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Abstract

Background and research questions

The characterization of chronic persistent asthma in an older adult population is not
well defined. This is due to the difficulties in separating the diagnosis of asthma
from that of chronic obstructive pulmonary disease (COPD), the latter being a
condition which primarily consists of emphysema and chronic bronchitis, and in

some cases asthma.

The studies in this thesis focus on middle-aged and older adults with chronic
irreversible asthma, or ‘fixed airway obstruction asthma’ (FAOA). Individuals who
have FAOA are frequently labeled as having COPD and as such are rarely studied in
isolation. As a consequence, little is known about FAOA and to what extent
treatment strategies for COPD are relevant to individuals who present with the
condition. The specific aims of the studies in this thesis were to: (i) implement and
evaluate a supervised exercise training programme in middle-aged and older adults
(aged 40 years and over) who had moderate to severe asthma and a degree of fixed
airways obstruction; (ii) determine the similarities and differences in
cardiorespiratory and dyspnoea responses with exercise testing between this
population and in a cohort of subjects with COPD; and (iii) describe the burden of
both asthma and COPD on hospital services in Western Australia (WA).

The primary study in this thesis was a randomised controlled trial (RCT) that
evaluated the effects of a 6 week supervised exercise training program in subjects
with FAOA. The purpose of the study was to determine whether individuals with
FAOA achieve significant improvements with a program that adhered to the

guidelines for exercise training in COPD.

The second study compared measures commonly collected prior to the prescription
of exercise training in a cohort of individuals with COPD and a cohort of individuals
with FAOA. This study arose because of unanticipated findings of low dyspnoea
and a high 6 minute walk distance (6MWD) at baseline in the FAOA subjects who
participated in the RCT. The FAOA and COPD cohorts were matched on the basis

of pulmonary hyperinflation, or air trapping, at rest as quantified by the ratio of
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residual volume to total lung capacity (RV/TLC), gender and age. Comparisons
were made between the groups of cardiorespiratory and dyspnoea data collected
during the 6 minute walk test (6MWT), resting lung function and peripheral muscle
strength.

The third study utilized geographic information systems (GIS) technology to explore
the distribution of respiratory health services throughout WA and hospital
admissions secondary to asthma or COPD in adults aged 40 years and over during a
5 year period 2000-2004. The purpose of this study was to: (i) gain insights into
issues facing the provision of respiratory services for middle-aged and older adults
with asthma and COPD throughout WA; and (ii) explore the burden of asthma and
COPD in middle-aged and older adults across the State.

The following research questions were addressed:

1. What are the effects of a 6 week supervised exercise training program in
subjects who have FAOA on quality of life (QOL), functional exercise capacity,

anxiety and depression, asthma control and peripheral muscle strength?

2. What, if any, characteristics differentiate individuals who have FAOA and
individuals with COPD with respect to measures of resting lung function, functional
exercise capacity and peripheral muscles strength collected prior to the prescription

of exercise and what is the physiological basis for any differences?

3. Does the distribution of hospital admissions for asthma and COPD in middle-
aged and older adults relate to the distribution of respiratory support services for
these conditions throughout WA, and are there any trends in admissions data for
asthma and COPD admissions in relation to age, gender and numbers of admissions

during the 5 year period of data collection?

Methods

Study 1

Study 1 was a prospective RCT in which 35 subjects (16 males) were randomised

using a stratified process to match for gender into an ‘exercise’ and a ‘control group’.
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Subjects initially participated in a 3 week run-in period during which asthma control
using the Asthma Control Questionnaire (ACQ), was assessed weekly to ensure
stability of the subject’s asthma. This was followed by the collection of baseline data
prior to the intervention period. The run-in period was extended if a subject reported
an increase in asthma symptoms as reflected by their responses to the ACQ, a
variation in forced expiratory volume in one second (FEV;) of >10% or a change in
their asthma medications. Health care utilization data, comprising the number of
hospitalizations and emergency department visits, exacerbations in the year
preceding study entry, medications taken for asthma and co-morbid conditions were

recorded.

Subjects randomised to the exercise group participated in a fully supervised 6 week
exercise training program consisting of three exercise classes each week at Sir
Charles Gairdner Hospital. The control group received standard medical care during
this 6 week period. Baseline measures were repeated immediately following the 6
week intervention period (post-intervention assessment) and at 3 months following

completion of the intervention period (3 month follow-up).

The measurements collected pre- and post-intervention comprised resting lung
function, functional exercise capacity (60MWD), ACQ, QOL [Asthma Quality of Life
Questionnaire (AQLQ) and the Medical Outcomes Study 36-item Short-Form Health
Survey (SF-36)], anxiety and depression (Hospital Anxiety and Depression Scale;
HAD) and peripheral muscle strength (quadriceps force and hand-grip strength).
The timing of assessments was delayed if a subject experienced an exacerbation or
other medical problem such that all measurements were made when subjects were in
a stable condition and taking their usual medications. Health care utilization data
and number of exacerbations for a 1 year period that commenced immediately after

the 3 month follow-up were also collected.
Study 2

Study 2 was a cross-sectional matched comparison study comparing respiratory
function functional exercise capacity, cardiorespiratory and dyspnoea measures
obtained during the 6MWT and peripheral muscle strength in 16 subjects (10 male)
with a diagnosis of FAOA to 16 subjects (10 male) with COPD. The two groups

were chosen on the basis of similar age (+5 years), gender and resting hyperinflation



or air trapping (RV/TLC £0.05). Resting lung function measurements comprised
measures of airflow, lung volumes and single-breath diffusing capacity of the lung
for carbon monoxide corrected for alveolar volume (DLco/VA). All subjects
completed the 6MWT during which cardiorespiratory and dyspnea responses and
6MWD were measured. The 6MWT was performed twice and data from the
maximum 6MWD were used in the analyses. Quadriceps force was measured in
triplicate using a strain gauge and the maximum value obtained on the subjects’
dominant leg recorded. @ Handgrip strength was measured using a Jamar
dynamometer, and the maximum force obtained from three measurements on the
subject’s dominant side recorded. The following data were compared in the two
subject cohorts: resting lung function expressed as a percentage of predicted normal
value (% predicted); maximum 6MWD; % predicted 6MWD; cardiorespiratory
[oxygen saturation (SpO,) and heart rate] and dyspnoea responses to the 6MWT and
peripheral muscle strength expressed as % predicted normal value. Data for the 32
subjects were then combined to investigate relationships between resting lung

function and 6MWT data.
Study 3

Study 3 was a record-linked prevalence investigation to define the prevalence,
demographic characteristics and regional distribution of asthma and COPD
admissions in adults aged 40 years and over in relation to the distribution of
respiratory services within WA. Data on the distribution of hospitals, respiratory
physicians, pulmonary rehabilitation programs and asthma educators were obtained
for WA. Population data of adults aged 40 years and over were then extracted from
the 2001 census released by the Australian Bureau of Statistics, and hospital
admission data were obtained in a de-identified format from the Health Department
of WA for the period 2000-2004 for all asthma and COPD cases. All data were
aggregated according to the 30 health service areas for the State of WA which were
the administrative boundaries used by the Health Department of WA at the time of
data collection. Data were linked together in a geo-database using specialized GIS
software and graphically displayed to show the distribution of respiratory services.
Thematic maps were developed to show the proportion of adults aged 40 years and
over with a primary diagnosis of asthma, a primary diagnosis of COPD, and

combined data showing adults with a primary diagnosis of asthma or COPD in order
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to determine the proportion of admissions relative to the population size within each
health service. Finally, data were aggregated in graphical format and trends in
admissions data for each health service over the period 2000-2004 by gender and by

age groups were identified.

Results

Study 1

A total of 266 adults matched the selection criteria for the study and of these, 39
adults attended an initial screening interview. Thirty-five subjects were enrolled in
the study and randomised to the exercise group or control group, of whom 34
subjects (15 male; exercise group n=19, control group n=15) completed the
intervention period. The participation rate for this study was 14.7% which decreased
to 12.8% with subject withdrawals. Subjects demonstrated moderate to severe
airflow limitation (FEV; 59.4415.8% predicted) with evidence of lung hyperinflation
and gas trapping (mean RV/TLC 125+19% predicted) at study entry. Subjects were
aged 68+11 years. Baseline measures showed subjects to have well preserved
peripheral muscle strength but significantly impaired QOL. The physical component
summary score for the SF-36 was 38.1+£10.0 which was significantly lower than age
and gender matched Australian and WA normative data (p<0.05). The subjects had a
high level of functional exercise capacity with 6MWDs close to predicted values
(88+12% predicted). Dyspnoea was not a significant factor limiting performance on
the 6BMWT. The 6 week exercise intervention improved disease-specific QOL with
the improvement being maintained at the 3 month follow-up. The magnitude of
improvement in the symptoms domain and the activity limitation domain were
significantly greater than any changes seen in the control group (p=0.001 and p=0.04
respectively). Six minute walk distance and anxiety levels were not significantly
changed in relation to the control group though were improved in the exercise group

against baseline measures.
Study 2

The main findings of this study were that, despite comparable levels of pulmonary

hyperinflation and air trapping, individuals with FAOA were characterized as having
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significantly greater 6MWD (571£88m, 95+11% predicted versus 488+11m,
80+16% predicted p<0.005), lower scores for dyspnoea at the end of the 6(MWT (2.7
+1.8 versus 5.9+2.5, p<0.001) and preserved SpO, during the 6MWT (post-exercise
SpO, 94.741.9% versus 84.3+2.7%, p<0.001) than individuals with COPD.

Peripheral muscle strength was similar between the two groups.
Study 3

A total of 4,159 cases with a primary diagnosis of asthma and 19,970 cases with a
primary diagnosis of COPD were extracted as respiratory admissions within WA
during the years 2000-2004. Maps generated through GIS technology revealed a
disproportionate number of hospital admissions in rural and remote areas compared
to metropolitan data for adults aged 40 years and over. In addition, many parts of
WA lacked the services of a respiratory physician, a hospital emergency department
and access to a pulmonary rehabilitation program. Trends in admissions data showed
a gradual decline in asthma admissions over the 2000-2004 time period but a rise in
COPD admissions. The hospital separations for Aboriginal and Torres Strait
Islander adults were high (6.7% of the COPD admissions and 16.1% of the asthma
admissions) considering only 3.2% of all adults aged 40 years and over in WA are of
Aboriginal and Torres Strait Islander descent. The numbers of admissions for
females with asthma were consistently higher than for males within all health
services whilst this pattern was reversed for the COPD admissions. With increasing
age, the proportion of COPD admissions increased, and in contrast a small decline

was observed in asthma admissions with increasing age.

Discussion and conclusions

It is generally assumed that rehabilitation for middle-aged and older adults with
chronic asthma should be similar to that prescribed for individuals with COPD
subjects as the disability arising from the respiratory disease is considered to be
similar. The RCT undertaken in this thesis (study 1) showed that despite the
recruitment of asthmatics with fixed airflow limitation, these individuals had a higher
functional exercise capacity at baseline as evidenced by 6MWDs that were close to
their predicted normal values and better functional capacity than individuals with

COPD recruited to studies of pulmonary rehabilitation. Participation in the exercise
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program for these subjects with FAOA improved QOL, however compared to a
control group, the effects of the program on functional exercise capacity, asthma
control, anxiety and depression, and peripheral muscle strength were not significant.
A high baseline 6MWD in this cohort may however have limited the responsiveness
of the 6MWT to detect a meaningful change in functional exercise capacity

following training.

The study comparing subjects with FAOA to those with COPD (study 2) illustrated
regardless of the observations of a similar magnitude of pulmonary hyperinflation at
rest in these two cohorts, the degree to which functional exercise capacity was
limited differed between the two conditions and this was most likely attributable to

the preservation of gas transfer in the FAOA cohort.

The record linked prevalence study provided an overview of the distribution of
admissions to hospitals for middle-aged and older adults with asthma and COPD and
the burden placed on health services particularly in regional WA. The lack of
essential respiratory services in many parts of the State and the disproportionate
number of hospital admissions in rural areas compared to metropolitan areas
highlighted a need for further research. The focus of this research would identify
opportunities to improve the provision of health services for middle-aged and older
adults with asthma and COPD in regional and remote parts of WA which may follow

on to better patient outcomes for these individuals.

The three studies in this thesis highlight the necessity of a correct diagnosis of an
individual who has FAOA and distinguishing this from COPD as the assessment and
treatment modalities for the two cohorts in terms of exercise differ. The differences
in the distribution of hospital admissions data, and trends in this data with time
further illustrate that a correct diagnosis of asthma versus COPD in middle-aged and
older adults is important to ensure accurate evaluation of the burden of these diseases
on the health care system and to plan for future services based on the need for these

services in both metropolitan and regional areas.
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Chapter 1: Introduction

CHAPTER 1

Introduction

Asthma is one of the most common chronic diseases in the world, and has been
associated with an unprecedented acceleration in social, economic and health burden
on individuals, communities and governments (1). Asthma is a chronic inflammatory
disease of the airways characterized by widespread but variable airflow obstruction
which is reversible spontaneously or with treatment. Airway inflammation results in
episodes of wheezing, dyspnoea, chest tightness and coughing. These symptoms
have a major impact on an individual who needs to control the disease through

medications, avoidance of triggers and frequent monitoring (2, 3)

Older adults with chronic, moderate to severe asthma comprise a considerably under-
researched population. Often these individuals present with airway obstruction that is
only partially reversible, because repetitive episodes of asthma induced inflammation
have caused permanent structural changes to the airways (4, 5). For the purpose of
this thesis, the presence of this chronic irreversible form of asthma will be referred to

as ‘fixed airway obstruction asthma’ or FAOA.

This thesis contains three studies which all seek to advance the characterization of
the condition FAOA in middle-aged and older adults. The primary focus of this
thesis involves the evaluation and implementation of a supervised exercise training
program, carried out in a group setting, for individuals with FAOA. This involved a
randomised controlled trial (RCT) with 35 subjects randomised to either an
intervention group that received a 6 week exercise training program in addition to

usual care or to a control group that received usual care only. Exercise training is a
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mandatory component of pulmonary rehabilitation and significantly improves
exercise tolerance, decreases dyspnoea and fatigue, reduces disability and handicap
and improves quality of life (QOL) in individuals with chronic obstructive
pulmonary disease (COPD) (6, 7). It is reasonable to assume that middle-aged and
older adults who have a diagnosis of FAOA will benefit from exercise training in a
similar way to those with COPD, given that symptoms of dyspnoea, reduced exercise

tolerance, and impaired QOL have been reported in both patient groups (4, 8).

There is limited research evaluating the benefits of exercise training programmes in
older adults with asthma. A Cochrane review of exercise training for individuals with
asthma consisted of 13 studies, of which only two were in adults. The authors of this
review concluded that exercise training improves cardiopulmonary fitness in the
absence of any changes in lung function. Notably, none of these 13 studies included

QOL as an outcome measure (9).

Following on from this first study, the secondary aim of this thesis was to compare
outcomes in a subgroup of the individuals with FAOA who participated in the RCT
with a cohort of subjects with COPD. Care was taken to ensure that both subject
groups were comparable with respect to resting pulmonary hyperinflation, age and
gender. A retrospective analysis was carried out to compare resting lung function
measurements, functional exercise capacity as measured by 6 minute walk distance
(6MWD), cardiorespiratory and dyspnoea responses to the 6 minute walk test

(6MWT), and peripheral muscle strength measurements between the two groups.

The third component of this thesis involved a study that examined the community
burden of asthma and COPD in older adults within Western Australia (WA),
particularly in rural and remote areas outside the Perth metropolitan area. A
descriptive study was carried out which mapped asthma and COPD admissions of
adults aged 40 years and over across the State over a five year period (2000-2004).
This study identified trends in the admissions data over this period and located the
distribution of support services for individuals with asthma and COPD (such as
pulmonary rehabilitation programmes, asthma educators and respiratory physicians)
in regional areas. This study identified where services were lacking in regional
Western Australia and regional ‘hot spots’ for asthma and COPD could be

visualized.
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The thesis is divided into five main chapters. The first chapter (chapter 2) presents a
critical review of the existing literature relevant to each of the three studies
conducted. This chapter is followed by individual chapters for each of the three
studies (chapters 3-5). The final chapter (chapter 6) summarises the main findings of
the research and discusses their clinical implications. The scope of this thesis is
deliberately broad as it focuses on addressing novel issues related to asthma
treatment, management and prevalence in middle-aged and older adults. Specifically,
the studies aimed to evaluate the efficacy of a clinical intervention, i.e. exercise
training, as a means of improving QOL, and to investigate prevalence and service
issues related to asthma and COPD management in regional areas in WA. The
findings of these studies are clinically relevant and applicable to the management of

chronic asthma in middle-aged and older adults around the world.



Chapter 2: Literature Review

CHAPTER 2

Literature Review

2.1 Introduction

Asthma is one of the most common chronic diseases world-wide with over 300
million people affected, and represents a significant burden to governments, health
care services, family and patients (1). The chronic irreversible airways obstruction
resulting from long-term asthma shares many similarities in its clinical presentation
and management with chronic obstructive pulmonary disease (COPD), particularly in
middle-aged and older individuals (10). The treatment approaches to chronic asthma
and COPD do differ, however, which make it important to clearly differentiate
between the two conditions. The first line of therapy for the management of COPD is
pharmacological, which is used to prevent and control symptoms and to reduce the
frequency and severity of exacerbations, however once this is optimised pulmonary
rehabilitation, of which exercise is the major component, has been shown to have a
substantial effect (7, 11). To date, the role this therapeutic option in middle-aged and

older adults with chronic asthma remains unexplored.

This literature review is divided into three sections. Part 1 (Sections 2.2 and 2.3)
outlines the definition, characterisation of, and distinction between fixed airway
obstruction asthma (FAOA) and COPD. Because there are currently such broad
definitions pertaining to asthma and COPD, the difficulties that are faced in the
diagnosis of FAOA are explored, as well as the concepts of asthma severity and

asthma control.
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Part 2 (Sections 2.4 to 2.8) discusses the disability associated with chronic asthma in
middle-aged and older adults. The presence of anxiety and depression, dyspnoea,
exercise limitation, and a reduced ability to carry out activities of daily living in
adults with asthma are reviewed, together with the impact of the condition on quality
of life (QOL). This section includes a summary of the management of chronic

asthma with an emphasis on the role of exercise training for adults with asthma.

Part 3 (Sections 2.9 and 2.10) explores the impact of asthma at a community level.
This includes a summary of the health burden resulting from the ageing Western
Australian population, particularly in relation to the burden associated with asthma
and COPD. To effectively examine the health burden resulting from chronic asthma
in Western Australia (WA), a general overview of the organisation of the health
service in the State is provided. Management issues which relate to the delivery of
effective care in metropolitan, rural and remote parts of the State are described. The
section concludes with an introduction to the use of geographic information systems
(GIS) in the health sector and the role GIS can play in understanding health service
accessibility issues which might arise for older adults with chronic asthma. Methods
by which GIS can assist in health planning and determining areas that are in need of
further health services, such as exercise training for individuals with chronic

respiratory disease, are also examined.

Part 1

2.2 Obstructive airways diseases

There are three main disease entities that cause limitation to airflow in the lungs.
These are asthma, chronic bronchitis and emphysema. Each of these three diseases

can be present to a greater or lesser degree in a given individual (Figure 2.1) (12).
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Figure 2.1 Obstructive airways diseases

Emphysema

Chronic Bronchitis

2.2.1 Asthma

Asthma is a chronic inflammatory disease of the airways, characterized by
widespread but variable airflow obstruction that is at least partially reversible, either
spontaneously or with treatment (1, 3). Inflammation of the airways can cause
episodes of wheezing, chest tightness, dyspnoea and coughing (3). The definition of
asthma is non-specific, as there are several causes for the aetiology of the disease and

there is no unifying pathology by which it can be defined (13).

Understanding the cause of asthma is a key priority area in asthma research (1).
Despite improved understanding of the links between genetic determinants and
environmental factors such as diet, obesity, lack of physical activity, exposure to
allergens, pollutants and viral infections in the development of asthma, the
pathophysiological basis for the disease is incompletely understood (14). Numerous

epidemiological studies have mapped geographic variations with asthma prevalence
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and have shown that changes associated with a move towards Western culture and
urbanization contribute significantly to the development of asthma and other atopic

diseases (15).

The prevalence of asthma is now of epidemic proportions, and it is one of the most
common chronic diseases worldwide (1). Over 300 million people have asthma and it
is expected an additional 100 million people will be diagnosed with the disease by
2025 (1). In Australia, it is estimated that over 2 million individuals have current
asthma, representing 10.3% of the population (16). In the 2004-2005 financial year,
the health expenditure for asthma amounted to A$606 million which represented
1.2% of the total allocated health expenditure in that year (16). Most asthmatics
have mild disease, and although they can be affected by acute episodes of
bronchoconstriction in response to well-recognised triggers within the environment,

they are usually well controlled with pharmacotherapy (1).

It is estimated 10% to 15% of adults in Australia are diagnosed with current asthma
and one third of these have moderate or severe disease (16). In children, asthma is
more prevalent in males than females, whereas in adults (over 20 years of age) there
is a shift towards a higher proportion of women being diagnosed with the condition
than males (17, 18). Potential reasons for this shift include hormonal changes (19,
20), a smaller airway calibre size in females (21), or obesity (22). Mortality rates
from asthma in Australia reached a peak in the late 1980s and since then rates have
fallen by 28% (23). Mortality due to asthma is highest in the elderly (>65 years of
age), with statistics from 1999-2003 suggesting average rates of death for males >65
years were 34.45 (95% CI 34.5 - 42) per 100,000 of the population and 60.42 (95%
CI 56.1 - 64.4) per 100,000 of the population for women (24).

2.2.2 Emphysema and chronic bronchitis

Emphysema is defined as the permanent dilatation and destruction of air spaces distal
to the terminal bronchiole. Respiratory tissue is progressively destroyed, which
causes a loss in elastic recoil and the area for gas exchange is reduced. Emphysema
is caused by an imbalance in the activity of proteases and protease inhibitors, often in
response to contact with inhaled irritants and/or genetic predisposing factors

(discussed below). This condition eventually leads to a decrease in gas transfer (12).
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Chronic bronchitis is a functional disorder that does not have any characteristic
radiologic features, but is diagnosed primarily on an individual’s history of “a cough
productive of sputum on most days for 3 months of the year for at least 2 successive
years”. Airway obstruction occurs due to mucus plugging and the narrowing of the

lumen (12).

In Australia in 2001, 3.6% of the population (665,000 people) self-reported they had
either bronchitis or emphysema (25). There are approximately 14 million cases of
chronic bronchitis and 2 million cases of emphysema reported each year in the

United States (US) (26).

2.2.3 Chronic obstructive pulmonary disease

Chronic obstructive pulmonary disease is the third most burdensome disease in
Australia and the fourth most common cause of mortality. More than 2.1 million
Australians are estimated to have the condition and of these individuals, 1.2 million
have moderate to severe COPD (27). In 2008 the financial cost of COPD in Australia
was $A8.8 billion and it was estimated there were around 16,000 deaths due to
COPD (27). Worldwide, it is estimated that 210 million people have COPD and more
than 3 million people died from the condition in 2005 (28).

Chronic obstructive pulmonary disease is defined by the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) as “a preventable and treatable disease with some
significant extrapulmonary effects that may contribute to the severity in individual
patients. Its pulmonary component is characterised by airflow limitation that is not
fully reversible. Airflow limitation is usually progressive and associated with an
abnormal inflammatory response of the lung to noxious particles or gases. The
airflow limitation in COPD is caused by a mixture of small airway disease
(obstructive bronchiolitis) and parenchymal destruction (emphysema)” (11). This
definition has been adopted in the American Thoracic Society and European
Respiratory Society guidelines. Chronic obstructive pulmonary disease is therefore
an umbrella term which encompasses the more familiar terms of ‘chronic bronchitis’
and ‘emphysema’. Spirometry provides a description of disease severity and is

important in the diagnosis of COPD (Table 2.1) (1, 11).
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Table 2.1 GOLD (2008) outline of the stages of severity of COPD

Stage Severity FEV,/FVC FEV,
Stage 1 Mild <0.70 > 80%
Stage 11 Moderate <0.70 50- 80%
Stage 111 Severe <0.70 30-50%
Stage IV Very severe <0.70 <30%*

GOLD: Global Initiative for Chronic Obstructive Lung Disease; FEV;: forced
expiratory volume in one second; FVC: forced vital capacity; *plus chronic
respiratory failure (arterial partial pressure of oxygen <60mmHg with or without
arterial partial pressure of CO, >50mmHg while breathing air at sea level)
(www.goldcopd.com) (11).

Exposure to cigarette smoke is the most important cause of COPD and accounts for
up to 85% of the risk associated with the development of the disease. Genetic
predisposition also plays a role with the best documented genetic risk factor being a
hereditary deficiency of alpha-1 antitrypsin deficiency that can result in the early
onset of emphysema, even in non-smokers. This is a rare recessive trait that is more
often seen in individuals of North European origin. Other risk factors include
occupational or environmental pollution and recurrent respiratory infections in
childhood (11). Asthma itself may also be a risk factor for the development of
COPD, although the evidence is not conclusive (29). Symptoms of COPD are the
presence of chronic, progressive dyspnoea, cough and sputum production. Of these
symptoms, it is the dyspnoea experienced by an individual with COPD that interferes

most with their activities of daily living and health status (11).

2.2.4 Where does fixed airway obstruction asthma fit among the spectrum of

obstructive airways disease?

Traditionally, the reversible nature of airway obstruction in asthma has not been
considered to cause any long-term damage to the airways, in contrast to emphysema
and chronic bronchitis (8, 10). Only in the last decade has it been appreciated that
repetitive episodes of inflammation can lead to permanent structural changes in the

airways (30). In severe chronic asthma, airway obstruction is persistent despite
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optimum pharmacological management, and therefore individuals with severe
chronic asthma most often present with both an irreversible and a reversible

component to their disease (1, 10, 29, 31).

A challenge is how to define FAOA: that is, is it asthma or COPD or both? The
concept of there being a condition such as FAOA is controversial in the light of the
historical classification for obstructive lung conditions. Continued widespread

differences in opinion about the presentation and definition of both asthma and

COPD remain (13, 32).

Because FAOA involves an irreversible degree of airways obstruction, it meets the
criteria used to describe COPD. It also shares many clinical similarities, not only in
relation to the objective measures of airflow, but also symptoms of dyspnoea on
exertion, reduced exercise tolerance and impaired QOL (4, 8). The goals of treatment
in both patient groups are also similar: to prevent acute exacerbations, maintain lung
function, optimize levels of habitual physical activity and to reduce symptoms. It is
logical, therefore, that the primary and secondary intervention strategies for the
management of FAOA should be similar to those for COPD. Indeed many older
adults who present with FAOA are (rightly or wrongly) diagnosed as having COPD.

The argument remains, however, whether or not the ‘FAOA group’ should remain
distinct from COPD and thus be treated differently. The natural histories of the two
conditions are markedly different and their responses to various pharmacological
medications are not comparable (4). For example, adults with FAOA display greater
therapeutic benefit in response to corticosteroids than those with COPD (4). Disease
progression differs for someone with FAOA compared to COPD. For an individual
with FAOA, lung function remains stable, a normal life expectancy is forecast and
the individual is unlikely to display any of the secondary co-morbidities associated
with COPD such as weight loss, skeletal muscle dysfunction and nutritional
abnormalities (4). This is in contrast to the accelerated decline in lung function and

poorer prognosis following a diagnosis of COPD (11, 33).

Perhaps the biggest reason for the differences seen in the natural progression of the
two diseases is their underlying histopathology. Individuals with FAOA may not
present with any chronic bronchitic or emphysematous changes in the lung; both of

which are usually present to some degree in COPD (33, 34). It is estimated that as
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many as one fifth of elderly asthmatic adults have an improper diagnosis of COPD,
rather than asthma (35, 36). Large databases in both the US and United Kingdom

(UK) suggest there is considerable overlap between the two diseases (37).

2.2.5 Diagnosing fixed airway obstruction asthma

Due to a lack of a gold standard for diagnosing asthma, differential diagnosis of
asthma - let alone FAOA - in an older adult population remains a challenging task
(38-40). Table 2.2 outlines some of the factors which can assist in differential
diagnosis of asthma and COPD in older adults (39). In addition, investigation of
trigger factors for exacerbations, family history, bronchial hyper-responsiveness (by
histamine or metacholine challenge tests), significant variability in symptoms over
time, past bronchodilator reversibility, and the measurement of peak expiratory flow

to identify any evidence of diurnal variability are also important (41).

Table 2.2 Differential diagnosis of asthma and COPD in older adults

Asthma COPD

Age at onset Any age Older

Allergy Often Sometimes
Sudden symptom onset Often Sometimes
Wheezing Often Sometimes
Dyspnoea Often Often
Coughing Sometimes Often
Smoking history Sometimes Almost always
Sputum production Seldom Almost always

COPD: Chronic obstructive pulmonary disease.

Source: An algorithmic approach to diagnosing asthma in older patients in general
practice (39)
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Other diagnostic tests include detailed lung function tests which are undertaken when
an individual’s condition is stable (42). This can confirm the presence of airflow
limitation and can assist in excluding other lung conditions. In COPD, particularly in
moderate to severe disease, gas exchange is often impaired. This is reflected by a
reduction in measurements of gas transfer, in particular the reduction in single breath
diffusing capacity of the lung for carbon monoxide corrected for alveolar volume
(DLco/VA) which is often <80% of predicted in COPD whilst DLco/VA is either
normal or elevated in adults with a history of asthma (42, 43). Asthma is only likely
to cause an impairment of gas exchange during severe attacks (1, 10). Spirometry
and trial of therapy (to assess an acute bronchodilator response and longer term
changes to peak expiratory flow with therapy) can confirm a diagnosis of asthma,
however if uncertainty remains, the gold standard of a high resolution computed
tomography (HRCT) scan is useful to exclude the presence of underlying structural

emphysematous changes or bronchiectatic changes (29, 39).

Despite these imaging and physiological testing techniques mentioned above,
individuals with FAOA may still be considered as having a combination of COPD
and asthma as the distinction from COPD is often not possible. However, it must be
recognised that this subgroup of individuals with asthma may not necessarily present
with the progressive lung deterioration or extrapulmonary co-morbidities associated

with COPD (11).

2.3  Assessing asthma severity and control
2.3.1 Definition of asthma severity and asthma control

Guidelines developed to assist in grading the severity of asthma commonly
incorporate measures of pulmonary function, frequency and intensity of symptoms,
bronchodilator response and medication usage. The guidelines used in this thesis to
grade the severity of an individual’s asthma are those currently recommended by the
National Asthma Council of Australia (2). These are based on the Global Initiative
for Asthma Guidelines (1) and are provided in Tables 2.3 and 2.4.

Asthma severity is assigned to one of four categories: intermittent, mild persistent,
moderate persistent and severe persistent when first diagnosed and prior to treatment

(Table 2.3) (2). Once treatment is commenced, severity is then determined by the
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requirement and dosage of pharmaceutical medications (inhaled corticosteroids and
long acting beta-agonists) to control the disease, in conjunction with clinical
symptoms and the results of spirometry (Table 2.4). Severity is classified when an
individual’s condition is stable, not during an acute episode. Due to the reversible
nature of the disease an individual can move between categories in a classification

system throughout the course of the disease (1, 2).

The majority of adults with asthma (80%) have mild or very mild disease. It is
estimated only 6% have severe or very severe disease (44). The severity of asthma
has been shown to influence health-related QOL (HRQOL) (45) and health care
utilisation (46). Individuals with the most severe asthma tend to underestimate their
symptoms and may present with very severe obstruction but with little perception of
any deterioration in their condition (47). Though asthma severity per se is not a
patient-focused measure, a patient’s perception of their severity is influenced by not
only their level of symptoms, but also restrictions to physical activity and social life
(48). These relationships are explored further in Part 2 of this literature review

(Section 2.4).

There is a distinction between an individuals’ level of asthma control and underlying
severity of the disease (49). Asthma symptoms may be well controlled with
appropriate treatment, but an individual may in fact have severe 'underlying* asthma
(50). With increasing asthma severity however, achieving the guideline targets for
asthma control becomes more difficult despite appropriate treatment (51). It has been
postulated that evaluating the clinical features of asthma over the course of a year
provides a more valid assessment of disease severity, while assessing symptoms over
the preceding month better reflects the degree of asthma control, or disease activity
(52). Table 2.5 illustrates the currently accepted definitions of the various levels of
asthma control- i.e. good, fair and poor that are used in clinical practice within
Australia (1, 2). It is estimated that of the adult population in Australia who have
been diagnosed with asthma, 45% have asthma that is considered to be poorly

controlled (44).
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Table 2.3 Classification of asthma severity in an individual with untreated, newly diagnosed asthma

Day-time asthma Night-time asthma Exacerbations Spirometry

symptoms symptoms
Intermittent Less than weekly Less than 2 per Infrequent FEV, at least 80% predicted

month Brief FEV variability less than 20%

Mild persistent More than weekly and less More than 2 per Occasional FEV, at least 80% predicted

than daily month but not weekly May affect activity or sleep FEV, variability 20-30%
Moderate persistent  Daily Weekly or more often Occasional FEV; 60-80% predicted

May affect activity or sleep FEV, variability more than 30%

Severe persistent Daily Frequent Frequent FEV, 60% predicted or less

Physical activity is restricted FEV, variability more than 30%

An individual's asthma pattern (intermittent, mild persistent, moderate persistent or severe persistent) is determined by the level in the
table that corresponds to the most severe feature present. Other features associated with that classification need not be present.

FEV: forced expiratory volume in one second

Sources: (1, 2)
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Table 2.4 Classification of asthma severity in an individual with treated asthma

Clinical features and lung function No inhaled ICS Low dose ICS Low- to High dose ICS
medium dose and LABA +/-
ICS and LABA other agents

Day-time symptoms occurring <I/week Intermittent Mild persistent ~ Moderate Severe persistent

Night-time symptoms occurring <I/month persistent

Exacerbations are brief

FEV, between episodes is at least 80% predicted and 90% of

personal best

Day-time symptoms >1/week but not every day Mild persistent ~ Moderate Severe persistent Severe persistent

Night-time symptoms >2/month but not weekly persistent

FEV, between episodes is >80% predicted and 90% of personal

best

Day-time symptoms daily Moderate Moderate Severe persistent Severe persistent

Night-time symptoms at least weekly persistent persistent

Exacerbations affect sleep and activity
SABA use daily
FEV, is 60-80% predicted and 70-90% of personal best

Day-time symptoms every day and restrict physical activity
Night-time symptoms frequent

Exacerbations are frequent

FEV, is <60% predicted and <70% of personal best

Severe persistent

Severe persistent Severe persistent

Severe persistent

Asthma severity in an individual with treated asthma is classified according to medications, symptoms and spirometry. ICS: inhaled
corticosteroids; LABA: long acting beta agonists; FEV: forced expiratory volume in one second; SABA: short acting beta agonists.

Sources: (1, 2)

15



Table 2.5 Assessment of asthma control

Chapter 2: Literature Review

Level of control

Parameters Good Fair Poor

Day-time symptoms None <3 days/week >3 days/week

Night-time symptoms Not woken <1 night/week >1 night/week

Physical activity Normal Normal Restricted

Exacerbations None Mild, infrequent Moderate, severe frequent
Missed school/work due to asthma None None Any

Reliever use* None <3 doses/week <3 doses/week

FEV,, FEV{/FVC Normal >90% personal best <90% personal best

PEF Normal >90% personal best <90% personal best

FEV,: forced expiratory volume in one second; FVC forced vital capacity obtained by spirometry; PEF: peak expiratory flow obtained
with a portable peak flow meter. *Does not include one dose/day for prevention of exercise induced symptoms.

This assessment classification is applicable to adults and older children.

Lung function parameters are not appropriate measures of asthma control in young children
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2.3.2 [Evaluating asthma control

A number of questionnaires have been validated to measure the goals of asthma
management as defined by international guidelines. Use of these questionnaires
enables the identification of individuals whose asthma management is suboptimal

and therefore those who have poor asthma control (53).

To achieve good asthma control, an individual is required to have minimal day and
night-time symptoms, rarely demonstrate activity limitation and bronchoconstriction,
and require minimal use of rescue medication (54). Three questionnaires that have
been validated specifically for measuring asthma control are reviewed in this section,
two of which, the Asthma Control Questionnaire (ACQ) and the Asthma Control
Test (ACT), are recommended by the International Primary Care Respiratory Group

in their Users Guide to Asthma Control Tools {http://www.theipcrg.org/}.

The ACQ is a 7 item, self-complete questionnaire developed by Juniper and
colleagues (55) with input from 100 asthma physicians who were members of asthma
management guidelines committees across 18 countries, and were opinion leaders in
asthma management or asthma clinicians with recognised expertise in the
measurement of asthma severity. The overall score for the ACQ is the mean of
responses to the 7 items with a score of 0 representing totally controlled asthma and a

maximum score of 6 representing severely uncontrolled asthma (55).

The ACQ has been shown to be responsive to changes in asthma control, and is able
to differentiate between adults who have well controlled and poorly controlled
asthma. The cross-over point between an individual considered to have well
controlled asthma, as defined by a composite score based on the National Institute
for Health and Global Initiative for Asthma Guidelines, to poorly controlled asthma
is a mean score of 1 on the ACQ. To accurately separate a given individual with well
controlled versus poorly controlled asthma, the suggested value on which to base
clinical decisions is <0.75 for well controlled asthma, and >1.5 for poorly controlled

asthma (56).

The ACT (57) has been validated in 4,313 individuals with asthma and takes 2 to 3
minutes to complete. The instrument uses a 4 week recall period and a 5 point scale
{1-5} to grade asthma control in relation to day-time symptoms, night-time

symptoms, rescue beta agonist use, daily activity limitation and the individual’s

-17-



Chapter 2: Literature Review

perception of control. An individual with a composite score of 25 has complete

control whilst a score of 5 indicates very poor control (57).

The Asthma Therapy Assessment Questionnaire (ATAQ) (52) consists of a self-
complete questionnaire with a 5 level measure of asthma control from 0 (no control
problems) to 4 (4 control problems). To assess the level of control, questions ask
about nocturnal symptoms, missed activities, medication usage, and self-perception
of control. Control is assessed relative to the last 4 weeks and also to the preceding
12 months, with separate control scores calculated for each time period. In addition,
the questionnaire contains items which relate to health care utilisation and patient
attitudes to treatment to assist in the identification of possible disease management
problems. However, these items have not been independently validated. Table 2.6
illustrates a comparison of the components of asthma control that these three

questionnaires measure.

Table 2.6 Components of asthma control measured in three questionnaires
ACQ ACT ATAQ
Limits daily activity Yes Yes Yes
Shortness of breath Yes Yes No
Disrupts sleep Yes Yes Yes
Rescue medication Yes Yes Yes
Effect on global control No Yes Yes
Frequency of wheeze Yes No No

ACQ: Asthma Control Questionnaire ; ACT: Asthma Control Test ; ATAQ: Asthma
Therapy Assessment Questionnaire. Sources: (49, 58)
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Part 2

2.4 Impact of chronic asthma on an individual and the role of

exercise training

To date, little research has been dedicated to the characterisation of FAOA in
middle-aged and older adults. Studies which illustrate the impact of asthma in adult
populations are reviewed in this section. Co-morbid conditions such as significant
depression, anxiety, disability, impairment of QOL and reduced mobility occur in
association with asthma, and the prevalence of these conditions has been shown to
increase with age (59, 60). Disability associated with asthma has been reported to be
greater in individuals with more severe disease, those who are older and in
individuals who have poorer control of their asthma (61). These associations are
reviewed in this section, as well as the impact of chronic asthma on an individual’s
QOL, and the effects of anxiety, depression, dyspnoea and exercise limitation in this

population.

The section concludes with a synthesis of the literature related to the benefits of
exercise training in adults with asthma and adults with COPD. Due to the lack of
studies of exercise specifically in adults with FAOA, studies of exercise training in
these two adult populations are used to explore the potential benefits of exercise
training in a cohort of individuals who have chronic asthma with irreversible airflow

limitation.

2.4.1 Quality of life and health-related quality of life

Quality of life is defined as an individual’s perception of health-related issues such as
physical, emotional and mental well-being as well as nonmedical aspects of life such
as relationships, occupation and social standing (62). Socio-economic and
environmental factors as well as the impact of a disease can influence overall QOL

(63).

In health, when referring to the concept of QOL, HRQOL is defined as the part of an
individual’s overall QOL that is determined primarily by the functional effects of an

illness and its consequent treatment perceived by that individual (54, 64, 65).
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2.4.2 Measurement of health—-related quality of life

A number of generic questionnaires and disease-specific questionnaires have been
used to measure HRQOL in individuals with asthma in both clinical practice and the
research setting (54, 64). The most commonly used questionnaires are outlined in

Table 2.7 along with their relative merits and limitations.

Generic questionnaires measure impairment over a broad spectrum of functions and
have the advantage of the potential to compare outcomes across a wide range of
medical conditions. The broad nature of the questions may, however, mask small but
important changes following a given treatment because of the limited depth of the
questions. This is because impairments important to individuals with a specific
condition may not be addressed (54, 66). In adults with asthma, the most often
reported and best validated generic questionnaire is the Medical Outcomes Study 36-

Item Short-Form Health Survey (SF-36) (67).

Disease-specific questionnaires include items which pertain to symptoms and
functional impairments that are most important to an individual with a specific
disease. A number of studies have demonstrated these questionnaires to be more
responsive to change than generic health profiles (66, 68). Many disease-specific
HRQOL questionnaires now have a minimal clinical important difference (MCID)
estimate which refers to “the smallest difference in score which patients perceive as
beneficial and would mandate, in the absence of troublesome side-effects and
excessive cost, a change in the patients management” (69). The most widely used
disease-specific questionnaire in adults with asthma is the Asthma Quality of Life
Questionnaire (AQLQ) developed by Juniper and colleagues (66, 70, 71). The
AQLQ has been shown to have strong evaluative and discriminative properties with

high degrees of sensitivity to change shown in numerous drug trials (66, 68, 72, 73).
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Questionnaire Description {Domains} Administration format, time Advantages Limitations
taken to complete and scoring
Generic
Medical 36 items grouped in 8 domains: Self-administered Valid and reliable Internal consistency in
Ouctomes Stud *  Physical functioning 5-10 minutes (67,75,76) individuals with asthma
Yo Role-physical Score 0-100 (higher score Normative data available for determined and is good for
36-Item Short- * Bodily pain indicates better QOL) Australians (77) physical functioning, role-

Form Health
Survey

(74)

*  General health

*  Vitality

*  Social functioning

* Role-emotional

*  Mental health

A separate item assesses change
in health from the previous year,
called ‘health transition’

Scoring algorithms can be
applied to produce combined
physical and mental component
summary scores

Domains are responsive to
clinical manifestations (physical
functioning) and global
psychiatric (mental health)
conditions, and the instrument is
overall responsive to change
More commonly used for cross-
sectional studies than for
evaluating interventions
Moderate correlation with lung
function in asthma

physical, bodily pain, general
health and vitality domains;
moderate for mental health and
role-emotional; lower but
acceptable for social functioning
due to the small number of items
(78-80)

Sickness Impact
Profile

(81)

Generic 136 items in 2 domains

with the following dimensions:

*  Physical: ambulation,
mobility and body care

*  Social: general well-being,
work/ social role
performance, social support
and participation, global
social function, personal
relationships and global
emotional functioning

Self-administered

20-30 minutes

Higher scores indicate more
severe dysfunction

Good repeatability and internal
consistency

Moderate or strong correlations
with other measures of health
status

Used most extensively in patients
with COPD

Not strictly a QOL questionnaire,
instead assesses behaviours,
many which are closely related to
factors that affect a subject’s
QOL

Good evidence that it is not
useful for measuring the impact
of asthma on QOL (82, 83)
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Questionnaire

Description {Domains}

Administration format, time
taken to complete and scoring

Advantages

Limitations

Disease-specific

Asthma Quality of
LifeQuestionnaire-
McMaster

Juniper et al

(70)

Measures health-related
limitations in QOL experienced
during the past two weeks

32 items grouped in 4 domains:
*  Activity limitation

¢ Symptoms

*  Emotional function

*  Environmental stimuli
Three versions available:

1) Individualised: items in
activity limitations
individualised, i.e. activities to
be rated are provided by the
respondents themselves

2) Standardised version: items in
activity limitations standardised
(84)

3) Mini AQLQ: shortened
version comprises 15 of the 32
items of the standardised AQLQ
(85)

Interviewer or self-administered
15 minutes

Item scores range from
1(maximal impairment) to 7 (no
impairment)

Subscale scores expressed as
average of all items within each
domain

Overall QOL score derived by
calculating the mean across all
subscales.

Optimized for longitudinal
designs and responsive to small
within-subject changes over
time, with good responsiveness
to change and longitudinal
construct validity

Was found to be most sensitive
to improvements in health status
compared to other QOL
measures (LWAQ, SIP) (66)
Responsiveness indexes ranged
from 1.28 to 1.46 in total scores
(86)

Effect size shown to be larger for
the total AQLQ score and the
Activities and Symptoms
domains (86)

The MCID for subscales is 0.5,
changes of 1.0 are considered
moderate and changes of 2.0 are
large (68)

Highly repeatable

Has acceptable levels of content
and construct validity and
reliability (84)

Individualised version less
suitable for cross-sectional
designs however a standardised
version is available
Individualised version increases
signal-to-noise ratio caused by
personalised items which does
make it less responsive to
within-person change than other
survey tools (87)

The internal consistency of the
scale has not been reported
Scores are skewed to less impact
on QOL (higher scores)
Empirical method was used to
select items
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Questionnaire

Description {Domains}

Administration format, time
taken to complete and scoring

Advantages

Limitations

Asthma Quality
of Life
Questionnaire -
Marks (88)
Original version
Modified version

Original version- 20 items with

domain scores in 4 areas:

*  Breathlessness and physical
restrictions (Breathlessness)

*  Mood disturbance due to
asthma (Mood)

*  Social disruption from
asthma (Social)

*  Concerns about health and
future (Concerns)

Changes in modified version are:

i) change from a 5 point to 7
point Likert-type response scale
ii) 2 items that had 2 indicator
activities were separated to
produce 4 items. Thus the
modified version consists of 22
items overall in the 4 domain
areas

Interviewer or self-administered
5 minutes

Looks at affect of each item in
preceding 3 months

Response items 0-not at all to 4-
very severely

Computation of four asthma
specific subscale scores (each
subscale scored out of 10 - mean
of all items associated with it
multiplied by 2.5)

Also overall score.

Total scales score (out of 10) is
the mean of all item scores
multiplied by 2.5

Higher scores = more adverse
impact on QOL

Responsive to change

Reliable and relatively
independent of subject
characteristics (89)

Moderate correlation between
total score and other subjective
measures of disease severity
Discriminates between subjects
who would be expected to differ
in HRQOL

A change of > 0.5 is the MCID in
scores (90)

Floor effect (zero values- have
fallen within the lowest quartile
in all populations studied)
Intended for use as outcome
measure in clinical trials

St Georges
Respiratory
Questionnaire

C2))

76 items divided into 3 domains:

¢ Symptoms
*  Activity
¢ Impacts

Telephone or face-to-face
interview.

10 minutes

Weighting each item and
dividing the summed weights by
the maximum possible weight
and expressing result as a
percentage provides respondents
score

Score 0 (best)-100% (worst)

Reproducible, valid and
responsive in both asthma and
COPD populations (91-94)
MCID found to be 4 points (95,
96)

Cross cultural and linguistic
considerations are included

Limited coverage of
psychological symptoms

Most testing and development of
questions was done in
populations with COPD not
asthma
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Questionnaire Description {Domains} Administration format, time Advantages Limitations

taken to complete and scoring
Living with 68 items in 11 domains Self-administered Main strength is the extensive Limited range of response
Asthma Items derived from 6 focus 15 minutes qualitative research used in options.
Questionnaire groups 3 point response option developing the questionnaire Does not measure the physical
97) Major focus is psychological and  Higher scores indicate more Correlation with generic Sickness symptoms of asthma

social aspects of QOL

adverse impact on QOL

Impact Profile was 0.66

Weak to moderate correlations
with clinical measures of asthma
(66, 86)

Asthma Impact
Record Index
(98)

4 domains:

*  Psychological

*  Physical activity

*  Physical symptoms
¢ Social.

Self-administered

Items are scores 0 to 1 and
summed without weighting
Higher scores indicate more
adverse impact on QOL

Internally consistent

Highly repeatable, intra-class
correlation for total scale =0.97
Strongly correlated with other
measures of QOL

Performance as a measure of
change has not been reported.
Longitudinal characteristics not
established.

Developed in France
Distribution skewed towards
lower scores

HRQOL: Health-related quality of life; QOL: Quality of life; COPD: chronic obstructive pulmonary disease; MCID: Minimal clinically important difference;
AQLQ: Asthma Quality of Life Questionnaire.
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2.4.3 Quality of life and asthma

From the perspective of an individual with asthma, measures of HRQOL represent
the success of treatment in a more meaningful way than physiological end-points
such as spirometric measures of lung function (99). Consequently, optimising
HRQOL has become an important component of asthma management, and
assessment of HRQOL is now regularly included as an outcome measure in clinical

trials (54).

Regardless of age, adults with asthma have been shown to report their health status to
be lower than those without asthma (100). Adams and colleagues (101) showed that
standardised SF-36 scores adjusted for age, gender and social class were significantly
lower in subjects with asthma drawn from a representative population survey
consisting of both hospital-based and community-based subjects when compared to
population norms. Combined physical component and mental component scores
were comparable to those reported by individuals with other chronic diseases such as

diabetes and arthritis.

Asthma has been associated with significant medical morbidity, and has also been
reported to adversely affect an individual’s personal and social life, their
employment, finances and relationships (102). Asthma symptoms contributing most
to this reduction in HRQOL are dyspnoea, morning symptoms, sleep disturbances
and recurrent hospitalisations (103, 104). In an investigation of the determinants of
HRQOL in asthma, dyspnoea, rather than measures of lung function, was found to be

an independent determinant of HRQOL across all levels of asthma severity (45).

Good asthma control has been associated with improved HRQOL (52, 105). One
study (106) showed that regardless of asthma severity, subjects with well controlled
asthma had consistently better HRQOL (as measured with the AQLQ). This study,
which was primarily evaluating a combination of salmaterol and fluticasone, showed
that subjects with well controlled asthma at study entry went on to achieve greater
improvements in their HRQOL than the subjects with poorly controlled asthma at
study entry. However, the subjects who had poorly controlled asthma at study entry
were able to achieve clinically meaningful improvements in their HRQOL with

treatment (53).
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2.4.4 Anxiety and depression in asthma

There is evidence that anxiety and depression are more common in adults with
asthma than in the general population (103, 104, 107-110). The sensations that occur
during acute episodes of asthma share many overlapping sensations to those
associated with panic disorders. These symptoms include hyperventilation-induced
dyspnoea, a sensation of ‘being smothered’ or choking, and increased anxiety. The
prevalence of panic disorders in adults has been estimated to be 1-3% in community
populations (111), but as high as 6-24% among individuals with asthma (107, 112-
118).

Reasons postulated to explain an apparent increased risk for the development of
panic disorder among individuals with asthma include the theory that such
individuals generate fearful or catastrophic beliefs about their respiratory symptoms
which in turn provoke panic attacks. Alternatively, a biological theory suggests that
repetitive experiences of hypoxia and hypercapnia may sensitise the nervous system
to over-react to subsequent episodes of hypoxia or hypercapnia. The fact that there is
also an association between asthma severity and anxiety supports this notion. Figure
2.2 is adapted from a theoretical model (108) developed to describe the potential

adverse impacts of co-morbid anxiety or depression in adults with asthma.

Both depression and anxiety have been associated with a decrease in the level of
asthma control including a greater number of doctor’s visits, the inability to carry out
usual activities and more days during which asthma symptoms are present (119).
Further, among individuals with asthma, there appears to be a dose-response
relationship between the severity of depression and level of physical inactivity (119).
A prospective cohort study of 59 adults who had been hospitalised for asthma
showed that symptoms of depression were associated with an 11.4-fold increase
(95% confidence intervals 2.2-58.2) in the possibility of poor adherence to therapy
on discharge from hospital (120). There is substantial evidence to suggest that poor
adherence to therapy leads to severe asthma exacerbations (121). Lavoie and
colleagues (122) reported an association between the presence of depression or
anxiety and poorer HRQOL in adults with asthma. In addition, these authors found a

significant association between depression and poor asthma control.
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Figure 2.2

Adverse impact of anxiety/depressive disorder and asthma co-morbidity
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24.5 Measuring anxiety and depression in clinical trials

The Hospital Anxiety and Depression (HAD) Scale (123) is a reliable and valid tool
for screening clinically significant anxiety and depression in patients attending a
general medical clinic. This scale was specifically designed for use in non-
psychiatric hospital departments and assesses an individual’s mood state through
questions about how the individual has felt during the past week. The scale is self-
administered and takes 5 to 10 minutes to complete. It contains 14 multiple choice
type questions, seven of which are oriented to the detection of anxiety and seven to
the detection of depression. All items are based on psychological symptoms.
Questions that might also relate to physical illness, such as the presence of dizziness
or headaches, are eliminated. A score of more than 10 on either subscale is likely to
indicate the presence of an anxiety or depressive disorder (123). The HAD Scale has
been shown to reliably detect the severity of anxiety and depression and has

demonstrated sensitivity to changes in mood state following pulmonary rehabilitation

in subjects with COPD (124, 125).

2.4.6 Dyspnoea

Dyspnoea is the term used to describe the ‘“subjective experience of breathing
discomfort that consists of qualitatively distinct sensations that vary in intensity”
(126). It has been suggested that the sensation of dyspnoea is related to the activation
of sensory systems that are involved with respiration, which in turn relay information
to the central nervous system where processing takes place. This information in
conjunction with interactions from physiological, social, cognitive and
environmental factors can induce secondary behavioural and physiological responses

(126).

In COPD, dyspnoea is primarily triggered by exertion due to limiting physiological
processes and alterations in lung mechanics (126, 127), and the intensity of dyspnoea
is shown to increase with increases in ventilation (127). In asthma, dyspnoea can be
triggered by a number of environmental allergens or by exertion (126). The presence
of inflammatory mediators such as those present during acute episodes of asthma can
lead to an increased sensitivity to respiratory sensations. This in turn contributes to a

disproportionate drive to breathe and may culminate in the presence of
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hyperventilation syndrome (1, 126). Dyspnoea often limits an individual’s level of
physical activity and leads to a sedentary lifestyle which in turn decreases fitness and

exercise tolerance (128).

The intensity of dyspnoea in adults with asthma has been shown to loosely correlate
with the magnitude of expiratory flow limitation as measured by a fall in FEV, (129)
during metacholine-induced bronchoconstriction. More importantly, dyspnoea is
strongly and directly correlated with the development of dynamic lung hyperinflation
that occurs because of the increase in work of breathing with this challenge (130-
132). Tidal expiratory flow limitation and dynamic hyperinflation during exercise
have been reported in stable asthmatics without evidence of exercise-induced
bronchoconstriction. The presence of such flow limitation and hyperinflation can

contribute to a reduction in exercise capacity (133).

Abnormal breathing patterns are often apparent during hyperventilation and may
result in breathlessness, light-headedness, paresthesia and anxiety. These symptoms
can occur in all grades of asthma severity and may be related to the increased

incidence of anxiety and depression in asthmatic patients (134, 135).

Some individuals with asthma, particularly those with a history of near-fatal asthma
and chronic asthmatics whose airway pathology is characterised by inflammation and
eosinophilia, have a blunted perception of dyspnoea and report less symptoms than
asthmatic subjects whose obstruction is transient and more readily reversible. Such
individuals are considered to be poor perceivers of their symptoms (1). This
decreased ability to perceive an increase in mechanical load or abnormal gas
exchange may be due to temporal adaptations and physiological changes to the
feedback mechanism. This in turn can make an individual with asthma more

vulnerable to a fatal attack (136-139).

The term dyspnoea is used to characterise a range of qualitatively distinct sensations.
Simon and co-workers (140) compiled a list of 19 descriptors of dyspnoea that were
experienced by individuals with a variety of lung and cardiac conditions. Examples
of some of the descriptors for dyspnoea included “My breathing requires effort”,
“My chest feels tight”, “My chest is constricted” and “I feel out of breath”. This list
was refined and modified to 15 descriptors and use of this list of descriptors has been

validated and shown to have acceptable test-retest reliability (141, 142).
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Moy and colleagues (143) showed that the qualitative descriptors of breathlessness
changed in eight subjects with mild asthma in response to mild bronchoconstriction
through metacholine broncho-provocation versus breathing against an external
resistive load which provided resistance on both inspiration and expiration. For
example, the language of chest tightness or constriction was chosen to describe
dyspnoea in 92% of 26 trials involving a methacholine challenge causing
bronchoconstriction, compared to only 3% of 72 trials which required breathing
against an external resistance. When breathing against an external resistance, the
responses chosen to describe dyspnoea related to the sensation of an increase in

“work” and “‘effort”.

2.4.7 The measurement of dyspnoea

A number of instruments are available to assess dyspnoea including structured
interviews, self-report questionnaires and visual analogue scales. However few of
these are suitable for single point measurement during an exercise test or exercise
training (144). The most widely used tools to measure the intensity of dyspnoea
during exercise are the Visual Analogue Scale (VAS) and the modified Borg
Category Ratio Scale. The VAS requires a subject to place a mark on a 10cm
vertical or horizontal line to indicate their level of breathlessness. Although this
technique has been validated (145) it lacks test-retest reliability when repeat testing
occurs weeks apart, thus questions remain about the reliability of VAS dyspnoea

rating across different dyspnoea-inducing exercise tasks (144).

The Category Ratio Scale developed by Borg (1982) (146) is a scale which ranges
from 0O (no breathlessness) to 10 (maximum breathlessness) and is a useful indicator
of breathlessness because of its relative simplicity (146). This scale was adapted
from an original ordinal scale which ranged from 6 to 20 that was developed by Borg
in 1970 (147) to measure perceived exertion. In general, scores obtained using the
category ratio scale are reliable over short periods of time, are easy to collect,
sensitive to change and highly reproducible at peak exercise intensities (148). The
recommended MCID for the Borg Dyspnoea Scale is 1-unit. This is based on a

retrospective review of a number of published trials which evaluated the response to
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an exercise training program. The MCID was calculated using a distribution-based

approach based on the effect size (149).

At submaximal exercise intensities (i.e. exercise below peak oxygen uptake) Belman
and colleagues (150), assessed the reproducibility of the Borg scale ratings of
dyspnoea in nine subjects with COPD, and found that over a 10 day period scores
decreased significantly with successive treadmill walking tests. These authors
concluded that because oxygen uptake (VO,), ventilation (VE), heart rate (HR) and
tidal volume (VT) stabilised after only one or two practise attempts, the
proportionally greater fall in Borg ratings with repetitive testing was independent of
a true physiological effect. Because habituation to the task of treadmill walking was
complete by the second or third test in the study, the authors proposed that the serial
improvement in dyspnoea scores may have resulted from desensitisation to the
sensation of dyspnoea, and thus desensitisation may play a role in the improvement

of individuals with COPD with exercise training (150).

2.4.8 Measuring the sensation of chest tightness in asthma

To date, a scale does not exist that quantifies the intensity of chest tightness
experienced during physical activity in adults with asthma. In such individuals the
sensation of chest tightness is often present, but qualitatively distinct from that of an
increased work of breathing (151). For this reason it is important to quantify the
separate sensations of ‘breathlessness’ and ‘chest tightness’ when assessing

functional exercise capacity in adults with FAOA during a clinical trial.

A review of the literature revealed one scale that has been used in an attempt to gain
an understanding of the subjective feelings surrounding the sensation of dyspnoea in
individuals with asthma. This scale includes language descriptors relating to chest
tightness used by asthmatics (140, 141). Frequency of chest tightness symptoms were
assessed in another study conducted by Teeter and colleagues (152) with a scale that
incorporated a 5 point whole integer scoring system (0- no symptoms, to 4- constant
symptoms). This study rated the frequency of a number of asthma symptoms
including chest tightness, cough, dyspnoea, wheeze, sputum production and
nocturnal wakening in 67 adults with chronic asthma, to characterise the relationship

between symptoms and degree of airway obstruction as determined by FEV,. The
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time period over which the symptoms were monitored was not specified, however,
within the study and therefore the usefulness of using this scale for individuals with

FAOA during physical activity is not certain (152).

To date, the only study reporting a measure of the intensity of chest tightness
symptoms during exercise was undertaken in individuals with cystic fibrosis (153).
This study utilised a VAS to measure the intensity of chest tightness following

inhalation of hypertonic nebulised colistin.

Since the Borg Category Ratio Scale (146) has shown to be reliable over short time
periods, sensitive to change and reproducible at peak exercise intensities, it could be
argued that this scale may be suitably adapted to measure chest tightness in
individuals with FAOA due to the close relationship chest tightness has with
breathlessness in those who have asthma. The Borg Category Ratio Scale was
utilized in the randomized controlled trial conducted in this thesis to measure chest

tightness based on this argument (chapter 3).

2.5 Functional exercise capacity in adults with asthma

Research suggests that the risk behaviours of physical inactivity in addition to
smoking and obesity have profound effects on asthma severity and these effects are
compounded when multiple adverse behaviours exist (154). Several studies have
reported lower levels of aerobic fitness in asthmatic adults in comparison to their
healthy peers (155). A study of 44 subjects with mild to moderate asthma matched
with 64 healthy control subjects showed that the asthmatic subjects had a
significantly lower aerobic capacity as measured by peak oxygen uptake (VOopear),
anaerobic threshold and oxygen pulse compared to the healthy controls. Consistent
with this finding, young asthmatic males conscripted to military service have been
reported to display poorer physical fitness than those without asthma as measured by

a 12 minute running test (156).

Intensity of habitual exercise has also been reported to be lower in asthmatic than
non-asthmatic subjects. In a US population-based study where, after adjusting for
age, respondents with current asthma demonstrated on average their estimated energy
expenditure from leisure time physical activity was 206 kilocalories lower than

respondents with former asthma, and 91 kcal/week lower than respondents who had
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never had asthma (p<0.001) (157). In contrast, a study which recruited 27 adults with
stable mild to moderate asthma found levels of aerobic fitness were comparable to

non asthmatics of average fitness levels measured with a maximal treadmill test

(158).

In the study conducted by Garfinkel ef al (158), a self-complete questionnaire was
also administered which was based on a revised version of the Canadian
Standardized Test of Fitness Lifestyle Questionnaire. Results from this questionnaire
suggested that asthmatics perceive their disease as the limiting factor to improving
aerobic fitness. The three main reasons for not exercising more were lack of time
(64%), breathlessness/wheezing (52%) and lack of energy (44%). In addition, factors
which subjects thought would assist them to increase their exercise levels were better
asthma control (64%), more time for exercise (56%), more energy (44%) and people

to exercise with (44%).

Potential causes of reduced exercise capacity in adults with chronic persistent asthma
include deconditioning as a result of a sedentary lifestyle, exertional dyspnoea,
peripheral muscle impairment arising from prolonged corticosteroid usage, decreased
lean body mass and fatigue, low self-efficacy and fear, sleep disturbances,
psychological impairments such as depression and anxiety and a developed aversion
to exercise due to inappropriate restriction when young and a fear of developing

asthma symptoms during exercise (121, 159, 160).

2.5.1 Measurement of functional exercise capacity

An objective measure of functional exercise capacity should assess the level of
disability experienced by an individual with chronic respiratory disease. Exercise
tests are employed in this manner to quantify exercise capacity (161, 162). The
determination of baseline exercise capacity enables the prescription of an
individualised rehabilitation programme aimed at improving exercise tolerance (7).
Regular exercise testing is a useful way to monitor change in an individual’s exercise
capacity, and such data are used as outcome measures of interventions including

exercise training (163).
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2.5.2 Laboratory-based exercise tests

The gold standard for determination of exercise capacity is the measurement of peak
oxygen uptake (VOypeax) Which is usually obtained during a maximal exercise test
conducted in a laboratory setting. In this environment, measurements of oxygen
saturation (SpO,), HR, work rate, VE, VO, and expired carbon dioxide (VCO,) can
be obtained. Arterial blood samples may also be collected and concentrations of
inspired and expired gases can be accurately monitored by breath by breath gas

analysis (161, 164).

Laboratory tests are generally administered only once, due to cost and time
constraints and because the measurement of exercise capacity through VOjpcak 1s
reported to be reliable after just one laboratory test (163). Testing within the
laboratory requires sophisticated equipment and trained personnel. The equipment
enables monitoring of the patient throughout the exercise test and the identification
of the pathophysiological limitations to exercise (163, 164). Laboratory tests are
commonly performed using a cycle ergometer or treadmill. Conventionally for the
assessment of patients with known or suspected respiratory disease a cycle ergometer

is more commonly used, but in cardiac patients a treadmill protocol is employed.

Treadmill tests involve incremental increases in workload by progressively
increasing a combination of speed and grade (slope). Balke’s protocol, which keeps
speed constant at 5-6 kilometers per hour (km/hr) and progressively increases the
slope by 1-2% per minute, is an effective and simple testing procedure; this can be
modified by using a slower speed for individuals who are unable to tolerate such a
high walking speed. This method of increasing workload avoids the problem
experienced by some individuals, for example the elderly, being unable to maintain

fast walking speeds (164, 165).

Exercise testing performed on a stationary cycle ergometer provides a stable platform
for metabolic measurement. It allows easy monitoring of the patient, accurate
determination of the workload and enables the patient’s body weight to be supported
(166, 167). Unlike the treadmill, cycle ergometers provide easily and accurately
quantifiable work rates, and at submaximal work rates yield VO, values that are less

variable than those obtained from a treadmill test (164).
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The standard protocols used in exercise tests on a cycle ergometer to assist in the
diagnosis of respiratory diseases involve increasing work rate by a specified amount
each minute in a step protocol or averaging the increase in work rate over each
minute in a ramp protocol (168, 169). Between 8 and 15 minutes of exercise is
considered as the ideal duration for a maximal exercise test. In normal subjects,
exercising for less than 8 minutes or more than 15 minutes does not produce the

typical plateau in VO, seen when circulatory factors limit exercise capacity (164).
2.5.3 Field-based exercise tests

Because laboratory-based tests are expensive and often difficult to access, field
walking tests have become an important part of the assessment of functional exercise
capacity in adults with chronic respiratory disease (170). Field walking tests are easy
to conduct, require little preparation and are less expensive than laboratory-based
tests (171, 172). Distances walked during field walking tests are reliable after one
familiarisation test (171, 173), and the outcome measures from these tests such as
distance walked, peak dyspnoea scores and the degree of oxygen desaturation have
been used to indicate the level of disability, to prescribe the intensity of a walking
programme and to assess outcome following rehabilitation (6, 174, 175). The more
common field walking tests used in older adults with respiratory disease are the 6
minute walk test (6MWT), the 10m incremental shuttle walking test (ISWT) and the
endurance shuttle walking test (ESWT).

2.5.3.1 The 6 minute walk test

The 6MWT was derived from the 12 minute walk test (12MWT) that was developed
to estimate VOopeak 1n patients with chronic bronchitis (173). The 12MWT was
shortened to 6 minutes for disabled populations, as it was shown by Butland et al
(177) that a test of 6 minutes duration correlated well with the 12MWT (r=0.95). Six
minutes has become the most widely accepted length of time for this test as it is
better tolerated by patients and usually allows multiple tests to be performed on the
same day in the same individual (172). At present, the 6MWT is the most commonly
used, non-externally paced field assessment of functional exercise capacity in
individuals with COPD (6, 175). The main outcome of this test is the distance
walked in the 6 minutes (6MWD).
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The testing procedure for the 6MWT requires the subject to cover as much distance
as possible in 6 minutes. Stopping to rest is permitted, and subjects must continue to
walk again as soon as they are able. Self-selection of the pace at which a subject will
walk may consequently result in a sub-maximal performance. The extent to which
the subject’s cardiopulmonary system is stressed maximally is dependent on his/her
level of motivation and whether or not they are encouraged throughout the test (171).
Therefore, a 6MWT protocol should allow for a potential learning effect and include
standardised instructions and encouragement with the aim of overcoming poor
motivation as a potential source of sub-maximal performance (178-181).
Standardised encouragement provided throughout the test has been shown to
improve 6MWD by 30.5m in 43 subjects with COPD or chronic heart failure or both
COPD and chronic heart failure (179).

Comparisons between the distance walked in the 6MWT with measures of lung
function and measures derived from a maximal exercise test (such as VOjpeac and
maximal workload) and subjective measures of functional status have been
undertaken in patients with COPD in an attempt to validate the 6MWT. Functional
status questionnaires have been shown to correlate more closely to the 6MWT than

VOspcak OF spirometric measurements (172).

A moderately strong correlation has been found between the distance walked and
values obtained from the St George’s Respiratory Questionnaire (r=0.59, p<0.0001)
(91). Concurrent validity has also been assessed between the 6MWT and self rating
scales such as the Oxygen Cost Diagram (r=0.68, p<0.001), structured questionnaires
regarding patient symptoms such as the Baseline Dyspnoea Index (r=0.59), the Rand
Instrument (r=0.31) and the Chronic Respiratory Disease Questionnaire (r=0.52,
p=0.01) (182, 183). All of these validation studies have been undertaken in subjects
who have COPD.

Where coefficients of variation have been calculated for the 6MWT, excellent
reproducibility has been demonstrated with variability of 8-9% being reported (184).
Familiarisation with the 6MWT procedure significantly increases 6MWD, thus the
effect of learning needs to be taken into account when measuring distance in the
6MWT (184, 185). Knox ef al (186) showed that a 33% improvement occurred over
12 walks of 5 minutes duration in a 3 day period. Half of this improvement occurred

between the first and third walk. In comparison an 8.5% improvement occurred when
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the tests were carried out over 4 weeks. Thus it appears that one practice walk is
necessary to achieve acceptable reproducibility in 6MWD so that changes in
performance can be attributed to an intervention or change in disease status rather

than to the effects of learning in subjects with COPD (173, 185).

To quantify the magnitude of an individual’s disability, 6MWD can be expressed as
a percentage of predicted based on reference equations that have been generated in
healthy populations (187). Published regression equations can give a 6MWD that
varies by up to 175m for the same individual. Reasons for the disparity include
variations in walking speeds of individuals from different geographical regions (188,
189) and differences in test protocol (187). Therefore the best regression equation
selected provide a valid estimate of the impact of a condition on 6 MWD is one which
has been generated at the same facility, using the same protocol, and in the

population from which the patients arise (187).

The 6MWT is considered a submaximal exercise test in individuals with COPD
(178), although a number of studies comparing physiological parameters measured in
a laboratory-based test and the 6MWT have shown that peak HR, dyspnoea (181)
and VOypeax (190) are similar between tests in subjects who have moderate to severe
COPD. Further, 6 MWD has a moderate to strong correlation with VOpear (1=0.73,
p<0.001) (181) and maximum work rate (r=0.75, p<0.001) in individuals with
moderate to severe COPD (191). Thus field walking tests can challenge adults with
moderate to severe COPD to a similar level of cardiovascular and respiratory stress
as laboratory-based tests (181, 192). Generally the relationship between 6MWD and

VOspcak 1s strongest in adults who have more severe functional limitation (187).

In a recent study, a change of about 35m has been calculated as the change in 6MWD
that represents an important effect following treatment for patients with moderate to
severe COPD. This corresponds to a 10% change from a baseline 6MWD of 350m
(193). This study involved data from nine trials which enrolled COPD subjects with
a spectrum of disease severity and measured 6MWD at baseline and following
participation in pulmonary rehabilitation programmes (193). A change of 54m had
previously been widely reported as the minimal clinically important difference for
the 6MWT (194). This minimal clinically important difference was based on one
cross-sectional study of 112 COPD patients attending pulmonary rehabilitation. The

methodological approach relied on patient comparisons of how they judged their own
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walking ability relative to others and the correlations of 6MWD with self-reported

categorical scale anchors (194).

2.5.3.2 The 10m incremental and endurance shuttle walking tests

The 10m ISWT is a standardised externally paced incremental field test developed
for individuals with COPD. Subjects are required to walk around a 10m course and
walking speed is regulated by pre-recorded auditory signals. There are 12 levels
within the ISWT. The test starts with a walking speed of 0.5m/s in level one and the
pace at which the subject walks is progressively increased by 0.17m/s each minute

(180).

Singh et al (195) showed a strong relationship (r=0.88) between VOypeax measured on
a treadmill and distance walked in the ISWT in 19 subjects with moderate to severe
COPD. The treadmill test used a modified Balke protocol which involved increasing
the gradient by 2.5% every two minutes while the subjects maintained a constant

speed.

Good reproducibility of the ISWT has been demonstrated by Singh and co-workers
(180) in 10 subjects with COPD (mean [range] age 63 [52-74] years, FEV, 1.10
[0.60-2.10]1) with the authors concluding reproducible results could be attained with
one practice walk. Good reproducibility has also been demonstrated by Eiser and
colleagues (173). In adults with moderate to severe COPD, similar peak HRs and
dyspnoea scores were elicited in both a 6MWT using standardised encouragement
and an ISWT, and there was a strong correlation shown between the distances

walked on the two tests (181).

The ESWT was developed by Revill and co-workers (196) to allow a standardised
assessment of submaximal exercise capacity without the need for laboratory-based
equipment. However the use of this test is limited because there is a need for the
subject to have had a prior maximal exercise test (i.e. the ISWT) to set the workload
for the endurance test. The workload for the ESWT is calculated at a percentage (i.e.

85%) of the VOypeax Which is estimated from the performance of a prior ISWT.
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2.6  The effects of exercise training in adults with asthma

There are many health benefits of exercise. Regular moderate intensity physical
activity reduces the risk of coronary heart disease, osteoporosis, colon cancer and
type II diabetes mellitus. It can also guard against the risks associated with being
overweight or obese, improve mood and reduce anxiety and depression.
Physiologically, endurance trained individuals typically demonstrate 10%-50%
higher aerobic capacity than their sedentary peers (197, 198).

There is evidence to suggest that regular exercise plays an important role in
optimizing asthma management (158, 199, 200). Following an improvement in
cardiopulmonary fitness, ventilation is reduced at low to moderate exercise
intensities; this may increase the threshold before asthma symptoms are triggered on
exertion (199). A study by Hallstrand and colleagues (201) showed that a 10 week
aerobic exercise training programme improved maximal voluntary ventilation and
decreased ventilation at a given submaximal workload and this was associated with a
decreased dyspnoea index and ventilatory equivalent in the five subjects who had
mild asthma and five normal control subjects enrolled in the study. Improvements in
peripheral muscle function and neuromuscular co-ordination with regular exercise

can also lead to an improved ability to perform activities of daily living.

Physiological responses during exercise in an asthmatic with fully reversible lung
function are the same as in a healthy individual without asthma. That is, the pattern
of oxygen uptake, oxygen pulse, minute ventilation, work capacity, heart rate

responses and blood pressure with exercise are similar between the two groups (202).

At present, there are few published studies that have evaluated exercise training
programmes in older adults with asthma. The majority of these studies have not
included a control group and the frequency, intensity and modes of exercise
evaluated have varied widely (202). A Cochrane review (203) on the efficacy and
effectiveness of exercise training for asthma concluded that exercise training
improved cardiopulmonary fitness, with improvements obtained in VOjpeak, Work
capacity and HRmax, and this occurred in the absence of any changes in lung
function. This review included randomised controlled trials performed in subjects
aged 8 years or older, and training sessions that lasted at least 20 minutes, twice a

week for a minimum of 4 weeks. Of the 13 studies included in the review, only two
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carried out the intervention in an adult cohort. One study included adults aged 16-40
years who had mild to moderate asthma (200) and the other study involved subjects
with an age range 28-33 years with asthma, recruited through media solicitation
(204). A limitation of all 13 studies was the lack of QOL as an outcome measure

(203).

To date, only two studies have evaluated the effects of a supervised pulmonary
rehabilitation programme in middle-aged and older adults with asthma. Both of these
were carried out in Europe and involved intensive multidisciplinary programmes
consisting of exercise, education and psychosocial interventions implemented over a
3 month period in a mixed cohort of COPD and asthma subjects (205, 206). In both
studies, subjects who had asthma showed improvements in exercise capacity (205,

206).

The study by Cox et al (206) involved 27 subjects aged 43.2+13.1 years with asthma
randomised to a rehabilitation group and 26 subjects aged 44.3+ 13.7 years with
asthma in the control group. The rehabilitation group participated in a programme
that incorporated team and individual sports, swimming, walking, cycling, skill
exercises, co-ordination and relaxation exercises. Each session took 4-5 hours per
day for a total of 38 hours per week for a period of 3 months. Results were combined
for the asthma and COPD subjects; therefore it is not possible to determine whether
the benefits were of a similar magnitude in the two subject cohorts, however
improvements in oxygen uptake and endurance time in a cycle ergometer test were

observed in the rehabilitation group.

The intervention studied by Cambach et a/ (205) involved 23 subjects with asthma in
a randomised controlled trial with a cross-over design. Rehabilitation consisted of
pharmaceutical therapy, breathing retraining, airway clearance techniques, upper and
lower extremity exercise training 3 times a week for 90 minutes, recreational
activities such as swimming, cycling and hockey once a week for 45 minutes,
education and relaxation sessions for 45 minutes once a week. The asthmatics
involved in this study had an FEV, of 86+18% predicted and were aged 4614 years.
The study showed improved 6MWD and endurance time with cycling post
rehabilitation. Intensive training programmes such as these two described above

would not be feasible within clinical practice in Australia. Given the multi-
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component nature of these studies it is difficult to determine the relative benefits of

each of the programme components.

To date only one study has examined the long-term effectiveness of a pulmonary
rehabilitation programme in adults with asthma. Foglio ef a/ (207) investigated the
long-term effectiveness (1 year post training) of a pulmonary rehabilitation
programme in adults with chronic asthma and COPD. The 35 asthmatic subjects
(age 56+10 years) had a mean FEV, of 64+16% predicted, and FEV,/FVC of
52+9%. These subjects participated in three sessions (each of 3 hours duration) every
week. The sessions comprised education, a nutritional programme and an exercise
programme for 8+10 weeks. The study showed a significant improvement in 6 MWD
from 471+61m to 508+56m (p<0.05) immediately following the intervention and
also at one year post-discharge (485+60m). The total, activity, and impact scores of
the SGRQ were also significantly improved immediately post-intervention and 1
year later. This study showed that at baseline the asthmatic cohort had a similar
impairment in QOL to the COPD subjects. Although the study did not have a control
group, the aim of the study was not to assess the clinical benefits of a pulmonary
rehabilitation programme in COPD and asthma, but rather to ascertain if long-term

benefits could be observed in asthmatics and patients with COPD (207).

Many health benefits can be derived from exercise in asthmatic populations.
However, paradoxically, physical exertion can also be a potent stimulus for asthma
symptoms if asthma control is suboptimal (159). This is because the increase in
ventilation associated with exercise can lead to changes in airway osmolarity that
causes smooth muscle constriction in susceptible individuals, i.e. those with

heightened bronchial reactivity (208, 209).

This exercise-induced asthma (EIA) is a reversible airway obstruction which can
occur during or after exertion. Individuals may exhibit an immediate response after 6
to 8 minutes of vigorous exercise (over and above 80% of the predicted maximum
heart rate; HRmax) or, in about 30% of cases, a late response that occurs 6 to 8 hours
after the onset of the exercise (210). Symptoms include cough, wheeze, dyspnoea
and/or chest tightness. Types of activities that are more likely to provoke EIA are
aerobic in nature and require a high minute ventilation such as long distance running
and soccer or activities associated with cool and dry climatic conditions such as

cross-country skiing. Exercise which involves short bursts of intensity and lower
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minute ventilation such as volleyball and tennis, or sports associated with warm and
humid climatic conditions such as swimming, are less likely to precipitate EIA (211).
The prevalence of EIA in young adults with chronic asthma has been reported to be
between 40% and 90% (210, 211). The prevalence of EIA in middle-aged and older

adults has not been reported.

2.7 The effects of exercise training in adults with chronic

obstructive pulmonary disease

Exercise training programmes are widely accepted as effective treatment strategies
for individuals with COPD. In this population, exercise training is recognised to be
the mandatory component of a pulmonary rehabilitation programme. Exercise
training alone or in combination with education has been shown to significantly
improve exercise tolerance, decrease symptoms of dyspnoea and fatigue, reduce
disability and handicap, improve QOL and decrease hospital utilization (6, 26, 125,
212, 213). According to the GOLD executive summary, COPD patients at all stages
of disease severity benefit from exercise training, with improvements seen in
exercise tolerance, and symptoms of dyspnoea and fatigue (11). Individuals need to
be motivated to engage in rehabilitation that is demanding in terms of their time as
well as physical and psychological investment especially in the case of outpatient

programmes (11, 174, 214).

Exercise has been shown to improve fitness of patients with mild COPD, but it has
not been shown conclusively to improve QOL or dyspnoea, or have any effect on
long-term progression of the disease (215). A study by Babb et al (216) showed that
in comparison to nine control subjects with normal pulmonary function, 12 subjects
who had mild to moderate airflow limitation (FEV, 72% predicted, FEV/FVC%
58%) showed significantly reduced maximal exercise capacity (69% predicted
VOspeak), versus the controls (104% predicted VOpeak). However, peak HR and the
ratio of maximum expired minute ventilation to maximum voluntary ventilation
(VE/MVV) were not significantly different between groups. One interesting
observation in this study was that although resting end expiratory lung volumes
(EELV) were similar between the groups, at maximal exercise, EELV reduced to

45% of total lung capacity (TLC) in controls, but increased to 58% of TLC in those
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with airflow limitation, suggesting dynamic hyperinflation played an important role

in limiting exercise capacity even in those with mild lung impairment (216).

In severe COPD, exercise training improves submaximal exercise tolerance in the
absence of an increase in VOapcak, and the changes are associated with an increase in
inspiratory capacity, improved VE and a significant reduction in breathing
frequency, which in turn leads to a reduction in dynamic hyperinflation and

contributes to profound improvements in submaximal exercise endurance (217).

One review suggests that adults with asthma characterised by severe or very severe
airflow obstruction and with poor or no reversibility should be included in
programmes for COPD and that their rehabilitation should be similar to that
recommended for COPD patients (202). It is reasonable, however, that those with
chronic severe asthma, particularly those with FAOA, would benefit equally from a

supervised exercise training programme as an individual with COPD (218).

For adults who have FAOA, that is a fixed airways component in relation to their
underlying diagnosis of asthma, the benefits of exercise training are less clear than in
adults with a diagnosis of smoking-related COPD, because this patient cohort has not
been studied in isolation. Despite the suggestion that when treated appropriately,
patients with asthma are not ventilatory limited and therefore can tolerate high
intensity training (218), one would assume that the permanent airways obstruction
demonstrated in adults with FAOA would result in a comparable ventilatory

limitation on exercise as observed in those with mild or moderate COPD.

2.7.1 Factors leading to reduced exercise capacity in chronic obstructive

pulmonary disease

A number of mechanisms can operate in combination to bring about a reduction in
exercise capacity in individuals with COPD. The factors which determine peripheral
muscle function such as oxygen delivery and the presence of peripheral muscle
weakness are just as important as variables related to lung mechanics. The
contribution of a fall in SpO, during exercise as a limiting factor is uncertain.
Oxygen desaturation can worsen post-bronchodilator yet a patient may be able to
undertake more exercise than prior to administration of the bronchodilator. Although

supplementary oxygen decreases the magnitude of desaturation, the improvement in
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exercise performance is more a reflection of the reduction in minute ventilation and

reduced lactate production (219).

Serres et al (220) have shown that skeletal muscle abnormalities are present in those
with COPD, often a result of a sedentary lifestyle, which reduce the aerobic capacity
of peripheral muscles. The subsequent increase in glycolytic activity at a given load
then results in higher lactate levels and this in turn leads to excessive
hyperventilation and dyspnoea. Malnutrition is seen in COPD, with a third or more
individuals with the condition affected by excessive weight loss and reduced fat free
mass, which also appear to be determinants of reduced exercise capacity (220).
Peripheral and respiratory muscle weakness can also contribute to limited exercise

capacity (221, 222).

2.8 Components of exercise training programmes

To be considered successful, an exercise training programme should result in
clinically meaningful improvements. The most meaningful improvements from an
individual’s perspective relate to functional exercise capacity and QOL (223).
Exercise training programmes for asthma or COPD described in the literature vary
with respect to the setting (in-patient, out-patient in either a hospital or community
facility, or home), the frequency (number of session each week), the modalities of
exercise (endurance, strength, upper or lower limb exercises), intensity and
programme duration. However within the American Thoracic Society/European
Respiratory Society official statement on pulmonary rehabilitation, there is the
acknowledgement that “’there are no formal evidence-based guidelines regarding the
exercise prescription or response to exercise training for patients with respiratory

disorders other than COPD” (218).

2.8.1 Safety considerations

Safety is an important consideration in exercise prescription (218). Potentially the
most important safety consideration in the exercising of older adults with asthma is

for any adult with a diagnosis of EIA to pre-medicate with short-acting beta agonists
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or cromolyn sodium, and follow this pre-medication with an extended warm-up (199,

224).

2.8.2 Modalities of exercise

Lower limb endurance exercise is considered a standard component of an exercise
training programme for people with chronic lung disease, with strong evidence that
lower extremity exercise training at high exercise intensity produces greater
physiological benefits than low intensity training in patients with COPD (225).
Evidence supports the addition of unsupported upper limb endurance exercise in
adults with COPD, which both improves upper limb exercise capacity and reduces
VE and VO, (225). The effects of unsupported and supported arm exercises have not

been assessed in asthmatic subjects.

The use of high resistance and low repetition strengthening exercise increases muscle
strength, while a low resistance but high repetition programme increases endurance
(226). The addition of resistance training may offer the opportunity to strengthen
individual muscle groups in adults with asthma, and there is level 1A evidence that
adding strength training to a programme of pulmonary rehabilitation increases
muscle strength and muscle mass in COPD (200, 225). Whether the addition of
resistance training translates to additional improvements in QOL and functional

exercise capacity in adults with asthma remains unknown.

The majority of pulmonary rehabilitation programmes are land-based. Water-based
exercise has specifically been recommended in asthmatic populations because EIA is
less likely to be triggered by the moist, humid environment. The literature suggests,
however, that even when the inspired air is dried, swimming itself causes less asthma
symptoms than land-based endurance exercise, this finding is inexplicable because
whole-body prone submersion in water does not seem to affect airway hyperactivity,
and a person’s body posture on land has no meaningful effect on the severity of
bronchoconstriction (227). Research to date also shows that swimming itself can
potentially worsen asthma and bronchial hyper-reactivity due to the effects of long-
term exposure to chlorine, and the possible transmission of infection through the

water. It is possible that these adverse effects might outweigh the benefits of
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swimming being less likely to provoke EIA than land-based exercise once the

disease is present (227).

2.8.3 Frequency and duration of exercise programmes

Formal exercise programmes as short as 4 weeks and as long as 18 months have
previously been described, although most programmes range between 6 and 12
weeks in duration. There is level 1A evidence that 6 to 12 weeks of rehabilitation
produces benefits in several outcomes in adults with COPD which decline gradually
over 12 to 18 months following cessation of the programme (225). Pulmonary
rehabilitation for individuals with COPD should involve at least an accumulation of
30 minutes of aerobic exercise on 3 days or more a week for at least 6 to 8 weeks to
induce meaningful improvements in functional exercise capacity and QOL (218,
223). Most studies of exercise training in asthma have used three to five sessions

each week as the frequency of training in their programmes (224, 228).

2.8.4 Intensity of exercise

Physiological improvements in functional exercise capacity have consistently been
demonstrated following exercise training programmes which incorporate supervision
of participants, prescription of moderate to high intensity training loads and the
regular progression of exercise intensity (218). Both intensity of exercise and the
load duration affect the magnitude of the training effect. Training at higher intensities
generally demonstrates the greatest physiological improvements in exercise capacity
in terms of reduced lactate, VE, HR and VO, in COPD (225). A study by Casaburi et
al (229) which involved COPD subjects training on cycle ergometers at either low
[30 watts per minute, (W/min)] or high (71 W/min) intensities showed the higher
intensity group demonstrated greater improvements in minute ventilation, oxygen
uptake, heart rate and reduced lactate for a constant work rate test after training as

compared with before training.

To set the intensity of exercise variables such as external work rate, VO,, HR,
dyspnoea and ratings of perceived exertion (RPE) have been used. For normal
subjects, a percentage of predicted HRmax is often used and a commonly prescribed

intensity range is between 60% - 85% of HRmax (223). For older adults, care needs
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to be taken when setting exercise intensity and symptoms need to be well monitored
if intensity is increased, as often elderly patients in an exercise programme are not
capable of exercising within the commonly prescribed ranges of intensity and
duration. High intensity exercise in some older adults may cause musculoskeletal

injury (223).

The traditional approach to exercise prescription involves using a percentage of
predicted HRmax. However, measured HR does not bear the same relationship to
exercise intensity in COPD subjects as seen in normal subjects. Predictions of
maximum HRs are also subject to errors with a standard deviation of 10 beats per
minute recognised in cohorts of subjects of the same age. Therefore using this
method to prescribe exercise intensity may not be the most appropriate for

individuals with chronic lung disease (223).

The most commonly used scale for measuring perceived exertion is the Borg RPE
scale which ranges from 6-20. Ratings on this scale increase linearly with exercise
intensity, HR and VO,. On this scale a maximum cardiovascular response is
associated with an RPE of 16-18 and metabolic threshold occurs around 12-14 (230).
When this scale is to be used for targeting intensity, the desired threshold should be
around 12 with an upper limit of 16 (230).

2.8.5 Advantages of supervision and group exercise

The advantages of supervised exercise training programmes for older adults are that
exercises can be prescribed on an individual basis, symptoms with exercise are
monitored and intensity is progressed within symptom tolerance. Individuals can
benefit from the psychosocial support of exercising in a group, and the instruction
and supervision of using asthma medications before and during exercise (231).
Individuals can also be encouraged to recommence exercising following an
exacerbation of asthma that enforces a degree of inactivity (199). Potentially, older
adults with chronic asthma may demonstrate a fear of developing asthma symptoms
during exercise, particularly when exercising alone and at home, and thus may

benefit from the support of a supervised exercise training programme.
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Part 3

2.9 Burden of asthma in the community, with a focus on the

management of respiratory disease in Western Australia

Part 2 of this literature review describes the burden of asthma on an individual. This
section expands on the concept of burden to examine the disease burden on the
community. Included in this section is a review of the health care burden in relation
to hospital utilisation in WA, and as such a general overview on the current health
structure for the provision of services for adults with asthma is provided. In addition,
terms which relate to remoteness and health are introduced, given that currently a
striking gap remains in the characterization of asthma in middle-aged and older
adults on a regional level within WA. Investigation of the spatial distribution of
asthma and COPD cases and patient demographics in the state could assist in the
alignment of asthma programmes more closely with areas of need. The concept of
GIS technology and its role in needs analyses for improved health service planning

are also introduced.

2.9.1 Health care burden of asthma

Studies have shown that adults with asthma at the severe end of the disease spectrum
rely more heavily on health care resources and accumulate significantly greater costs
in the management of their disease (61, 232, 233). Costs not only arise directly, but
also indirectly from absenteeism from work and loss of earnings. Intangible costs

also relate to living with an impaired QOL (234).

In a study of emergency department (ED) visits for asthma in three countries (Italy,
France and Spain), the likelihood of an ED visit increased with asthma severity. The
odds ratios for individuals presenting with mild asthma, moderate asthma and severe
persistent asthma were 1.6 (95% C.I. 1.1-2.5), 2.3 (95% CI 1.5-3.6) and 5.6 (95% CI
3.2-9.9) respectively (235). Further, a study by Koga et al (236) found subjects who
had multiple exacerbations of their asthma and who were at increased risk for severe
exacerbations were characteristically those who presented with persistent irreversible
airflow limitation. Additional risk factors were a history of chronic sinusitis and/or

intolerance to non steroidal anti-inflammatory medication.
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Increased resource utilisation has also been reported to be greater in those with poor
control of their asthma when compared to those with well controlled asthma at the
same level of severity (44). It is estimated that the cost savings would be up to 45%
if optimal control of asthma was achieved for all asthmatics within Australia (44).
Factors associated with a greater reliance on hospital services by people with asthma
include socio-economic disadvantage, poor adherence to medical advice,
psychological factors such as denial of the condition, the lack of a written asthma
action plan, excessive use of reliever medications and inadequate use of medication

to control symptoms (61, 237).

2.9.2 Asthma in Australia

Globally, it has been reported that asthma is less common in rural areas compared to
urban areas (1) and that growing up on a farm may confer some protection against
atopy and the development of allergic asthma (238). However, recent population
surveys (2004-2005) show that the prevalence of asthma does not differ significantly
between the metropolitan, inner regional and remote areas of Australia (18). It is
notable, however, that death rates from asthma from 1997-2001, were significantly
higher in outer regional and remote areas among persons aged 35 to 64 years (239).
Death rates from asthma among females are reported to be consistently higher than in
males in all categories of remoteness except in the outer suburbs of capital cities

(240).

Despite similar prevalence statistics, the rates of hospitalisation for adults with
asthma have been shown to be significantly higher in rural or remote areas compared
with major cities and regional areas (728 patient days versus 331 patient days per
100 000 people). Rates of hospitalisation are also higher in more socioeconomically

disadvantaged localities (240).

A descriptive study by Tong and Drake (241) analysed admissions data between
1989 and 1994, and found that hospital admission rates for asthma in New South
Wales were 52% to 69% higher for rural residents than their urban counterparts, and
in the period from 1983 to 1992 mortality rates were 4% to 43% higher for rural
residents than urban dwellers. Although the authors were cautious when interpreting

these data as the study was descriptive in nature, they suggested that the findings
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could have significant implications for the provision and planning of asthma health
care services in rural Australia. A key point of the authors’ discussion alluded to the
need to investigate the potential influence that the availability of health care services
and personnel (such as asthma educators and specialists) may have on admissions

data (241).

Jones and colleagues (242) showed that there was an apparent trend between health
service accessibility and levels of mortality from asthma in the UK, and that social
and geographical isolation contributed to the inappropriate management of asthma
(242). This study also showed that those in lower socioeconomic classes and
individuals without a car had a higher relative risk of dying from asthma. This is the
only reported study that has identified geographical barriers to acute hospital services

to be a risk factor for asthma mortality (242).

2.9.3 Population demographics in Western Australia

Western Australia comprises over one third of the land mass of Australia and is
highly diverse in many respects: socially, economically, demographically and
climatically. Because of the vast land mass involved, health care planners and
providers face unique challenges when attempting to provide equality of health
services and to improve health outcomes. These objectives are part of the principles
of Medicare Australia, which plays a role in delivering Australia’s universal health

funding programmes (243).

At the end of the June quarter, 2008, the total population of WA was estimated to be
2,163,200 (244). This population distribution is heavily skewed to the Perth
metropolitan area with three quarters of the population of WA living in or around
Perth (245). The remaining 500,000 people live in an area spanning 2.5 million
square kilometres (246).

The demographics of WA show that it is an ageing society, with a trend both in
higher life expectancies but also in associated increased levels of morbidity. Eleven
percent of the population of WA are aged 65 years and over, and this percentage is
expected to double over the next 50 years. Areas in which the proportions of older
adult population are greater correspond to those in which increased health services

are required (247). The ‘sea change’ phenomenon is increasingly evident among the
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country’s retiring population, with city dwellers moving to large rural centres for a
‘better, healthier lifestyle’, the ‘clean country air’, reduced noise and traffic
congestion. Contrary to general opinion however, people residing in rural and remote
areas have many health disadvantages, as evidenced by higher disease and mortality

rates due to poor access to health services (239).

A trend also exists for older adults who live in the most remote parts of the State to
shift towards larger regional centres. Among the older adult population, the
proportion of people aged 55 years and over in remote areas is around half that of
metropolitan and rural communities, with higher premature mortality also
contributing to these lower proportions (248). Table 2.8 displays the population of
West Australians in 2002 by age and gender for adults aged 45 years and over

according to Divisions of General Practice.

Table 2.8 Estimated regional residential populations for 2002 by General
Practice Division, age and gender

45-64 years  65-74 years 75+ years

Central Wheatbelt Male 6666 1943 1045
Female 5950 1602 1358
Eastern Goldfields Male 5693 922 503
Female 4336 867 708
Great Southern Male 9222 2595 1841
Female 8536 2517 2464
Greater Bunbury Male 7449 1751 1320
Female 6968 1773 1723
Kimberley Male 3155 497 293
Female 2581 459 304
Mid West Male 7556 2039 1135
Female 6518 1818 1368
Peel South West Male 16589 5496 3579
Female 16143 5618 4205
Pilbara Male 4407 332 185
Female 2790 239 197

* These figures were calibrated using local government area resident population
figures from the 2002 census. Source: (249)
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Australia’s indigenous population continues to have higher rates of morbidity and
mortality than the non-indigenous Australian population. Aboriginal people make up
3.5% of the total population of WA, and of this population, 66% live in rural and
remote areas. Fifteen percent of indigenous people living in remote areas and 18% of
those living in rural areas were reported to have asthma as a long-term health

condition in the 2001 National Health Survey (250).

2.9.4 The medical workforce in Western Australia

The Australian Rural Health Institute has identified a range of problems that rural
General Practitioners (GPs) and health workers need to overcome in order to provide
effective asthma management for their communities. Limitations in asthma service
provision arise from large distances and travel times to health facilities for many
patients, a lack of facilities and medical staff, poor access to services such as
laboratory testing, lack of funding for asthma educator positions, community apathy
towards asthma management, and difficulties providing adequate support for

communities that have been affected by a fatal asthma episode (251).

To be effective in developing and delivering improved community support
programmes for older adults with moderate to severe asthma, it is essential to: (i)
understand current accessibility issues that patients and caregivers encounter in
regional areas; and (ii) have a clearer understanding not only of the geographical
distribution of asthma services, but also the prevalence and geographical distribution

of the disease within WA.

The GP is the key element within most rural health care delivery systems (252). In
terms of the medical workforce in 2002, of the estimated 2000 GPs working in WA,
465 (2001 figures) worked in regions classified as rural or remote (249). This number
included 16 long-term locums and 57 trainee registrars (249). Data collected at that
time suggested a high degree of mobility was required of rural and remote patients to
attend a GP for their illness, with only 88% of patient visits in large rural centres
being to a doctor who lived in the region, compared to 98% in capital cities. This

figure progressively declined to 68% in very remote areas (253).

It was estimated that in 2003, in rural and remote WA, there was a deficit of between

50 and 60 GPs based on the standardised population figures, and with the trend

-52-



Chapter 2: Literature Review

towards increased population in rural areas it was forecast that an extra 150-160 GPs
would be needed over a ten year period to practise in rural WA. Table 2.9
summarises the number of GPs that were working in each of the Divisions of

General Practice throughout the State in 2002 (253).

Table 2.9 General Practitioner workforce in rural and remote WA

Primary model of service provision

Division of Number  Resident  Fly-in-fly- Hospital  Primary
General Practice  of GPs GP out GP based GP care team
GP
Central Wheat belt 35 89% 0% 0% 0%
Goldfields 53 60% 8% 0% 13%
Great Southern 57 86% 0% 2% 0%
Greater Bunbury 41 90% 0% 0% 5%
Kimberley 44 14% 0% 41% 18%
Mid West 59 56% 0% 15% 8%
Peel South West 129 81% 0% 1% 0%
Pilbara 47 45% 0% 21% 11%
Total 465 67% 2% 8% 6%

Source: Western Australian Centre for Rural and Remote Medicine General
Practitioner Database: November 2002, and adapted from The Analysis of Rural
General Practice Workforce in WA (253)

2.9.5 The Western Australian health system

The WA government provides health service to the public of the State through a

system which incorporates:

* 5 tertiary health campuses
* 8 public secondary campuses in the metropolitan area
* 2 privately operated hospitals that provide service to public patients under

contract from the Department of Health
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* 6 regional resource centres

* 20 district health services in rural and regional areas

* 45 small health campuses of which a portion are multipurpose services
*  More than 300 community-based and mental health facilities

*  More than 250 non-government organisations and statutory authorities.

There are also two privately-run hospitals in the metropolitan area and an additional

two in regional centres (254).

2.9.6 Defining remoteness in Western Australia

The term ‘remoteness’ describes the degree of difficulty in accessing a range of
services, whereas ‘accessibility’ describes the relative ease of accessing such
services. It is known that people ‘trade off” geographic and non-geographic factors
in making decisions about health service use (255). For example, travel for health
care is affected by socio-demographic characteristics such as income, age and gender

(255).

The Accessibility/Remoteness Index of Australia (ARIA) is the commonly used
standard classification scale for remoteness and accessibility to services. It was
developed in 1997 by the National Key Centre for Social Applications of Geographic
Information Systems for the Commonwealth Department of Health and Aged Care.
This is a scoring system which ranges from 0 to 12 that integrates information on
physical geography and the distance from every locality in Australia to service
centres of various sizes, with the primary aim being the measurement of remoteness
solely on the basis of geographical accessibility excluding socioeconomic and

population size factors.

The Australian Bureau of Statistics further refined ARIA for the 2001 census and
developed the Australian Standard Geographical Classification system based on this
measure which group populated localities into one of five levels of remoteness.
These five ASGC classifications and the ARIA index scores on which they are based
are described in Table 2.10. The ASGC provides an objective measure of remoteness

and attempts to distinguish remoteness in terms of accessibility alone (256).

-54-



Chapter 2: Literature Review

Table 2.10 Australian Bureau of Statistics - classes of remoteness by ASGC

and their definition

ASGC ARIA Definition

classification index Score

Major cities of 0-0.2 Geographic distance imposes minimal restriction
Australia upon accessibility to goods and services

Inner Regional >(0.2-2.4 Geographic distance imposes some restriction
Australia upon accessibility

Outer Regional >2.4-5.92 Geographic distance imposes a moderate
Australia restriction upon accessibility

Remote Australia  5.92-10.53  Geographic distance imposes a high restriction
upon accessibility

Very Remote >10.53-15 Locationally disadvantaged. Geographic
Australia distance imposes the highest restriction upon
accessibility

ASGC: Australian Standard Geographical Classification Areas; ARIA: Accessibility/
Remoteness Index of Australia

2.10 Using geographic information systems in health studies

Observations of geographical and temporal variations in health outcomes are one of
the foundations of epidemiological analyses (257). Geographic information systems
technology can be a powerful tool to assist health planners visualise the nature of a
health accessibility problem. Its utility derives from the ability to explore
relationships between geographic location and health through mapping, taking into
account multiple sources of spatial information (258). Geographic information
systems technology can also be used to screen and test hypotheses about disease and
environmental factors, and assist in the generation of hypotheses relating to the

optimal sites for health services based on areas of need (259).

In the context of health analysis in Australia, data sources that incorporate an address
field can be assigned a latitude and longitude, a collector’s district and also a
statistical local area using purpose built software. It is within such spatial models that
health attributes of interest can be incorporated for analyses and mapping (258). For
example, hospital data codes, such as admission diagnosis of asthma or COPD can be

attached to an ‘event’ or (de-identified) individual who was admitted to a particular
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hospital, because the hospital has a defined latitude and longitude by which it can be
described. This information can be accumulated and aggregated in a database
containing other possible attributes, such as population figures for the given region

that the hospital services.

It is important to note that in using positional data (e.g. to assign a certain latitude or
longitude to a hospital), errors can occur in the accuracy of the geo-referencing. This
raises the question of how much positional error is tolerable, and the results must be

considered in terms of the context of the purpose for which the data will be used.

Errors can also be associated with the collection of attribute data. For example, data
accessed may inherently contain coding inaccuracies, not only with a change in
coding systems over time, but also in relation to miscoding a diagnosis (260). For
example, hospital data were initially coded with International Classification of
Diseases (ICD) codes 9 during the period between 1988 and 1999. This changed to a
revised coding system - ICD codes 10 from 2000 onwards. Population data sources
include population registers, census data, electoral roll and special surveys. The
census is completed only every few years, and difficulties may arise in the estimation
of data for inter-census years which must consider trends in births, deaths and
migration factors - a particular problem in studies of small population sizes in
specific geographic areas. In addition, geographic boundaries may change between

CCnsusces.

Despite these potential flaws in the initial storing of data in a spatial database, GIS
has a potentially important role in the creation of spatially-referenced morbidity data.
The technology has the ability to calculate rates of disease or admissions to hospital
in relation to the density of the underlying population, and to produce disease maps
which allow visualisations of the spatially varying frequencies of disease within a

region of interest (259).

2.11 Conclusion

This chapter has reviewed the pathophysiology behind FAOA and its relation to
asthma, COPD and other respiratory diagnoses. The burden of asthma on an
individual, at a community level and also on the government has been explored, in

relation to the associated disability that an older adult with moderate to severe
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disease might present as being burdened by. Exercise training as an additional
treatment modality to the first line treatment with pharmacological agents has been
reviewed for its effectiveness within the literature in both asthmatic and COPD
populations. The literature review has concluded with a focus on WA, and the burden
of disease experienced by the health system in relation to the unique challenges
associated with servicing older adults with asthma in rural and remote areas of the
State due to the vast land mass and low population density outside the Perth

metropolitan area.
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CHAPTER 3

Benefits of exercise training in fixed airway

obstruction asthma

3.1 Introduction

Most studies evaluating exercise training as an intervention for chronic respiratory
disease have focused on individuals with moderate to severe chronic obstructive
pulmonary disease (COPD) (225). The majority of studies that have been carried out
in subjects with asthma have been restricted to children or young adults with mild to
moderate disease. Most of these studies have methodological limitations such as the
lack of a control group, insufficient sample size or lack outcome measures such as

quality of life (QOL) (202).

Therefore it remains uncertain whether exercise training is a beneficial intervention
in individuals with chronic moderate to severe asthma, and particularly in middle-
aged and older individuals in whom the evidence is lacking. One reason that may
account for the lack of evidence within the asthma literature is because some of these
individuals with asthma exhibit permanent impairments in lung function and there
remains some controversy in the way this group is defined (10, 13, 30, 34, 261). In
this thesis a decision was made to describe these individuals as having fixed airway

obstruction asthma (FAOA).

In order to address the limitations within the literature, there was a need for a
randomised controlled trial (RCT) in a cohort of middle-aged and older adults with
FAOA that compared outcomes in a group of subjects that participated in an exercise

intervention with the outcomes in a control group that continued to receive standard
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medical care only. Importantly, assessment of QOL was a necessary outcome

measure.

This chapter describes the methodology, results and discussion of a RCT that
evaluated a 6 week supervised exercise training programme in a group of middle-
aged and older subjects with moderate to severe asthma who had a degree of

irreversibility in lung function because of their asthma.

3.2 Methods

3.2.1 Overview

Section 3.2 of this chapter describes the study hypothesis, aims and objectives.
Subject recruitment strategies, sample size and study design are outlined, and the
study methodology including procedures for data collection, outcome measures and

the methods used in data reduction and analyses are described.

3.2.2 Research hypothesis

The hypothesis for this study was that adults aged 40 years and over with FAOA
would significantly benefit from a 6 week supervised exercise training programme.
Compared to a matched group of control subjects who received standard medical
care only, subjects who participated in the exercise program would demonstrate

benefits through statistical and clinically significant improvements in:

) QOL;
i) functional exercise capacity;
1i1) anxiety and depression; and

v) asthma control

immediately post-intervention (6 week assessment) and at a 3 month follow-up.

3.23 Aim

The aim was to implement and evaluate a supervised exercise training programme in
middle-aged and older adults (aged 40 years and over) who had moderate to severe

asthma and a degree of fixed airways obstruction.
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3.2.4 Objectives

The primary research objectives were to evaluate the effects of the exercise training

programme on:

1) health-related QOL (HRQOL);

il) QOL;

iil) functional exercise capacity;

iv) levels of anxiety and depression; and

v) asthma control.

These variables were measured immediately after the training (6 week assessment)

and at 3 months following cessation of the intervention period.

Secondary research objectives of this study were to:

1) determine the extent of impairment in pulmonary function, peripheral muscle
strength, functional exercise capacity and QOL in this cohort;

i1) define any relationships between baseline measures of pulmonary function,
functional exercise capacity, asthma control, QOL and anxiety and
depression;

ii1) evaluate feedback from subjects regarding the exercise training programme;
and

iv) collect data on health care utilisation for the 12 months prior to and following

the intervention period.

3.2.5 Subjects

3.2.5.1 Inclusion criteria

Subjects were selected for the study on the basis that they had moderate to severe
chronic asthma diagnosed by a respiratory physician (i.e. following investigations by
their respiratory physician to determine disease variability, trigger factors, atopy and
responsiveness to medications) and satisfied at least two of the following lung
function criteria after a trial of maximum bronchodilator therapy and a trial of oral

corticosteroids of at least 3 weeks duration:
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Forced expiratory volume in one second (FEV;) <80% of the predicted
normal value (% predicted);

FEV,/ forced vital capacity (FVC) ratio less than 80% predicted; or
residual volume (RV) >120% predicted.

These criteria aimed to capture a population of asthmatics who had a degree of fixed

obstruction affecting the small and/or large airways. It was conjectured that there was

a risk that subjects with asthma affecting the small airways alone might have been

excluded if the selection criteria defined moderate to severe asthma on the commonly

used basis of FEV, alone (262).

In addition, subjects were required to satisfy the following criteria:

i)

aged 40 years or over;

be on stable asthma medication,;

smoking history of <15 pack years;

demonstrate a normal or raised gas transfer (DLCO/VA >80% predicted)
to exclude significant smoking related disease; and

demonstrate a restriction in activities of daily living secondary to asthma
determined by the subjects’ responses to the activity limitation domain of

the Asthma Quality of Life Questionnaire (AQLQ) (70).

3.2.5.2 Exclusion criteria

Subjects were excluded from the study if any of the following criteria applied:

i)

evidence of co-existing respiratory conditions (e.g. emphysema, chronic
bronchitis, bronchiectasis or pulmonary fibrosis);

smokers or ex-smokers who had ceased smoking within the previous 2
years;

participation in an average of more than 30 minutes a day of moderate or
vigorous exercise;

involvement in a pulmonary rehabilitation programme in the previous 12
months;

inability to understand written and/ or spoken English;

61-



Chapter 3: Benefits of exercise training in FAOA

Vi) co-morbid conditions limiting or likely to reduce exercise capacity (e.g.
cardiovascular disease, neurological impairment, severe inflammatory
joint disease, severe claudication pain, poorly controlled diabetes, or
severe cognitive impairment); or

vii)  existence of a serious psychiatric disorder such as schizophrenia or

bipolar disorder.

3.2.5.3 Withdrawal criteria
Subjects could be withdrawn from the study in the event of any of the following:

1) withdrawal of consent;

i) two or more asthma exacerbations requiring a change in medication
lasting more than 7 days;

1i1) development of any new medical condition which interfered with the
subject's ability to perform the assessments or participate in the
exercise training programme, and

1v) for the exercise group (to reflect non-adherence) failure to attend at

least 14 out of 18 exercise classes.

The data from any subject who withdrew from the study was included in the

intention-to-treat analyses.

3.2.5.4 Sources for subject recruitment

To minimise recruitment bias and variations in asthma management, recruitment was
restricted to patients from one respiratory physician (Professor PJ Thompson [PJT])
at a single metropolitan hospital and one private clinic where patients were managed
by either one of two respiratory physicians (Dr Q Summers and Dr P Bremner). The
records of patients were screened if they were considered likely to meet the selection
criteria and brought to the attention of the respiratory physician in charge of their
care to determine suitability for participation in the study. The respiratory physician
could also directly pass on the details of patients who satisfied the inclusion criteria.

Patients who met the inclusion criteria were then sent a letter of invitation to
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participate in the randomised controlled trial. These patients were contacted by

telephone 1 week later.

The aim was to recruit a study population that consisted of asthmatics who had stable
chronic asthma and in whom fixed airways disease from other respiratory
pathologies would have been eliminated. Full lung function measurements including
those of patients recruited from the private clinic were reviewed by PJT to ensure
study criteria had been met prior to study entry. This systematic approach to the
recruitment process was aimed at reducing selection bias, and allowed accurate

identification of the participation rate for this study.

3.2.6 Study design

A prospective RCT was carried out. Subjects were randomised using a stratified

process matching by gender (http://www.randomizer.org) into an ‘exercise group’

and a ‘control group’. Two computer lists separated by gender were generated by an
independent medical researcher (Dr J Woods) at the Lung Institute of Western
Australia (LIWA), that consisted of random permutations of the numbers 0 (control
group) and 1 (exercise group) for 20 subjects per group. Subjects were allocated to
the exercise or control group at the time of informed consent, however the group
allocation was not revealed by Dr Woods to the principal investigator or to the
subject until after the subject had completed the 3 week run-in period and baseline
assessment. This procedure was designed to ensure the principal investigator did not
bias the process of recruitment of subjects into groups based on the assessment
findings. The subjects and investigators were, however, aware of which arm of

treatment (exercise or control) they were allocated to from this point.

It is acknowledged that if possible outcome assessments should be made by a
‘blinded’ assessor in a trial such as this and double blinding is ideal. For this study,
blinding of the investigator beyond the initial assessment was not feasible due to the
financial restraints of the study which prevented additional staff other than the
principal investigator being involved in the exercise training and conducting the
assessments.  Successfully blinding participants from an intervention such as

exercise training is also not possible.

-63-



Chapter 3: Benefits of exercise training in FAOA

The exercise group participated in a 6 week programme of supervised exercise
training. The control group received standard medical care over this time period.
Prior to randomisation, subjects entered a 3 week run-in period during which the
Asthma Control Questionnaire (ACQ) (55) was completed each week. The run-in
period was extended if a subject reported an increase in asthma symptoms as
reflected by their responses to the ACQ, a variation in FEV; of >10% or a change in

their asthma medication lasting >7 days.

Figure 3.1 illustrates the design and timeline of the study.
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Figure 3.1  Design and timeline

Lists generated to randomly allocate subjects to exercise or control group and held by an
independent researcher

v

Subjects satisfying inclusion criteria sent a letter of invitation followed by a phone call

:

Informed consent

v

3 week run-in period
Baseline assessment

v

Principal investigator and subject notified of group allocation

Control Group \ Exercise Group

Exercise training programme for Continue with standard medical care for
6 weeks asthma for 6 weeks

\ Asthma control assessed mid-way through /

intervention period

A 4

6 week assessment

A 4

3 month assessment

A 4

12 month assessment
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3.2.7 Procedures for data collection

3.2.7.1 Informed consent

Individuals who expressed interest in participating in the study following telephone
contact were invited to a face-to-face meeting lasting approximately 45 minutes with
the principal investigator (Sian Turner) who explained in detail the research aims,
methods, risks and benefits and time commitment. Only subjects who gave written,

informed consent were included in the study.

3.2.7.2 Three week run-in period

To confirm stable disease prior to commencing the intervention phase of the study
subjects were asked to attend a weekly assessment for a minimum of 3 weeks to
undergo spirometry and to complete the ACQ (55). All assessments of lung function
were carried out using a portable spirometer (Vitalograph 2120, Vitalograph Ltd,
Maids Moreton House, Buckingham, UK.) using a standard technique (260). The

spirometer was calibrated each week by the principal investigator.

After completion of the run-in phase, subjects were given a form to complete which
asked for details of the respiratory medications they were currently taking, any
unplanned hospital, emergency department (ED), respiratory physician or General
Practitioner (GP) visits for their asthma and number of courses of oral corticosteroids

for asthma exacerbations in the preceding year (Appendix A).

3.2.7.3 Assessments

Lung function

Respiratory function tests were performed in the Pulmonary Physiology Department
at Sir Charles Gairdner Hospital (SCGH). The following measures of spirometry
were made pre- and post-bronchodilator: FVC, FEV,, FEV,/FVC. Gas transfer
(single breath diffusing capacity of the lung for carbon monoxide [DLCO], single
breath diffusing capacity of the lung for carbon monoxide corrected for alveolar
volume [DLCO/VA]) and lung volumes (total lung capacity [TLC], RV, functional

residual capacity [FRC], and vital capacity [VC]) were also measured.

Measurement of lung function was repeated immediately after the 6 week

intervention period (i.e. appointments were requested for the week following the
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intervention, and if this was not possible they were scheduled as soon as possible and

no later than 4 weeks after the intervention ceased).

Baseline and follow-up assessments

The baseline assessment lasted approximately 2 hours and required collection of the
following data: generic and disease-specific QOL, anxiety and depression, functional
exercise capacity, and peripheral muscle strength. This assessment was repeated
immediately following the intervention period (6 week assessment) and again 3
months post-intervention (3 month assessment). Measures were taken in the

following order:

Subjective history

Measurement of height, weight, and resting blood pressure

Spirometry measured and completion of the ACQ

First 6 minute walk test (6MWT)

Completion of the AQLQ, Hospital Anxiety and Depression (HAD) Scale
and the Medical Outcomes Study 36-Item Short-form Health Survey (SF-
36)

6. Repeat 6(MWT

A

The following sections provide further detail of these measures.

3.2.8 Outcome measures
3.2.8.1 Primary outcome measures

Health-related quality of life

Health-related QOL was measured using the self-administered Australian-English
individualised version of the AQLQ (69, 70). This questionnaire assessed the four
domains of activity limitation (11 items) in which five of the questions specified
individualised answers, asthma symptoms (12 items), emotional function (5 items)
and environmental exposure (4 items). The activity domain requires subjects to
identify their five most important activities that have been limited by asthma in the

previous 2 weeks. The AQLQ was administered in written format for all three
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assessments and took 15-20 minutes for the subject to complete. Permission to use
this questionnaire was granted prior to the commencement of the study (Juniper,

6.5.03).

Functional exercise capacity

Functional exercise capacity was measured using the 6MWT. This test was used
because the test outcome [i.e. 6 minute walk distance (6MWD)] has been shown to
be responsive to changes following exercise training and other interventions in adults
with COPD and asthma and is considered to better reflect the ability to undertake
physically demanding activities of daily living than performance in a laboratory-

based exercise test (175, 205, 207).

The 6MWT was conducted in accordance with current recommendations (178). The
test protocol was modified from the American Thoracic Society guidelines to include
standardized instructions prior to the test and standardized verbal encouragement at
the start of each minute throughout the test. In addition, each minute subjects were
informed of the elapsed time, and if a subject rested, verbal encouragement “begin

walking as soon as you are able” was provided at 15 second intervals.

The 6MWT was performed over a straight 45m level course within an enclosed
corridor. The 45m course was marked with two cones. A chair was located at each
end of the course and at the mid-point for subjects to use if required. To allow for
familiarization with the protocol at the baseline assessment, subjects completed two
6MWTs, separated by between 20 and 60 minutes rest (264). At all follow-up
assessments two 6MWTs were also performed (265). At each time point the greater

of the two 6MWDs was used in the analyses.
The 6MWT protocol is described below:

* A heart rate (HR) monitor (Polar Al, Polar Electro Oy, Kempele, Finland)
was applied to the subject’s chest. The polar watch was applied to the back of
the subject’s left shoulder using a safety pin to ensure HR readings could be
taken without interfering with test performance. Strong correlations between
HR readings obtained from the polar monitor and electrocardiograph (ECG)
recordings have been reported (266, 267). Throughout the test, HR was

continuously monitored and recorded at the end of each minute.

-68-



Chapter 3: Benefits of exercise training in FAOA

* Pre-exercise blood pressure and time of test were recorded. Subjects who had
been instructed by their respiratory physician to take prophylactic
bronchodilators prior to exercise took their bronchodilators prior to the
6MWT and the dose, time taken and medication were recorded. On all
subsequent visits the subject took the same medication and dose prior to the
6MWT.

* The Borg (0-10) Dyspnoea Scale with standard instructions was introduced
and pre-exercise dyspnoea was recorded (146).

* Resting oxygen saturation (SpO,) was measured using a Tuffstat Pulse
Oximeter and finger sensor (Datex-Ohmeda, Louisville, USA).

* The Borg (0-10) Dyspnoea Scale was modified to also record the perception
of chest tightness (Appendix B). This scale was developed because no
published scale was found for recording this symptom.

* The subject was given a description of the 6MWT course and instructed to
turn immediately in front of the cones as if they had approached a wall.

* This distance walked was measured to the nearest 0.5m using a metre

measurer.

The number and duration of rest periods were also recorded.

End-point data

At the end of the sixth minute, heart rate (HR), dyspnoea and chest tightness, SpO,
and leg fatigue were recorded. Leg fatigue was measured using a modified version of
the Borg (0-10) dyspnoea scale (Appendix C) (146). After the first test the subject
was asked: "Was that the most you could do? Do you think you could do better
another time?" The Borg 6-20 Rating of Perceived Exertion (RPE) scale (147) was
introduced, and subjects were asked to rate the level of effort or physical stress

experienced during the test.

3.2.8.2 Secondary outcome measures

Generic quality of life

The standardised Australian version of the SF-36 (version 1) was used to assess

health status. Permission to use this questionnaire was granted by Quality Metric
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following registration and licensing (Appendix D). The data obtained were compared
with age and gender-matched Australian (77) and West Australian normative data
(75). The SF-36 was a self-administered scale and took 10 minutes for subjects to

complete.

Peripheral muscle strength

Quadriceps strength

Knee extension strength was measured using a strain gauge (Falls Assessment Kit,
Prince of Wales Medical Research Institute, NSW, Australia). The subject was
seated on a high chair with hips and knees flexed to 90 degrees. The testing
procedure was adapted from Andrews et al (268) to include the use of a strain gauge
attached proximal to the subject’s ankle to a horizontal metal bar connecting the two

rear legs of the chair via a velcro strap.

In three separate trials, separated by a rest period of 1 minute, the subject was
encouraged to pull against the strap assembly with maximal force, and the greatest
force for each leg was recorded. If the highest reading was not within 10% of the
other two readings then additional trials were carried out. Both legs were assessed
and subjects were questioned as to their favored leg for kicking a ball. The

measurement obtained on this leg was used in the analyses.

This technique for measuring quadriceps strength has been described by Lord et al
(269). Normative data using the technique and strain gauge described by Lord and
colleagues have not been published, therefore quadriceps strength was compared to

reference data published by Bohannon et al (270).
Grip strength

A hand-held Jamar 5030 J1 dynamometer (Sammons Preston Inc. Bolingbrook,
Illinois, United States of America) was used to measure grip strength. Grip strength
was measured with the subject seated. The subject’s arm was positioned with the
shoulder adducted and neutrally rotated, elbow flexed at 90 degrees, and the forearm
and wrist position were neutral. A minimum of three measures were taken with at
least 1 minute rest between each effort. The single highest value achieved that was
within 5% of at least two other measures was recorded on the subjects dominant side

and compared with normative data (271-273).

-70-



Chapter 3: Benefits of exercise training in FAOA

Anxiety and depression

The HAD scale was used to screen for the presence of anxiety and depression and to
assess for changes in mood states following the intervention period (124). The scale

was self-administered and took 5-10 minutes for the subject to complete.

This well validated scale has been shown to be a reliable tool for detecting states of
anxiety and depression and has demonstrated responsiveness to changes in mood
state following pulmonary rehabilitation in patients with COPD (125, 126). A score
of >10 for either subscale was used to identify cases of anxiety or depression among
the subjects. This threshold value is recommended when the aim is to detect cases of
anxiety or depression with a low probability of false positives (124). Although the
scale is reliable for detecting states of anxiety and depression, it is not recommended

as the sole means of making a diagnosis of altered mood state (124),

Asthma control

Asthma control was assessed each week using the ACQ (55) during the run-in period
to ensure stable asthma before the collection of baseline data and was also measured
at all follow-up assessments to determine whether any change in asthma control

occurred during or following the intervention period.

Health care utilisation

Data were collected on hospital admissions, length of stay, ED visits and
unscheduled GP consultations for asthma over the previous 12 months. This was
collected via a self-report questionnaire and validated against hospital records where

possible (Appendix A).

Subject feedback

Subject feedback following the exercise programme was assessed using a self-
complete questionnaire. The questionnaire was developed specifically for this study

and is provided in Appendix E.
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3.2.8.3 Controlled measures
Testing procedures were controlled using the following methods:

* standardised protocols and instrumentation were used for all measurements;

* the venue was constant and the time of day of assessments was maintained as
constant as possible;

* subjects were asked to refrain from eating or drinking any caffeinated
products in the 2 hour period prior to testing to avoid any adverse effects on
exercise performance (274);

* subjects were requested to wear the same footwear and similar clothing on
each testing occasion;

* the order in which subjects performed tests and completed the questionnaires
was kept consistent at each assessment;

* pre-medication for exercise was administered at the same time before the
6MWT on all assessments as the administration of a bronchodilator can affect
6MWD (86, 275); and

* repetitions of the 6BMWT were conducted at least 20 minutes and no more that

60 minutes apart.

3.2.9 The intervention period

3.2.9.1 Exercise group

Subjects attended three exercise classes each week for 6 weeks. The classes lasted
for 80-90 minutes and were supervised by a physiotherapist. Exercise was prescribed
in accordance with the recommendations for individuals with COPD (218). An
indoor air-conditioned corridor within SCGH and a gym in the Physiotherapy
Department at SCGH were used for the walking programme and exercise circuit

respectively.

Specifically, classes commenced with a 10-15 minute warm-up period comprising a
slow 400m walk followed by stretches (triceps, pectoralis, trunk side-flexors,

gastrocnemius and soleus, and a hamstring stretch).

The warm-up was immediately followed by a 20 minute walk prescribed at an initial
intensity equivalent to 80% of the average walking speed achieved on the 6MWT
performed at the baseline assessment (218). For example, a 6MWD of 500m would
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be considered to have been completed at an average walking speed 5.0kph. Thus the
prescribed walking intensity would be 4.0kph. This exercise prescription was
provided to subjects in the format of a target distance to walk in 20 minutes within
the 200m hospital corridor, therefore in this example the prescribed distance would
be 1.3 to 1.4km or 1300-1400m. Subjects were encouraged to take regular rests if
they experienced intolerable dyspnoea/chest tightness, or intolerable leg fatigue.
Chairs were located approximately 10-15m apart throughout the hospital corridor

(200m course).

The walking training was followed by an exercise circuit comprising cycle ergometry
training for 10 minutes, step-ups, wall squats and unsupported and supported upper
limb endurance training (arm ergometry and unsupported bilateral arm elevation) for
a total of approximately 45 minutes. Details of each of these training stations are

provided in Appendix F.

The target training intensity for the circuit exercises was a RPE of between 12 and 14
(146). When subjects reported a higher RPE they continued to exercise at this
intensity if their symptoms were tolerable. The intensity of the walking training and
circuit exercises was increased each week within symptom tolerance (218).
Following the circuit, the subjects repeated stretches described above and HR and

SpO, were re-measured at the end of the class.

At the end of the training period each subject was provided with a home exercise
programme based on the exercise intensities achieved during their final training week

and instructed to exercise on at least 3 days each week.

All subjects randomised to the exercise group continued to receive standard medical
care for their asthma and any subjects requiring prophylactic bronchodilators prior to
exercise were instructed to take their medication immediately prior to each class. The
percentage of individuals with exercise induced asthma (EIA) in an older adult
population with FAOA is unknown. However, exercise has been shown to induce
bronchoconstriction in up to 80% of individuals with asthma (276). The
incorporation of a prolonged warm up, controlled temperature of the indoor facilities
in which the exercise training took place and the encouragement to those with known
EIA to use beta 2 agonist pre-training helped to reduce the potential for such a

phenomenon to occur. A portable spirometer was available to measure FEV, if
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necessary post-training. A prolonged warm-up and the provision of pre-medication to
help prevent a potential asthmogenic effect has also been advocated within the

literature in exercise training programmes for adults with asthma (277).

The period over which the exercise programme was run was extended to a maximum
of 10 weeks for any subject who experienced an exacerbation of their asthma, or
other problems, with the aim of subjects completing at least 14 supervised training

sessions within a maximum of 10 weeks.

3.2.9.2 Control group

Subjects randomised to the control group were instructed to continue with their
current daily activities and management of their asthma in the usual manner
(standard medical care). These subjects were not supervised during the 6 week
intervention period; however each subject attended an appointment for measurement
of spirometry and completion of the ACQ mid-way through the 6 week period. At
this appointment they were asked if they had changed their asthma medication due to

illness or an exacerbation.

3.2.10 Pilot study

To determine the feasibility of conducting this study, a pilot study was performed.
Six subjects (four females) with moderate or severe asthma completed an 8 week
supervised exercise training programme at SCGH. The subjects were aged 65.3+4.4
years and post-bronchodilator FEV; was 53+6.8% predicted. Subjects attended
classes twice a week and completed a home exercise programme on an additional 2
days each week. Six minute walking distance and QOL (measured with the Chronic
Respiratory Disease Questionnaire (278)) were measured prior to and immediately
following the exercise programme (Table 3.1). This study confirmed the feasibility

of the training protocol used in the main study.
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Table 3.1 Data from six subjects pre- and post-training

Pre Post Significance
6MWD (m) *n=15 410484 448491 p=0.21
Distance walked in 20 min 1333+186 15254211 p<0.01
QOL - total CRDQ score 86.5+8.1 109+5.7 p<0.01

*Data are mean+SD, pre- and post data compared using paired t-tests.
6MWD: 6 minute walk distance, m: metres; min: minutes; QOL: quality of life,
CRDQ: Chronic Respiratory Disease Questionnaire

3.2.11 Sample size

In designing this study, consideration was given as to how many patients would need
to be recruited to evaluate the efficacy of the treatment. It is acknowledged that the
answer to this question is not a simple one as it is dependent on not only the size of
effects which are likely to be observed between the exercise and control group, the
statistical requirements related to Type I and Type II errors (which are related to size
and power) and on the success or failure of the types of simple comparisons which

are to be made between the measurements made in each group.

In this study, an anticipated clinical difference in the AQLQ and the 6MWT were
measures chosen with an appropriate level of statistical significance to determine
sample size. The pre-specified sample size of 32 subjects was calculated for this
study based on detecting a clinically significant change (0.5 points per item) in the
activity domain of the AQLQ and a 54m change in 6MWD between groups with
80% power (0=0.05) (66, 69, 194, 207).

3.2.12 Data management and statistical analyses

Data that were not normally distributed were transformed using a natural logarithmic

scale and non-parametric analyses performed when normality was violated.

Baseline SF-36 data, 6MWD and muscle strength were compared with published

norms or predicted values using paired t-tests.

Data were analysed according to both per-protocol analyses and the intention-to-treat
principle. For missing data, the last observation carried forward method was utilised
(279). Baseline equivalence of the exercise group and control group for each of the

outcome measures was tested using unpaired t-tests, Mann-Whitney U-tests and Chi-
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squared depending on the distribution of the data and its conformity with

assumptions of normality.

Data for the primary outcome measures were principally analysed using a 3 (time) x
2 (group) repeated measures analysis of variance (ANOVA) and post-hoc tests. If a
significant interaction was observed, simple contrasts were specified for differences
between groups at the post-intervention assessment and 3 month follow-up. Main
effects for each group were also analysed using a simple t-tests post-intervention
compared with baseline measures if a non-significant difference was observed in the

3 x2 ANOVA.

Differences between groups are expressed as meantstandard deviation (SD) or 95%
confidence intervals (95% Cls). All statistical analyses were performed using SPSS

software (Version 16.0) for Windows.

The relationships between the following baseline measures for the subject cohort
(n=34) were investigated: %predicted FEV;, magnitude of air-trapping or pulmonary
hyperinflation at rest represented through the measurement of the ratio of residual
volume to total lung capacity (RV/TLC), 6MWD and body mass index (BMI) with
scores on the following questionnaires: ACQ, AQLQ, HAD and the SF-36 physical

component summary scores (PCS) and mental component summary scores (MCS).

3.2.13 Ethical considerations and safety issues

Ethics approval for this study was obtained from the Human Research Ethics
Committees of Curtin University of Technology (HR120/2004) and SCGH (Trial
2003-149). Subjects gave written informed consent prior to participating in the study.
In the event of respiratory distress occurring during any of the study assessments or
exercise training, an emergency protocol was put in place to ensure subject safety

throughout the study.

Subjects were under no obligation to release their information for the study and were
free to withdraw at any time without prejudice. Confidentiality was maintained by
allocating each subject an identification number with the subject’s identity known
only to the principal investigator and project supervisors. All data were stored
electronically on a computer in LIWA and access was password protected. Hard

copies of the data were stored in a locked filing cabinet in LIWA. Access to the
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electronic data was via a password known only to the principal investigator, and the
project files were accessed only by the principal investigator and project supervisors.
Currently the data obtained for this study are stored in a secure place where it will
remain for 5 years, after which it will be destroyed in accordance with the

requirements of Curtin University of Technology.

3.3 Results

3.3.1 Overview

These results are divided into three parts. Part 1 describes baseline data for the
exercise and control groups. Part 2 describes exercise training data pertaining to
adherence with training and training loads achieved during the 6 week programme.
Part 3 evaluates the efficacy of the exercise intervention in relation to changes in
QOL, 6MWD, anxiety and depression and asthma control using intention-to-treat
and per-protocol analyses as well as subject feedback regarding the exercise

programme. Group data are presented as mean+SD unless otherwise stated.

PART ONE: BASELINE DATA
3.3.2 Subjects

Participant recruitment took place between 23" of August 2004 and 3™ of July 2007.
During this period, over 1,200 medical files of adults with asthma were reviewed by
the principal investigator. Two hundred and sixty-six patients satisfied the inclusion
criteria and were invited to participate in the study. Of these, 40 expressed interest
and attended an initial screening interview (Figure 3.2). The participation rate was
14.7%, which decreased to 12.8% with subject withdrawals. Figure 3.3 describes the

flow of subjects through the study.
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Figure 3.2  Recruitment process and subject participation by source

Source A 59 patients 5 subjects recruited
Study Database N eligible and N 8.5% participation rate
(219 Files) contacted

Source B 118 patients 15 subjects recruited
Private Clinic | eligible and | 12.7% participation rate
SCGH contacted

Source C 60 patients 11 subjects recruited
Public Clinic N eligible and | 18.3% participation rate
SCGH contacted

Source D 29 patients 8 subjects recruited
Private Clinic eligible and 27.6% participation rate
Mount Hospital —p | contacted —

(558 Files)

Subject Source Details

Source A (Patients managed by PJT) Patients on a respiratory database held at SCGH

Source B (Patients managed by PJT) A systematic review of the files of all patient seen privately
at SCGH

Source C (Patients managed by PJT) A review of the files of all patients attending respiratory
appointments with PJT at a public outpatient clinic between January 2005 through to August 2006

Source D (Patients with ‘asthma diagnosis’ managed by respiratory physician) attending a single
private clinic between 1% January 2004 to 13™ April 2006
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Figure 3.3  Study design as per CONSORT guidelines (280)

“Screening and
familiarisation” phase,
3 weeks
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40 gave informed consent and commenced baseline

1 subject did not meet study
criteria during assessments

4 subjects withdrew due to lost interest
(2), work commitments (1) and travel (1)

Allocation/ baseline
assessments, 2 weeks

Intervention phase,
6 weeks

35 were randomised

Exercise group, n=20 Control group, n=15

1 subject withdrew and was lost
to follow-up due to personal
reasons prior to starting

0 subject withdrawals

Post-intervention Post-intervention
assessment, n=19 assessment, n=15

Post-intervention phase
assessments

0 subject withdrawals

3 month assessment, n=19

2 subjects withdrew due to
loss of interest (1) and time
commitments (1)

3 month data of 1 subject
placed in intention-to-treat
due to viral illness and
asthma exacerbation

Post-intervention phase

assessments

3 month assessment, n=12

\ 4

1 year follow-up phone call, n=19

3 subjects withdrew as
they could not be
contacted

1 year follow-up phone call, n=9
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Patients who declined to participate in the study cited the following reasons for non-
participation: no interest; work commitments; too far to travel to appointments; too
much of a time commitment, and musculoskeletal problems. Four subjects withdrew
before the baseline assessment and one subject in the exercise group withdrew due to
personal reasons before the intervention phase commenced but after collection of
baseline data. Data from this subject were included only in the analysis of the effect
of test repetition on 6MWD. Results are presented for 34 subjects (15 male) for
baseline comparisons between groups in the intention-to-treat analyses (19 subjects
in exercise group, 15 in control group), and with data from 31 subjects (15 male)

included in the per-protocol analyses (19 subjects in exercise group, 12 in control

group).

3.3.3 Baseline characteristics

Demographic, anthropometric and lung function data for the two groups were not
significantly different (all p>0.05). These data are presented in Tables 3.2 and 3.3.
The lung function data for both groups demonstrated moderate airflow limitation
(mean FEV; <60% predicted) with evidence of lung hyperinflation and gas trapping
(Table 3.3).

Twelve subjects (five of whom were ex-smokers) had a high resolution computer
tomography (HRCT) scan in the previous year that excluded the presence of other
pulmonary diseases. The remaining six ex-smokers had smoking histories which

ranged from of 0.5 to 13.3 pack years (median 7 pack years).

Subjects in both groups demonstrated a high level of functional exercise capacity
with 6MWDs close to predicted values (88+£12%) (281) and had well preserved
peripheral muscle strength (Table 3.2). The percentage of subjects who reported
taking regular exercise, defined as walking at a leisurely pace for 30 minutes on at
least 3 days each week, was 53% and 60% in the exercise and control groups

respectively.
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Table 3.2 Anthropometrics and demographic data at baseline

Study cohort Exercise Group Control Group

(34 subjects) (19 subjects) (15 subjects)
Gender (male: female) 15:19 8:11 7:8
Age (years) 67.8+10.6 65.3£10.8 71.0£9.7
Height (cm) 168.2+10.8 169.1+£9.0 167.3+12.8
Weight (kg) 79.0£19.2 81.7£12.7 75.8425.3
Smoking history (never:former) (n) 23:11 14:5 9:6
Pack years 3.1+£7.1 2.0+4.5 4.5£9.3
CT scan (n) 12 7 5
BMI (kg/m?) 27.846.2 28.6%5.0 26.8+7.6
BMI 18.5-24.9 (n) 12 3 9
BMI 25-30 (n) 13 12 1
BMI>30 (n) 9 4 5
Quadriceps strength (N) 258+117 264+104 251£136
% predicted 81429 84+30 78+30
Hand-grip strength (Ib) 72+27 72420 72+35
% predicted 109425 109+23 110+27
6MWD 548+100 569+88 522+111
% predicted 88+12 91£10 85+15
Lived alone (n) 12 6 6
Retired (n) 23 11 12
Working part-time (n) 5 3 2
Working full-time (n) 6 5 1
Exercise Advice (n)
No previous instructions received 8 5 3
by subject (n)
General encouragement given by a 21 10 11
doctor (n)
Specific instructions given by 5 4 1

physiotherapist or doctor (n)

Mean+SD. BMI: Body mass index; n: number; cm: centimetres; kg: kilograms; N: newtons; %:

percent; 1b: pounds.
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Table 3.3 Resting lung function at baseline

Study cohort Exercise Group Control Group

(34 subjects) (19 subjects) (15 subjects)
Resting Lung function
FEV, (L) 1.6£0.6 1.7+£0.6 1.6+0.7
FEV, % predicted 59.4+15.8 58.9£15.9 60.0+16.2
FVC (L) 3.1£1.1 3.1£1.0 3.1£1.2
FVC % predicted 85.0+15.7 83.4+16.4 87.2+15.0
FEV/FVC % 59.7+16.1 53.8+8.3 53.1£12.9
FEV,/FVC % predicted 53.4+£10.4 71.0£9.8 71.2+16.6
VC (L) 3.2+1.1 3.3£1.0 3.2+1.3
VC % predicted 100.9£17.1 99.9+18.6 102.1£15.7
FRC (L) 3.8£1.0 3.8+0.8 3.9+1.2
FRC % predicted 159.4+56.2 161.5£58.4 157.0+£55.3
TLC (L) 6.2+1.6 6.3£1.3 6.2+1.9
TLC % predicted 114.3+12.8 113.4+11.5 115.3+14.7
RV (L) 3.0+0.8 3.1£0.6 3.0£1.0
RV % predicted 142.3+26.3 144.3+22.0 139.7+31.6
RV/TLC 49.8+8.7 49.9+8.9 49.6+8.7
RV/TLC % predicted 124.8+19.0 127.6+19.2 121.1+18.7
DLco/VA (ml/min/mmHg/) 4.1+0.6 4.3+0.7 3.9+0.5
DLco/VA % predicted 99.5+13.7 101.6+16.1 96.9+9.6

Mean£SD. n: number; FEV;: forced expiratory volume in one second; FVC: forced vital capacity;
VC: vital capacity; FRC: functional residual capacity; TLC: total lung capacity; RV: residual volume;
DLco/VA: single breath diffusing capacity for carbon monoxide corrected for alveolar volume; L:
litres; %: percent; ml/min/mmHg: millilitres per minute per millimetre of mercury.
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Appendices G-J illustrate physical activity levels, asthma triggers, and asthma
management at study entry for the exercise and control groups (n=34). Specifically,
Appendix G depicts the number of times/week, on average, subjects reported
walking at a leisurely pace for periods of at least 30 minutes. In addition, 2 subjects
(1 exercise group, 1 control group) played lawn bowls twice a week, and 1 subject

(control group) played golf 3 times a week.

Asthma triggers were grouped into one of 10 categories based on perceived triggers
for worsening asthma symptoms listed by the subjects. These are given in Appendix
H. Appendix I displays the asthma management profiles, specifically the number of
subjects who owned a written asthma action plan, nebuliser, peak flow meter and the
number of subjects who had been reviewed by a trained asthma educator in the past
year (excluding the subject’s GP or specialist). For the group as a whole, of those
who owned a peak flow meter, 14.7% used it daily while 41.2% never used it. These

data are presented by group in Appendix J.

3.3.4 Medications and health care utilisation in the preceding year

Table 3.4 provides a summary of the respiratory medications taken by subjects and
the number of hospital and ED presentations in the year preceding recruitment to the

study for the exercise and control groups.

For the cohort, nine subjects had visited a respiratory physician once, one subject had
visited twice and three subjects visited three times secondary to worsening asthma
symptoms. Seven subjects had attended an ED secondary to asthma symptoms, of
whom five were admitted to hospital. The numbers of medical attendances with a GP

due to an exacerbation of asthma are given in Appendix K.
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Table 3.4 Respiratory medications and health care utilisation data

Class Exercise Control
(n=19) (n=15)
Long-acting beta-agonists 18 (95%) 15 (100%)
Anticholinergics 2 (11%) 3 (20%)
Inhaled corticosteroids 18 (95%) 15 (100%)
Maintenance oral corticosteroids 1 (5%) 1 (7%)
Leukotriene receptor antagonists 4 (21%) 1 (7%)
Cromoglycate 2 (11%) 2 (13%)
Theophylline 2 (11%) 2 (13%)
Courses of oral corticosteroids in last 12 months 8 (42%) 7 (47%)
ED presentations in last 12 months 3 (16%) 4 (27%)
Hospital admissions in last 12 months 2 (11%) 3 (20%)

Data are numbers of subjects with the number in parentheses denoting the
percentages of subjects. ED: Emergency Department; %: percent

3.3.5 Asthma control

At the start of the run-in phase, 14 subjects (73%) in the exercise group and eight

subjects (53%) in the control group met the criteria for inadequately controlled

asthma (ACQ score > 1.5) (56). These data are shown in Table 3.5.

In five subjects (4 exercise group) the run-in period was extended due to worsening

asthma symptoms. For each of these subjects, the best three consecutive asthma

control scores were used in analyses as that subject’s ‘first, second and third’ run-in

data. There 