency of intermittent bronchodilator therapy during

‘the 12 weeks of programme was 1.8 times in the experi-

mental group and three times in the control group.

erimental subjects were absent from school

gregate of 10 days giving

The exp

on account of asthma for an ag

82.1% decrease in absenteelsm from school while the

control subjects missed a total of 14 school days

giving a 50% decrease 1n ahsenteeism from school.

However, only the reduction in absenteeism from school

y significant.

in the experimental group wWas gtatisticall

programme fol Jow-up, the

During six weeks post
there

Subjects did not have poorer clinical status,
were improvements in some aspects and no changes in

cthers.

ts of
Subjective evaluation of Pfﬂqfﬂm by pares

‘ experimental subjects revealed tha
MOSt parents

of them wanted
felt that the

t all

. _
the Programme to continue.

. Rimber of asthmatic attacks and the freque
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Three of the specific hypotheses were reiected
cause there were changes which can be attributed to
‘the effect of exercise,
L From the baseline pulmonary function measurements,
one could infer that the subjects in this study were
i!‘.".ﬂf in pulmonary function and that they all had some
- degree of bronchial obstruction even though they were
not in acute attacks. The insignificant differences in
the statistical analyses in the per cent PNV of the
baseline I’E‘Ul. FVC and PFR of the experimental and
control groups, imply that no group started the pro=
9ramme with better pulmonary function measurements.
The observed changes at the end of the programme could
therefore be attributed to the effect of exercise.

NO pre-exercise bronchodilator was given to the

:Mj-.cu. None of them had frank asthmatic attacks

y m"" exercise. There were no adverse effects as a

J‘-‘rt of exercise, rather, the experimental grove

 improved respiratory function.

ts
The controls also showed clinical improvemen
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though not as much as the experimental subjects and
mt cases, statistically insignificant. The

{mprovement in the controls can be attributed to

{mproved familiarity with test procedures, improved
‘parental education on asthma and the frequent visits
to the hospital for the fortnightly reassessments during
. which the subjects were observed and advised to consult

their doctors early, if necessary.

3.2 Conclusions

The subjects in the experimental group showed more

improvement in their respiratory function indices than

They also showed

control subjects. e

the subjects in the control group.

better clinical improvement than the

ould therefore infer that the differences in the
ups were due tO the

results

Of the experimental and control gro

ts had
endurance exercise programme. EvVen {f the resul

Shown - roups at
no significant differences in the two 9 5

fact that the subjects in

rse in their respi-
{ndications

the end of the programme, the
- the erperimental group did not get wo
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asthmatic children. However, with the better
iﬁrn#mnt in the experimental group, one could
‘generally conclude that well graded and supervised
exercise programme is both safe and beneficial to

asthmatic children, it should be encouraged.

The following specific conclusions were also drawn

from the outcome of this study:

1. Asthmatic children are poor in pulmonary function

with varying degrees of pulmonary obstruction

even when they are symptom free.

2. Regular physical exercise is safe and can increase

the physical conditioning in asthmatic children

even without pre-exercise bronchodilator adminis-

tration, provided that the exercise is carefully

£
designed and graded and there is some form O

supervision or monitoring.
estricted to

espe-
swimming as the only safe type of exercise, espe
and the skill for swimming

participate in
y including runnin

3. An asthmatic patien® should not be T

cially where facilities
are lacking. An asthmatic can

=
exercise of varying asthmagenici

E
fully graded and the patient 1

provided it 1is care
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closely monitored.

Physical conditioning exercise programme has no

adverse effects on the respiratory functions of

asthmatic children. Rather, it causes clinical

improvement of asthma and improves the pulmonary

function measurements.

Frequent follow-up appointments for asthmatic
patients can contribute immensely to clinical
improvement as it affords the patients more

frequent observations which can help to abort

asthmatic attacks gquickly.

Assessment of pulmonary function is easier,

nt
quicker and less cumbersome via PFR measureme

\ ues
than FEV, and FVC which tend to give low val

(especially FVC) in children.

rents’
There is need to formalize and intensify pa

cts of asthma,
and patients' education on many aspe

drugs
Such as the need to use routine asthmatic

hmatic
A8 prescribed, close observation of ast

x medical
children at all times and the need to see

uld know the physical

tention promptly and the pene fits

d
" capabilities of the asthmatic chil
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of regular physical exercise. Parents should be
educated on the limits and the place of exercise
in the management of asthma.

An endurance exercise programme of l2-week dura-
tion at three exercise session per week will bring
about change (improvement) in the respiratory func-
tion of asthmatic children.

An endurance exercise programme for asthmatic child-
ren should be of at least, eight weeks' duration at

a frequency of three exercise sessions per week in
order to obtain a significant increase in the

respiratory function test values.

5.3 Recommendations

for
The following recommendations ar€ pertinent

for
effective and safe exercise conditioning programme

8sthmatic children and for further studies:

chmatic
1. The complete therapeutic programme for as

ing.
children should include exercise conditioning

not be
Phyaical conditioning should, however,

s, they
taken as a substitute to the use of drugs,

should both go on together.
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ﬁilihhltic children should be encouraged to parti-
cipate in physical education (PE) sessions in
schools. These exercises should be made up of
short bouts of exercise of varying asthmagenicity.
In order that the asthmatic child can participate
safely in the P.E. sessions in schocl, he should
take his routine bronchodilator drug in the morn=
ing before going to school so that the two to three
hours for the oral drug to reach peak plasma level
will coincide with the break period or F.E. session.
Parents should be encouraged to discuss their child-
ren's medical condition with the class teacher SO
that the teacher can put the asthmatic child into
consideration when planning physical education exer-
cises and when assigning school duties to students.
Teachers should, as part of their training, know a
few things about the classroom management OF Care

of chlildren with certain medical conditions such as
asthma. Teachers, for example, should know that

ut that they
asthmatics can participate in exercise b

cise 10
can go into asthmatic attacks {f the exer

aity.
inappropriate for type, duration and intensity
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e parents should be in the habit of regular
@ﬁﬁinrvltiun of their children for signs of running
" pnose, cough, wheezing, dyspnoea, sudden decrease

1: phy:icll activities and other behavioural
changes suggestive of the child being unwell,

These signs will warn the parents to be extra
vigilant on the asthmatic child and exercise, since

exercise induced wheezing could easily progress

to frank attack of asthma.

Parents should not discourage thelr children from

joining peer group play at home or sporting activi-
ties in school. They should on their own part,
ensure adequate use of prescribed drugs.

' ics
rﬁllﬂu-up appointments at children's asthma clinic

ht.
ghould not be less frequent than once a fortnig

» the
Respiratory function meanurement,prafarihll

u
PFR, should be assessed routinely at follow=-up

routine
clinics for asthmatic children just as the

weighing of patients.

hn.pitllr

Pitness clinics should be set UpP g fully
| carelu

fgt ..th-.tlc children where they can be

*'1M1'llﬂd on exercise programme.
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the asthmatic child should be taught to monitor

i aiu '!I. i

mself and be able to interpretg changes in

hiln].t during exercise at home or in school.
i'iﬁi self discipline to be able to pull cut of the
game even when it is most exciting, should be

' inculcated in him., He should be taught to report
promptly to his parents if he has difficulty in
breathing or has a feeling of constriction within
the chest.

Suggestions for further studies

a. Changes in physical working capacity of the

asthmatics should be determined objectively

as the exercise programme progresses. This

could serve as an objective measurement of

Physical [itness.

Spontancous recovery of exercise induced

wheezing should be studied. If it is easily

c
reversible, the dependency of asthmati

duced
patient for assisted recovery will be re

This could make
thmatic

to only the bad cases.
txercise less handicapping for as

children.
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The effects of specific training pProgramme

for the various sports on the respiratory
function of asthmatic children should be
studied. The outcome of this would make it
easy to recommend specific sports to asthmatic
children.

The effect of endurance exerclse programme on
the degree of exercise induced broncho-
constriction (EIB) should be studied. The pro-
gramme should be designed such that the dura-
tion, intensity and cadence of exercise are
fixed, This will ensure a more reliable deter-
mination of the trend of changes in EIB.

The effect of exercise on the respiratory func-
tion of asthmatic children can also be deters
mined by the changes in bronchial lability at
the varicus stages of the exercise. This would
however require the extra effort of monitoring
respiratory function indices during exercise

Performance.
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Appendi x B
and post programme chest expansion measurenents (cm)

NI orien | Dol e
Post Pre  Post Pre  Post
4 3 3.5 2 3.5
4 . 4 4 L 1
6 3.5 3.5 1 1
2.5 1.5 2.5 1 1.5
5 5 5.5 2 4
a 3 1.5 2 e
3.5 3 1 2 2.5
6.5 b 7 2.5 K
3 1.5 . 1.5 1
4 2.5 6 2 8
5.5 4 4.5 1 2.5
1.5 2 2 1 4.9
2.5 2 2.5 158 25
- 3 4 2 3.5
4.5 2 4 8 ;
, 1 1.5 i ko
. 2 2,5 1 5
5 4 4 : :
2 3 4 - 3
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Mopendix Hﬁ
Predicted normal values of peak flow rate ( litres/win)
(AMere le and Ochuwole, 1981a)

Males Females

Age
(Years) No. of e Standard No. of i Standard
subjects Deviation Subjects Deviation
4 55 141.000 27.595 55 132.000 10,316
5 52 165. B65 28.314 58 152. 414 29.974
6 50 163.300 14-479 51 181 176 14.243
7 43 217.326 41.909 42 216.071 40.972
8 53 259.811 15.921 48 241.875 44.166
9 50 270- 200 55.346 58 261.810 46.052
10 52 293. 46 45.229 60 2H0.667 47.883
11 51 310.196 47.791 53 310.660 51.516
12 53 324.151 45.854 73 332, 329 50. 718
13 57 340.088 49031 50 361.400 51-160
14 51 350. 392 53. 859 63 373.651 49.637
] 15 54 363.611 54109 53 380566 43.926

- 52 407-855 54.407 50 398.500
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Predicted normal values of mean FEV, ((litres} and FVC (litres)
{ Oduwole et. al,, 1983)

Males Females
~ Foroed expiratory Foroe, .
isszs) ':"'H?f }ﬁﬂfn""émw“ Ll E‘:;iw S.0. N. FEV, S.0. BC S.D.
( FEV,) i s:De) (FVC)
4 2 0.975 0.106 1.175 0.247 1  0.700 -  0.950 =
5 1 1.000 - 1.200 - 6 0.975 0.199 1.075 0.172
b 19 1.103 0.145 1.239 0.150 15 1.117 0.235 1.270 0.266
7 36 1.233 0.205 1,358 0.232 31 1,153 0.177 1.287 0.180
8 48 1.342 .218 1.465 0.225 34 1.2 0.202 1.371 0.210
9 47 1.501 0.314 1.661 0.328 42 1.375 0.242 1.508 0.253
1.684 0.276 1.893 0.341 47 1.471 0.347 1.604 0.370
1.789 0.336 1.948 0.356 47 1.698 0.326 1.861 0.334
1.855 0.326 2.071 0.363 69 1.874 0.388 2.041 0,393
2.016 0,387 2.220 0.438 48  2.107 0.393 2.285 0.407
2.180 0.376 2.373 0.417 62  2.303 0.414 2.486 0.433
2.383 0.423 2.590 0.470 52  2.486 0.365 2.676 0.386
2.796 0.597 3.016  0.634 49  2.532 0.370 2.754 0.448
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APPENDIX C
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Appondix D)
Weekly repetition per minute at station 1(17 metre shuttle run)

Study Weeks of training

o T T B e o e 12 - S
El 220 L3:3 =~ 3 Ak B3 A 320 2NN R RS2 2.4 3.2 0.3
E2 SlE . Rt 35k 2:8 3.3 10 TR o (S B 2.4 0.8
E3 3.2 3.2 RESNR 2ig 2's 2.5 ¢230 sl v5 1.3 2.3 0.6
EA 3 PR aoie, = ol 2.4 2 1.7 1.9 1.4 2.4 0.7
ES 2.8 4 353 3 JiE 2.5 2.9%.2.9 « 310 283%.1.2 1.8 2.B 0.6
E6 2 2.1 il 2:a 2 1 2l 227 208D 141 1.9 0.4
E7 3ol 2.2 233732 3 3 2:07 158 P18 - 0.9 2.4 0.8
EB =5 AR EETATAl 3%0 2%l 3:37 3.6 0TS 2.5 1.9 3.3 0.9

" E9 2.3 - aA9) ais s 12:95 2-5 3 1.6 LAleEe 2.3 0.8
E10 5T 3.5 4 3.7 38734 a8 3 3.3 3.5 2.3 1.2 1.4 1.0
E1l a5 32 4.3 3.8 Q4L 3L 5.9 2.8 2.8 33 S 3.5 0.6
E12 e 2is 3l = \3' 28 5.9l 2.7 31 2.7 J2EEELD 2.8 0.6
El13 Qi ha2i7 3:4r 38, 4.4 G 3.2 2.5 - - 4y 12 2.9 1.0
El4 4 3 16 3.4 2.6 4.1 5.2 3.2 .3 2.7 2.1 1.8 3.5 1.1

. e 35 20 3.4 29 3:2 3.0 oy LhOLPR] DT 1.5 2.8 =
n-a n-? n.ﬁ n-‘.-l nig nn'ﬂ ﬂ-ﬂ ﬂ-? n-ﬁ nts D-E -
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Acpendix D,

Week 1y repetition por minute at station 2 (rope 8kipping)

El10

e —

Weekn o f training
: Mean 5.D.
i 2 3 4 5 6 7 4 9 10 11 12

29.3 23.3 - 31.1 4.0 1.2 43.1 42.7 42.6 26.3 20.4 21.8 2.1 8.7
20.3 20 37.1 30.8 135.7 5.1 4.1 28.7 - = A9.1 11.7:726'9 §.3
8.7 36 - 30 33.8 29.7 3.5 4.9 230.7 16.3 15.4 14 28.7 9.1
17 16.7 31.5 25, - = 28.7 33.1 30.9 3.0 20.4 14.9 24.1 6.7
5.3 61.1 68B.7 90.8 78 65.5 70.1 7.2 61.9 60.0 71.6 s8 69.4 9.2
35 26 - 4.5 30.3 28.9 28.7 23.3 22.0 19.6 13.4 1.7 239 7 2 .
26.3 20.3 20 18 22 19.5 26.4 25.¢ 17.4 - - 8.9 20.4 5.3
90.7 80 - 60.5 72.3 48 2.3 64.3 3.7 51.7 52.4 45.4 65.6 13.2
47 - 33.7 32,1 43.8 9.3 4.4 29.8 21.6 16.3 11.4 = J2.6. 12.9
74 65 83.3 66.5 52.7 o1.2: 55.6 51.6 44.3 38.8 38.8 326 54.0 16.2
57 42.3 48.3 48 28.7 46.7 45.3 42.8 46.1 30.9 33.8 25.4 43.8 9.8
82 29.7 864.2 - i5 35.6 37.6 41.9 43 3] 36.2 30.1 21.4 4.3 17.5
26.3 42 44.7 40:2 44.5 139.9 42.1 30 - = 19.1 16.3 37.5 12.3
63 40 35 6.3 4.5 43,5 45.3 4.7 33.3 25.6 23.9 19.8 37.1 11.6
50.9 41 46.7 41.1 45.5 41.6 43.6 139.6 J8.2 31.3 28.2 22.7 J8.6 =

20.5 16.2 14.1 14.1 14.2 15,0 14.3 17.5 4.1 16.6
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Weckly repetition per minute for station 3 (Ball bowncing on the wall)

Study Weeks of training

Number Memn 5.D.
i g 2 3 4 S & 7 B 9 10 1l 12
El 32.2 33.2 - 420,81 2720 3240 AT A 233 16.9° 18.3 12 25.1 6.8
E2 25.3 26.9 29.6 27 24.8 33.3 38.7 30.7 - - 20 15:5 2is30 164
E3 33.3 29.6 = 23.5 26.7 28 J4.8 26 23.2 18.9 19 16.6 25.4 5.9
E4 26 27.7 44.7 40 - = 36 40.9 43.7 32.4 33.1 5 5 7.3
E5 55 57.3 54 20.3 62.7 61.7 74.7 74.4 61 52.6 30 32.3 55.5 1357
E6 26 23.7 - 23.3 6.7 3Tl Q32 27 22 16.4 16.9 12.6 25.5 B.6
E7 43 30.3 2B.7 25.2 34 3l.6 35.5 13l.4 27.4 - - .4 .1 7.4
E8 56.3 45.3 = 6.2 48.5 43.6 4B.7 43.9 47.8 47.3 45.9 3.6 45.4 5.8
E9 47 = 32 29.8 39.2 45.1 45.1 28.7 23.1 23.6 5.1 =i 33 SRS
E10 66.3 59.7 60 63.5 61.5 4B8.4 42.8 45.2 42.7 J4.9 34.6 2B.4 49 12.9
El1l 51 o377 3603 45.2==3505 0 2401 22050 22,3 20 17.9 14 30.2 11.6
El2 56 48.3 63.3 - al °20.4 65.3 59.7 56.1 Jg.6 35.0 22.9 49.7 13
El3 67 48.7 50.4 38 41.5 38.1 44.4 38.] = - 22 19.3 40.8 131.7
El4 71 54.3 6l 48 50.8 42.4 43.6 38 5.7 28.5 26.9 22.5 43.6 1l14.4

Mean 46.8 40.1 46.1 36.0 42,2 40.2 43.1 38.2 X%B.7 30 26.5 20.9 3.9 -

S.D. 6.1 12.6 13.5 12.1 12.4 9.7 13.1 14.1 14.3 12.4 8.8 7.6 1l0.3 -
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Jopendix D,
Weekly repetition per minute for station 4 (38 metrm walk/run)

ﬁﬁr_ Weeks of training T =2
1 2 3 A 5 6 { 8 9 10 11 12

El 6 7.3 - 4.8 B:D .5 7.3 53695.6 3.4 6.3 5.9 6.2 1.4
E2 6 5.8 6.7 6.3 L B B:6/ 6.7 = = 5.1 4.6 6.7 1.5
E3 Daid ] - 3.9 Bl L9 2 R BN D - | 3.7 2.6 6.8 3.0
E4 6 Dol 7.4 8 - = 6.4 6.3 5.9 6.9 4.3 3.0 & 1.5
ES 10 7.6 8 955 9.0 9.3 REE. 8 7.4 7.4 7 6.7 8.3 1.1
E6 5 5 — 4.8 Br2i B8 S o353 4.2 3.4 3.3 5.8 2.0
E7 b - 7.3 6.5 8.7 8.1 8.4 6.1 4.6 = - 1.9 6.6 2.1
EB 8.5 8 B 7.8 Cpm (O e AR A L PRy AL, 5.9 7 5.9 7.1 1.1

' E9 8 = 7.8 7.4 B 7. 1.5 6 4.4 4.6 4.6 — 6.6 1.5

7
E10 10.5 8.7 <57 9.5 g3 920 BJL ILTIN 643 Ded 4.3 2.8 dxd 2.6
Ell 5.5 4.5 6.5 6.4 e 6:8p 7.3 7.31 53 4.3 3.3 2.8 Do 1.5

El2 8 B 8.2 - 8 B8 6.9 6.8 6.1 4.9 3.6 2.7 6.5 1.9
El3 12oamm07 ©10.5 8.3 BRI L S O - = 4.3 3.8 7.9 2.9
El4 22 16.3 14 14.5 14.8 10.9 9.7 9.2 7.7 7.7 6.8 3.7 11.5 5.0

1‘ TIT BIT ?iE gil 'E- ‘ Eiz ?11 519 5"‘ 5'“ J-B Tll —
5";5 3-2 2-3 :-E 1-“ 1;2 1-5 11? 1-1 ]i" 1-3 1#5‘ .1;5_

R T e . -
L
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Appendix D
Weekly repetition per minute for station 5 (bench step)

=

m: Weeks of training Sas,
it 1 2 3 4 5 6 7 h 9 10 11N
El 24.7 24 - 17 27.7 30.4 25.5 25.7 21.8 14.3 15.9 13.9 21.9 5.7
E2 22.3 22.4 28.9 27.8 21 22 21.2  16.3 - - 12.9 12.321.7 6.4
E3 19.5 21.6 - 27 29.3 28 27.9 19.6 20.5 15.4 15.7 14.4 21.8 5.6
E4 18 23.8 29.6 29 - - 26.4 29.6 26.2 20.3 18.4 16.3 23.8 5.1
ES 32 34 35.7 31.8 35.3 32.1 34.1 35.3 29.2 26.7 24.4 17.7 0.7 5.4
E6 32 22.7 -  17.8 21.7 18.4 22.5 21 20.5 17.2 13.9 9.319.7 5.7
E7 2187017 13.3 15 22.8 23.2 26.1 19.6 17.9 - - B.518.6 5.4
E8 44.3  33.3 - 23 25.8 27.2 230.8 27.9 30.6 26.9 26.1 22 28.9 6.1
£9 24.5 - 22 22,8 28B.3 23.5 21.5 18 16.8 16.6 16 - 2 4.0
EL0 43.3 34 33.3 28 27.8 24.9 26.7 22.4 19.3 22.1 23.7 14.4 26.7 7.6
" EN 33 26 28.7 23.8 25.3 22.1 20.3 16.7 15.9 12.8 9.6 10.320.4 7.1
E12 33 24 28.9 - 2 19.6 21.5 20.3 23 18.4 15.2 11.3 21.5 6.0
E13 40.3 28 28.9 23 24.7 20.9 25.7 22.3 - - 164 14,2 24.4 2.3
E13 49 9.7 50 43.5 48.7 40.7 9.2 13 30 25.1 22.8 18.9 3%.6 10.8
Mean 31.3 27 29.9 25.3 28.5 25.6 26.4 23,3 22.6 19.6 17.8 14.1 4.1 -
BsiD. 10.0 6.4 9.4 Tide 792 €1 5.3 5.8 5.2 08 5 _;.s 6.5

- s —
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Appendi x D5
Weekly repetition per minute for station 7 (2ig zay broad jump)

Weeks o f trnining

Study Number Mean S.D.

5 6 7 B 9 10 11 12
El 2.4 3.3 4 } 3 4.3 2.9 2.8 3.3 0.6
E2 2.6 4.5 Sed 4.7 - - 2.9 2.8 3.8 b L
E3 3.2 4.9 6.5 4.4 3.8 2.9 3 2.4 3.9 1.3
E4 - - 2.4 2.3 2.9 2,2 2.2 2.0 2.3 .
ES 4.7 4.4 5.2 4.9 6.4 6.3 6 4.1 5.3 0.9
E6 2.5 3.1 3.7 4 3.2 2.6 2.1 L 2.0 0.8
E7 Latd 2.3 3.3 4 3.2 - - 1.9 2.7 0.9
EB 3.6 2.8 3.9 4.1 3.8 e 4.1 3.4 3.6 0.6
E9, 3.9 3 o nd 3.4 J.4 230 1.4 1.6 = 2,8 1.0
E10 3.6 3.4 3.9 4.1 1.8 4 4 1.5 3.5 0.9

Ell 2.8 3.8 4.5 3.8 3.1 aed 2.5 2.4

El2 3 2.9 4.3 3.4 3.3 2.4 1.7 1.1

< fe 3.6 3.2 - - 2.0 1.7

6.8 7.9 7.4 6 4.8 3.6 2.9

3.8 d.4 4.1 3.8 3.3 3 4.3

1.2 1.4 1.2 ls2 1.4 1.2 0.72
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El
B2
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B
B
B
E7
E8
B9
ELD
Ell
El12
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Agpendix Dy

Individual mean repetition per munute for the sntire programme

Study Msan repetition per minute for 12 weeks -

MEDST  Station 1 Station 2  Station 3 Station 4 Station 5  Station 7  Station 10
E1 3.2 2.1 25.1 6.2 21.9 1.3 29.1
E2 2.4 26.9 27.3 6.7 21.7 1.8 16.5
E3 2.3 28.7 25.4 6.8 21.8 1.9 12.6
E4 2.4 24.1 35 6 23.8 2.2 9.5
ES 2.8 69.4 55.5 8.3 0.7 5.3 .6
E6 1.9 23.9 25.5 5.8 19.7 2.8 15.7
E7 2.4 20.4 0.1 6.6 18.6 2.7 11.5

. E8 3.3 65.6 45.4 7.1 28.9 1.6 %.8
E9 2.3 12.6 33.9 6.6 21 2.8 9.4
E10 3.4 4.0 45 7.9 26.7 3.5 22.4
E1l 3.5 43.8 30.2 5.5 20. 4 32 26.6
E12 2.8 44.3 49.7 6.5 21.5 2.8 1
E13 2.9 37.5 40.8 7.9 24.4 2.9 25.4
El4 1.5 37.1 43.6 11.5 %.6 5.6 37.7
2.8 38.6 1.9 7.1 24.1 3.5 22.8 .h-

0.5 16.6 10.3 1.5 6.5 1.0 10.2

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



266

Appendix D9
Weekly group mean pre— and post-exercise respiraiory rate mondtor

—— ——

s Preemrcise | rciee! | post-emcise’ | post-enercied
Initial pre—
bronchodi lator 28.3 + 4.4 ~ - -
1 23.2 + 2.9 26.2 + 2.7 24,2 + 2.7 23.1 + 3.2
2 23.5 + 2.8 27.8 + 3.5 25.2 + 3.3 23.9 + 3.2
3 24.6 + 3.8 28.8 + 3.6 26.3 + 1.9 24.7 + 4.2
4 24.1 + 3.0 29.0 + 3.7 26.2 + 3.7 24.3 + 3.1
3 22,8 + 1.9 28.1 + 2.6 25.5 + 2.4 23.6 + 2.5
t 23.2 + 2.0 28.4 + 1.8 25.8 + 2.0 2.7 + 2.1
. f 23.4 + 2.9 29.1 + 2.6 26.1 + 2.8 24.2 + 3.0
8 24.7 + 2.9 30.8 + 3.1 27.7 + 3.1 25.7 + 3.2
9 24.3 + 3.0 29.8 + 1.2 27.3 + 3.5 25.6 + 4.1
10 25.1 + 3.0 30.9 + 3.5 28.4 + 3.3 26.6 + 3.0
11 25.1 + 2.7 31.3 + 3.8 28.) + 3.4 26.5 + 2.9
12 23.9 E 2.8 31.1 + 3.1 28,2 + 3.3 2.5 + 1.3
Final pre—
bronchodilator 27.7 + 4.3 = -
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ANppendix D10
Weekly group mean pre— and post-exercise pulse rate ponitor

Hoek Praamreiee pn:tmnumua Fﬂ::imtu p]:t minutes
Initial pre—
bronchodilator 100.6 + 9.8 - - -
1 84.3 + 3.7 88.2 + 1.7 85.8 + 3.5 B4.5 + 1.6
2 85.3 + 5.1 90.8 + 5.8 87.2 + 5.1 85.4 + 5.0
3 87.0 + 4.7 92.2 + 5.4 B8.9 + 5.8 87.0 + 5.1
4 B6.6 + 5.5 92.0 + 5.3 88.8 + 5.1 B6.5 + 4.6
5 85.5 + 2.9 91.4 + 3.4 88.3 + 3.3 85.8 + 13,2
6 87.6 + 4.5 94.2 + 4.6 90.8 + 4.8 B8.5 + 4.8
7 86.6 + J.2 94.4 + 4.5 91.1 + 4.5 88.6 + 1.5
B B8.4 + 6.0 96.7 + 6.2 92.6 + 6.3 90.1 + 6.3
9 88.3 + 5.4 95.8 + 5.9 91.3 + 5.8 88.8 + 5.2
10 88.4 + 4.4 95.6 + 4.4 91.9 + 4.3 90.2 + 4.4
11 89.5 + 5.3 97.2 + 6,3 94,9 + 5.6 91.5 + 6.0
12 89.5 + 5,3 97.2 + 6.3 94.0 + 5.6 91.5 + 6.0
Final pre—

101.1 +10.5
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Mppendix Fl
Final subjective assessment

r the study on the effects of endurance exercise programe |

on the respiratory function of asthmatic children. I

‘A. Personal Information

(l) Name:

(2) Hospital Number: Study Number:

(3) Sex :

(4) Informant:

(5) Age:

(6) Home Address:

B. Assessment of Programme

(7). Would you like this programme to continue? /  /
l -~ Yes for some time
2 - Yes indefinitely

3 - No for some time

4 - No indefinitely

('B) what do you feel about the frequency of exercise

Séssion per week? D

1l - Too frequent

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



2 = Not frequent enough

3 - Just all right

) What frequency would you recommend: ,
1l - daily

Z - once a week :

d = twice a week

4 - as it is now i
5 - fortnightly 4 |
What do you feel about the 1ntensity of exercise?

VAR

1 - Too strenuous

2 = Alright

3 - Not Strenous enough

DO you see this as part of the treatment of asthma?
===

3 - Not Sure,

On getting home after each exercise session, how "
does ¥Your child react? /===,

1 = Too tired to do any other work
Z -

Hot tired but playful and excited all day

~ = Not tired, ready to do household chores.
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hppindixfrlfﬁgqtﬂ;;: N

) Does your child look forward to the n&;t exercis
‘session? :/ |
1l = No

2 - Yes and excitedly

3 - Yes but not excltedly.

(14) Since the commencement of the programme, how would
You described the intensity of your child's:

(@) Participation in group plays and games at

home / 7
(b) Running errands and doing other household
chores / /

l. Same as before
2. More than before
3. Less than before.
How would you describe the patients' general state
of health since commencement of programme in terms
of:
fa) Frequency of asthmatic attack I_’j
{B)  Frequency of feeling unwell (==
{€) Activeness and alertness y A/

1l - same as before
<4 - More than before
3 =~ Less than before.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



.;13:
APPENDLY., F2
Snrarres Tiisated of yeqn e TV ] ~eeqy (S s TN
- — e
S[meaeetAy | haemaTIor o g U Trrun ToTL T
i r :' . - — prte R LT 4 .-' - "-’:
w-—r - (PN L+ B ey e | i LY e=a™e boIrhd :."4:._ :.-,..‘.....I: T
- - AT S et i e
- e TROCADNE (ryi) 1le
| - ——
11 ftery te Totty Traly Sell Ylaruts 1N > =1
Tiliterate Yelty Triter | Seif ¥ ders Le <30 % vl
1y lrether ¢ [Nitterate. | Treder salf | Pofernte | tene 27 =13
| i
L2 i'l“ =iserate fetty Trafer.| Felf favar® | : Jin
| y
N . 1 Father IMitevale ol =
' Cajeriry celfl Fodarule Tene 13 1i3l2 1 |2 )= 2 121313 ) F
e PoSer Cetomgnry Seh | Frader Telf ¥oderels e 5 ol B30 1760 O U G 2 ‘2153 * 3 3
| £] -« | Brther Ti11iterete Tetly Tr=fsr relf » 114 Fore €1 vz g |3 1) |2 2 131} 3. =
Ve ther Pornrpleted betrary Sehsel|loo 22A0 .
| =2 - qu!—;lhikﬂtmqr Corpmce ‘,1 Fild 1 0 ylalap 21213 | 313 |3 ) 1
‘ by | Yether Tiitlezite ety Trades salr | [reterate rece - S C E 2 O BN O R e R 3
- ! Baer =AY =rader{Ttd
= fé& _stien ‘iwll SesTrny) Mades . 37 2lalv kR IV |2 2
Seerrdery ;
,r’Ht..hn rader Zelf
| "iwvil oon st
mlli— arva L “pverrra L




	_00325



