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Abstract

Abstract

Background:

Evidence suggests that poorly controlled asthma during pregnancy is hazardous for
both the mother and foetus. Some pregnant women with asthma may have few
symptoms, but their lung function may be abnormal, putting the health of mother and
foetus at risk. Forced expiratory volume in six seconds (FEVs) has been shown to be
equivalent to Forced vital capacity (FVC). Telehealth has the potential to improve
asthma management through regular monitoring of lung function and/or asthma
symptoms. This research aimed to develop and evaluate the application of a telehealth

program for supporting asthma management in pregnant women.
Methods:

In phase 1, a systematic review of the literature was carried out to evaluate the non-
pharmacological health care interventions for asthma management in pregnant

women.

In phase 2, a prospective cohort study was conducted to investigate the changes in
lung function and the role of objective measures of lung function (forced expiratory
volume in one second [FEVi], FEV¢ and FVC) for monitoring asthma during
pregnancy in healthy (n = 20) and pregnant women with asthma (n = 20). Lung
function (pre-bronchodilator) was measured three times at gestational weeks 11 — 20,
21 — 28, and 29 — 40. The results from phase 2 informed phase 3, which was a

randomised controlled trial evaluating a telehealth program for asthma management
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during pregnancy.

Phase 3 evaluated Management of Asthma with Supportive Telehealth of Respiratory
function in Pregnancy (MASTERY) compared to usual care in 72 pregnant women
with asthma. The intervention group (MASTERY) was provided with the handheld
COPD-6 device to measure lung function (FEV; and FEVy) daily, Breathe-easy®
application installed on a loaned mobile phone and an individualised written asthma
action plan (WAAP). The control group (usual care) received standard antenatal care
provided by their health care professionals. Both groups were followed prospectively
and their asthma control scores were compared using Juniper’s Asthma Control

Questionnaire (ACQ) at 3 and 6 months.

Key findings:

Phase 1: Significant improvements in maternal asthma control (lung function and
quality of life) and neonatal outcomes (birth weight) were found in those who received
interventions involving progressive muscle relaxation (PMR) and Fraction of exhaled
Nitric Oxide (FeNO) guided algorithm. Interventions that enable pregnant women to
be monitored regularly using objective measures of lung function or asthma symptoms

appear to be effective in reducing asthma exacerbations during pregnancy.

Phase 2: During pregnancy, lung function declined both in healthy women and
women with asthma at weeks 21 — 28 (more markedly in those with asthma) but then
improved at weeks 29 — 40 (more markedly in those with asthma ). In those with
asthma, asthma control scores increased, while quality of life scores declined at weeks

21-28; whilst at weeks 29 — 40 these changes were in the opposite direction. The
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correlation between FEVg and forced vital capacity (FVC) in women with asthma was

high (Pearson’s » = 0.88, p <0.01).

Phase 3: The demographic, maternal and clinical characteristics were similar in both
groups at baseline. At 6 months, compared to the usual care group, the intervention
(MASTERY) group had significantly greater improvement in their asthma control
(p =0.02) and asthma-related quality of life (p = 0.002) scores. At the end of the study,
the MASTERY group had significantly higher proportion of participants with well
controlled asthma, and more participants with an improvement in ACQ scores greater
than 0.5, the minimum clinically important difference (MCID). There were no
significant differences between the two groups in lung function, unscheduled
healthcare visits, days off work/study, oral corticosteroid use and perinatal outcomes.

No significant differences between groups were found at 3 months.

Conclusions:

The findings from this research confirm that asthma management involving regular
monitoring of lung function and asthma symptoms is feasible and could potentially
improve asthma control in pregnant women. In pregnant women with asthma, FEVs
may be a suitable alternative to FVC. A telehealth program (Breathe-easy®) in
conjunction with a handheld COPD-6 device for monitoring lung function (FEV and
FEVe) and assessing asthma symptoms and a WAAP can promote asthma self-

management during pregnancy and lead to better asthma control.
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Term

Definition

APGAR test

COPD-6 device (model

number

4000,Vitalograph Ltd.,

Ennis, Ireland)

FEV,

FEVs

FVC

Foetus

Gestational age

Gestational diabetes

General practitioners

Low birth weight
Macrosomia
Miscarriage

Neonate
Preeclampsia

An assessment of the physical condition of an infant
immediately after birth created by Dr Virginia Apgar. The score
is based on a combination of the heartbeat, respiration, skin
colour, irritability, and muscle tone. The scores are added up to
give a total score between 0 and 10 with 10 suggesting the
healthiest infant; at one minute after birth. The assessment is
repeated at five minutes after birth

It is a portable handheld spirometer electronic device measuring
11.3 cm high, 6.3 cm wide and 4.5 cm thick and weighs 55 g. It
is powered by two disposable batteries and can measure FEV,
FEVs and FEV/FEVg ratio. It is easy to use and has a large
easy-to-read display and a comfortable design that allows it to
be easily held by the patient.

Forced expiratory volume in one second; the maximal volume
of air exhaled in the first second of a forced expiration from a
position of full inspiration expressed in litres

Forced expiratory volume in six seconds; the maximal volume
of air exhaled in the six second of a forced expiration from a
position of full inspiration expressed in litres

Forced vital capacity; the maximal volume of air exhaled with
maximally forced effort for a maximal inspiration, i.e. vital
capacity performed with a maximally forced expressed in litres
An unborn baby from the eight week after fertilisation until
delivery

The foetus age measured from the first day of the mother’s last
menstrual period; an average pregnancy lasts 280 days, or about
40 weeks, from that day

Diabetes that arises during pregnancy; usually subsides after
delivery

Doctors who do not specialise in a particular area of medicine
but who attend to everyday medical needs of individuals within
a community and refer to specialists when the management is
beyond their scope of expertise

Neonate weighing less than 2500g (5.5 1bs) at birth

A condition in which a baby is considerably larger than normal
The spontaneous loss of pregnancy before the foetus can survive
outside the uterus; most common in the first trimester

The newborn until 4 weeks of age

A complication involving high blood pressure, swelling and
abnormal kidney function; occurs after the 20" week and, left
untreated, can lead to seizures and even death
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Premature baby
Preterm labour

Singleton pregnancy
Term

Vacuum extraction

A baby born before 37 weeks

Labour that starts after 20 weeks but before the end of the 37%
week

A singleton intrauterine pregnancy is a normal pregnancy with
one foetus, developing in the uterus

40 weeks (or thereabouts) from the first day of the last menstrual
period

The use of suction to help guide the baby’s head out of the birth
canal
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Chapter 1 General Overview

Chapter 1
General Overview

1.1 Introduction

This thesis describes my research investigating application of a telehealth programme
for managing asthma in pregnant women. Although much work has already been done
to improve asthma management in the general population, limited work has focused
on telehealth programmes for optimising asthma management, and none in pregnant

women.

This introductory chapter provides general background information about the research
topic and study populations. Section 1.2 describes the burden of asthma globally and
in Australia. Section 1.3 outlines the epidemiology of asthma during pregnancy.
Section 1.4 provides a definition and details the types of telemedicine and telehealth.
Section 1.5 discusses gaps in the current knowledge that informed the direction of this
research. Section 1.6 delineates the aims and specific objectives of the research,
including a brief overview of the projects comprising this thesis. Section 1.7
summarises the thesis structure, with an outline of chapter content to guide further

reading.

1.2 Burden of Asthma

Asthma is a chronic health condition affecting people of all ages across the world.
When asthma is uncontrolled, the activities of daily living can be severely limited,
sometimes asthma can even be fatal. According to estimates from the World Health

Organization (WHO) and the Global Initiative for Asthma (GINA), as many as 300

1
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million people of all ages and all ethnic backgrounds suffer from asthma. This number
is expected to increase to 400 million by 2025. It is not just a public health problem
for high-income countries, but occurs in all countries regardless of development levels
[1-3]. Globally, 250,000 people die of asthma every year [3, 4]. In 2007, asthma
accounted for 3,447 deaths in the United States of America (US), which equates to
more than nine people every day [5]. Asthma deaths occurred more often among adults
than children; the number of deaths was higher among women (2,173) than among
men (1,274) [5]. In the United Kingdom (UK) asthma affecting around 10% of the

adult population [6].

The prevalence of asthma in Australia is high by international standards and the reason
for this unknown [7]. In 1999, Australian health ministers and the Commonwealth
Government announced that asthma would be a National Health Priority Area (NHPA)
[8]. About 10% of the population, or 2 million Australians, currently have asthma [9].
In 2010, 416 Australians died from asthma — many of these deaths were preventable
[9, 10]. Asthma can be controlled with appropriate treatment. When asthma is well
controlled, people should experience no more than occasional attacks or flare-ups;

severe exacerbations should be rare [11].

1.3 Asthma and Pregnancy

Asthma is the most common obstructive airways disease affecting pregnant women
and can cause complications during pregnancy [12, 13]. In the United States of
America (US), the prevalence of self-reported asthma among pregnant women has
been reported as between 8.4% and 8.8%, with 4.1% of all pregnant women having

experienced an asthma attack during their pregnancy [14, 15]. Asthma prevalence
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among pregnant women in the UK is around 8% [16, 17]. In Australia, asthma causing

complications in 12% of pregnancies [12, 13, 18].

Pregnant women with asthma may experience more complications in their pregnancies
than those without an asthma history. These complications include maternal and
placental complications [19], pre-eclampsia [20-22], need for caesarean delivery [20],
perinatal mortality [22-24], pre-term birth [20, 23], low birth weight or intrauterine
growth restriction [20, 23, 25] and congenital malformations [22, 26, 27]. Asthma
exacerbations during pregnancy may harm both foetus and mother [27-30]. Previous
studies have shown that poorly controlled asthma during pregnancy increases the risk

of poor maternal and neonatal outcomes [29-34].

Poorly controlled asthma may be the most easily remedied factor responsible for acute
or chronic maternal hypoxia [35]. Asthma management goals in pregnant women are
the same as for nonpregnant patients and include controlling asthma symptoms,
maximising lung function, minimising drug side effects and preventing asthma
exacerbations [11, 36-40]. Pregnant women with poorly controlled asthma should
have a close liaison with their respiratory physician and obstetrician with early referral

to critical care physicians for women with acute severe asthma [41, 42].

1.4 Telehealth and Telemedicine

Before examining the origins of telehealth research, this section will briefly define
telehealth and telemedicine. The word ‘telemedicine’ began to be used in healthcare
systems in the early 1990s. It originates from the ancient Greek prefix tele- meaning
‘far’, ‘at a distance’ or ‘remote’ [43]. The WHO defines telemedicine as:

‘The delivery of health care services, where distance is a critical factor, by
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all healthcare professionals wusing information and communication
technologies for the exchange of valid information for diagnosis, treatment
and prevention of disease and injuries, research and evaluation, and for the
continuing education of health care providers, all in the interests of

advancing the health of individuals and their communities [44].’

In brief, the WHO describes four elements connected to telemedicine:
(1) 1its purpose is to provide clinical support;
(2) it is intended to overcome geographical barriers, connecting users who are
not in the same physical location;
(3) it involves various types of information and communication technology
(ICT); and

(4) its goal is to improve health outcomes [44].

By definition, telemedicine uses medical devices to evaluate, diagnose and treat
patients remotely [45]. Telemedicine infrastructure has key components, including
data storage devices, specialised application software, database management software
and medical devices capable of electronic data collection, storage and transmission

[45].

The terms ‘telehealth’ and ‘telemedicine’ are often used interchangeably in the
scientific literature. According to the WHO, telemedicine refers to service delivery by
medical practitioners only, whereas telehealth includes services provided by health
professionals in general, including pharmacists and nurses [44]. In the twenty-first
century, the term ‘telemedicine’ has been gradually replaced by ‘telehealth’, which

describes this wider involvement of the healthcare team [43, 46]. The 2001 Report to
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Congress on Telemedicine defines telehealth as ‘the use of electronic information and
telecommunications technologies to support long-distance clinical health
administration’ [45]. Two types of telehealth exist: ‘live’ (synchronous) or ‘store and
forward’ (asynchronous) methods for transmitting data or broadcasting information
[45, 47]. With live transmission, healthcare providers interact with the patient
simultaneously across different locations while diagnostic information is being
viewed, collected and transmitted to a facility e.g. giving advice by telephone, real-
time consultation using video conferencing tools. Some telehealth programmes may
use both methods [45]. The store and forward transmission method does not require
both healthcare providers and patients to be present at the same time. The collected

data can be viewed later (e.g. by storing two weeks of spirometry data) [45, 47].

The Australian Government Department of Health states that, broadly, telehealth
services use advanced information and communication technology for delivering
health services and transmitting health information over both long and short distances
between providers (healthcare professionals) and receivers (patients) [48, 49].
Telehealth is concerned with transmitting data, images, spoken and other information
that encompass the diagnostic, preventive (education), treatment and curative aspects
of healthcare services between healthcare providers and patients [49]. Telehealth aims
to remove some obstacles to accessing medical services for people who live in remote
and rural areas or have limited access to specialists [50]. Telehealth applications can
be used to deliver health services in remote areas, to enhance education and training
through open learning services, and to improve health service organisation and

administration [50]. An example of this would be electronic patient records [48, 51].
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1.5 Statement of the Problem

Considering Australia’s high prevalence of asthma, particularly in pregnant women,
an efficacious and effective management approach should be identified to ensure
appropriate treatment and monitoring for improved patient outcomes. Reducing
asthma-related risks during pregnancy involves managing asthma actively during
pregnancy, advising pregnant women about good asthma control and managing flare-
ups during pregnancy [52]. Effective long-term management of asthma requires
regular assessments of symptom control [52, 53]. Adequately controlled asthma
during pregnancy is associated with little or no increased risk of foetal or maternal

complications [54, 55].

Pregnant women with moderate to severe asthma should be more closely monitored.
Appropriate adjustments in treatment may be required to maintain a level of lung
function that ensures adequate oxygen supply to the foetus [39, 40]. As recommended
in asthma guidelines [11, 38, 41, 52], regular monitoring of asthma symptoms,
including objective measures of lung function, is essential to identify any changes in
asthma during pregnancy. Accurate measurement of respiratory function is required
to assess and manage asthma; spirometry is the lung function test of choice for

diagnosing and assessing asthma control [56].

This research aimed to confirm the role of spirometry as an objective measure for
monitoring asthma during pregnancy. I propose the application of measuring forced
expiratory volume in one second (FEV1), forced expiratory volume in six seconds
(FEV¢) and the FEV1/FEV¢ ratio for monitoring lung function in pregnant women with

asthma. The novel use of FEV as a substitute for forced vital capacity (FVC) in adults
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with asthma is based on advice from the American Thoracic Society (ATS). This
advice states that FEVs is equivalent to FVC [57]. The FEV1/FEVs ratio has been
demonstrated to be a valid alternative for FEV1/FVC in measuring lung function in
chronic obstructive pulmonary disease (COPD), particularly in elderly patients [57-
59]. Performing FEVs is easier, more achievable, more reproducible and less
physically demanding than FVC [57-61], for which reliable results cannot always be
obtained, particularly in the elderly. As it is likely that women may experience
shortness of breath during pregnancy, it was proposed that FEVs may be a more

achievable and reliable measure in this population as well.

Telehealth not only provides greater accessibility and flexibility for patients. It also
has other potential benefits, such as reduced waiting times to access healthcare
services and reduced travel costs, earlier detection of worsening health conditions (e.g.
exacerbations) and reduced healthcare visits/hospitalisations [62]. Many telehealth
studies have been conducted in relation to managing patients with chronic diseases
such as diabetes [63-66], congestive heart failure (CHF) [67, 68], hypertension [69-
71] and pulmonary diseases [72, 73]. However, little information regarding the
application of telehealth for asthma management during pregnancy exists, and the
effectiveness of telehealth has been reported only rarely. Against this background, this
research proposed a remote monitoring intervention to optimise the management of
asthma during pregnancy and evaluated the efficacy of this telehealth intervention in
this population. This was conducted on the assumption that, as the majority of pregnant
women with asthma are young (18—45 years), they are likely to be willing to use

mobile technology to assist in the management of their asthma.
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1.6 Overview of the Research

1.6.1 Aims and objectives

As described in Section 1.5, several gaps exist in the literature regarding healthcare
interventions for optimising asthma management during pregnancy. Firstly, limited
information is available about the assessment of non-pharmacological interventions to
improve asthma outcomes during pregnancy. Secondly, only a few studies have
observed changes in lung function during pregnancy in both healthy and women with
asthma and the role of objective measures (FEV: and FEVs) for monitoring asthma
during pregnancy is unknown. Finally, no evidence is available about the application
of telehealth programmes for supporting asthma management during pregnancy. The
research described in this thesis was conducted to address these knowledge gaps. The
overall aim was to develop and evaluate the application of telehealth programmes for

supporting asthma management in pregnant women.

The specific objectives were to:

1. evaluate non-pharmacological healthcare interventions for asthma
management in pregnant women;

2. investigate the role of objective measures of lung function for monitoring
asthma during pregnancy; and

3. develop, implement and evaluate a telehealth programme for asthma

management in pregnant women.
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1.6.2 Project scope
The research was conducted in three phases, each with specific objectives, as
illustrated in Figure 1. The details for each phase are further discussed below and in

the following chapters (see Chapters 3 to 6).

eevaluating non pharmacological health
care interventions for asthma
management in pregnant women

*developing, implementing and
evaluating telehealth program for
asthma management in pregnant

investigating the role of objective
measures of lung function for
monitoring asthma during pregnancy

women

Figure 1. Project Scope

Phase 1 Systematic review

To assess evidence from non-pharmacological intervention studies for managing

asthma in pregnant women.

Phase 2 Prospective cohort study

To observe changes in pulmonary function during pregnancy in both healthy and

pregnant women with asthma.
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Phase 3 Randomised controlled trial (RCT)

A randomised controlled trial was conducted to evaluate the feasibility and efficacy

of a telehealth programme for monitoring and optimising asthma management during

pregnancy.

1.7 Overview of Thesis Structure

This thesis by publications is presented in seven chapters. Chapter 1 provides a
general overview of the thesis, including the research aim and objectives. Chapter 2
provides detailed background to the research, including a general review of the current
literature on asthma management in pregnant women; the physiological changes
during pregnancy and studies that have observed lung function changes during
pregnancy; evidence from previous studies about asthma and pregnancy; and

telehealth studies in the general population.

The subsequent chapters (3, 4, 5 and 6) present the three phases of the research in
detail. Chapter 3 describes the systematic review of non-pharmacological health
interventions for asthma management during pregnancy. This chapter includes the
manuscript published in BMC Pulmonary Medicine. Chapter 4 discusses the role of
spirometry for monitoring asthma during pregnancy and describes the changes in lung
function during pregnancy in both healthy and women with asthma. Chapter 5
describes the protocol for the RCT (Management of Asthma with Supportive
Telehealth of Respiratory Function in Pregnancy [MASTERY®]) conducted to
evaluate a telehealth programme and a written asthma action plan (WAAP) in pregnant
women. Chapter 6 presents the findings of the RCT. Chapter 7 summarises and

discusses the overall results of the research. This chapter also presents

10
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recommendations to practitioners and researchers, discusses strengths and limitations
of the studies, and proposes future research directions and implications for clinical

practice.
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Chapter 2
Literature Review

2.1 Introduction

As explained in Chapter 1, the research described in this thesis focuses on the
application of a telehealth programme for monitoring asthma management during
pregnancy. The rationale behind this will be further elaborated in this chapter. The
purpose of this literature review is to provide a general overview to facilitate the
understanding of asthma management during pregnancy, and to summarise the
evidence from previous studies of telehealth applications and studies relating to the

importance of managing asthma in pregnant women.

This chapter is divided into several sections. Section 2.2 comprises a review of
diagnosis and management of asthma in pregnancy. Section 2.3 discusses the role of
spirometry for monitoring asthma in pregnancy and explores studies that have
observed lung function changes during pregnancy. Section 2.4 explores the challenges
of and current evidence for managing asthma in pregnant women. Section 2.5
discusses the roles of telehealth in asthma and explores telehealth studies in the general
population with asthma and other chronic diseases. Section 2.6 provides a summary

of the literature review.

2.2 Asthma in Pregnancy: Diagnosis and Management

2.2.1 Asthma diagnosis in pregnancy
The steps involved in the diagnosis of asthma in pregnant women are the same as for

nonpregnant women (adults) [11]. The diagnosis of asthma in adults is based on: 1)

12
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medical history and family history, 2) physical examination and 3) supportive
diagnostic testing, including documentation of variable airflow limitation by
spirometry [11, 52, 56]. The presence of one or more of the following symptoms
suggestive of asthma: wheeze, cough, chest tightness or shortness of breath, along with
fluctuation in symptoms (e.g. recurrent or seasonal, worse at night or in the early
morning, triggered by irritants, allergies or viral infection, or exercise, and rapidly
relieved by short-acting bronchodilators) [11, 56]. Descriptions of wheeze, chest
tightness, shortness of breath and cough may vary among cultures and by age [11]. In
older patients, the diagnosis may overlap with the features of chronic obstructive
pulmonary disease (COPD), especially if there is a history of smoking or exposure to
noxious gases or particles [52]. People with asthma may have a normal physical
examination [11]; expiratory wheezing on auscultation is suggestive, although its
absence does not exclude the diagnosis of asthma as other physical signs may be
present [11, 56]. Crackles on chest auscultation indicate an alternative or concurrent
diagnosis [56]. When the patient has a family history of asthma and allergy,
examination for signs of allergic rhinitis is essential [11, 52]. When diagnosis of
asthma relies on clinical examination alone rather than objective measurement,
inappropriate diagnosis may occur. Inappropriate diagnosis leads to unnecessary or
inappropriate asthma medication usage, increased healthcare costs and mislabelling of
patients [74]. Studies have shown that patients with asthma often have been
misdiagnosed or over diagnosed, a situation that is common, even in developed
countries [74-77]. Performing objective testing such as spirometry to confirm the
diagnosis is essential [ 74-77]. Spirometry is a physiological test of pulmonary function

that measures how much an individual inhales or exhales volumes of air as a function

13
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of time [78]. It is often measured before and after (i) the administration of
bronchodilator agent(s) to assess reversibility, (ii) exercise to assess exercise-induced
bronchoconstriction, or [79] inhalation of an agent that may reduce bronchospasm
(e.g. mannitol, methacholine) to quantify airway reactivity [80]. Spirometry is able to
show the excessive variation in lung function (i.e. variation in expiratory airflow that

is greater than that seen in healthy people) [52].

2.2.2 Management of asthma during pregnancy — based on asthma
guidelines

Guidelines for asthma management in pregnancy have been established by many
national and international bodies. They include statements from the National Asthma
Council of Australia (NAC), the British Thoracic Society [41], the National Heart,
Lung, and Blood Institute (NHLBI), the American College of Obstetricians &
Gynecologists (ACOG) and the American College of Asthma and Allergy (ACAAI),
and the Global Initiative for Asthma (GINA) [11, 38, 41, 52, 81]. All these guidelines
have emphasised the essentials needed to maintain asthma control and quality of life
during pregnancy and for achieving normal maternal and foetal health outcomes [11,
38, 41, 52, 81]. The four key components of asthma management during pregnancy,
based on National Asthma Education and Prevention Programme (NAEPP) panel
report [38-40] are: 1) Monitoring and control of asthma during pregnancy, 2)
Avoidance of triggers, 3) Patient education, and 4) Pharmacotherapy. Each of these

factors will be further expanded below.

1. Monitoring and control of asthma during pregnancy
The fundamental goals of asthma management in pregnant women are to minimise

chronic symptoms, have no limitations on physical activity, have no exacerbations,

14
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minimise adverse effects of medication, maintain normal pulmonary function, prevent
maternal and foetal complications and maintain quality of life [36-40]. There is an
increasing awareness that current asthma control could be a predictor of future asthma
exacerbations [82]. Asthma control refers to the extent to which the manifestations of
asthma have been reduced or removed by treatment [82, 83]. The assessment of asthma
control should include the current clinical control (e.g. symptoms, reliever use and
pulmonary function) and future risk (e.g. exacerbations and pulmonary function
decline) [11, 82]. The assessment levels of asthma control in pregnant women are

similar to those in adult patients (Table 1) [11, 52, 84].

Table 1. Assessment levels of asthma control in pregnant women

Variable Well controlled Asthma not Very poorly
asthma well controlled  controlled

asthma

Frequency of symptoms <2 days/ week > 2 days/week Throughout the
day

Frequency of night-time < 2 times/ month 1-3 > 4 times/week

awakening times/week

Interference with normal None Some limitation = Extremely limited

activity

Use of SABA for symptom <2 days/ week > 2 days/week Several times/day

control

FEV or peak flow (% > 80 60 — 80 <60

predicted or personal best

value)

Exacerbations requiring use of 0 —1 in the past 12 >2inthe past 12 > 2 in the past 12

systemic corticosteroid (no.) months* months * months*

*Notes:

At present, there are inadequate data to correspond frequencies of exacerbations with different
levels of asthma control. In general, more frequent and intense exacerbations (e.g. requiring urgent,
unscheduled care, hospitalisation, or Intensive Care Unit (ICU) admission) indicate poorer disease
control. For treatment purposes, patients who had > 2 exacerbations requiring oral systemic
corticosteroids in the past year may be considered the same as patients who have not-well-
controlled asthma, even in the absence of impairment levels consistent with not-well-controlled
asthma.

SABA, short-acting beta-agonist; FEV, forced expiratory volume in 1 second

Source: Adapted from Namazy and Schatz, 2014 [84] and NAEPP panel report [38]

Pregnant women with persistent asthma should be evaluated periodically as needed
with the aid of history (nocturnal asthma, exacerbations, symptoms frequency,

interference with activities and medication usage), lung auscultation and lung function
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testing [38]. Pregnant women with asthma may have minimal symptoms, yet have
abnormal lung function tests and potentially impaired foetal oxygenation [85, 86]. An
observational cohort study from US by Schatz et al [85] in 1739 pregnant women with
asthma ( 873 mild asthma, 814 moderate asthma and 52 severe asthma) found a small
but significant relationship between FEV during pregnancy and an increased risks of
low birth weight (< 2500 gram) and prematurity (< 37 weeks). This study also
confirmed the importance of measuring pulmonary function (FEV1) regularly in
pregnant women with asthma, both as a prognostic factor for perinatal outcomes and

as a measure of asthma control [85].

It is recommended to conduct spirometry in the initial assessment of all pregnant
women being evaluated for asthma, and periodically as needed [40]. Regular
monitoring can help early detection of asthma, early detection of asthma
exacerbations, and indicate when asthma therapy needs to be adjusted [40]. Pregnant
women with severe or uncontrolled asthma warrant increased surveillance, as the most
common errors leading to adverse outcomes are underestimation of asthma severity
and under-treatment of exacerbations [40]. Moreover, patients are instructed to be
attentive to foetal activity throughout pregnancy. Serial ultrasound examinations
starting at 32 weeks gestation may be considered for patients with moderate to severe
persistent asthma [40]. Ultrasound examinations are also helpful after recovery from
severe exacerbations [40]. Based on this evaluation, there is a possibility to step down

the treatment if possible, or to increase if necessary [38, 41].

2. Avoidance of triggers

Eliminating adverse environmental exposures is critical in controlling asthma during
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pregnancy [40]. Avoiding and controlling trigger factors including allergens (e.g.
allergens from house dust, pets, cockroaches) and irritants (e.g. tobacco smoke, dusts,
strong odours) and environmental pollutants (e.g. pollens, moulds) which contribute
to asthma severity may lead to improved maternal well-being with less need for either

preventer or reliever medications [39, 40].

Studies have shown an increased risk of poor neonatal outcomes due to maternal
smoking during pregnancy and environmental tobacco smoke in women with asthma
[18, 55, 87-90]. Maternal asthma, combined with cigarette smoking significantly
increases the risk of severe exacerbations [87], preterm births [88], lower pulmonary
function [89], wheezing and asthma during adolescence [89, 90]. Prenatal counselling,
particularly about smoking cessation, should be provided, as the effects of asthma on
poor perinatal outcomes may be greater among smokers than non-smokers [18, 87-

90].

3. Patient education

Adequate asthma control is enhanced by ensuring access to education about asthma
management skills including using medications correctly, self-monitoring, detecting
and managing worsening asthma and continued adherence to long-term asthma
management plans [39]. Pregnant patients should have a basic understanding of
medical management during pregnancy (i.e. the correct use of inhalers and self-
monitoring) [39, 40]. Individualised written asthma action plans (WAAP) based on an
agreement between the healthcare provider and the patient about the goals of therapy

should be provided [39].

Evidence has shown that limited asthma education (information only) does not
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significantly reduce hospitalisations, unscheduled doctor visits or asthma medication
use, although it may reduce symptoms and emergency department visits in high-risk
patients [91]. However, education combined with self-management skills that involve
self-monitoring by peak flow or symptoms, together with regular medical review and
a WAAP leads to improvement of health outcomes (e.g. reduction in hospitalisations,
unscheduled visits, days of work lost, episodes of nocturnal asthma and improvement
in quality of life) for adults with asthma [92, 93]. A recent RCT study from Australia
by Goeman et al [94] in community dwelling adults over 55 years (n = 123) showed
that face-to-face delivered tailored education comprising inhaler device technique
instruction and addressing any patient concerns demonstrated improvement in asthma
control, quality of life, adherence to preventer medication and WAAP ownership in

general population compared to usual care and brochure-only information.

4. Pharmacotherapy

Asthma medications can be divided into long-term controller medication (also known
as preventers or symptom controllers) and rescue therapy (relievers). Long-term
controller medications are used as maintenance therapy to prevent asthma
manifestations and include inhaled corticosteroids (ICS), leukotriene receptor
antagonists (LTRAs), chromones, long-acting beta agonists (LABAs), theophylline
and omalizumab [52, 84]. Rescue therapy most commonly involves short-acting beta
agonists (SABAs) [11, 52]. Oral corticosteroids can be categorised either as rescue
therapy after an acute asthma episode or chronic therapy to achieve adequate asthma
control in patients with severe persistent asthma [84]. Oral corticosteroids are

recommended, when indicated, for managing severe asthma during pregnancy [39].
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The NAC and the Australian Government Department of Health’s Therapeutic Goods
Administration (TGA) have developed a categorisation system and database for the
safety of prescribing asthma medication in pregnancy (Table 2) [52, 95]. The NAEPP
“Working group report on managing asthma during pregnancy” recommends the
following principles and stepwise approach to pharmacological management of
asthma in pregnant women [39, 40, 96]. Salbutamol is preferred for use during
pregnancy because it has an excellent safety profile and the most data related to safety
during human pregnancy (Level C evidence from safety studies in pregnancy based
on National Institutes of Health [NIH] scale) [38, 97]. The preferred long-term control
medication is daily low-dose inhaled corticosteroid (Level C evidence from safety
studies in pregnancy) [38, 97]. Budesonide is the preferred inhaled corticosteroid
because more data are available on use of budesonide in pregnant women than other

ICSs, and the data are reassuring (Table 3) [38, 39].
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Table 2. Australian pregnancy safety categories for asthma medication

Category Definition

Asthma medication

A

B1

B2

B3

Drugs which have been taken by a large number
of pregnant women and women of childbearing
age without any proven increase in the frequency
of malformations or other direct or indirect
harmful effects on the foetus having been

observed.

Drugs which have been taken by only a limited
number of pregnant women and women of
childbearing age without an increase in the
frequency of malformation or other direct or
indirect harmful effects on the human foetus
having been observed. Studies in animals have not
shown evidence of an increased occurrence of

foetal damage.

Drugs which have been taken by only a limited
number of pregnant women and women of
childbearing age without an increase in the
frequency of malformation or other direct or
indirect harmful effects on the human foetus
having been observed. Studies in animals are
inadequate or may be lacking, but available data
show no evidence of an increased occurrence of

foetal damage.

Drugs which have been taken by only a limited
number of pregnant women and women of
childbearing age without an increase in the
frequency of malformation or other direct or
indirect harmful effects on the human foetus
having been observed. Studies in animals have
shown evidence of an increased occurrence of
foetal damage, the significance of which is

considered uncertain in humans.

Drugs which, owing to their pharmacological
effects, have caused or may be suspected of
causing, harmful effects on the human foetus or
neonate without causing malformations. These
effects may be reversible. Accompanying texts
should be consulted for further details

Drugs which have such a high risk of causing
permanent damage to the foetus that they should
not be used in pregnancy or when there is a

possibility of pregnancy.

Salbutamol sulfate (most
formulations)

Terbutaline sulfate
Budesonide

Methyl prednisolone
Prednisolone

Prednisone

Adrenaline acid tartrate
Adrenaline hydrochloride
Aminophylline
Theophylline

Salbutamol sulfate (4iromir)
Montelukast sodium
Sodium cromoglycate*
Omalizumab

Beclomethasone
Ciclesonide

Fluticasone propionate
Budesonide/eformoterol* *
Fluticasone/eformoterol
Fluticasone /vilanterol
Fluticasone /salmeterol

Hydrocortisone sodium succinate

* Intal Spincaps and Rynacrom formulations of sodium cromoglycate are Category A
**Budesonide/eformoterol combination can also be used as a reliever
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Table 3. Stepwise approach for managing asthma during pregnancy and lactation

Classify severity: clinical features before treatment or adequate control Medications required to maintain long-term control

Symptoms/Day PEF or FEV; Daily medications
Symptoms/Night PEF Variability
Step 4 Continual <60% e Preferred treatment:
Severe Persistent Frequent >30% - High-dose ICS* AND

- LABA AND, if needed,

- Corticosteroid tablets or syrup long term (2 mg/kg per day, generally not to exceed 60
mg per day). (Make repeat attempts to reduce systemic corticosteroid and maintain
control with high-dose ICS*)

o Alternative treatment:

- High-dose ICS* AND

- Sustained release theophylline to serum concentration of 5 — 12mcg/mL

Step 3 Daily > 60% — <80% e Preferred treatment:

Moderate persistent

> 1 night/week

>30%

EITHER
- Low-dose ICS* and LABA or
- Medium-dose ICS*
if needed (particularly in patients with recurring severe exacerbations):
- Medium-dose ICS* and LABA
e Alternative treatment:
- Low-dose ICS and either theophylline or leukotriene receptor antagonist**
If needed:
- Medium-dose ICS* and either theophylline or leukotriene receptor antagonist™**

Step 2 > 2 days/week but <  >80% e Preferred treatment:
Mild persistent daily - Low-dose ICS*
> 2 nights/month 20% —30% e Alternative treatment (listed alphabetically): cromolyn, leukotriene receptor antagonist
OR sustained-release theophylline to serum concentration of 5 — 12mcg/mL
Step 1 <2 days/week >80% o No daily medication needed
Mild intermittent <2 nights/month <20% e Severe exacerbations may occur, separated by long periods of normal pulmonary

function and no symptoms. A course of systemic corticosteroid is recommended
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QUICK Relief e SABA: 2 — 4 puffs*** as needed for symptoms
All patients e Intensity of treatment will depend on severity of exacerbations; up to 3 treatments at 20-minute intervals or a single nebulizer
treatment as needed. Course of systemic corticosteroid may be needed.
e Use of SABA > 2 times a week in intermittent asthma (daily, or increasing use in persistent asthma) may indicate the need to
initiate (increase) long-term control therapy

Step down f Step up

Review treatment every 1— 6 If control is not maintained, consider step-up.
months; a gradual stepwise First, review patient medication technique,
reduction in treatment may be adherence, and environmental control
possible

Goals of therapy: asthma control

e Minimal or no chronic symptoms day or night e Maintain (near) normal pulmonary function

e Minimal or no exacerbations e Minimal use of inhaled SABA

e No limitations on activities; no school/work missed e Minimal or no adverse effects from medications
Notes:

o The stepwise approach is meant to assist, not replace the clinical decision making required to meet individual patient needs

o Classify severity: assign patient to most severe step in which any features occurs (PEF is percent of personal best; FEV, is percent predicted)

¢ Gain control as quickly as possible (consider a short course of systemic corticosteroid), then step down to the least medication necessary to maintain control

e Minimise use of SABA (e.g. use of approximately one canister a month even if not using it every day indicates inadequate control of asthma and the need to initiate
or intensify long-term-control therapy)

¢ Provide education on self-management and controlling environmental factors that make asthma worse (e.g. allergens, irritants)

e Refer to an asthma specialist if there are any difficulties controlling asthma or if step 4 care is required. Referral may be considered if Step 3 is required

FEV,, Forced expiratory volume in one second; ICS, inhaled corticosteroid; LABA, long-acting beta agonist; PEF, Peak expiratory flow, SABA, short-acting beta
agonist

*There are more data on using budesonide during pregnancy than on using other inhaled corticosteroids

**There are minimal data on using leukotriene receptor antagonists in humans during pregnancy although there are reassuring animal data submitted to Food and
Drug Administration (FDA)

***There are more data on using salbutamol during pregnancy than on using other SABA

Source: Adapted from NAEPP Expert panel report managing Asthma during pregnancy: Recommendations for pharmacologic treatment - 2004 Update [39]
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2.2.3 Management of acute asthma exacerbations in pregnancy

The American Thoracic Society / European Respiratory Society (ATS/ERS) statement
distinguishes asthma exacerbations in clinical trials and in clinical practice [83] . In
clinical trials, severe asthma exacerbations are defined as events that require medical
intervention (e.g. unscheduled visits, hospitalisations, prescription of oral
corticosteroids) for the patient to prevent a serious outcome, such as hospitalisation or
even death from asthma [83, 98, 99]. In clinical practice, as the severity of
exacerbations could vary from patient to patient, identifying changes in symptoms
and/or reliever use and/or lung function from the patient’s usual range of day-to-day

asthma variations is essential [83].

The NAC, BTS and NAEPP have recommended the following steps for management
of acute asthma in pregnancy [39, 41, 52]. Acute exacerbations during pregnancy
should be treated aggressively in order to avoid foetal hypoxia [41, 52, 100].
Delivering high flow oxygen immediately is recommended to maintain saturation at
94 — 98% in order to prevent maternal and foetal hypoxia [41]. Drug therapy should
be given as for non-pregnant patients with acute asthma, including nebulised beta
agonists, oxygen and systemic glucocorticosteroids instituted when necessary [100].
Pregnant women with asthma should be taught to recognise early symptoms and signs
of asthma exacerbations such as chest tightness, dyspnoea, cough, wheezing, or a 20%
or more decrease in their personal best peak expiratory flow (PEF) rate [97]. A
reduction in foetal movement may be one of the early manifestations of an asthma
exacerbation [97]. Continuous foetal monitoring should be performed when asthma is
uncontrolled or severe, or when foetal assessment on admission is not reassuring [11,
41, 52]. Early recognition of asthma exacerbations is crucial so that home rescue
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treatment can be initiated to prevent maternal and foetal hypoxia [97]. The NAEPP
recommends that home treatment begin with inhaled salbutamol (2 — 4 puffs every 20
minutes for up to 1 hour) [97]. A good response is described by the ability to resume
normal activities, PEF rate > 80% of personal best and symptoms that are resolved or
become subjectively mild [97]. Further medical attention is needed if the response is

incomplete or if foetal movement is decreased (Table 4) [39, 97].

Table 4. Management of asthma exacerbations during pregnancy and lactation: home
treatment

Assess Severity
» Measure PEF: Value < 50% personal best or predicted suggests severe
exacerbation
» Note signs and symptoms: Degrees of cough, breathlessness, wheeze, and chest
tightness correlate imperfectly with severity of exacerbation
» Accessory muscle use and suprasternal retractions suggest severe exacerbations
> Note presence of foetal activity*

Initial Treatment
> SABA: up to 3 treatments of 2 — 4 puffs by MDI at 20 minutes intervals or single
nebulizer treatment

Good response Incomplete response Poor response

Mild Exacerbation Moderate Exacerbation Severe Exacerbation

PEF > 80% predicted or PEF 50% — 80% predicted PEF < 50% predicted or personal
personal best or personal best best

No wheezing or shortness of  Persistent wheezing and Marked wheezing and shortness
breath shortness of breath of breath

Response to SABA sustained  Decreased foetal activity* Decreased foetal activity*

for 4 hours

Appropriate foetal activity*

Treatment Treatment Treatment

May continue SABA every 3- Add oral corticosteroid Add oral corticosteroid

4 hours for 24 — 48 hours Continue SABA Repeat SABA immediately
For patients on inhaled If distress is severe and
corticosteroid, double dose nonresponsive, call your

for 7 — 10 days clinician immediately and

proceed to emergency
department; consider calling
ambulance or 911

Contact clinician for follow  Contact Clinician Proceed to emergency
up instructions urgently (this day) for department
instructions

*Foetal activity is monitored by observing whether foetal kick counts decrease over time
MDI, metered-dose inhaler;, PEF, peak expiratory flow, SABA, short-acting beta agonist
Source: Adapted from NAEPP Expert panel report managing Asthma during pregnancy:

Recommendations for pharmacologic treatment—2004 Update [39]
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2.2.4 Management of asthma during labour and delivery

Acute asthma attacks during labour are very rare, perhaps due to endogenous steroid
production [41]. Women with asthma are advised to continue their usual medication
in labour and they may safely use all forms of usual labour analgesia [41]. Careful
foetal monitoring is essential when women with asthma are admitted in labour [40].
Intensive foetal monitoring is recommended for women who enter labour with
uncontrolled or severe asthma [40]. This may be performed by either continuous
electronic foetal heart rate monitoring or intermittent auscultation (every 15 minutes
in the first stage of labour; every 5 minutes in the second stage of labour) [40]. In the
absence of a severe acute asthma attack, Caesarean section is reserved for the usual
obstetric indications [41]. Women receiving steroid tablets at a dose exceeding
prednisolone 7.5 mg per day (or the equivalent) for more than two weeks prior to
delivery should receive parenteral hydrocortisone 100 mg 6 — 8 hourly during labour

[41].

2.3 Objective Measurements for Monitoring Asthma in
Pregnancy

As mentioned in Section 2.2, diagnosis and monitoring of asthma need objective
measures such as spirometry. Spirometry has been the preferred method of pulmonary
function testing for the diagnosis of asthma and assessment of asthma control in
response to treatment [56, 78]. Asthma symptoms may manifest for the first time
during pregnancy, and the diagnosis may be confused with the physiological dyspnoea
that is a common symptom during pregnancy [40, 101]. Dyspnoea may occur in early
pregnancy in approximately 70% women. However this symptom is not associated

with wheezing, chest tightness, cough or airway obstruction, which are characteristic
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of asthma [97, 102]. Physical examination and spirometry can be used to distinguish

physiologic dyspnoea from pathological dyspnoea [103].

FVC and FEV; are acceptable measures for diagnosing and assessing asthma control
in adults [56]. PEF is another measurement that is sometimes useful in the diagnosis
of occupational asthma and to monitor asthma control for some patients; but not a
substitute for spirometry when diagnosing asthma [56]. During the prenatal visit, the
clinician should collect the following information: medication usage, day and night

symptoms and peak flow measures or spirometry readings [40].

Numerous studies have focused on observing changes in lung function during healthy
pregnancy. Several of these have used longitudinal cohorts [104-108] with
measurement of lung function during and after pregnancy, while others have addressed
the issue from the point of gestational age and parity using less powerful cross-

sectional [109-112] designs (Table 5).
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Table 5. Summary of studies that have observed pulmonary function in healthy pregnancy

Authors; year;  Aim/Question/Hypothesis Study design; Outcome measure Main findings

country sample size

Alaily & Carrol ~ To describe pulmonary ventilation changes  Prospective longitudinal FEV, No statistically significant

[104]; 1978; observed in normal pregnancy cohort change in FEV, during

UK n=38 pregnancy and post-partum

Norregaard ef al  To measure the effect of postural changes ~ Cross-sectional FEV,, PEFR Significant reductions in

[109]; 1989; during pregnancy on pulmonary function n=39 FEV, and PEFR were

Denmark and oxygenation observed as a result of
postural changes

Puranik et al To observe the changes in pulmonary Prospective longitudinal VC, FVC, FEV, VC, FVC and FEV, remained

[105]; 1994, function test in each month of pregnancy cohort n=50 unchanged during pregnancy.

India in the same woman Slight variations observed
were not statistically
significant

Brancazio et al  To determine whether PEFR changes Prospective longitudinal PEFR No significant difference in

[106]; 1997,
USA
Harik-khan et al
[110]; 1999;
USA

McAuliffe et al
[112];2002;
UK

Harirah et al
[107]; 2005;
USA

within pregnancy and with advancing
gestation

To examine the effect of parity on FEV| in
a group of healthy volunteer women

To determine if changes in respiratory
function during pregnancy in healthy
women were greater in those with twin
pregnancy than a singleton pregnancy

To study the effect of gestational age and
maternal position on PEFR

cohort

n=57
Cross-sectional
n=397

Cross-sectional
n=230

Prospective longitudinal
cohort
n=38

FEV., FEV %, FVC

FVC, FEV,, PEFR

PEFR

PEFR for the three trimesters
and post-partum

Higher FEV| associated with
parity in child-bearing age (18
— 50 years) in healthy women
Respiratory function (FEV|,
PEFR, and FVC) of healthy
women with twin pregnancies
was not significantly different
from those with singleton
pregnancies

PEFR declined significantly in
all maternal positions
throughout pregnancy. Supine
PEFR was lower than sitting
and standing positions.
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Grindheim et al  To record any physiological changes in Prospective longitudinal FVC, FEV,, PEFR FVC and PEFR increased

[108]; 2011; pulmonary function during healthy cohort after 14-16 weeks of gestation

Norway pregnancies and evaluate the influence of  n=100 and throughout pregnancy.
parity FEV, remained unchanged

during pregnancy

Siddiqui ef al To identify changes in respiratory function  Cross-sectional FEV., FVC, FEV/FVC, All respiratory parameters

[111]; 2014, during normal pregnancy and determine n=150 PEFR except FEV/FVC ratio were

India whether such changes are more found to be lower in pregnant
pronounced in twin pregnancy than in women than nonpregnant
singleton pregnancy women. No significant

differences between singleton
and twin pregnancies.

FEV,, forced expiratory volume in 1 second; FVC, forced vital capacity; PEFR, peak expiratory flow rate; VC, vital capacity
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Some methodological weaknesses were evident even in studies with prospective
longitudinal designs, such as lack of clarity in the eligibility criteria for participants
[104], no indication of when data were collected [106], small sample sizes [104, 107],
and high attrition [106]. However, the longitudinal design allowed repeating
measurements in the same women during pregnancy and post-partum to detect any
minor changes in pulmonary function as other factors remain constant [ 108]. A cross-
sectional study design can avoid the bias from a small number of patients, especially
if there is complete follow-up [110, 112]. Nevertheless, since the measurement was
done only once at a particular stage of pregnancy, any intra-subject changes in

respiratory function during pregnancy would fail to be detected [111, 112].

Some studies in healthy pregnant subjects showed that FEV; and PEF remained
unchanged [105, 106, 108] while others found significant changes during pregnancy
and/or after delivery [107, 108]. Some circumstances that could account for differing
results include differences in measuring times and methods, sample sizes, different
methods and devices for measuring lung function (such as spirometry or portable peak
flow meter), socioeconomic status and ethnicity [ 106-108]. The findings of Grindheim
et al [108] and Alaily & Carrol [104] support the statement by the NHLBI of the
National Institutes of Health (NIH), that FEV; remains unchanged in pregnancy.
Therefore any alterations of FEV| during pregnancy in women with pulmonary
disease might be due to the disease [40, 113]. Systematic reviews conducted by Hardy-
Fairbanks et al [114] and Hanania ef al [115] described the respiratory changes during

pregnancy, as shown in Table 6.
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Table 6. Normal respiratory physiological changes during pregnancy

Pulmonary capacity Description Physiological
measurement changes
Functional residual Volume of air left in the lungs after a Decreased
capacity tidal breath out. The amount of air that
stays in the lungs during normal
breathing
Respiratory rate Number of breaths per minute Unchanged
Residual volume Amount of air left in the lungs after Slightly decreased
maximum exhalation
Tidal volume Normal volume of air displaced between  Increased
normal inhalation and exhalation with no
extra effort
Expiratory reserve volume  Amount of additional air that can be Decreased
pushed out after the end of expiratory
level of normal breathing
Minute volume/ventilation =~ Volume of air that can be inhaled and Increased
exhaled in 1 minute
FEV, Forced expiratory volume in 1 second Unchanged
PEFR Peak expiratory flow rate Unchanged
FVC Forced vital capacity Unchanged
FEV/FVC Forced expiratory volume in 1 second / Unchanged
Forced vital capacity ratio
FEVs Forced expiratory volume in 6 seconds Unchanged

Source: Adapted from Hardy-Fairbanks et al [114] and Hanania et al [115]

Only a few studies have observed pulmonary function changes during pregnancy in
women with asthma [116-119]. The findings from a cohort study by Sims et a/ [116]
showed no indication that FEV; or FEV1/FVC were affected by pregnancy in (n=27
with asthma and n=11 without asthma), either during exercise or at rest. Beckmann et
al [117] tested the hypothesis that there was no difference in PEF by trimester in 43
pregnant women with asthma. The findings showed PEF tended to increase by
trimester in pregnant women with asthma. Juniper ef a/ [118] performed methacholine
challenge in 16 women of child-bearing age in the second trimester and compared with
four subjects preconception. FEV) and FEV1/FVC showed no significant changes
between the groups. White et al [119] conducted a prospective study to observe

pulmonary function changes throughout pregnancy using a symptom questionnaire,
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bronchodilator usage and daily peak flow measurements. Twenty-two women (60%)
reported improvement in their asthma based on subjective measurement using a
symptom questionnaire. With objective measurement using peak flow monitoring,
only 10 subjects (34%) showed improvement [119]. The findings from White et al
[119] support the argument that it is difficult to classify asthma changes during

pregnancy based only on subjective measurement by patient perception [38, 40, 120].

Reliable objective measures of lung function are needed for monitoring asthma during
pregnancy, since it is difficult for physicians and patients to differentiate
breathlessness related to pregnancy based on subjective assessment alone [38, 40,
116]. There is uncertainty about changes in lung function during healthy pregnancy
[108, 112, 121] and only a few studies have observed lung function during pregnancy
in women with and without asthma [116-119]. This raises the question whether these
objective measures, including FEVi, FVC and PEF, have applications in asthma
monitoring during pregnancy. Further study was justified to assess objective measures

of pulmonary function in pregnant women with and without asthma.

2.4 Managing Asthma in Pregnant Women — Challenges and
Evidence

Evidence has shown that the course of asthma during pregnancy changes
unpredictably and is extremely variable. It may improve in one-third, worsen in one-
third or remain unchanged in one-third of women [54, 122, 123]. The following
statements are the contemporary evidence about progress of asthma during pregnancy.
Asthma course changes during pregnancy in approximately 60% of women, with

worsening more likely than improvement [124]. Asthma symptoms were shown to
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worsen significantly during pregnancy compared with pre-pregnancy, both during
day-time and night-time [125]. According to Guy et al [126], pregnant women with
asthma are a high-risk population as pregnancy may alter the severity of asthma
unpredictably, particularly in those with uncontrolled asthma since the beginning of
pregnancy. Pregnant women who experienced asthma exacerbations during the first
trimester had an increased risk of giving birth to an infant with congenital
malformations, particularly in the respiratory, nervous (excluding spina bifida) and
digestive systems [127, 128]. Research suggests that acute exacerbations should be
treated as early as possible, and that effective control of asthma symptoms was needed
during pregnancy [126-128]. Therefore pregnant women with asthma should be
treated with appropriate medications and monitored carefully throughout pregnancy

[122].

The management of asthma in pregnancy may be affected by some concerns about the
safety of asthma medications and their potential side effects to the foetus [129].
Existing evidence does not suggest that taking a regular preventive asthma medication
during pregnancy is unsafe, as the incidence of adverse effects has been shown to be
low and asthma preventive medications did not cause poor perinatal outcomes [30, 84,
130, 131]. Murphy et al [31] conducted a meta-analysis of cohort studies from 1975
to 2012, which showed no increased risk of congenital malformations, caesarean
sections, or postpartum haemorrhages in pregnant women with asthma who used

inhaled bronchodilators during pregnancy.

Kwon et al [14] found that women who had emergency department visits or

hospitalisations prior to pregnancy were more likely to have taken their controller
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medication during pregnancy (41%) and during the previous year (46%), compared to
those who had not received emergency care (~16%). Despite the worsening asthma
symptoms, over half of pregnant women had not taken their preventer medications
regularly, either before or during pregnancy [125]. This might have led to asthma

exacerbations [14, 125].

Guy et al [126] recommended that asthma management during pregnancy required
close collaboration between obstetricians, primary care physicians, paediatricians and
asthma-care specialists Education is one of the essential steps for managing asthma in
pregnant women. Improving healthcare professionals’ knowledge of asthma and the
safety of asthma medications in pregnancy is also required, as there was a lack of
confidence among them in managing deteriorating asthma in pregnant women [132,
133]. An RCT study from Australia in 58 pregnant women with asthma attending
antenatal appointments at two tertiary maternity hospitals; showed that a
multidisciplinary approach involving education and regular monitoring may be ideal
for improving asthma control in pregnant women and could be implemented in clinical

practice [134].

The use of Fractional exhaled nitric oxide (FeNO) in monitoring airway inflammation
in patients with asthma is recommended by ATS but only low quality evidence is
available [135, 136]. The role of utilising FeNO to tailor the dose of ICS cannot be
routinely recommended for clinical practice at this stage since the evidence is limited
and remains uncertain [137]. The individual (e.g. age, gender, height) and external
factors such as cigarette smoking, virus infection, and certain food intake are clinically

important confounding factors for FeNO measurements [136]. The application of
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FeNO for monitoring asthma in pregnant women should be interpreted with caution
due to the high long-term variability of FeNO [138, 139]. Considering the limited
evidence to date about interventions for improving asthma management in pregnant
women, further randomised trials are required to determine the most effective and safe

interventions for this population [140, 141].

2.5 Telehealth

The terms and definitions of Telehealth and Telemedicine have been discussed in
Chapter 1 (section 1.4). This section presents the telehealth studies that have been
conducted in general populations with chronic diseases. The basic concept of
telehealth refers to a wide range of clinical applications and healthcare service, using
ICTs including video conferencing, telephone, computer, fax, radio and internet to
support the transmission of physiological and other clinical data. With the
improvement of technology and global communications in the early 1990s, the
application of telehealth to deliver healthcare services began to expand [45, 142]. The
potential of telehealth for its feasibility and acceptability is the starting point for the
development of intervention studies, particularly in chronically-ill patients [143, 144].
Most chronic diseases need long-term treatment, sometimes obstacles may lead to a
delay in delivery of healthcare services. Over recent decades, several studies regarding

the application of telehealth interventions in chronic diseases have been completed.

2.5.1 Telehealth studies in chronic diseases
A systematic review conducted by Weingarten et a/ [145] found that management of
chronic illnesses can be improved by using interventions such as patient education,

health provider feedback and patient reminders. Several studies comparing home

34



Chapter 2 Literature Review

telemonitoring with usual care in patients with diabetes showed some improvements
in clinical outcomes. An RCT of Informatics for Diabetes Education and Telemedicine
project (IDEATel) compared telemedicine intensive nurse case management via a
home telemedicine unit (HTU) to usual care in Medicare beneficiaries with diabetes
aged > 55 years (n = 1665) in the USA [64, 65]. The HTU components allowed
participants to measure and monitor glucose and blood pressure readings, interact with
an IDEATel nurse case manager, and access web-based educational material. The
results showed greater clinical improvement in HbAi., LDL cholesterol and blood
pressure in the intervention group than the control group at one and five year follow-
ups [64, 65]. However, the IDEATel intervention-related costs were higher than the
cost of a comparable telemedicine programme because of the size of the budget
allocated to the operation and the installation of the HTU [146]. For the programme to
be cost-effective, the intervention-related costs need to be reduced, while maintaining

the clinical outcomes impact [146].

A nonrandomised controlled study was conducted in the USA to evaluate the effect of
a Veterans Health Administration (VHA) care coordination home telehealth (CCHT)
intervention compared to baseline in veterans with diabetes [66]. Administrative
records (n = 445, mean age 68 years) were reviewed to compare healthcare service
utilisation in the one year period before and after enrolment to the programme and also
examined self-reported QoL at enrolment and one year later. The results showed a
significant reduction in the proportion of hospitalised patients, emergency room
admissions and the average number of bed days of care, and improvement in QoL [66]
However, since this trial was a single-group before and after design, the results need

to be interpreted with caution. A randomised controlled trial designed is warranted for
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future research.

Telehealth has also been used in the diagnosis and management of cardiovascular
conditions such as hypertension and CHF. The Telemonitoring and Self-Management
of Hypertension Trial (TASMINH2) by McManus et al [147] assessed self-
management of hypertension in patients (n = 527, mean age 66 years) with poorly
controlled hypertension compared with usual care in 24 general practices in UK. The
self-management consisted of self-monitoring of blood pressure and self-titration of
antihypertensive drugs, combined with telemonitoring of home blood pressure. At 6
and 12 months follow-ups, there were significant differences in the reduction of
systolic blood pressure from baseline between the groups, with the intervention group
having larger reductions than the usual care group. Other studies using similar methods
found that a telemedicine service transmitting data through telephone line or internet
to assist blood pressure treatment, resulted in a significant improvement in blood
pressure monitoring by patients with hypertension [69-71]. Improved clinical
outcomes, such as reduction in unplanned ED visits or hospitalisations, better
compliance with medication regimens, daily weight and blood pressure monitoring
have been shown in the small groups of patients aged 50 — 81 years in US, who
received home telehealth and a monitoring program or web-based compliance
monitoring devices for CHF [67, 68]. Despite the successful outcomes of the telehealth
studies in chronic diseases, more research data are required to provide a firm
conclusion about the effectiveness of telehealth to support patients’ self-management
and improve clinical outcomes. The current evidence is mostly limited by the lack of
generalisability and the cost of the telehealth interventions in comparison with usual

clinical care settings.
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2.5.2 Telehealth and Asthma

Telehealth can support asthma management through aspects such as patient education,
screening, telephone follow-up, adherence support, screening and remote monitoring
[148]. For instance, telehealth techniques such as videoconferencing can be used to
deliver patient education [149] and improve adherence [150], while early detection of
asthma exacerbation or better management of asthma exacerbations can be achieved
by home telemonitoring in many other ways [151-154]. Recording daily symptoms
continuously as a part of asthma management showed reduction in costs associated
with unplanned hospitalisations and improved quality of life in asthma patients [150,
151, 154-156]. For optimising asthma management, it should be possible to carry out

the essential interventions using telehealth techniques [148].

McLean and Sheikh [62] described the potential benefits associated with telehealth

interventions as follows:

e Allows patients to be cared for in their preferred location i.e. typically at home.

e Videophone or web-based clinical consultations e.g. annual asthma or COPD
reviews can replace routine visits for annual reviews.

e Proactive education and support e.g. through web forums, may facilitate self-
management techniques and help prevent exacerbations.

e Telemonitoring of respiratory measures, such as peak expiratory flow and
spirometry, can allow earlier detection of disease exacerbations, thereby
facilitating timely management and support.

e QGreater opportunities for continuity of care.

e Reduced costs to patients resulting from savings in time off work, and avoiding
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transportation and parking costs.

Telephone follow-up, internet-based home monitoring and mobile-based monitoring
with a web-based application or short-message-service (SMS) have been widely used
in telehealth intervention studies. Pharmacists were the main providers of the
telehealth intervention in two RCTs [149, 157] while the rest involved doctors or
nurses [150, 151, 155, 156]. Bynum et al [149] conducted a study to evaluate the
efficacy of telepharmacy counselling using interactive compressed video compared to
written instructions on metered-dose inhaler (MDI) technique in adolescents (n = 36,
aged 12 — 19 years) with asthma recruited from rural junior high and high schools in
Arkansas, USA. The telepharmacy counselling group showed significantly greater
improvement in MDI technique after 4 weeks than subjects in the control group (p <
0.001). Barbanel ef al [157] carried out a self-management advice study with weekly
telephone follow-up from a community pharmacy in adults with asthma (n =24, mean
age 45 years)cation techn in east London. After 3 months, the intervention group
achieved a significantly better symptom score than the control group, who received no

input from the pharmacist (p <0.001).

2.5.3 Internet-based home monitoring of asthma

Several information and communication technologies implemented telehealth using
internet-based home monitoring in patients with asthma. The characteristics of the
studies are summarised in Table 7. In Copenhagen, Denmark, Rasmussen et al [155]
conducted a RCT in 300 subjects divided into three levels of asthma care. During the
six-month trial period, subjects were allocated to internet-based monitoring, specialist

monitoring or general practitioner [ 158] monitoring and received two scheduled visits.
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The internet-based group showed significantly greater improvement than the other two
groups in asthma symptoms, asthma-related QoL, lung function (FEVi) and airway
responsiveness. The authors concluded that “when the physician and patients used an
interactive internet-based asthma monitoring tool, better asthma control was achieved”
[155]. It may be that telemonitoring enabled recognition of poor control with
appropriate stepping up of treatment that might have improved compliance. Further
analyses are needed to confirm whether the incorporated treatment algorithm needed
to be adjusted accordingly to avoid any side effects of the higher doses of inhaled

corticosteroid.

In Hawaii, Chan et al’s [150] project, “Asthma In-Home Monitoring”, showed that
after 52 weeks follow-up, the virtual group showed higher scores on metered-dose
inhaler (MDI) technique than the control group (94% vs. 89%; p < 0.05) and better
adherence to daily asthma symptom diary submissions (35% vs. 21% p < 0.01). Both
groups experienced an increase in QoL scores and asthma knowledge from baseline.
The study showed no significant differences in endpoints such as unplanned
emergency department (ED) visits, hospitalisations and reliever use [150]. Poor
adherence was found in the number of peak flow meter videos uploaded to the Web
site by the virtual group and the use of asthma diaries in both the virtual and office-
based groups. The poor adherence in the use of traditional (face-to-face care) or home-
based monitoring raises concerns about their application in the clinical practice setting

[150].

In Taiwan, Jan et al’s [151] study observed the effectiveness of the “Blue Angel for

Asthma Kids” program. After 12 weeks, the intervention group had a significant
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decrease in night-time and day-time symptoms compared to the control group, as well
as improvement in morning and night PEFR, adherence rates for daily asthma diary
entry and inhaled corticosteroids, well-controlled asthma, knowledge regarding self-
management, and QoL scores [151]. However, this trial was not able to find group
differences in the occurrence of ED visits or hospitalisations due to the short duration

of the trial (12 weeks) and the small sample size.

In the Netherlands, Willems et al [156] conducted a study to evaluate a nurse-led
telemonitoring program for patients with asthma compared to the regular care. The
results show improvement of quality of life and asthma symptom scores in both groups
at follow-up times, however no statistically significant differences were found
between groups. No significant differences were observed among the types of asthma
medication consumption from baseline and 12 months between groups. The
participation rate of this study was relatively low (40%) with most of the patients
having mild to moderate asthma. Having fewer patients with severe asthma may
explain why there was no significant difference between groups in medication
consumption. Although no significant differences were found, the nurse-led
telemonitoring program seems feasible to support asthma self-management; shown by
the low rate of drop-out throughout the study, high compliance and satisfaction

regarding the system [159].

Another study by Van der Meer ef al [160] also from the Netherlands, found that the
internet-based group had improved asthma knowledge, inhaler technique use and self-
reported medication adherence, but the improvements were not significantly different

between groups. The internet-based group also showed greater improvement than the
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usual care group from baseline to 12 months follow-up in asthma-related QoL,
symptoms, lung function (FEV)) and increased symptom-free days. However, the
difference in changes of asthma control and QoL between the group were less than
minimum clinically relevant improvement (< 0.5). The application of this program to
reduce asthma exacerbations is unclear, as the study was not powered to detect a
difference in asthma exacerbations in patients with mild-to-moderate persistent

asthma.
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Table 7. Characteristics of studies using internet-based home monitoring

Author; No. of participants; age ; country; Study Interventions Main outcomes Follow-up
year setting design
Rasmussen 300 people with asthma;18 — 45 yr; RCT with Internet group: asthma specialist AQLQ score, asthma symptoms, lung function 6 months
etal [155]; Denmark; recruited directly from the three with the internet-based (FEV)) at baseline and 6 months later; airway
2005 community in Copenhagen parallel management tool (electronic responsiveness to inhaled methacholine, ED
groups diary + peak flow meter, an visits, hospitalisations

action plan for the patients, a

decision support system for the

physician)

Specialist group: received

treatment by asthma specialist in

an outpatient clinic, peak flow

meter and action plan

GP group: received standard

treatment from GPs in primary

care
Chan et al 120 children with asthma; 6 — 17 yr; RCT I: video conferencing to record Adherence to treatment (patient’s use of ICs), 12 months
[150];2007 USA; Tripler Army Medical Centre, their inhaler use technique and asthma control diary (e.g. use of relievers),

Honolulu, Hawaii peak flow meter readings via the PAQLQ, ED visits, hospitalisations, patient’s

Web site (virtual visits) technique when using an inhaler

C: asthma visits in-person

education and case management

(office-based )
Jan et al 164 children with asthma; 6 — 12 yr; RCT I: internet-based multimedia PEFR weekly average (recorded in asthma 12 weeks
[151];2007 Taiwan; National Cheng Kung asthma education with diaries, morning and night), symptoms,

University Medical Centre in Tainan

interactive asthma monitoring
system: electronic diary, asthma
action plan

C: verbal information and
booklet for asthma education
with written asthma diary

childhood ACT at baseline and 12 weeks later),
PAQLQ, caregiver’s knowledge

42



Chapter 2 Literature Review

Willems et 56 children with asthma aged >7 yr  RCT
al [156]; and 53 adults with asthma aged >18
2008 yr; the Netherlands; the University

Hospital in Maastricht

Van der 200 adults with asthma; 18 — 50 yr; RCT
Meer et al the Netherlands; 37 General
[160], 2009  practices and one outpatient clinic at

Leiden University Medical Centre

I: portable handheld device
asthma monitor for home use in
which spirometry test results,
symptoms and medication use
could be recorded

C: regular outpatient care

I: internet-based self-
management (weekly asthma
control monitoring and
treatment advice, online and
group education, and remote
Web communication)

C: usual asthma care

PAQLQ, lung function (PEF and FEV)),
asthma symptoms and self-reported use of
medication (recorded using patient diaries), ED
visits, hospitalisations

Changes in AQLQ and ACQ scores, percentage
of symptom-free days, response to 12-item
Consumer Asthma Knowledge Questionnaire, ,
patient’s inhaler technique use, number of
changes in asthma medications per patient

12 months

12 months

ACQ, Asthma Control Questionnaire; ACT, Asthma Control test; AQLQ, Asthma Quality of Life Questionnaire; C, control; ED, emergency department; FEV,, forced
expiratory in one second, I, intervention, PAQLQ, Paediatric Asthma Quality of Life Questionnaire;, PEFR, peak expiratory flow rate; RCT, randomised controlled

trial
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As most of the studies used internet-based home monitoring and required transmitting
data using a portable spirometer over the internet, some challenges may have been
encountered regarding the adoption of new technology by patients, which raises a
question about the validity of the data submitted [161]. However, previous studies
have shown that asthma patients, both children and adults, could perform the tasks
successfully, including spirometry testing, submitting electronic diaries and
conducting internet-based remote monitoring despite varied technology background
and experience in using computers. The spirometry data obtained were comparable to
those collected under the supervision of healthcare professionals and thus deemed to

be valid [162-167].

Two clinical centres (one in Spain and one in London) assessed the feasibility of
remote monitoring systems for patients with asthma (n =33, aged 17 — 50 years) to be
used in their own home [165]. The patients were remotely monitored by two
respiratory research nurses for two weeks [165]. The results showed that remote
internet-based monitoring programs seem feasible for asthma patients, as the
compliance with monitoring in one study was relatively high (80%) and compliance
in transmitting data through a modem was more than 50% after two weeks [165]. More
than 90% of subjects found the equipment easy to use and said they would use it again
in the future. Medical professional interventions occurred with only 48% of patients
during the study [165]. A study from US by Bratton et al [168] evaluated user
satisfaction with real-time telemedicine for monitoring vital signs in 18 patients and
11 physicians over eight weeks. The results showed different perspectives of
satisfaction from patients and healthcare providers regarding real time telehealth for

monitoring vital signs. The physicians were more uncertain about the benefits of the
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services in assessing patients adequately, while patients felt more satisfied [168].
However, this study was done in a small sample; further studies with larger sample
sizes are needed to confirm those findings. Mair and Witten [169] conducted a
systematic review to evaluate the quality of evidence regarding patient satisfaction
with telehealth or telemedicine from 32 studies. The review highlighted that most of
the studies had not clearly specified the methodologies used for assessing satisfaction,
making interpretation and comparisons of the results problematic [169]. Many studies
had small sample sizes with some of them having unclear participant selection criteria
and low response rates less than 50%; that may affect their reliability and validity
[169]. Further analysis is required to design research tools to measure patients’
satisfaction regarding the application of telehealth in asthma management. The

instruments need to be tested rigorously to produce repeatable results accurately.

The findings from the above studies showed that internet-based home monitoring is
an efficacious and increasingly accepted way to improve self-management and asthma
outcomes. Compared to conventional asthma care, the internet-based home
monitoring system has some advantages, such as the autonomous characteristics of the
program and the interactive-feedback between patient and healthcare professionals
that gives patients the confidence to manage and monitor their own asthma symptoms
[150, 151, 156, 160]. It is an approach that may appeal to some patients, health care
professionals and organisations and may be cost-effective. Participants in the control
group in some studies received face-to-face care including education programs from
health professionals (e.g. physicians, nurses or other case managers) for their asthma
rather than usual care alone that may have resulted in no differences being detected

between the intervention and control groups in terms of clinical outcomes such as ED
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visits or hospitalisations [150, 151].

2.5.4 Scope for remote monitoring in asthma

Monitoring asthma patients regularly by telephone follow-up could be time
consuming, and internet access may not always be available or convenient [70, 170-
172]. Daily internet-based home monitoring has been criticised for high rates of
attrition [70, 170, 173]. However the use of mobile phones is increasing globally. In
the Asia-Pacific region, 90% of the overall and 80% of the rural population have
access to a mobile network [ 174]. Mobile phone-based applications could support self-
management of long-term conditions, although the evidence base for this technology

is still very limited [174].

Mobile phone or mobile technology is increasingly being used as a part of telehealth
interventions with wireless monitoring of health outcomes in disease management and
delivery of health interventions [170]. Pinnock et a/ [175] explored opinions of people
with asthma and clinicians in a qualitative study on the potential role of mobile phone
technology in monitoring asthma. It was found that the mobile phone as part of asthma
monitoring may have two roles: firstly, as an early phase of monitoring symptoms,
supporting the process of diagnosis and controlling the asthma symptoms, and
secondly, as an electronic medical record (i.e. spirometry or peak flow rates) that could
enable patients and their clinicians to share data and seek advice and feedback

remotely [175].

Fonseca et al [176] found that most people with moderate to severe asthma are willing
and ready to use communication technology, such as mobile phones and the internet

for managing their asthma. However, using a mobile phone as a device in monitoring
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asthma may have some limitations too. It is not applicable for patients with hearing
or vision impairments and some patients may have difficulty operating the application

[161].

Mobile phone-based interventions to support asthma management have been tested in

several studies. The characteristics of these studies are summarised in Table 8.
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Table 8. Characteristics of the studies using mobile phone-based monitoring

Author; year; No. of participants; age ; setting Study Interventions Main outcomes Follow-up
country design
Anhoj and Moldrup 12 people with asthma; 13 — 57 yr; Before SMS asthma diary The feasibility of SMS for asthma diary 2 months
[177];2004; recruited from the Danish website and after data collection from patient/user
Denmark LinkMedica Asthma perspective,, response rates from SMS
collection of asthma diary
Ostojic et al [72]; 16 adults with asthma; mean age 24  RCT I: weekly SMS instruction from  Lung function tests (PEFR, FEV; and 16 weeks
2005; Croatia yr; respiratory clinic an asthma specialist on FVC), patient’s daily record of PEFR,
adjustment therapy and symptoms and variability, use of
recommended follow-up based asthma medication; cost and reliability
on PEF values sent by SMS of SMS (validated against patient’s
C: asthma diaries and peak flow  diaries)
meter
Prabhakaran et al 120 adults with asthma; aged > 21 RCT I: received SMS according to a ACT, reduction in nebulisations and 11 months
[178]; 2010; yr; Tan Tock Seng Hospital structured workflow for ED visits
Singapore symptom monitoring
C: usual care without SMS
support
Strandbygaard et al 26 adults with asthma; 18 — 45 yr; RCT I: asthma education and SMS Adherence rate to inhaler use (% 12 weeks
[179]; 2010; recruited through an advertisement reminder to take their asthma medicine actually taken by patients,
Denmark on local newspapers in Copenhagen medication calculated from dose-count and number
C: asthma education and usual of days between clinical examinations),
care reimbursement of asthma medication,
change in FeNO levels, lung function
(FEV1, FVC) and airway
responsiveness to inhaled methacholine
Liuetal[161]; 89 adults with asthma; mean age 54  RCT I: mobile telephone-based Lung function (FEV, FVC), asthma 6 months

2011; Taiwan

yr; outpatient clinics of Chang Gung
Memorial Hospital, Linkou

interactive asthma self-care
system

C: asthma symptom diary
booklet and action plan

symptom score (sleep quality, severity
of coughing, difficulty in breathing and
daily activities affected by asthma),
unscheduled clinic visits, ED visits,
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Ryan et al [180]; 288 people with asthma; mean age RCT
2012; UK 48 yr; 32 primary care practices in

Norfolk and Yarmouth, East Kent,

North England, Essex and

Hertfordshire

I: mobile group monitoring and
installed t+ Asthma application
that enabled to record and
transmit data of symptoms, drug
use and PEFR readings twice
daily

C: paper based asthma diary to
record symptoms, drug use and
PEFR readings twice daily

hospitalisations

Asthma control — ACQ 6 months
Self-efficacy — KASE-AQ

Asthma related quality of life —

mAQLQ

Enablement — mPEI

ACQ, Asthma Control Questionnaire; ACT, Asthma Control test; C, control; ED, emergency department; FEV), forced expiratory in one second, FeNO, fraction
exhaled nitric oxide, I, intervention, KASE-AQ, Knowledge Attitude and Self-Efficacy Asthma Questionnaire; mAQLQ, mini Asthma Quality of Life Questionnaire;
mPEI modified Patient Enablement Instrument; PEFR, peak expiratory flow rate; RCT, randomised controlled trial; SMS, short message service
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Sending regular SMS reminders about using asthma medications, obtaining peak flow
readings, structured workflow and diary data collection have been carried out [72, 177-
179]. The findings indicate that sending SMSs regularly may be feasible, affordable
and convenient for self-monitoring asthma, in conjunction with a WAAP and standard
follow-up [72, 177]. The effect of SMS reminders on clinical asthma outcomes was
not investigated by Anhoj ef al [177]. The short duration of the follow-up (16 weeks)
and the small sample size (16 patients) in the Ostojic et al [72] study, made it unable
to detect significant differences in the main clinical asthma outcomes such as lung
function changes and daily consumption of inhaled corticosteroids. A study group of
a minimum 40 patients was needed for follow-up to achieve 80% power within 95%

confidence interval.

Prabhakaran et a/ [178] demonstrated improvement in Asthma Control Test (ACT)
scores, reduction in nebulised bronchodilators and emergency visits in the study group
compared to the control group. However, none of these outcomes were significantly
different and there was no reduction in hospital admission rates in either group [178].
The Strandbygaard et al [179] study showed that adherence in the intervention group
increased from week 4 to week 12 (77.9% to 81.5%) while the control group had a
decreased adherence (84.2% to 70.1%). The absolute difference in mean adherence
rate between the two groups was 17.8% (p = 0.019). However no significant
differences were found between the groups in the changes in FeNO, lung function or
airway responsiveness to inhaled methacholine. The wvalidity of adherence
measurement in this study was based upon participant credibility. Dose-dumping,

where patients could empty their medicine device prior to the visit, was a possible
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limitation [179].

Limitations of all these studies, including small sample sizes [72, 177] and short
durations of follow-up [179] need to be considered when evaluating the results.
Combining the SMS data collection system and traditional web page display may be

useful for patients in managing their asthma [177].

Some telemedicine providers (e.g. Avalis Health Care Systems AG in Zurich,
Switzerland) have created comprehensive disease management packages including
asthma self-management kits [181]. For example, the “Go Asthma” application from
Avalis Health Care allows patients with asthma to track and monitor their asthma
through their personalised mobile phone, with internet availability and peak flow
meter [181]. Similar systems from other telemedicine providers also have been
offered, such as t+Medical Americas Inc (“t+Asthma”), TelehealthLink (asthma-
monitoring package) and MedApps (through its mobile wireless health-monitoring
systems) [181]. Portable devices, such as the PiKO peak flow meter (nSpire Health)
and Asthma Monitor AM3® (Cardinal Health) are used together with these programs

[180, 181].

Recently, a few studies have evaluated the combined use of mobile phone and web
application or software to improve asthma control. In Taiwan, a prospective controlled
study in an out-patient clinic was conducted by Liu ef al [161] in 89 patients with
moderate to severe asthma, who were randomly allocated to the intervention group
with a mobile phone self-care interactive program. All subjects received asthma
education and a self-management plan and were asked to record their daily PEFR and

asthma symptoms in a diary. After six months, the intervention group had significantly
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increased PEF rate (intervention: 382.7 L/min vs control: 343.5 L/min) and FEV 1%
predicted (intervention: 65.2% vs control: 56.5%) compared to the control group (p =
0.05). The quality of life score in the intervention group was better after two months
and throughout the study compared to the control group (p < 0.01) and they had fewer
episodes of acute exacerbations and unplanned medical visits. Since the software
application was compatible with the mobile phone and easy to use, good adherence
with the program was achieved [161]. However, the study had several limitations
including differences among the study groups, small sample size, and lack of

generalisability as it was a single centre study [161].

Ryan et al [180] conducted an RCT in the UK primary care setting to compare mobile-
phone with standard paper-based monitoring in improving asthma control in 288
patients with poorly controlled asthma, using the asthma control questionnaire (ACQ).
The findings of this study contradicted those of Liu ef al [161] as there were no
significant differences in the ACQ or Knowledge Attitude and Self-Efficacy Asthma
Questionnaire (KASE-AQ) scores between the groups. The numbers of patients with
unplanned visits, steroid courses, acute exacerbations and healthcare cost were similar
in both groups [180]. This study showed the intervention was not cost effective in
improving asthma control or increasing self-efficacy compared to paper based-

monitoring [ 180].

The results were not surprising as this study tested the impact of the mobile-phone
based monitoring technology with the control group who received the same clinical
care, but less intensive monitoring compared to the intervention group. The cost

analysis of the intervention gave more effective results for reducing healthcare use
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(e.g. unplanned visits and hospitalisation related to asthma) compared to usual care
alone. The average ages in the intervention and control groups in this study were 47
and 52 years, respectively. The results might also have been different in younger
people, who may be more adept at using mobile technology, or those with special
circumstances, such as pregnant women with asthma. Moreover, the differences in the
study settings between Liu ef al [161] (tertiary care hospital) and Ryan et al [180]

(primary care) might explain the differences in outcomes between the studies.

The Cochrane review (21 RCTs) and meta-analysis from nine included studies of
telehealth care for asthma by McLean et al [182]; concluded that telehealth may
produce small clinically relevant improvements in those with mild asthma, and may
have a role in those with more severe asthma who are at high risk of hospital
admissions. A recent meta-analysis of 6 RCTs by Zhao et al [183] concluded that the
telemedicine or telehealth interventions do not result in an improvement of asthma
symptom scores. However they may contribute to other factors such as the reduction
of asthma exacerbations, unscheduled visits and hospitalisations that were not

evaluated in the studies included.

2.6 Summary

It is difficult to conclude telehealth interventions are effective as most of the studies
involving telehealth in chronic diseases were done as pilot studies with relatively small
sample sizes, short durations of intervention, limited resources and some
methodological flaws. To overcome the problem of low participation rates when
testing a telehealth intervention over a longer period (> 6 months), a programme that

is less time consuming, easy to follow, and that provides comprehensive care to
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support asthma self-management may have attracted more participants. The level of
asthma severity and asthma control of the targeted population also need to be
considered when designing a telehealth intervention. Patients with severe asthma
symptoms were confronted with more frequent asthma symptoms and medication use,
and limitation in daily activity and therefore need to be monitored regularly. A
telehealth intervention may not be significant in patients with well controlled asthma,

but may offer significant benefits in those with poorly controlled asthma.

The GINA guideline supports the use of lung function data and asthma symptoms for
assessing the level of asthma control. Previous studies had applied monitoring of lung
function and asthma symptoms as part of their interventions [72, 151, 155, 156].
Portable handheld spirometers have been used in some studies for daily monitoring of
lung function (FEV1, PEFR) [161, 180]. Standardised questionnaires such as ACT,
ACQ, and Asthma Quality of Life Questionnaire (AQL also have been used to

measure asthma control and quality of life in some studies [150, 151, 156, 160, 178].

It can be seen that previous telehealth studies showed potential benefits for managing
asthma in adults and children. Although only a few studies have shown significant
clinical outcomes, such interventions may have clinical impacts in patients with
asthma who need more intensive care. As described earlier, pregnancy may alter the
severity of asthma unpredictably and that could affects both the mother and baby.
Therefore, interventions that could optimise asthma management in pregnant women

need to be developed and evaluated.
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Chapter 3
Non-Pharmacological Healthcare
Interventions for Optimising Asthma
Management during Pregnancy: a
Systematic Review of the Literature

3.1 Introduction

The previous chapter (Chapter 2) provided an overview of the literature regarding the
challenges, current guidelines and evidence for managing asthma in pregnant women.
Chapter 2 demonstrated that there has been very limited research on healthcare
interventions for improving asthma management in pregnant women. All asthma
guidelines emphasise that it is safer for pregnant women with asthma to use regular
asthma medications than to experience exacerbations during pregnancy. A few studies
have reviewed the safety and efficacy of pharmacological therapy for asthma
management in pregnant women. However, none of these have assessed the
effectiveness of non-pharmacological healthcare interventions for optimising asthma
management during pregnancy. Before designing an intervention for managing asthma
in pregnant women, empirical evidence is needed to provide data about the
effectiveness of such interventions. In this context, a systematic review was

considered to give high-level research-based evidence.

Thus, this chapter presents a systematic review that investigated non-pharmacological
healthcare interventions for managing asthma in pregnant women. The key objective
of this systematic review was to identify non-pharmacological healthcare
interventions for optimising asthma management during pregnancy and examine their
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effects on maternal asthma symptoms and neonatal outcomes.

This systematic review has been published in BMC Pulmonary Medicine and is

reproduced below.
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3.2 Manuscript

3.2.1 Declaration (Part B) for Thesis Section 3.2.2
In the case of Section 3.2.2, the nature and extent of my contribution to the work was

the following:

Nature of Extent of
contribution contribution (%)

Conducted literature search; developed search strategy; identified 80
relevant titles, abstracts and full texts; reviewed articles;

undertook data extraction and synthesis; performed qualitative
reviews; facilitated review meetings and prepared first draft of

the manuscript and revised based on comments from co-authors

and journal reviewers.

The following co-authors contributed to the work.

Name Nature of contribution

Dr Johnson George Assisted with the development of search strategy; , reviewed
articles, assisted with data extraction, qualitative review and
manuscript preparation

A/Prof Kay Stewart Assisted with data review and manuscript preparation

Prof Michael Abramson Assisted with data review and manuscript preparation

The undersigned hereby certify that the above declaration correctly reflects the nature

and extent of the candidate’s and co-authors’ contributions to this work.

Date

Candidate’s 23 July 2015
Signature
Main

23 July 2015
Supervisor’s
Signature
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3.2.2 Published manuscript: The effectiveness of non-
pharmacological healthcare interventions for asthma management
during pregnancy: a systematic review. BMC Pulm Med 2014; 14: 4
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3.3 Discussion and Summary

The systematic review identified only a few non-pharmacological healthcare
interventions for managing asthma in pregnant women. The three studies included in
the final review assessed an education programme, progressive muscle relaxation
(PMR) and a FeNO-based algorithm. All three interventions were found to have some
positive effects on asthma management during pregnancy. However, a meta-analysis
was not possible because of the clinical heterogeneity of the data and the study designs.
Despite the clinical heterogeneity of the interventions and variations in outcome
measures, some similarities among the studies included were found. Self-monitoring
of lung function and education on asthma management by health professionals were
components of both the education programme and FeNO-based algorithm. All three
studies used lung function (FEV1) as one of the study outcomes to measure the effect
of the interventions. Monitoring asthma symptoms and asthma-related QoL using
standardised tools, e.g. ACQ and AQLQ, were outcome measures in the included
studies. This review suggested that a non-pharmacological healthcare intervention that
involves regular monitoring using objective measures such as lung function or asthma
symptoms may result in better asthma control during pregnancy and better health
outcomes. These findings informed the design of the next phase of the PhD project as

described in Chapter 4.
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Chapter 4
The Role of Objective Measures of
Pulmonary Function for Monitoring
Asthma Management in Pregnant
Women

4.1 Introduction

The findings reported in Chapter 3 highlighted the important role of objective
measures for monitoring pulmonary function during pregnancy. Spirometry is
considered the best method for diagnosing and monitoring pulmonary function in
asthma. Uncertainty still exists regarding objective measures such as FEV; and FVC
for monitoring asthma during pregnancy. Previous studies that observed changes in
pulmonary function during pregnancy were limited by aspects of study design. Several
studies used a cross-sectional design, which is not suitable for observing changes in
pulmonary function during pregnancy because of the hormonal, metabolic and
physiological effects of pregnancy. No previous studies have prospectively observed
changes in pulmonary function in both healthy and pregnant women with asthma. No
studies have investigated the role of the novel measure FEVs as a surrogate for FVC

to monitor pulmonary function in pregnant women with asthma.

Thus, this chapter describes a study to observe changes in pulmonary function during

pregnancy, in women with and without asthma.
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The key objectives of this study were to:

e compare changes in pulmonary function during pregnancy between healthy
women and those with asthma;

e determine the relationship between changes in pulmonary function and
asthma-related quality of life in pregnant women with asthma; and

e investigate the application of FEV¢ in monitoring asthma during pregnancy.

A prospective cohort study was conducted to observe pulmonary function changes in
pregnant women with and without asthma. Pulmonary function changes were
measured by spirometry (pre-bronchodilator) performed three times during pregnancy

(prior to 20 weeks, 21-28 weeks and 29-36 weeks gestation).

This prospective cohort study has been published in Journal of Asthma and is

reproduced below.

Appendices relevant to this chapter are appendix 4, 6, 7, 11, 13, 20 and 21.
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Abstract Keywords
Background and objective: Pregnancy alters the severity of asthma unpredictably. Uncertainty still  Asthma, pregnancy, pulmonary function,
exists about longitudinal changes in pulmonary function during pregnancy in both healthy and spirometry

asthmatic women. This study aimed to compare pulmonary function changes during pregnancy
in healthy and asthmatic women and to determine the relationship between pulmonary function
and asthma-related quality of life during pregnancy. A secondary aim was to investigate the
application of forced expiratory volume in 65 (FEV,) for monitoring asthma during pregnancy.
Methods: Pregnant women with {n =20) and without asthma (n=20) had pulmonary function
tests at 8-20, 21-28 and 29-40 weeks gestation. Those with asthma also completed the Asthma
Control Questionnaire (ACQ) and mini Asthma Quality of Life Questionnaire (mAQLQ) at each
visit. Resufts: Pulmonary function declined in both groups at follow-up #1 (more markedly in
those with asthma) but then improved at follow-up #2 (more markedly in those with asthma). In
those with asthma, ACQ scores increased, while mAQLQ scores declined at follow-up #1; whilst at
follow-up #2 these changes were in the opposite direction. FEV; and forced vital capacity (FVQ)
were highly conrelated (r=0.88, p < 0.01) in asthmatics. Conclusions: Pulmonary function changes
during second and third trimesters were more pronounced in asthmatics than in healthy women.
FEVs monitoring may assist pregnant women and their health professionals in optimizing asthma
management. The changes in pulmonary function in women with asthma were not significantly
associated with changes in asthma control or asthma-related quality of life.
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Introduction might help early detection of worsening asthma by patients
and health professionals, enabling changes in management.

Spirometry is still the best means of monitoring and
assessing asthma severity [3]. For pregnant women with
asthma, spirometry should be conducted early in pregnancy
and periodically, as needed [4]. Forced expiratory volume in
6s (FEVg) has been shown to be equivalent to forced vital
capacity (FVC) in consecutive patients referred to a New
Zealand tertiary hospital respiratory laboratory for spirometry
[5]. Performing FEVy is easier, more achievable, more
reproducible and less physically demanding than FVC
[5-7]. FEV; has the advantage that at the end of a spirometry
measurement, the result is more explicitly defined and easier
to achieve compared to FVC [8]. However, FEV has not been
used in prospective evaluation of lung function during
pregnancy.

Correspondence:  Johnson George, Faculty of Pharmacy and This studv aimed to: (i) compare changes in nulmona
Pharmaceutical Sciences, Centre for Medicine Use and Safety, Monash Y ) ( ) P g p Y

University (Patkville Campus), 381 Royal Patade, Parkville, VIC 3052,  function during pregnancy between healthy women and those
Australia. E-mail: Johnson.George@monash.edu with asthma; (ii) determine the relationship between changes

Uncertainty still exists about the longitudinal changes in
pulmonary function during pregnancy in both healthy women
and those with asthma. During pregnancy asthma improves in
nearly a third of patients, worsens in slightly more than one-
third, and remains unchanged in one-third [1]. Some pregnant
women with asthma may have few symptoms, but their
pulmonary function may be abnormal, putting the health of
mother and fetus at risk [2]. Since pregnancy alters the
severity of asthma unpredictably, patients should be moni-
tored closely so that any changes in asthma control can be
matched with appropriate changes in management. Regular
objective monitoring in conjunction with assessment of
asthma-related quality of life (QoL) and asthma control
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in pulmonary function and asthma-related QoL in pregnancy
and (iii) investigate the application of FEV4 in monitoring
asthma during pregnancy.

Methods
Subjects

Pregnant women with a singleton pregnancy aged >18 vears
and able to communicate in English were recruited when
attending scheduled antenatal visits at the Mercy Hospital for
‘Women, Melbourne, Australia. The healthy group had no
history of asthma and none of the participants in either group
had a history of hypertension or cardiovascular disease.
Pregnant women who self-reported asthma at the time of
booking their first antenatal clinic visit and had used any
asthma medication (anti-inflammatory or bronchodilator)
during or in the 12 months before the current pregnancy
were eligible for inclusion. The study was approved by the
Human Research Ethics Committees of Monash University
and the Mercy Hospital for Women. Written informed consent
was obtained from all participants.

Design

A prospective cohort study was conducted to observe changes
in pulmonary function. Pulmonary function (pre-bronchodila-
tor) was measured, seated; three times (gestational weeks 8—
20, 21-28, and 29-40) in the Respiratory Laboratory, Austin
Health, using a spirometer (Jacger MasterScreen, Carefusion,

Hoeschberg, Germany). All spirometry variables were
reported to  American  Thoracic  Society/European
Respiratory Seciety (ATS/ERS) 2005 standards [9].

Spirometry was not performed if participants self-reported
respiratory infection at a particular visit to aveid compromis-
ing the quality of the maneuver due to coughing or sneezing
and to reduce infection control hazards.

Study outcomes

Pulmonary function parameters measured or calculated at the
three time points included FEV,, FEV4, FVC, FEV,/FEV,
and FEV/FVC. FEV; and FVC were also expressed as
percentage (%) predicted values using the National Health and
Nutrition Examination Survey (NHANES III) reference
equations. A standard ethnicity correction 0.88 for non-
Caucasian subjects was applied as suggested by ATS/ERS
2005 guidelines [10].

Asthma control and asthma-related QoLl. were assessed
prior to spirometry using the Asthma Control Questionnaire
{(ACQ) 7 questions [11] and mini Asthma Quality of Life
Questionnaire (MAQLQ) [12], respectively. An ACQ score of
>1.5 suggested that asthma was not well controlled; and a
change in ACQ score by >0.5 was regarded as clinically
significant [minimum clinically important difference
{MCID)] [13]. The mAQLQ measures the functional (phys-
ical, emotional, occupational and social} problems that
concerned patients with asthma. The maximum score on
mAQLQ was 7, which meant there was no impairment due to
asthma [12].

Neonatal characteristics including Activity Pulse Grimace
Appearance Respiration (APGAR) scores at 1 and 5min,

T Asthma, Early Online: 1-9

gestational age, birth weight, length and head circumference
were recorded at delivery. Birth weight centiles were
calculated using www.gestation.net/grow-au.aspx, which
adjusted for maternal characteristics incloding height,
weight, ethnicity, parity and fetal gender.

Statistical analysis

Statistical analysis was performed using SAS version 9.3
(SAS Institute, Cary, NC) and SPSS version 19.0 (IBM SPSS
Statistics for Windows, Armonk, NY). Differences in demo-
graphic characteristics, and maternal and fetal outcomes were
examined using y? tests, unpaired f-tests or Mann—Whitney
U-tests where appropriate. Univariate correlations were
determined using Pearson’s r and Spearman’s p. All reported
p values were two-sided and not adjusted for multiple
comparisons. A p< 0.05 indicated statistical significance.

Pulmonary function parameters were the main outcome
measures. A longitudinal analysis was performed using the
PROC MIXED procedure in SAS with patients treated as
random effects. Models were fitted using main effects for
group (asthma versus healthy), time (baseline, follow-up visits
#1 and #2) and an interaction between group and time to
ascertain if the groups behaved differently over time. To
account for amy baseline imbalances, baseline values of
outcomes were included as potential covariates in these
models. The PROC MIXED procedure uses a restricted
maximum likelihood algorithm that enables specific modeling
of the within-patient covariance structure. Using an Akaike
information criterion (AIC) to determine goodness of fit, an
auto regressive {order 1) covariance structure was found to
produce the best fit to data. All observed data were considered
for analysis, with the mixed-effects models treating missing
values as being missing at randem. Pest hoc pairwise
comparisons were performed to assess between group differ-
ences at follow-up wisits and within group differences
between follow-up visits.

Results

The flow of participants through the study is illustrated in
Figure 1. Forty pregnant women (20 healthy, 20 with asthma)
were recruited between 11 and 19 weeks of gestation. All
participants completed baseline spirometry including FEVs
measurement prior to 20 weeks gestation. The characteristics
of the sample are summarized in Table 1. There were no
significant differences in demographic or maternal character-
istics between women with and without asthma. Twelve (60%)
women with asthma used short-acting beta agonists (SABA)
as needed only, while the rest also used an inhaled cortico-
steroid (ICS) or an ICS long-acting beta agonist (LABA)
combination. None of the women with asthma self-reported
any comorbidities.

Changes in pulmonary function

‘When the pulmonary function parameters were analyzed with
the mixed-effects models, significant group x time interaction
effects were found for FEV; (p=0.04), FEV1% predicted
(p =0.042) and FEV/FVC% predicted (p = 0.01). Changes in
pulmonary function during pregnancy were similar in both
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Pregnant women
{n=40)

Women without asthma
{n=20)

Baseline visit
(Weeks 11 = 20):
{n=20)

Follow-up #1
(Weeks 21 — 28):
{n=20)

Follow-up #2
(Weeks 29— 40):
{n=20)

Pulmonary function changes in pregnancy 3
Women with asthma
{n=20)
Baseline visit
{Weeks 11 - 20):
{n=20)
+ | withdrew due to personal
> Teasons
Follow-up #1
{Weeks 21— 28):
{n=19)
¢ 1 had a premature delivery at
30 weeks
3| o 2 had delivered before follow-
up #2 appeintment
Follow-up #2
{Weeks 29— 40):
{n=16)
Figure 1. Flow of study subjects through the study.
pulmonary function, better asthma control and QoL

groups. At baseline, there were no statistically significant

differences in pulmonary function between groups (Table 2).
At follow-up #1, pulmonary function declined in both groups,
but women with asthma had a greater reduction. At follow-up
#2, both groups showed improvement in pulmonary func-
tion compared to follow-up #1. FEV,, FEV|% predicted
(both p=0.02) and FEV,/FVC% predicted (p = 0.01) values
were significantly different between healthy and asthmatic
groups at follow-up #2. These changes are also illustrated in
Figure 2.

The within group differences in FEV,, FEVy FVC,
FEV,% and FEV/FVC% predicted at the first and second
follow-ups compared to baseline are presented in Table 3. In
the healthy group, mean baseline FEV, dropped by 101 and
43ml at follow-ups #1 and #2, respectively. On the other
hand, women with asthma had a mean reduction in baseline
FEV, of 139ml at follow-up #1, which subsequently
increased by 51 ml to higher than baseline levels at follow-
up #2.

Changes in ACQ and mAQLQ

In women with asthma, the decline in pulmonary function at
follow-up #1 was also marked by a reduction in asthma
control {(i.e. increase in ACQ score) and QoL (i.e. decline in
mAQLQ score). At follow-up #2 these changes were in
the opposite direction, suggesting improvement in

(Figure 3). At follow-up #1 ACQ score increased >0.5
(MCID) in 58% of the asthmatic group, decreased in 21%, and
remained unchanged in 21%. At follow-up #2 ACQ score
increased in 19%, decreased in 56% and remained unchanged
in 25%. A strong inverse correlation was found between ACQ
and mAQLQ at follow-ups #1 (r=—0.74; p<0.01) and #2
(r=-0.75; p<0.01). However, correlations between pul-
monary function parameters and both ACQ and mAQLQ
were very weak.

Correlations between FEVg and FVC

At follow-up #1, compared to non-asthmatics, women with
asthma had a greater decline in FEV and the decrease of
FEVs in the asthmatic group was also followed by the
reduction in FVC (Table 3). However, at follow-up #2 the
differences in reductions of FEVg and FVC from baseline
between the groups were not significant. There were strong,
positive correlations between changes in FEV and FVC from
baseline to follow-up #1 (r =0.88, p<0.01) and from follow-
up #1 to follow-up #2 (r=0.85, p<0.01).

Maternal and neonatal characteristics

Pregnant women with asthma delivered slightly shorter babies
(p =0.02) with lower APGAR scores at one minute (p = 0.01)
compared to those without asthma (Table 1). Nevertheless,
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Table 1. Demographic, maternal and neonatal characteristics of the study participants.

Without asthma (n=20) With asthma (n =20} p Value
Demographic characteristics n (%) n (%)
Race 0.34
Caucasian 16 (30} 19 (95)
Asian 420y 1(5)
Past smoker 8 (40) 6 (30) 0.51
Gravidity 0.74
Primigravid 6 (30} 7 (35)
Multigravid 14 (70} 13 (65)
Maternal characteristics Mean + 8§D Mean + 8§D
Age (year) 332450 323431 047
Height (cmy) 1658167 162.1£66 0.08
BMI (kg/m?) at baseline* 24.7 (21.9-27.0} 26.1 (22.7-30.5) 0.30
Weight (kg) at
Baseline 707158 742200 0.56
Follow-up #1 7291147 783£195 0.34
Follow-up #2 795150 80.9+19.1 0.7%
Gestational age (weeks) at*
Baseline 16 (16-17; 15.5 (13.3-17} 028
Follow-up #1 24 (2226 25.5 (24-27) 0.15
Follow-up #2 35 (34-36) 35.5 (34.3-36.8) 0.65
Duration of asthma (years)* - 24.5 (18.5-29.8) -
Asthma severity - -
Intermittent to mild 12 (60%) -
Moderate to mevers 8 (40%) -
Asthma medications
SABA only - 12 (60%) =
ICS + SABA - 1(5%) =
ICS/LABA + SABA - 7 (35%) -
Neonatal characteristics Median (interquartile range) Median (interquartile range}
Gestational age 39.9 (38.6-40.5) 39.4 (39-40.7) 1

Mode of delivery [n (%)]
Vaginal delivery 16 (80} 11 (55) 0.08

Emergency cesarean 2 (10) 5 (25 041
Elective cesarean 2 (10) 2 (10y 1.00
Forceps/vacuum 0 (0) 2 (10y 048
Birth weight (gm) 3600 (3339-3745) 3400 (3118-3523) 0.13
Birth weight percentile <10th [ (%)] 2 (10%) 2 (10%) 1.00
Birth length (cm) 51.5 (51-52; 50.3 (47.4-51) 0.02
Head circumference (cm} 34.5 (34.4-36) 34.25 (33.6-35) 0.33
APGAR scores at 1 min 9 (9-9) 9 (6.25-9) 0.01
APGAR scores at 5min 9 (9-5.75) 9 (9-9) 0.24
*¥Median (interquartile range}.
Table 2. Pulmonary function parameters during pregnancy in women with and without asthma.
Baseline Follow-up #1 Follow-up #2
‘Without asthma ‘With asthma Without asthma With asthma ‘Without asthma ‘With asthma
Test n=20 n=20 n=120 n=19% n=20 n=16
FEV; (L) 318003 317003 3.08+0.03 3.04+0.03 3.14+003 3.24 +0.03%
FEV, (L) 3.87£0.03 3.87£0.03 3.80£0.03 3.71+0.03 3.83£0.03 3.85+0.03
FVC L} 391003 3.90+0.03 3.851+0.03 3.77+0.04 387003 3.86+0.03
FEV.% 10037 £0.90 100.00 £ 0.90 96.92+0.90 9575+ 092 99.07 £0.90 102.13 £ 0.99*
FVC % 103.20 £ 0.86 103.14 £ 0.86 101.25+0.86 99.41+ 0.88 102.35+0.86 10215096
FEV/FVC 8197 +£0.84 81.12+0.84 8047 £0.84 81.72+ 0.84 80.92 £ 0.84 83.80£0.93
FEV /FVC% predicted 97.37+0.70 96.19+0.73 95.57+0.70 9436+ 0.72 96.12+0.70 9871 +£0.78*
FEV/FEV, 82.53£0.55 81.65£0.55 81.42+£0.55 81.16+ 057 82.41£055 83.69+0.61
ACQ score - 0.5 (03-1.2) - 1.43 (1-1.6} - 0.7 (0.4-1.4)
mMAQLQ score - 6.1 (5.6-6.5) - 53 (4.9-6.2) - 6.2 (53-6.6)

FEV %, FEV| expressed as a percentage of the predicted value, FVC%, FVC expressed as a percentage of the predicted value. Pulmonary function data
are presented as mean + SE; ACQ and mAQLQ scores as median (interquartile range).
Significantly different from healthy *p < 0.05.

there were no differences noted in 5min APGAR or
customized birth weight centile which are better mieasures
of acute and chronic fetal compromise due to placental
insufficiency, respectively. Two women in the asthma group

reported symptoms in Weeks 21-28 and were prescribed
prednisolone 50mg daily for 2 weeks; one of them presented
to the emergency department due to asthma exacerbation and
was hospitalized. Only 55% women in the asthma group had a
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Table 3. Changes from baseline in pulmonary function, asthma contrel score and asthma-related QoL in women with and without asthma.

Mean difference (95% CI}

Without asthma With asthma
Test Follow-up #1 Follow-up #2 Follow-up #1 Follow-up #2
FEV, (ml} 101 (29,172) 43 (—28,115} 139 (65,2123 —51 (130, 28)
FEV,; (ml} 71 (=5,14T) 47 (—29,123} 159 (8, 237) 46 (—37,129)
FVC (ml) 52 (—34,138) M (5120 134 (45, 222 58 (=36, 151
FEV,% 3.20 (0.98,5.41) 1.05 (—1.17, 3.26) 4.55 (2.27, 6.83) —1.73 (—4.20, 0.74}
FVC% 1.92 (0,14, 3.98) 0.82 (—1.24, 2.88) 3.74 (1.63, 5.86) 1.35 (—0.92, 3.62)
EEV/FVC 0.92 (—1.11, 2.95) 0.47 (—1.56, 2.50) 0.12 (—1.93, 2.17) —2.05 (—4.31, 0.21}
FEV/FVC% predicted 1.02 (—0.65, 2.69} 047 (—1.20, 2.1 2.88 (1.14, 4.62) —1.36 (—3.41, 0.29
FEV,/FEV¢ 0.51 (=078, 1.793 —0.49 (—1.77, 0.7%) 1.25 (—0.08, 2.58) —1.37 (—2.80, 0.05}
ACQ scores —0.36 (—0.44, 0.30) —0.14 (—0.65, 0.56)
mAQLQ scores 029 (—032, 043) 0.02 (-0.69, 0.71)

FEV,%, FEV, expressed as a percentage of the predicted value; FVC%, FVC expressed as a percentage of the predicted value. There were no

significant differences between the groups at baseline.

Values represent mean difference (CT) compared with baseline. Positive means values lower than baseline (decrease) and negative means values higher

than baseline {increase}.
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Figure 3. Pulmonary parameters, ACQ and mAQLQ scores in women with asthma.

normal vaginal delivery compared to 80% in those without
asthma (p=10.09).

Discussion

Changes in spirometry during pregnancy differed signifi-
cantly between women with and without asthma. Compared to
their counterparts, women with asthma showed a greater
reduction of FEV; from baseline at follow-up #1, but had
better pulmonary function at follow-up #2, the latter resalt
being consistent with a previously described reduction in
bronchial hyper responsiveness later in pregnancy [14]. The
majority of the asthmatic group (60%) had mild asthma,
as reflected by their use of only occasional SABA and
the overall well preserved interval lung function, as is

commeonly seen in people with intermittent or mild persistent
asthma [15].

Shortness of breath, often referred to as ““physiologic
dyspnea”, is a commoen symptom during pregnancy [16].
Physical examination and spirometry can be used to distin-
guish physiclogic dyspnea from pathologic dyspnea [17].
Physiclogic dyspnea often occurs while at rest or with mild
exertion; but when accompanied by other symptoms such as
wheezing or cough is possibly due to asthma [17]. White et al
[18] showed that some women with infrequent-mild asthma
felt subjectively better during pregnancy when they were
asked to self-report symptoms using diary cards, although no
improvements were found in polmonary function. Ideally,
monitoring asthima changes daring pregnancy should not rely
on subjective patient perceptions alone, spirometry and
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Table 4 Summary of pulmonary function parameters in our study and previous studies during pregnancy.

Pulmonary function changes in pregnancy 7

Our findings*

Sims [24]

Grindheim [20] Nprregard [21]

Puranik [22]

Siddiqui [23]

Without asthma With asthma

‘Without asthma With asthma Without asthma

‘Without asthma Without asthma Without asthma

Tests n=20 n=20 n=12 n=27 n=100 n=39 n=>50 n=060
Crestational age: 8-20 weeks
FEV;(L} 3.18+0.03 3.17£0.03 - - 318£04 - 2.00£0.0% -
FVC (L} 3.91+0.03 3.90+£0.03 = = 3.89+£048 = 2.19+0.25 -
FEV % 100.37 £0.90  100.00£0.90 - - 982x11.10 104.0£ 12.00 - -
FVC% 10320 £0.86 103.14:0.86 99341220 96.90+£9.50 - - - -
FEV,/FVC 8197084 81.12x0.84 8140£440 83.30£6.10 - - - -
FEV/FVC% 97371070 96.19+0.73 = = = = 92.60+5.01 -
Gestational age: 21-28 weeks
FEV(L} 3.08+0.03 3.04+£0.03 = = 316+0.39 = 2.07+0.25 -
FVC (L) 3.85+0.03 377£0.04 - - 3.96£0.51 - 2.10£0.28 -
FEV % 96.92+090 9575+0.92 = = 99.1+11.40 96.0+12.00 - -
FVC% 101252086 99412088 101201210 82.60+6.80 - - - -
FEV/FVC 80471084 81721084 8340440 82.60+6.80 - - - -
FEV/FVC%  0557+070 94361072 = = = = 08.63x3.54 -
Gestational age: 2940 weeks
FEV (L} 3.14£0.03 3.24+£0.03 = = 3214043 = 2.15+£0.21 2.17+£0.25
FVC (L) 3.87+0.03 3.86+£0.03 - - 4.00+£0.53 - 2214027 247029
FEV,% 99.07£0.90 102.13+£0.99 = = 993+£11.30 96.0+ 19.00 = 88.64 £5.62
FV(C% 10235086 102.15x£096 10220+£11.2 9550£13.10 - - - 86.48 £4.37
FEV/FVC 102351086 102.15+0.96 844+35 82.80+3.10 = = - 85524232
FEV/[FVC% 9612070 9871078 - - - - 97.51x£4.04 -

Values are mean+ SDs except for *mean + SEs.

validated asthma questionnaires may identify clinically sig-
nificant changes in asthma [14,18,19].

Previous studies

Previous studies have not observed consistent changes in
pulmonary function during healthy pregnancy. Table 4
comipares the pulmonary parameters in our study to previous
studies. While our study showed that FEV; and FVC
decreased significantly at Weeks 21-28 in healthy subjects,
Grindheim et al. [20] did not find a change in FEV, but
showed that FVC increased significantly after Week 23,
which was maintained at 6 months post-partum. Norregaard
et al. [21] showed that FEV, decreased slightly during second
and third trimesters, but then increased postpartom. The study
by Puranik et al. [22] found that FEV, and FVC remained
unchanged throughout normal pregnancy. Siddiqui et al. [23]
demonstrated that pulmonary function parameters were not
significantly different between healthy singleton and twin
pregnancies in the last trimester (36 weeks gestation); while
the values were lower in healthy pregnant women (singleton
or twin pregnancy) than in non-pregnant women.

Sims et al. [24] measured FVC and FEV; in 27 pregnant
wommen with asthma and 11 healthy pregnant women. The
groups were not matched except for age. The asthmatic group
had lower values at all-time points compared to controls. This
study was not able to show significant longitudinal changes in
FEV, and FEV,/FVC between pregnancy and the non-
pregnant state [24]. It also showed no indication that FEV,
or FEV/FVC were affected by pregnancy either during
exercise or at rest [24].

Our study sample was different from previous studies.
Grindheim et al. [20], Norregaard et al. [21] and Sims et al.
[24] studied European populations, while Puranik et al. [22]
and Siddiqui et al. [23] studied Indian populations.

The differences in subjects’ ethnicity, sample size, medication
use, data analysis methods, spirometer and measurerment
position {(e.g. standing, sitting or supine) may account for
differing results.

FVC versus FEVy

We confirmed that FEV, and FVC are significantly correlated
in pregnancy. FEV4 and FEV,/FEV have been widely studied
as surrogates for FVC and FEV,/FVC, respectively [7], but
have not previously been applied prospectively to monitor
asthma in pregnancy. FEVy can be used as a substitute for
FVC and has been shown to be equivalent to FVC in adults
with asthma [5]. Longitudinal changes in FEVs and FVC
during pregnancy in the asthmatic group were in the expected
direction with changes in asthma control and asthma-related
QoL, further supporting the potential use of FEV, for
monitoring asthma in pregnancy.

A descriptive cross-sectional study by Nwagha et al. [25]
in 172 healthy women with varying gestational ages [40 non-
pregnant and 132 pregnant comprising 30 (<14 weeks), 48
(14-27 weeks) and 54 (>27 weeks)] showed that FVC and
FEV values were lower while the FEV{/FVC and FEV,/
FEV, were higher as pregnancy progressed. Our study has
confirmed longitudinal changes in FVC and FEVy in both
women with and without asthma at various stages of
pregnancy.

Our participants represented women attending major
Australian maternity hospitals [26,27]. Although this study
is limited by a small sample size, it is still sofficient to
describe the longitudinal changes of pulmonary function
during pregnancy in healthy women and those with asthma as
they relate to gestational age. Statistically significant changes
in pulmonary function may be meaningful to researchers, but
of little clinical importance to patients [10]. The small

75



Chapter 4 Prospective Cohort Study

8 E. Zairina et al.

changes in FEV, and FVC observed in women with asthma in
this study were possibly the result of restriction rather than
obstruction as FEV/FVC did not change, suggesting asthma
was not the major contributor to the pattern of pulmonary
function changes in this group. The majority of studies in both
adults and children have found ne significant correlation
between objective measures such as FEV /peak expiratory
flow (PEF) and clinical asthma symptoms [3].

‘We observed some significant differences in pulmonary
function between groups; hormonal, metabolic and physio-
logical changes during pregnancy may alter the mechanics of
breathing and pulmonary function in pregnant women.
Pulmonary function changes during pregnancy are mediated
initially by hormonal changes and later by the enlarging
uterus [28]. In healthy women, there is usually adequate
maternal compensation for the increase in oxygen demands,
with the increases in tidal volumie leading to a significant fall
in partial pressure of carbon dioxide (pCO-) [28]. The process
appears to be mediated by rising levels of progesterone and
angmented by a decrease in residual volume [28].
Progesterone and cortisol may affect the respiratory center
[29]. Progesterone levels rise progressively in the first
trimester and remain eclevated until delivery resulting in
stimulation of the respiratory center and smooth muscle
relaxation [30]. Cortisol also rises sharply throughout preg-
nancy potentially leading to increased pulmonary glucocorti-
costeroid receptor interactions and effects causing smooth
muscle relaxation [1,30].

Asthma symptoms may improve or worsen during preg-
nancy; hence appropriate management should be tailored to
changes in pulmonary function. Various factors may contrib-
ute to poor QoL in pregnant women with asthma. Asthma
changes unpredictably during pregnancy, and asthma symip-
toms usually worsen during the second and third trimesters,
especially the sixth month, with improvement in the last 4
weeks [1,31]. Women who have poorly controlled asthma
from the beginning of the pregnancy are likely to have more
asthma symptoms throughout pregnancy; therefore they
should be treated with appropriate medications and monitored
closely [31]. Concerns about medication safety during
pregnancy may prompt women to stop taking their medication
without consulting their healthcare professionals leading to
worsening symptoms and QoL [27,32]. However, in this study
we did not assess asthma medication adherence at each visit.

Asthma self-management programs for pregnant women,
involving regular monitoring of FEV; and FEV, in conjunc-
tion with assessment of asthma symptoms, should be
evaluated in larger prospective studies for their ability to
optimize health outcomes in women with varying severities of
asthma. Future studies may also benefit from including
longitudinal markers of inflammatory change in serum and
possibly in exhaled condensate given the changes present at
follow-up #1. A larger study with groups matched for body
mass index (BMI), age, height and gestational age with more
severe cases of asthma may also be beneficial.

In summary, we have demonstrated that pulmonary
function declined during second trimester, then improved in
the final weeks of gestation in both groups, but larger changes
were found in women with asthma. Although the changes in
pulmonary function were statistically significant in the asthma
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group, they were modest. The changes in pulmonary function
in women with asthma were not significantly associated with
changes in asthma control or QoL. FEV can be substituted
for FVC for menitoring during pregnancy. Regular monitor-
ing of FEV, and FEVy, along with assessment of symptoms
and medication adherence, may assist pregnant women and
their health professionals in optimizing asthma management.
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4.3 Discussion and Summary

Changes in lung function during pregnancy differed significantly between women
with and without asthma. In the asthma group, changes in lung function parameters
(FEVi, FVC and FEVg) were also marked by changes in ACQ and mAQLQ scores.
There was a strong inverse correlation between ACQ and mAQLQ, however only
weak associations were found between lung function parameters and both ACQ and
mAQLQ. This study also confirmed that FEVs and FVC were significantly correlated
in pregnancy. The longitudinal changes in FEV¢ and FVC in the asthma group were
in the expected direction and in line with changes in ACQ and mAQLQ scores. The
changes in lung function, ACQ and mAQLQ scores observed in the asthma group
were in agreement with the literature that asthma symptoms change unpredictably
during pregnancy (they may improve, worsen or remain the same). Although we found
statistically significant changes in lung function during pregnancy in the asthma group,
they were modest. However, as lung function changes throughout pregnancy it is
essential to use it as part of the monitoring tools and outcomes measurements when
designing an intervention particularly a telehealth intervention. These findings
underline the importance of designing appropriate interventions for asthma
management involving regular monitoring using objective measures such as lung
function (FEV| and FEV¢) and asthma symptoms. It is suggested that FEVe can be

substituted for FVC in pregnant women with asthma.
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Chapter 5
Management of Asthma with
Supportive Telehealth of Respiratory
Function in Pregnancy (MASTERY®) —
Study Protocol for a Randomised
Controlled Trial

5.1 Introduction

Chapters 3 and 4 highlighted the importance of regular monitoring of lung function
and asthma symptoms during pregnancy to optimise asthma management. Mobile
phone-based self-monitoring is feasible for monitoring asthma control in adults and
children with asthma (chapter 2). Previous studies in pregnancy (chapter 3) have
confirmed that when patients were involved in self-management (e.g. Education
program, FeNO based-algorithm) better asthma outcomes were achieved. However,
intervention involving FeNO-based algorithm was not used as not only was it costly,
but also not widely available in clinics for routine use. The findings presented in
Chapter 3 highlighted that healthcare interventions involving regular monitoring of
pulmonary function and asthma symptoms may contribute to improved asthma control
and reduction in asthma exacerbations during pregnancy. An intervention that
involving pregnant women to do self-monitoring from their home rather than have an

extra visit to healthcare professional for managing their asthma is needed.

Chapter 4 demonstrated that the decline in lung function during pregnancy was more
pronounced in women with asthma; this was also marked by deterioration of asthma

control and asthma-related quality of life. Monitoring lung function (FEV1; FEVp)
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daily is useful to detect any changes in lung function and these objective measures
could be used in the individualised algorithm and asthma action plan to guide
management. This ensured that any changes in lung function were detected on the
same day and appropriate changes in management were recommended. Chapter 4 also
highlighted the potential role of FEV as a replacement for FVC to monitor asthma in

pregnant women.

These results helped guide the development of an intervention for supporting asthma
management in pregnant women developed involving regular self-monitoring of
asthma using lung function and symptoms to assist self-management. The details of
the intervention are described in the published protocol, which is presented in the next
section (section 5.2.2). This chapter presents the protocol for the randomised
controlled trial, known as MASTERY® (Management of Asthma with Supportive
Telehealth of Respiratory Function in Pregnancy), to assess the efficacy of the

intervention.

The key objectives of this study were to:

e develop and implement a telehealth programme for remotely monitoring
pulmonary function and asthma symptoms during pregnancy;

e cxplore the feasibility of asthma self-management using a telehealth
programme for regular monitoring of pulmonary function and asthma
symptoms; and

e cvaluate the efficacy of a telehealth intervention supported by a handheld
respiratory device and a written asthma action plan (WAAP) for improving

asthma control during pregnancy.
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The trial was registered with the Australian New Zealand Clinical Trials Registry
(ACTRN 12613000800729). The protocol of this study has been published in BMC

Pulmonary Medicine and is reproduced below.

Appendices relevant to this chapter are appendix 5, 9, 10, 12, 14 and 22.
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5.2 Manuscript

5.2.1 Declaration (Part B) for Thesis Section 5.2.2

In the case of Section 5.2.2, the nature and extent of my contribution to the work was

the following:

Nature of Extent of
contribution contribution (%)
Reviewed literature, designed trial, developed Breathe-easy© 60

application and algorithm, carried out participant recruitment and
baseline data collection, entered and analysed data, prepared first
draft of the manuscript and revised based on comments from co-

authors and journal reviewers.

The following co-authors contributed to the work.

Name

Nature of contribution

Dr Johnson George
A/Prof Kay Stewart

Prof Michael Abramson
Prof Christine McDonald
Eldho Paul

Prof Susan Walker
Dr Jonathan Li

Thanuja Dharmasiri

Conceived idea, advised on study design, was in charge of
product purchases and assisted with manuscript preparation
Advised on study design and assisted with manuscript preparation
Advised on study design and assisted with manuscript preparation
Advised on study design and participant’s written asthma action
plan and assisted with manuscript preparation

Conducted statistical analysis on primary outcomes and assisted
with manuscript preparation

Advised on study design and assisted with manuscript preparation
Assisted with Breathe-easy© development, and provided
technical support during the trial

Assisted with Breathe-easy© development, and provided
technical support during the trial

The undersigned hereby certify that the above declaration correctly reflects the nature

and extent of the candidate’s and co-authors’ contributions to this work.

Date
Candidate’s 23 July 2015
Signature
Main 23 July 2015
Supervisor’s
Signature
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5.2.2 Published manuscript: Study Protocol for a Randomised
Controlled Trial Evaluating the Efficacy of a Telehealth Program —
Management of Asthma with Supportive Telehealth of Respiratory
Function in Pregnancy (MASTERY)®. BMC Pulm Med. 2015; 15:8-4

LIGG UG IVAS IO 20 AREUTTIDUT  HHHESUT IS 1 VAL I PO TUET L UL WNTTIUST Uy JLSYvanL

Susan P. Walker®, Eldho Paul”® and Johnson George!”

Abstract

Background: Telehealth has the potential to improve asthma management through regular monitoring of lung
function and/or asthma symptorns by health professionals in conjunction with feedback to patients. Although the
benefits of telehealth for improving asthma management have been extensively studied, the feasibility of telehealth
for supporting asthma management in pregnant women has not been investigated. This study aims to evaluate the
use of telehealth for remotely monitoring lung function and optimising asthma control during pregnancy.

Metheds: A randomised controlled trial comparing usual care with a telehealth program (MASTERY®) has been
conducted. The intervention comprised a mobile application — Breathe-easy® supported by a Bluetooth-enabled
handheld device (COPD-6%), which was used for self-menitoring of lung function (FEV,, FEVs) twice daily, and
recarding asthma symptems and medication usage weekly; and a written asthma action plan (WAAP). The primary
outcome measure is change in asthma control measured using the Asthma Control Questionnaire (ACQ).
Secondary outcomes include changes in mini-Asthma Quality of Life Questionnaire (mAQLQ) score, lung function,
asthma-related health visits, days off work/studly, and oral corticosteroid use. Outcome data were collected at
baseling, 3 months and 6 months by a research assistant masked to group allocation. Maternal and neonatal
outcomes were also collected post-partum.

Discussion: This is the first study to evaluate the application of telehealth to optimize asthma management in
pregnant women. If effective, this telehealth program could improve asthma self-management by pregnant women
which may reduce the maternal and fetal risks of poorly controlled asthma during pregnancy.

Trial registration: Australian New Zealand Clinical Trials Registry (ACTRN 12613000800729) 17 July 2013
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Background

Asthma is the most common obstructive pulmonary dis-
ease that occurs during pregnancy and may complicate
pregnancy [1-4]. Previous studies have demonstrated that
asthma during pregnancy improves in slightly more than
a quarter of patients, but worsens in slightly more than
cne-third, and remains unchanged in one-third [5]. Poorly
controlled asthma increases the risk of poor outcomes such
as pre-eclampsia, fetal growth restriction, preterm birth and
need for caesarean delivery [6-9]. Given the lifelong health
decrements associated with these outcomes, an approach
to optimise monitoring and treatment of asthma could have
major short and long term public health benefits.

Education and regular menitoring by a pharmacist-
led multidisciplinary team has been shown to improve
asthma control during pregnancy [10]. Asthma man-
agement programs for pregnant women which involve
regular monitoring of lung function and assessment
of asthma symptoms appear to be effective in redu-
cing asthma exacerbations [11, 12]. However, further
studies are required to determine the most effective
and safe interventions for managing asthma in pregnancy
to improve maternal and neonatal outcomes [12].

Better asthma control can be achieved if patients are in-
volved in self-management. This includes self-monitoring
of asthma symptoms or lung function and following written
asthma action plans while maintaining regular contact with
their health professionals [13]. Telehealth supports asthma
management through patient education, adherence sup-
port, telephone follow-up and remote monitoring [14]. Tel-
chealth interventions have shown significant clinical
improvement and potential benefits in patients with
asthma, including: reduced time to access healthcare ser-
vices and reduced cost linked to travelling; earlier detec-
tien of worsening asthma (e.g. exacerbations), and
reduced healthcare visits/hospitalisations due to asthma
[15-18]. Lung function data derived from telehealth as-
sessment studies were comparable to those collected
under supervision by healthcare professicnals and thus
valid [19, 20]. Telehealth programs also appeared to be
feasible for asthma patients, as compliance with monitor-
ing was high and most patients found the equipment
easy to use [21].

Telehealth studies show potential benefits for asthma
management in the general population [22]. However
the feasibility of telehealth for supporting asthma man-
agement in pregnant women has not been investigated
to date. Pregnant women with asthma are young and are
likely to be willing to use new technolegy to assist self-
management of their asthma. Hence, the present study
will examine the potential for enhanced asthma manage-
ment in pregnancy through a telehealth program.

The study aims to evaluate the efficacy of a telehealth
intervention supported by a handheld respiratory device
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and a written asthma action plan (WAAP) for manage-
ment of asthma in improving asthma control during
pregnancy. We hypothesised that the telehealth inter-
vention group will have better asthma control as mea-
sured by the Asthma Control Questionmaire (ACQ)
score changes than the control group at three and six
months from baseline.

Methods

Study setting

Participants were recruited when attending scheduled
antenatal visits at two large maternity hospitals in
Melbourne, Australia (Mercy Hospital for Women and
The Royal Women’s Hospital); each hospital has ap-
proximately 6000 births per year.

Study design

The study was designed as a prospective multi-centre
single-blinded randomised controlled trial (RCT) with
outcome assessors masked to group allocation at follow-
up assessments. The flow of participants is illustrated in
Fig. 1. The total duration of the intervention was
6—8 months depending on timing of the first antenatal
visit and enrolment in the study. Both groups were
followed up throughout pregnancy and the cutcomes are
being compared at three and six months from baseline
to evaluate the efficacy of the intervention.

Inclusion and exclusion criteria

Eligibility for this trial included pregnant women with
asthma who had used any inhaled bronchodilator or
anti-inflammatory agent for asthma within the previous
12 months, were attending antenatal clinics in first or
second trimester, aged 18 years or older and able to
communicate in English. Those under specialist care for
severe/difficult asthma were excluded. Women who are
not already in possession of or have not used a smart
mobile phone were considered ineligible to participate.
This was confirmed by directly asking pregnant women
about their mobile phone usage.

Trial recruitment
The following methods of identification and recruitment
of participants were used:

1. One of the researchers (EZ) or research staff
searched the outpatient files and screened the
medical records of pregnant women with asthma
scheduled to have a clinic visit on the following day
by reviewing GP referral letters and/or notes from
previous clinic consultations. Eligible women were
approached for recruitment after clinic visit
completion. On each day the researcher/research
staff also searched for potential participants by
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| Assessed for eligibility (n= ) |

Raadomised (= )

Excluded (= )

= Not mesting inclusion criteria (o= )
» Declined to participate (n= )

» Other reasons (o= )

1

1

Allocated to intervention group {n= )

1

L‘iﬂumwwmlmw(r)

Follow-Up J

Lost to follow-up (not contactable, miscarried,
termination of pregnancy efc.) (o=}

Discontinued (withdrawal) (=)

| ( amtvs ) |

Lost to follow-up (not contactable, miscairied,
termination of pregnancy etc.) (o= )

Discontinued (withdrawaly (= )

J

Analysed (=)

Excluded from analysis inclusive of lost to follow
up and withdrawals {valid for only per protocol
analysis ) (- )

Fig. 1 Participant flow diagram

Analysed (=)

Excluded from analysis inclusive of lost to follow
up and withdrawals (valid for only per protocol
analysis ) (o= )

screening medical records of women who were
reviewed by the midwives or medical staff in the
antenatal clinics.

2. At one of the sites (the Mercy Hospital for Women),
a letter of invitation including a brief explanation of
the study together with their antenatal appointment
letter was posted to all pregnant women newly
registered with the antenatal clinic. At their first
clinic visit, the researcher approached each eligible
woman and sought interest in participation.

3. Advertising posters about the study were placed in the
antenatal clinics of participating hospitals and on the
websites of the National Asthma Council and the
Asthma Foundation of Victoria. Participant explanatory
statements and expression of interest forms were also
made available. Potential participants had access to the
information and were asked to leave their contact
details to allow one of the researchers to contact them.

If the woman agreed to participate, written informed
consent was sought.

Group allocation
Recruited participants were allocated to intervention or
control groups on a 1:1 basis, stratified by their asthma

severity. Asthma severity was assessed in accordance with
the National Asthma Council Australia (NAC) Asthma
Handbook classification based on their current asthma
medications and symptoms [23]. Participants were classi-
fied into two groups: 1) Intermittent — mild asthma: using
relievers only (e.g salbutamol); 2) moderate — severe
asthma: using any regular inhaled corticosteroids/ pre-
venters/ symptom controllers or their combinations.

Allocation was concealed using the sealed opaque enve-
lope technique. Random blocks of four and six were
chosen and random numbers were generated using a ran-
dom allocation software program [24] by an external re-
searcher not involved in the study. The allocation
sequence was known to this researcher only. At the time
of recruitment, the investigator (EZ) opened the num-
bered envelope and allocated each participant to the con-
trol (usual care) group or the intervention (MASTERY)
group. The outcome assessors were masked to the partici-
pant group allocation at follow-up assessments.

Control and intervention group

Intervention: MASTERY group

The trial evaluated an intervention involving a telehealth
program supperted by a Bluetooth-enabled handheld
spirometer COPD-6° (model number 4000, Vitalograph
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Ltd, Ennis, Ireland) and a WAAP. Women allocated to
the intervention group were provided with a COPD-6°
and a loaned smart mobile phone with the specifically
designed Breathe-easy® application installed on it. Each
participant measured their lung function (FEV; and
FEV;) daily using the COPD-6° device and recorded
asthma symptoms and asthma medication usage in the
Breathe-easy® application weekly. The daily lung func-
tion data were uploaded to a central server where the re-
searchers, participants and their health professionals had
secure access to the data. The participants’ health pro-
fessionals were contacted by one of the researchers, a
trained asthma educator (EZ), if any medication changes
or unscheduled asthma-related visits were needed.

A WAAP consistent with NAC guidelines was de-
signed for each participant based on informaticn ob-
tained at baseline. The WAAP contained instructions on
which medications to take when feeling well, how to rec-
ognise worsening asthma, what to do when symptoms
are getting worse and what to do in the event of an
acute attack, including a first aid plan. Each participant
received an automated weekly message regarding their
asthma status based on the Breathe-easy® algorithm that
was designed based on NAC [23] and Global Initiative
for Asthma (GINA) guidelines [25] (Additional file 1:
Table S1). An automated weekly message of overall
asthma control status was displayed as ‘well-controlled’
(score 0, green zone), or ‘not well controlled’ (score 5,
yellow zone and score 6, orange zone) to encourage par-
ticipants to follow their agreed asthma action plan and/
or contact their health professional the next werking day
if there was no improvement. If the asthma control sta-
tus was displayed as ‘very poorly controlled’ (score 7-15,
red zone), patients were prompted to follow their agreed
asthma action plan and contact their health professional
on the same day. The flow of the study is described in
Fig. 2 and the details of the intervention are illustrated
in Fig. 3.

Control: usual care group

‘Women allocated to the control group received the usual
medical care provided by the antenatal clinics and/or their
health professionals. This included their regular weekly to
monthly antenatal visits depending on their trimester and
other complications. If during follow up, it was apparent
that their asthma control deteriorated since prior assess-
ment (for example; using their reliever three or more times
a week, needing to increase their preventer dose), the par-
ticipant was advised by the research team to contact their
health professionals. The control group was also given a
summarised version of the “Asthma and Pregnancy” bro-
chure from the NAC which explained about asthma in
pregnancy including first aid and emergency assistance
number to use for any concerns regarding their asthma.
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Outcome measures

The primary outcome measure was change in asthma
control as measured by the Juniper Asthma Contrel
Questionnaire (ACQ - 7) [26]. Secondary outcomes in-
cluded changes in Juniper’s mini Asthma Quality of Life
Questionnaire (mAQLQ) score [27], lung function
(FEV, and FEV,), self-reported exacerbations (symptoms
requiring bronchodilators), asthma-related health visits,
days off work/study related to asthma, and oral cortico-
steroid use. Lung function testing (pre-bronchodilator)
was performed by trained research assistants using Easy-
One™ Worldspirometer (ndd Medizintechnik AG,
Zurich, Switzerland). Maternal and neonatal outcomes
data collected are the gestational age of the baby at de-
livery, development of any antenatal complications such
as gestational diabetes, hypertensive disorders of preg-
nancy, fetal growth restriction, antepartum hemerrhage,
and delivery details. Neonatal outcomes collected at de-
livery include birth weight centile, birth length, head cir-
cumference, and Appearance Pulse Grimace Activity and
Respiratory (APGAR) scores at 1 and 5 min after deliv-
ery. Birth weight centiles were calculated using
www.gestation.net/grow-au.aspx, which adjusted for ma-
ternal characteristics including height, weight, ethnicity,
parity and fetal gender.

Data collection and follow-up

ACQ, mAQLQ scores, asthma-related health visits,
asthma-related days off work/study, and oral cortico-
steroid use were collected at baseline, 3 months and
6 months from baseline to allow comparisons. Identi-
cal data collection forms were used for both groups.
Maternal and neonatal outcomes data were collected
shortly after delivery by reviewing medical records.
The assessors responsible for collecting outcome data
at three and six months were masked to the partici-
pant group allocation.

Sample size

A sample size of 28 per arm is sufficient to detect the mini-
mum clinically important difference in ACQ score of 0.5 or
more between treatment groups using a standard deviation
of 0.66 [10, 28, 29]. We estimate, conservatively, that by
3 months, there will be an improvement of at least 0.5 in
the ACQ scere in the intervention arm and that the control
arm could exhibit a very small improvement or no im-
provement at all in the ACQ score. If these improvements
are sustained at 6 months, then with 28 evaluable subjects
in each arm, and assuming an independence model for
measurement variation, and an intraclass correlation of 0.5
(equivalent to a within patient variance of 0.218 when the
total variance is 0.66> = 0.436), the F-test, conducted at the
5 % significance level will have at least 80 % power to detect
a treatment by time interaction effect. If these conjectured
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improvements by month 3 are not durable and the scores
return, on average, to their baseline levels at 6 months, then
both the F-test for the interaction and the two-sided z-test
comparing the two arms at menth 3 at the 5 % level of sig-
nificance will continue to have at least 80 % power. To
allow for approximately 25 % attrition, the target sample
size has been inflated from 28 per arm to 36 participants
per arm. The study is, however, not powered to detect dif-
ferences in the secondary outcomes.

Data analysis

All analyses will be performed using SAS version 9.4
(SAS Institute, Cary, NC, USA) and SPSS version 19.0
(IBM. SPSS Statistics for Windows, Armonk, NY). The
baseline characteristics of the two groups will be com-
pared using Student’s ftest for normally distributed con-
tinuous variables, Mann-Whitney U test for non-
normally distributed continuous variables and chi-square
or Fisher’s exact test as appropriate for categorical vari-
ables. The primary analysis will be performed according
to the intention to treat (ITT) principle on the “full ana-
lysis set”.

Primary inferential analyses will be conducted using a
mixed effects model for the ITT population. This medel
will include treatment group and time as fixed effects
with an interaction between treatment and time to ascer-
tain if the groups behave differently over time. All ob-
served data will be included in the analysis, with the
mixed-effects models, fitted by residual maximum likeli-
hood (REML) assuming non-informative dropout such
that the probability of dropout may depend on a partici-
pant’s previous response but not cn current or future re-
sponses. In supportive analyses, changes in the primary
outcome from baseline to 3 and 6 months will be com-
pared between groups using linear regression modelling
adjusting for baseline scores. Baseline demographic and
clinical factors that appear to be different will be in-
cluded as potential covariates in all regression models.

We will also compare the proportion of participants
whose ACQ score improves more than 0.5 (MCID) over
the study period, the proportion in whom asthma
remained “not well controlled’ (ACQ score 15 or
greater) and those whose asthma was “well controlled”
(ACQ score less than 1.5) at each time point [26]. Sec-
ondary outcomes will be summarised using descriptive
statistics and analyses will be performed using the
methods described above.

Ethical aspects

The study has been approved by the human research ethics
committees of Monash University, Mercy Hospital for
‘Women and The Royal Women’s Hospital. All participants
provide written informed consent at the time of enrolment.
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The study has been registered with the Australian New
Zealand Clinical Trials Registry: ACTRN12613000800729.

Discussion

Innovative support  self-
management and to improve asthma control during
pregnancy. The MASTERY trial is designed to evaluate a
telehealth program aimed at helping pregnant women
with asthma to monitor their lung function and better
manage their asthma during pregnancy. The Vitalegraph
COPD-6° is designed to enable the lung function data to
be transmitted automatically via a Bluetooth connection
to another enabled device (e.g. phone, computer). In our
study, the Breathe-easy® application installed on a smart
phone acquires the data and transmits via internet to a
secure website, which can be accessed only by patients

solutions are needed to

and other authorized personnel.

Automatic transmission can minimise the risk of er-
rors when data are entered/reported manually. The
Breathe-easy® application has been developed to recerd
lung function data, asthma symptoms and medication
usage and provides a user-friendly interface through a
smart mobile phone. Recording symptoms as part of
asthma management is known to reduce costs associated
with unplanned hospitalisation and improved quality of
life in asthma patients [13, 27, 28].

Daily recording of lung function and weekly assess-
ment of asthma symptoms could allow women to
recognize early worsening of their asthma control. Par-
ticipants in the intervention group were provided with a
WAAP as it was part of the algorithm of the telehealth
intervention (MASTERY). The automated messages sent
to each participant in the intervention group contained
feedback regarding their asthma centrol/condition and
asked them to refer to their individualised WAAP for
further management. The individualised WAAP de-
signed for each woman provided clear guidelines in
terms of actions to be taken in case of worsening
asthma. Although the WAAP alone may be effective in
achieving asthma control, the telehealth (Breathe-easy®)
app had additional features for monitoring and record-
ing symptoms and lung function to give instant feedback
to participants about their asthma status using an algo-
rithm based on an individualized WAAP.

The proposed intervention has the potential to identify
worsening asthma control early and prevent asthma ex-
acerbations during pregnancy by regularly menitering
lung function and asthma symptoms. This may trans-
lated to reduce health care costs through fewer asthma-
related unplanned medical and emergency department
visits. If the intervention is efficacious, this could poten-
tially influence clinical practice and health policy. The
Breathe-easy® application could be made widely
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5.3 DISCUSSION AND SUMMARY

The MASTERY © trial was informed by the MAMMA® trial by Lim et al [134] , which
evaluated an educational intervention in similar number of participants at the same
settings. The main change was the use of the Breathe-easy® application as part of the
intervention. The pilot testing was done but restricted to the testing of the Breathe-
easy® application. The pilot testing focused on ensuring that the Breathe-easy®
application worked with the mobile phone (Android system), was easy to use by adults
with asthma, and integrated well with the MASTERY portal. Individual patient
randomisation was used as alternative methods of randomisation such as cluster
randomisation were not suitable given the pilot nature of the study and the limited

number of sites (n = 2).

The intervention group was required to record lung function daily and asthma
symptoms weekly. Asthma symptoms were recorded in line with GINA/NAC
guidelines. This included: the frequency of day and night symptoms, interference with
normal activity, and the use of reliever medication in the previous week. Recording
symptoms daily in addition to lung function may be too much for patients and would

not be consistent with the guidelines.

General Practitioners (GPs), respiratory physicians, and obstetricians all had secure
access to the telemonitoring system and were able to access data for their patients.
Each health professional was provided with a user name and a password that allowed
him/her to log in any time to monitor the asthma status of patients. However, many
health professionals did not make use of this feature due to their busy schedule.

Nevertheless, GPs were involved when any changes regarding patients’ asthma action
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plan were essential during the trial. The researcher, who is also a trained asthma
educator, was in-charge of the telemonitoring system in the pilot/feasibility trial. If the
proposed intervention is adopted more widely, I would anticipate an asthma educator,
practice nurse or practice pharmacist to be in-charge of the telemonitoring system,

especially if the GP is not available to undertake this role.

Standardised questionnaires like the Nathan’s Asthma Control Test (ACT) ) [184], the
Juniper’s ACQ [185], the Vollmer’s Asthma Therapy Assessment Questionnaire
(ATAQ) control index [186], and others have been developed and approved by GINA
to facilitate and standardise the assessment or monitoring the impairment domain of
asthma control [187]. Many instruments such as Juniper’s mAQLQ [188], Marks and
Katz’s AQLQ[189] have also been developed and tested to assess the quality of life
among people who have asthma in all age groups. ACQ and mAQLQ were also used
in the study by Powell ef al [190] (FeNO-based algorithm) and Ryan et al [180](the
CYMPLA trial) as described in the systematic review in chapter 3 and MASTERY
trial in chapter 6. Therefore, ACQ and mAQLQ scores were chosen as study

outcomes in this trial.
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Chapter 6
Management of Asthma with
Supportive Telehealth of Respiratory
Function in Pregnancy (MASTERY®) —
Findings of a Randomised Controlled
Trial

6.1 Introduction

An intervention for optimising asthma management during pregnancy was developed,
incorporating a telehealth programme, regular self-monitoring of pulmonary function
and asthma symptoms, and a Written Asthma Action Plan (WAAP). The efficacy of
the intervention was evaluated in a RCT. The study protocol for the MASTERY® trial
was described in the previous chapter (Chapter 5). This chapter presents the key

findings from the MASTERY® trial.

There were no significant changes to the study protocol as published in chapter 5 during

the course of the trial.

A manuscript has been revised and resubmitted to Respirology and is reproduced

below.

Appendices relevant to this chapter are appendix 5, 9, 10, 12, 14 and 22.
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6.2 Manuscript

6.2.1 Declaration (Part B) for Thesis Section 6.2.2

In the case of Section 6.2.2, the nature and extent of my contribution to the work was

the following:

Nature of Extent of
contribution contribution (%)
Reviewed literature, designed trial, developed Breathe-easy© 60
application and algorithm, carried out participant recruitment and
baseline data collection, entered and analysed data, and prepared
first draft of the manuscript and revised it based on comments
from the other authors.
The following co-authors contributed to the work.
Name Nature of contribution
Dr Johnson George Conceived idea, advised on study design, was in charge of
product purchases and assisted with manuscript preparation
A/Prof Kay Stewart Advised on study design and assisted with manuscript preparation
Prof Michael Abramson Advised on study design and assisted with manuscript preparation
Prof Christine McDonald Advised on study design and participant’s written asthma action
plan and assisted with manuscript preparation
Eldho Paul Conducted statistical analysis on primary outcomes and assisted
with manuscript preparation
Prof Susan Walker Advised on study design and assisted with manuscript preparation
Dr Jonathan Li Assisted with Breathe-easy© development, and provided
technical support during the trial
Thanuja Dharmasiri Assisted with Breathe-easy© development and provided technical

support during the trial

The undersigned hereby certify that the above declaration correctly reflects the nature

and extent of the candidate’s and co-authors’ contributions to this work.

Date
Candidate’s 23 July 2015
Main 23 July 2015
Supervisor’s
Signature
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6.2.2 Revised and resubmitted manuscript: Telehealth to Improve
Asthma Control in Pregnancy: a Randomised Controlled Trial

Revised and resubmitted to Respirology.

Telehealth to improve asthma control in pregnancy: a randomised
controlled trial

Elida Zairina!, Michael ] Abramson®?, Christine F McDonald*, Jonathan Li°, Thanuja
Dharmasiri®, Kay Stewart', Susan P Walker®’, Eldho Paul?®, Johnson George'

!Centre for Medicine Use and Safety, Monash University, Parkville, Victoria,
Australia; ?Dept of Epidemiology and Preventive Medicine, Monash University,
Melbourne, Victoria, Australia; *Allergy, Immunology & Respiratory Medicine, the
Alfred Hospital, Melbourne, Victoria, Australia; “Dept of Respiratory and Sleep
Medicine, the Austin Hospital, Heidelberg, Victoria, Australia; *Dept of Electrical and
Computer Systems Engineering, Faculty of Engineering, Monash University, Clayton,
Victoria, Australia; ®Department of Maternal Fetal Medicine, Mercy Hospital for
Women, Melbourne, Australia; "Department of Obstetrics and Gynaecology,
University of Melbourne, Victoria, Australia;*Department of Clinical Haematology,
the Alfred Hospital, Melbourne, Victoria, Australia
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Abstract

Background and objective: Poorly controlled asthma during pregnancy is hazardous
for both mother and fetus. Better asthma control may be achieved if patients are
involved in regular self-monitoring of symptoms and self-management according to a
written asthma action plan (WAAP). Telehealth applications to optimise asthma
management and outcomes in pregnant women have not yet been evaluated. This study
evaluated the efficacy of a telehealth program supported by a handheld respiratory
device in improving asthma control during pregnancy.

Methods: Pregnant women with asthma (n=72) from two antenatal clinics in
Melbourne, Australia were randomised to one of two groups: 1) intervention —
involving a telehealth program (Management of Asthma with Supportive Telehealth
of Respiratory function in Pregnancy [MASTERY®]) supported by a handheld
respiratory device and an Android smart phone application (Breathe-easy®) and
WAAP; or 2) control — usual care. The primary outcome was change in asthma control
at 3 and 6 months (prenatal). Secondary outcomes included changes in quality of life,
lung function, and perinatal/neonatal outcomes.

Results: At baseline, participants’ mean (+SD) age was 31.4+4.5 years and gestational
age 16.7£3.1 weeks. At six months, the MASTERY group had better asthma control
(p=0.02) and asthma-related quality of life (»p<0.01) compared to usual care. There
were no significant differences between groups in lung function, unscheduled
healthcare visits, days off work/study, oral corticosteroid use or perinatal outcomes.
Differences between groups were not significant at three months.

Conclusions: Telehealth interventions supporting self-management are feasible and
efficacious to improve asthma control and asthma-related quality of life during
pregnancy.

Keywords: asthma control, pregnant women, quality of life, telehealth

Trial registration:

Australian New Zealand Clinical Trials Registry (ACTRN 12613000800729) 17 July
2013.URL: www.anzctr.org.au.
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INTRODUCTION

Asthma is the most common
lung condition that affects and
complicates pregnancy." > Managing
asthma in pregnant women is an
integral part of asthma guidelines,>”
however, poorly controlled asthma
during pregnancy still remains a major
problem. Poorly controlled asthma
increases the risks of pre-eclampsia,
fetal growth restriction, pre-term birth
and need for caesarean delivery.®”

Better asthma control can be
achieved if patients are involved in
self-management, visit ~ medical
practitioners regularly and possess (and
follow) a written asthma action plan
(WAAP).!” Recording daily symptoms
continually as a part of asthma self-
management  reduces  unplanned
hospitalizations and improves quality
of life in asthma patients.!'!-14

Early detection of
exacerbations and better management
of asthma exacerbations can be
achieved by home telemonitoring.'!"!*
Internet or mobile phone-based
healthcare interventions have been
reported to have potential benefits in
adults' ' and children'® with asthma
when compared with wusual care.
Mobile phone-based interventions to
support asthma management have been
evaluated in several studies.!*!6
However, telehealth applications to
optimise asthma management and
outcomes in pregnant women have not
yet been evaluated.

The aim of this study was to
evaluate the efficacy of a telehealth
program, supported by a handheld
respiratory device, in improving
asthma control during pregnancy. We
hypothesised that the intervention
group (Management of Asthma with
Supportive Telehealth of Respiratory

function in Pregnancy [MASTERY®])
would have better asthma control
compared to the control group (usual
care).

METHODS

Study design and participants

A prospective multi-centre
single-blinded randomised controlled
trial (RCT) was conducted in the
antenatal clinics of two large maternity
hospitals in Melbourne, Australia. The
study was registered (ACTRN
12613000800729) and was approved
by the human research ethics
committees of Monash University,
Mercy Hospital for Women and the
Royal Women’s Hospital. All
participants provided written informed
consent at the time of enrolment.

Pregnant women with asthma
aged >18 years, up to 20 weeks
gestation and able to communicate in
English were approached. Those who
self-reported use of any inhaled
bronchodilator or anti-inflammatory
agent for asthma within the previous 12
months were included. Women under
specialist care for brittle/difficult
asthma'” or who were not in possession
of or have not used a “smart” mobile
phone were excluded. All women in the
intervention group were loaned an
Android phone with Breathe-easy®
application installed.

Randomisation and group allocation

The detailed protocol has been
published elsewhere.!® In brief, all
consenting participants were stratified
by asthma severity based on their
current asthma medications and
symptoms into two groups:
intermittent-mild or moderate-severe
asthma.? Participants were randomised
to intervention (MASTERY) or control
(usual care) with 1:1 allocation in
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random blocks of four and six using a
random allocation software!® by an
independent researcher.
Randomisation results were concealed
using the sealed opaque envelope
technique. Participation of the women
in the study is summarised in Figure 1.

Intervention and control group
Intervention: MASTERY group

The flow of the study is described
in Figure 2. Participants allocated to
MASTERY were provided with a
COPD-6® (Vitalograph Ltd, Ennis,
Ireland) to measure their lung function
(FEV: and FEVg) daily and a
specifically designed Breathe-easy®
application installed on a loaned
“smart” mobile phone to record asthma
symptoms and asthma medication
usage weekly. Participants were also
prompted to follow an individualised
WAAP specifically developed by the
study team as part of the intervention
package. Each participant received an
automated weekly feedback message
on the phone regarding her asthma
status based on the Breathe-easy®
algorithm that was based on National
Asthma Council® and Global Initiative
for Asthma (GINA) guidelines.’ An
automated weekly message of overall
asthma control status was displayed as
‘well-controlled’, or ‘not well
controlled’ to encourage participants to
follow their agreed WAAP and/or
contact their health professionals the
next working day if there was no
improvement. If the asthma control
status was displayed as ‘very poorly
controlled’, patients were prompted to
follow their agreed WAAP and to
contact their health professional on the
same day. All data were transmitted
automatically to a central server to
which the researchers, participants and
their health professionals had secure
access. Participants’ health

professionals were contacted by one of
the researchers, a trained asthma
educator (EZ), if any medication
changes or unscheduled asthma-related
visits were needed.
Control: Usual care group

Control group received usual
medical care from the antenatal clinics
and/or their health professionals
including regular weekly to monthly
antenatal  visits  depending  on
pregnancy stage and presence of any
complications. A summary of the
“Asthma and Pregnancy” brochure
from the NAC, which explained
asthma in pregnancy, including first aid
and an emergency assistance number to
call for any concerns regarding asthma
was given to participants in both
groups.

Outcome measures

The primary outcome measure
was change in asthma control as
measured by the 7-item Asthma
Control Questionnaire (ACQ-7) at 3
and 6 months.?’ Secondary asthma-
related outcomes were changes in
Juniper’s mini Asthma Quality of Life
Questionnaire (MAQLQ) score,?!' lung
function (FEV: and FEVg), self-
reported exacerbations, asthma-related
health visits, days off work/study
related to asthma and  oral
corticosteroid use. All these measures
were conducted prenatally.

Perinatal  outcomes  were
development of any  antenatal
complications such as gestational
diabetes, hypertensive disorders of
pregnancy, postpartum haemorrhage,
and foetal growth restriction, mode of
delivery and gestational age of baby at
delivery.

Neonatal outcomes included
birth weight centile, birth length, head
circumference, and Appearance Pulse
Grimace Activity and Respiratory
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(APGAR) scores at 1 and 5 minutes
after delivery. Birth weight centiles
were calculated using
wWww.gestation.net/grow-au.aspx,
which  adjusted  for  maternal
characteristics  including  height,
weight, ethnicity, parity and foetal
gender.

Data collection and follow-up

ACQ and mAQLQ scores,
asthma-related health visits, asthma-
related days off work/study, oral
corticosteroid use were assessed at
three and six months from baseline to
allow comparisons. Perinatal outcomes
data were collected shortly after
delivery by reviewing medical records.
The outcome assessors doing follow-
ups at three and six months were
masked to participant group allocation.

Sample size

Using a standard deviation in
ACQ score of 0.66,>* ?* we estimated
that a sample size of 28 in each arm
would have 80% power with a two-
sided 5% significance level to detect
the minimal clinically important
difference (MCID) in ACQ score of 0.5
or more between groups.?® To allow for
25% attrition, 36 participants were
required in each arm.

Data analysis

The primary analysis was
performed according to the intention to
treat (ITT) principle. Baseline
characteristics were compared using
Student’s t-test or Mann-Whitney U
test as appropriate for continuous
variables and chi-square or Fisher’s
exact test as appropriate for categorical
variables. For the primary analysis,
linear regression models were fitted to
compare changes in ACQ scores
between groups at three and six months
adjusting for baseline scores. We also

compared  the  proportion  of
participants whose ACQ  score
improved more than 0.5 (MCID) over
the study period, and the proportions in
whom asthma remained ‘“not well
controlled” (ACQ score 1.5 or greater)
or “well controlled” (ACQ score less
than 1.5) at each time point.?*
Secondary outcomes were summarised
using descriptive statistics and analyses
performed as described above. All
analyses were performed using SAS
version 9.4 (SAS Institute, Cary, NC,
USA) and SPSS version 19.0 (IBM
SPSS Statistics for Windows, Armonk,
NY).

RESULTS

Seventy two pregnant women
with asthma, mean (+SD) age 31.4+4.5
years, were enrolled in the study. The
groups had similar characteristics at
baseline (Table 1). The mean (£SD)
gestational age (in weeks) at baseline,
3 months and 6 months was 16.7+3.1,
27.4+1.3 and 36.5+0.6. No significant
difference in gestational age was
observed between the groups. The
majority had moderate to severe
asthma (58%). Inhaled
corticosteroid/long-acting beta agonist
(ICS/LABA) combinations were the
regular asthma medication for almost
half of them. The mean ACQ scores
and mAQLQ scores for MASTERY
and usual care groups matched well.
FEVi, FEVi%  predicted and
FEVI/FEVs were lower in the
MASTERY group than the usual care
group, but these differences were not
significant.

Changes in ACQ score from
baseline to 3 months (mean +SE) for
MASTERY and usual care groups were
0.01£0.11 and -0.16+0.09,
respectively. At six months, the
changes in ACQ score in the two
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groups from baseline were 0.30+0.11
and -0.06+£0.10, respectively; and the
mean difference between groups was
significant  (p=0.02) (Table 2).
Participants in the MASTERY group
also had clinically  significant
improvements (MCID > 0.5) in their
quality of life at six months than the
usual care group (p=0.002) (Table 2).
Changes in FEV,, FEVi% and
FEV1/FEVs from baseline to both three
and six months between the groups
were not significant (Table 2).

Figures 3(A) and 3 (B) show
changes in ACQ and mAQLQ scores,
respectively, in the two groups between
baseline and both three and six months.
At six months, the MASTERY group
had a higher proportion of participants
with well-controlled asthma (ACQ
<1.5) than the control group (82% vs
58%, p=0.03). Compared to the control
group, MASTERY group also had
more participants with a clinically
significant (i.e. change in scores greater
than the MCID) improvement in ACQ
(39% vs 19%, p=0.07) and mAQLQ
scores (36% vs 19%, p=0.12), but the
differences were not statistically
significant.

At 6 months, the MASTERY
group self-reported fewer asthma
symptoms requiring a reliever in the
previous three months (MASTERY
[n=1] vs control [n=18], p<0.001).
Only one control participant had any
unscheduled health visit related to
asthma. One participant from the
MASTERY and two from the control
group were prescribed an oral
corticosteroid. One participant in each
group reported days off work/study
related to asthma.

The perinatal outcomes
including neonatal outcomes, delivery
data and complications at the end of the
study were similar in both groups
(Table 3). Small differences between

the groups in normal vaginal delivery
(MASTERY=58%, usual care=47%;
p=0.39) and emergency caesarean
(MASTERY=12%, usual care=17%;
p=0.74) did not reach statistical
significance. No significant differences
in neonatal outcomes or pregnancy
complications were observed between
the groups either.
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Assessed for eligibility (n=157)

{ Enrolment }

Excluded (n=85)

s Not meeting inclusion criteria (n— 50)
s Declined to participate (n— 28)

» Other reasons (n—7)

Randomised (n= 72)

l

Intervention (MASTERY group}
(n=36)

[ Allocation ]

l

Control (Usual care group)
(n=136)

3-month follow-up completed (n=33)
* Discontinued (withdrawal) (n=2)
6-month follow-up completed (n=32)

* Discontinued (withdrawal) (n=3)

* Lost 1o follow-up (not contactable) (n=1)

= Lostto follow-up (not contactable) (n—1)

Y

Analysed (n=33)*

Excluded from analysis inclusive of lost to follow
up and withdrawals (valid for only per protocol

analysis) (n=4)

{ Follow-Up } L
3-month follow-up completed (n=36)
6-month follow-up completed (n=35)
« Discontinued (withdrawal) (n=1)
fL Analysis J Y
Analysed (n=36)*

Excluded from analysis inclusive of lost to follow
up and withdrawals (valid for only per protocol
analysis) (n= 1)

*ITT analysis: participants who had at least one follow-up were included in the primary analysis

Figure 1. CONSORT diagram of participant flow
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Pregnant women with asthma attend their scheduled antenatal visits at outpatient clinics

-

Potential participants identified and screened based oninclusion and exclusion criteria

v

Consent abtained from eligible participants and their health professionals notified

v

Baseline data collection: demographics. maternal and clinical characteristics

v

Randomisation
Intervention group Control group
(MASTERY group) {(Usual Care group)
+COPD-6 device and Breaths- *Usual medical care provided
easy® application loaded onto by the antenatal clinics and/or
mobile phone to monitor lung their health professionals
function daily andupload asthma +“Asthma and Pregnancy™
symptoms weekly brochure
Written Asthma Action Plan
+“A sthma and Pregnancy™
brochure

= Follow up at three and six months

v

Ml
Y

Pregnant women with asthma attend their scheduled antenatal wisits at outpatient

clinics
v

Primary outcome: changein ACQ score

Secondary outcomes: change i mAQLQ score and lung function (FEV,, FEV
FEV{/FEV;), selfreported exacerbations. asthma-related health wvisits, asthma-related
days off wotk/study, oral corticosteroiduse, maternal and neonatal outcomes

Figure 2. Flow chart of the study
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Table 1. Demographic, maternal and clinical characteristics of the study

population at baseline

MASTERY group Usual care group
(n=36) (n=36)

Demographic characteristics
Race

Caucasian 30 (84) 30 (84)

Asian 3 (8) 3 (8

Other 3 (8 3 (8
Australian/New Zealander 30 (83) 30 (83)
Married 27 (75) 29 (81)
Full time employment 17 (47) 18 (50)
Health care/concession card holder 5(14) 4[7]
Possessed current asthma action 2(5) 1(3)
plan
Level of education

High school graduate 5(14) 4 7]

University graduate 6 (16) 11 (31)

Postgraduate or advanced degree 15 (42) 13 (36)

Other 10 (28) 8 (22)
Smoking status

Never 25 (69) 23 (64)

Quit pre-pregnancy 8 (22) 11 (30)

Quit during pregnancy 1 (3 1 (3

Currently smoking 2 (5 1 (3)
Maternal characteristics
Age (years)! 31.1+4.7 31.8+43
Height ! 164.0+54 161.7+7.1
Weight (kg)! 78.9+£21.6 70.8 £ 11.1
BMI (kg/m?)! 293+74 27.6+3.9
Gestational age (weeks)' 16.5+2.9 16.2+2.9
Primigravid 16 (44) 15 (42)
Other medical conditions

Anxiety/depression 10 (28) 10 (28)

Thyroid disorder 4[7] 2 (6)
Clinical characteristics
Duration of asthma [years]? 26.5[20.50 — 30] 25.5[20—30]
Asthma severity

Intermittent to Mild 15 (42) 15 (42)

Moderate to Severe 21 (58) 21 (58)
Asthma medications

SABA only 15 (42) 15 (42)

ICS + SABA 3 (8 2 (6)

ICS/LABA + SABA 18 (50) 19 (52)
FEV] in litres® 2.7+0.1 2.9+0.1
FEV1% predicted 3 89.1+23 91.6 +0.1
FEV/FEV¢(%)? 80.1+1.1 81.5+1.0
ACQ score? 1.1+0.1 1.2+0.1
mAQLQ score? 55+0.2 55+0.2

ACQ, Asthma Control Questionnaire; BMI, Body Mass Index; mAQLQ, mini Asthma Quality of
Life Questionnaire, FEV, Forced expiratory volume in 1 second; FEV%, FEV; expressed as a
percentage of the predicted value; FEVs, Forced expiratory volume in 6 seconds; ICS, inhaled

corticosteroid; LABA, long-acting beta agonist, SABA, short-acting beta agonist.

Values are

presented as numbers (percentages) unless specified. ‘mean + SD, ? median [interquartile range],

‘mean + SE.
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Table 2. Mean (£SE) change of ACQ, mAQLQ score and lung function from
baseline at 3 and 6 months and the difference in mean change between groups

adjusted for baseline

Change within group

Difference between
groups adjusted for

baseline
Changein MASTERY Usual care Mean 95% CI P
outcome group group difference value
(n=33) (n=36)

ACQ

3 months 0.01£0.11 -0.16+£0.09 -0.17+0.14 -0.45t00.12 0.26

6 months 0.30+0.11  -0.06+0.10 -0.36+0.15 -0.66 to -0.07 0.02
mAQLQ

3 months -0.09+0.14 0.17+0.13 0.27+0.19  -0.09 to 0.64 0.15

6 months -0.51+0.16 0.22+0.15 0.72+0.22 0.29t0o 1.16  0.002
FEV;

3 months 0.12+0.05 0.08+0.05 -0.03+£0.06 -0.16to0 0.09 0.63

6 months 0.11+0.06 0.07+0.05 -0.04+0.08 -0.19t00.11 0.57
FEV1%

3 months 6.04 +1.69 1.75+1.57 -429+232 -8.841t00.25 0.07

6 months 427+1.86 1.54+1.72 -2.72+£254 -7.71t02.27 0.29
FEVi1/FEVs

3 months 343+1.17 0.14+1.09 -329+1.61 -6.44t00.14 0.05

6 months 1.53+1.07 -0.56+0.98 -2.08+1.46 -4941t00.78 0.16

ACQ, Asthma Control Questionnaire; mAQLQ, mini Asthma Quality of Life
Questionnaire;FEV;, Forced expiratory volume in 1 second; FEV%, FEV;
expressed as a percentage of the predicted value; FEVs, Forced expiratory volume
in 6 seconds. Values are presented as mean = SE. Positive mean change of ACQ
score suggests that asthma control improved from baseline and vice-versa.
Negative mean change of mAQLQ score suggests that QoL improved from baseline

and vice-versa.

Figures 3(A) and 3 (B) show
changes in ACQ and mAQLQ scores,
respectively, in the two groups between
baseline and both three and six months.
At six months, the MASTERY group
had a higher proportion of participants
with well-controlled asthma (ACQ
<1.5) than the control group (82% vs
58%, p=0.03). Compared to the control
group, MASTERY group also had
more participants with a clinically
significant (i.e. change in scores greater
than the MCID) improvement in ACQ

(39% vs 19%, p=0.07) and mAQLQ
scores (36% vs 19%, p=0.12), but the
differences were not statistically
significant.

At 6 months, the MASTERY
group self-reported fewer asthma
symptoms requiring a reliever in the
previous three months (MASTERY
[n=1] vs control [n=18], p<0.001).
Only one control participant had any
unscheduled health visit related to
asthma. One participant from the
MASTERY and two from the control
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group were prescribed an oral
corticosteroid. One participant in each
group reported days off work/study
related to asthma.

The  perinatal outcomes
including neonatal outcomes, delivery
data and complications at the end of the
study were similar in both groups
(Table 3). Small differences between

the groups in normal vaginal delivery
(MASTERY=58%, usual care=47%;
p=0.39) and emergency caesarean
(MASTERY=12%, usual care=17%;
p=0.74) did not reach statistical
significance. No significant differences
in neonatal outcomes or pregnancy
complications were observed between
the groups either.
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Figure 3. (A) Changes in ACQ scores (B) Changes in mAQLQ scores. Data are

expressed as mean = SE
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Table 3. Perinatal outcome data and the comparison between the groups

MASTERY group Usual care group
(n=33) (n=36)
QOutcome
Neonatal Data
Male 16 (49) 21 (58)
Birth weight (g)' 3434 + 555 3447 + 547
Length ! 49.9+2.7 50.3+2.3
Head circumference ! 343+1.7 348+2.8
APGAR score?
At 1 minute 9 [8-9] 9[7.25-9]
At 5 minutes 9 [9-9] 9 [9-9]
Gestational age (weeks)! 39.1+ 1.4 393+1.2
Admission to NICU or SCN 1 (3) 2 (6)
Premature (< 37 weeks) 1 (3) 2 (6)
Low birth weight (<10® 4(12) 7(19)
centile for gestational age)
Delivery Data
Mode of Delivery
Vaginal delivery 19 (58) 17 (47)
Assisted delivery 4 (12) 7 (19)
Elective caesarean 6 (18) 6(17)
Emergency caesarean 4(12) 6(17)
Complications
Gestational diabetes 309 6 (17)
Hypertensive disorders of 2(6) 2 (6)
pregnancy
Postpartum haemorrhage 1(3) 2 (6)
Macrosomia 2 (6) 5(14)
IUGR 1(3) 0 (0)

APGAR, Activity Pulse Grimace Appearance, Respiration;, NICU, Neonatal
Intensive Care Unit; SCN, Special Care Nursery; IUGR, Intra Uterine Growth

Restrictions.

Values are presented as numbers (percentages) unless specified. 'mean + SD, *

median [interquartile range]

DISCUSSION

A telehealth  intervention
supported by a mobile application, self-
monitoring device and use of an
individualized WAAP improved self-
management of asthma in pregnancy.
Change in asthma control was
statistically ~ significant in  the

MASTERY (telehealth) group at 6
months, but the mean change in ACQ
score failed to reach the MCID. At 6
months, better asthma-related quality
of life, and fewer self-reported
exacerbations were observed in the
MASTERY group. However, changes
in lung function between groups were
not significant. This study also
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established the role of WAAP guided
self-management in optimising asthma
control in pregnancy. Assessing
asthma symptoms, monitoring lung
function regularly and establishing
individual WAAP are components of
asthma self-management according to
GINA and NAC.* % Since pregnancy
may alter the severity of asthma
unpredictably,?® pregnant women with
asthma should be encouraged to have
self-management plans with close
monitoring of asthma
symptoms/control to prevent any
exacerbations during pregnancy.

A Cochrane Review of self-
management education and regular
practitioner review has found that
monitoring asthma severity and the use
of WAAP could reduce the frequency
of asthma exacerbations, optimise
asthma medication use and decrease
the cost of asthma management.'’
Monitoring asthma regularly using
objective measures of lung function
(FEV1) and asthma symptoms could
improve asthma control and reduce
exacerbations during pregnancy.?’ Lim
et al*® showed that multidisciplinary
care involving education and regular
monitoring in pregnant women with
asthma could improve maternal asthma
outcomes. Our study adds further
knowledge and highlights the potential
role of telemonitoring of asthma in
pregnancy. The automated feedback
based on the individualized WAAP
offered early identification of
worsening  asthma  control  and
prompted appropriate intervention,
potentially preventing further
deterioration of asthma control.
However, compared to the control
group, the intervention group may have
received the beneficial effects from the
personalised WAAP that was also
provided as part of the intervention.

The effect of combined mobile

phone and web application/software on
asthma control in adults was examined
by Liu et al'* and Ryan et al.'> The
intervention groups had interactive
software applications installed on
participants’ mobile-phones which
allowed recording of lung function
(FEV1) daily and asthma symptoms.
Control groups were provided with a
written asthma diary and WAAP. Liu et
al'* found that at six months, the
intervention group had better lung
function and quality of life, fewer
exacerbations and unplanned visits
than the control group. However Ryan
et al’® did not find any significant
difference in outcomes of the
intervention compared to the control
group. Our trial included a much
younger pregnant cohort, and excluded
those who were not in possession of or
have not used a “smart” mobile phone.
Differences in participant
characteristics (pregnant women Vs
>12 years) and the study settings
(maternity hospitals vs primary care
clinics), might explain the differences
in outcomes between our study and
Ryan et al'’. Additionally, our usual
care was less intensive than that of Liu
et al'* and Ryan et al'® and it is possible
that the observed benefits in our study
resulted from the enhanced clinical
care rather than the technological
intervention.

Asthma self-management
supported by personalised WAAP
reduces severe exacerbations,
unscheduled  health  visits  and
hospitalisations.?® Studies to date have
not provided a strong evidence base to
guide clinicians or policy makers on
the use of mobile phone apps for
delivering asthma self-management
programs.?’>  The  Breathe-easy®
application encourages patients to
manage asthma by monitoring their
symptoms and lung function regularly
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and provides them with instant
feedback regarding their asthma
control. As part of the Breathe-easy®
algorithm, we  also  provided
individualised @ WAAP  for the
MASTERY group. WAAP has been
widely recommended as a component
of asthma self-management rather than
stand-alone intervention.!® 3* This
study showed the importance of having
an individualised WAAP as part of a
self-management program for every
person with asthma; however a close
collaboration between patients and
their health care professionals and
feedback are required for full
benefits.*!: 3

Our study had some strengths
and limitations. This was the first study
to investigate the role of telehealth for
supporting asthma management in
pregnant women. It was carried out in
the antenatal clinics of two large
maternity hospitals and included
participants from a range of socio-
demographic backgrounds and asthma
severity. It was not possible to mask the
intervention, which may have caused
potential respondent bias, however we
minimised bias by using objective
assessments  including  spirometry
(FEV: and FEVg) and standardised
questionnaires for the 3 and 6 months
follow-ups. Exacerbations were self-
reported by participants and no
information on the amount of relievers
used was collected. However, outcome
assessments were performed by trained
research assistants masked to group
allocation.

The intervention was not
suitable for patients with visual/hearing
impairment and those unable to operate
a smart mobile phone. It was unknown
to what extent general practitioners
were involved in monitoring their
patients’ asthma. We had no data
regarding patient compliance to the

advice provided (e.g. follow their
WAAP or to see their doctor). Patient
compliance to the recommendations as
part of the telehealth intervention
should be assessed in a future study.
The place of mobile technology in
clinical care might depend on whether
it is cost effective for enhancing “usual
care” to the standards recommended by
guidelines. The study was not powered
to assess the cost-effectiveness of the
MASTERY intervention compared to
usual care in the study clinics. Further
studies are needed to evaluate the cost-
effectiveness of telehealth
interventions.

In summary, a telehealth
intervention was shown to be feasible
for monitoring asthma in pregnant
women. The effects of Breathe-easy®
application on asthma control, asthma-
related quality of life and exacerbations
should be evaluated in larger studies,
other populations with asthma, and
those with other chronic respiratory
conditions such as COPD.
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Chapter 7
Summary of the Research Findings and
Conclusions

7.1 Introduction
Previous chapters (Chapters 3 — 6) have presented in detail the work undertaken for
each research phase (systematic review, prospective cohort study and RCT). This

chapter will discuss the overall findings in relation to the thesis objectives.

Section 7.2 summarises the key findings of the studies conducted, including a
discussion of their implications. Section 7.3 describes what this research adds to
current knowledge. Section 7.4 acknowledges the strengths and limitations of the
studies. Section 7.5 highlights some recommendations, with future research directions

outlined in Section 7.6. Section 7.7 presents the conclusions of this thesis.

7.2 Overall summary of the research findings
Objective 1: To evaluate non-pharmacological healthcare interventions for

asthma management in pregnant women.

This systematic review (Chapter 3) confirmed there is currently limited evidence of
non-pharmacological interventions for improving asthma control in pregnant women.
Due to the heterogeneity of study designs, settings, types of intervention, follow up
and outcome measures, it was difficult to draw firm conclusions. The systematic
review included studies of pregnant women with asthma involving an education

programme, PMR and asthma management guided by the fractional of exhaled nitric
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oxide (FeNO).

Interventions that involved asthma education and management skills reduced
nonadherence to ICS during pregnancy. Improvement of lung function was found in
the trial using PMR, although more data are needed to confirm the effects of the
intervention when applied at different stages of gestation. A significant reduction in
asthma exacerbations and unscheduled visits was found in the trial of asthma
management guided by FeNO-based algorithms. This was demonstrated by the lower
daily dose of ICS in the intervention group compared to the control group. A higher
median birth weight, as well as a reduction in pre-term deliveries and neonatal

hospitalisations, was found in the intervention group of this trial.

The results of this systematic review highlighted the effectiveness of non-
pharmacological interventions conducted for optimising asthma management in
pregnant women. The interventions that included asthma education, self-management
and self-monitoring using objective measures of lung function, were effective for
improving maternal outcomes. These included reducing asthma exacerbations and
unscheduled visits. They were also effective for positive neonatal outcomes, including

the reduction of pre-term births and neonatal hospitalisations.

Objective 2: To investigate the role of objective measures of lung function for

monitoring asthma during pregnancy.

The prospective cohort study (Chapter 4) highlighted the changes in lung function
(FEV1, FEVgs and FVC) during pregnancy. Observing and comparing the changes in

lung function throughout pregnancy, in women with and without asthma, suggested
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that lung function declined over weeks 21 to 28 of gestation. The decline was more
pronounced in women with asthma than in healthy women. From week 29 until
delivery, compared to baseline (weeks 11 — 20), there was an improvement in lung

function in both groups.

In women with asthma, the decline of lung function from weeks 21 to 28 was also
marked by a reduction in asthma control (i.e. an increased ACQ score) and quality of
life (i.e. a decline in the mAQLQ score). Then from weeks 29 to 40, the opposite
changes were evident, suggesting improvement in lung function, better asthma control

and quality of life.

Additionally, a greater decline in FEVs was found in the women with asthma at weeks
21 to 28. The drop in FEV was also accompanied by a reduction in FVC. Strong and
positive correlations were present between changes in FEVs and FVC, from baseline
to weeks 21 to 28 (r=0.88, p <0.01), and from weeks 21 to 28 and weeks 29 to 40 (»

=0.85,p<0.01).

In terms of perinatal outcomes, significant differences existed between the groups;
pregnant women with asthma delivered slightly shorter babies (p = 0.02) with lower
Appearance Pulse Grimace Activity Respiration (APGAR) scores at one minute (p =
0.01) compared to those without asthma. The results of this prospective cohort study
highlighted that lung function changes in pregnant women with asthma were
accompanied by changes in asthma control and asthma-related QoL. FEV¢ could be
substituted for FVC to monitor lung function in pregnant women with asthma. Regular
review of lung function offers a suitable objective method to assist healthcare

professionals and patients in monitoring asthma during pregnancy.
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Objective 3: To develop, implement and evaluate a telehealth programme for

asthma management in pregnant women.

An RCT (Chapter 6) evaluated the application of a telehealth programme (Breathe-
easy® application) and a WAAP. It compared these to usual care for managing asthma
during pregnancy. The study determined this intervention was efficacious and feasible
for optimising asthma management during pregnancy, by improving asthma control

and asthma-related quality of life.

At the end of the study, the intervention (MASTERY) group had better improvement
of asthma control (p = 0.02) and quality of life scores (p = 0.002) than the control
group (usual care). Higher proportions of participants with well-controlled asthma and
those with a clinical improvement in their ACQ score (> 0.5 minimum clinically
important difference [MCID]) were found in the MASTERY group. Fewer self-
reported exacerbations (p < 0.01), unscheduled healthcare visits and instances of oral
corticosteroid use were found in the MASTERY group compared to the usual care
group. However no significant differences existed between the groups in lung function

(FEV1, FEV¢ and FEV1/FEVp) changes or perinatal outcomes.

The results of this study highlighted that a telehealth intervention involving a mobile
application (Breathe-easy®), supported by a handheld respiratory device for
monitoring FEVs and WAAP, was feasible for monitoring asthma during pregnancy.
This approach resulted in improved asthma control and quality of life and also reduced

the frequency of exacerbations.
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7.3 The significance of this research

A limited and incomplete body of evidence and intervention studies for optimising
asthma management in pregnancy was available when this PhD project was
commenced. The findings from this thesis have added to the current knowledge and
evidence within published literature for supporting better asthma management in
pregnant women. The systematic review evaluating the non-pharmacological
healthcare interventions for optimising asthma management during pregnancy
confirmed that a reduction of asthma exacerbations and unscheduled healthcare visits
could be achieved if pregnant women were monitored regularly (at least monthly),

based on their lung function, FeNO concentration and asthma symptoms throughout

pregnancy.

Moreover, education about self-management skills — including knowledge about
medication (e.g. how preventers or relievers worked, how to use inhalers correctly),
how to self-monitor asthma (e.g. assessing asthma control and/or lung function) and
possessing a WAAP — should be integrated when designing health interventions to
improve asthma management in pregnant women. No previous review has assessed

the effectiveness of non-pharmacological interventions in asthma during pregnancy.

The findings are supported by a subsequent Cochrane review, ‘Interventions for
managing asthma in pregnancy’ [140]. This review found that, due to the limited
evidence and a lack of effectively designed studies, future sufficiently powerful and
properly designed intervention studies (pharmacological and non-pharmacological,
including self-management interventions) were essential to detect improvements in

maternal and neonatal outcomes.
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The prospective cohort study findings supported the evidence that asthma changes
unpredictably during pregnancy. The changes in lung function during pregnancy were
accompanied by changes in asthma control and quality of life, with either a
deterioration or improvement in asthma. This study has added to the knowledge that
FEVs is well correlated with FVC, suggesting that it can be used for monitoring asthma
during pregnancy. As any pregnant woman can experience shortness of breath during
pregnancy, this marker appears to be suitable and is likely to be better tolerated than

measurement of FVC.

The RCT was built on the evidence from a previous study by my supervisor’s research
group that showed that education and regular monitoring by a pharmacist-led multi-
disciplinary team improved asthma control during pregnancy [134]. It has added to
current knowledge by showing that daily monitoring of lung function and weekly
monitoring of asthma symptoms improves asthma control during pregnancy. As
asthma symptoms may manifest and change unpredictably throughout pregnancy, the
use of both objective and subjective measurement is better for monitoring asthma in
pregnant women rather than monitoring symptoms alone. The additional support of an
individualised WAAP confirmed the importance of every person with asthma having
a current WAAP. The use of WAAPs has been widely recommended by GINA and
NAC guidelines [52, 191] as a component of asthma self-management rather than a
stand-alone intervention [91, 92]. However a close collaboration between patients and

their healthcare professionals and feedback are required for full benefits [192, 193].

Although all asthma guidelines recommend using a WAAP, in reality few people with

asthma have one and even fewer follow their WAAP to make changes in therapy
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according to change in symptoms or lung function. A WAAP will allow patients to
self-monitor and recognise if their asthma symptoms worsen. A few previous studies
have evaluated the use of mobile phone applications for supporting asthma
management in adults, but none of these included a WAAP as part of the intervention
[161, 180]. This study has showed that telehealth interventions supporting self-
management are feasible and efficacious to improve asthma control and asthma-

related quality of life during pregnancy.

The common components of the effective interventions by Murphy et al [194], Powell
et al [190], Lim et al [134] and my study are regular monitoring (using lung function
or asthma symptoms or both), the involvement of health care professionals such as
GPs, nurses or pharmacists in providing asthma education (Murphy et al/ [194], Lim
et al [134]), monitoring regularly throughout pregnancy (Powell et al [190], and a
personalised WAAP with contained instructions on which medications to take when
feeling well, how to recognise worsening asthma, what to do when symptoms are
getting worse and what to do in the event of an acute attack, including a first aid plan
(Lim et al [134]). The primary difference between my study and all the previous
interventions evaluated, was the use of a mobile phone application (Breathe-easy®) to
support asthma self-management. Therefore, when designing interventions to optimise
asthma management in pregnant women the following components need to be
considered for incorporation: the involvement of and close collaboration among health
care professionals, regular monitoring of asthma symptoms, asthma-self management
tool (Breathe-easy®), asthma education focusing on self-monitoring and self-

management, and a personalised written asthma action plan.
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7.4 Strengths and limitations

The research for this thesis developed an intervention, supported by a telehealth
programme and a handheld COPD-6 device, informed by a systematic review and a
prospective cohort study of changes in lung function during pregnancy. To my
knowledge, this is the first study to develop and evaluate a telehealth programme
(Breath-easy®) specifically for supporting asthma management in pregnant women.
This study was also the first in Australia to design a telehealth application (Breath-
easy®) for asthma management supported by a mobile phone (Android operating
system), WAAP and COPD-6 device, and evaluate the intervention using an RCT

design.

Although several limitations of previous research were overcome, some limitations
still exist. The systematic review did not include unpublished studies or grey literature
during the literature search period, which may have biased the results. A meta-analysis
was not possible due to the heterogeneity of the interventions and study designs. The
Multidisciplinary Approach to Management of Maternal Asthma (MAMMA) trial by
Lim et al [134] was not included in the systematic review as the manuscript was still
not finalised at the time of the review. A Cochrane review by Bain et al [140] has
superseded my systematic review; however, their major findings and conclusions echo

the findings of my systematic review.

Although 40 pregnant women (20 healthy and 20 with asthma) were recruited for the
prospective cohort study, some participants withdrew during the observations, which
limited conclusions from the study due to its relatively small sample size. Further,

although small statistically significant differences in lung function between healthy
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and women with asthma were detected, these differences may not be clinically
important. Clinical correlation is paramount even when significant changes in

objective measures such as lung function are observed.

The RCT was not powered to detect differences in the maternal or neonatal outcomes
between the intervention and control groups. Recruitment was limited to two large
metropolitan public teaching hospitals in Victoria. Although the cohort was
representative of pregnant women with asthma attending those two hospitals, it may
not be representative of women attending private hospitals, or those from
regional/remote areas. It was not possible to detect to what extent general practitioners
(GPs) were involved in monitoring their patients. Women who were unable to use a
‘smart’ mobile phone were excluded. A ‘smart’ mobile phone with the telehealth
application (Breath-easy®) for asthma management supported by a WAAP and a hand-

held COPD-6 device was given to each participant in the intervention group.

However, the usual care was less intensive than some of the previous telehealth
intervention studies [161, 180] and it is possible that some of the benefits observed in
my study resulted from enhanced clinical care rather than the technological
intervention. This trial was not powered to measure the cost-effectiveness of telehealth
intervention compared to usual care. Stakeholder satisfaction and patient willingness
to pay for the service were also not assessed. However by using a decision support
technology and an automated feedback to the patient based on asthma symptoms and
lung function, a telehealth programme intervention can contribute to more effective
asthma self-management and may reduce healthcare costs related to unscheduled

doctor visits. As such, this telehealth intervention may not be suitable for those who
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are unable to operate mobile phones and those with visual or hearing impairments.

7.5 Recommendations

The results of this thesis highlight some points that should be considered when

designing an intervention model or making clinical practice recommendations for

optimising asthma management in pregnant women.

The following general recommendations are made:

Better collaboration and involvement of healthcare professionals, including the
women’s GPs, respiratory specialists, obstetricians, midwives, asthma
educators and pharmacists, need to be established for managing asthma in
pregnant women.

As the course of asthma changes unpredictably during pregnancy, healthcare
professionals need to monitor asthma actively throughout the pregnancy until
delivery, to ensure optimal maternal and neonatal outcomes.

Education about asthma control and self-management skills (e.g. how to use
medicines, how to recognise worsening asthma symptoms, and how to seek
medical help when asthma becomes worse) need to be provided, not only to
patients, but also to healthcare professionals, to achieve better health outcomes
for both mother and baby.

The use of WAAPs as part of self-management needs to be promoted more
widely, not only to patients, but also to healthcare professionals. Provision and
uptake of WAAP as a key performance indicator may encourage health

professionals to initiate and recommend WAAP to their patients.
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e Policymakers should consider the merits of investment in models of asthma

care based on telehealth care.

7.6 Future research directions
Future research work in this specific population should endeavour to carry out the
following:

e Conduct larger scale, multi-centre RCTs to develop and evaluate non-
pharmacological healthcare interventions for managing asthma in pregnant
women.

e Design and evaluate an intervention that elaborates the main role of healthcare
professionals in a multi-disciplinary approach, supported by a telehealth
programme.

e Undertake a qualitative study to explore the opinions and concerns of people
with asthma, particularly pregnant women, and healthcare professionals (e.g.
GPs, midwives, specialists, obstetricians, pharmacists), on the potential role of
mobile phone monitoring technology (e.g. transmitting lung function data and
asthma symptoms with immediate feedback regarding asthma control and a
reminder of appropriate action) in supporting asthma self-management.

e Assess the cost-effectiveness of telehealth in practice, to ensure the
sustainability of this intervention for supporting asthma management, not only
in pregnant women, but also in the general population.

e Conduct a larger scale study to evaluate the effectiveness of the telehealth
programme (Breath-easy®), supported by newer handheld respiratory devices

in pregnant women with varying asthma severity (intermittent, mild, moderate
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or severe) on neonatal outcomes (e.g. birth weight, prematurity).

e Conduct a larger study with longitudinal markers of inflammatory changes in
serum are necessary to confirm the relationship between the failure
improvement of lung function during pregnancy and earlier deliveries in
women with asthma.

e Conduct a larger study to confirm the impact of asthma or other comorbidities
on neonatal outcomes.

e Evaluate the effectiveness of the telehealth programme in the general
population with a variety of respiratory diseases, such as COPD and

bronchiectasis.

7.7 Conclusions

Overall, this thesis has demonstrated that asthma management involving regular
monitoring of lung function and asthma symptoms is feasible. This approach could
potentially improve asthma control in pregnant women. In pregnant women with
asthma, FEV¢ appears to be a suitable alternative to FVC. A telehealth programme
(Breathe-easy®) in conjunction with home monitoring of lung function (FEV; and
FEVp), assessment of asthma symptoms, and use of a WAAP, can promote asthma

self-management during pregnancy and lead to better asthma outcomes.
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Appendix 1 — Monash University Human Research Ethics

Committee (MUHREC) approval letter

Research Oflice

Date:
Project Number:

Project Title:

Approved:

Chief Investigator:

72 MONASH University

Monash University Human Research Ethics Committee (MUHREC)

Human Ethics Certificate of Approval

21 March 2013

CF13/778 - 201 3000353

Telehealth for optimising asthma management during pregnancy
Dr Johnson George

From: 21 March 2013 To: 21 March 2018

Terms of approval

Ermail gRifi

Prolessor Ban Canny
Chair, MUHREC

o Thliels il e R =2 ] h
ABM 12 37T R14 M2 CRICOS Providar S0000BC

1. Approval is only valid whilst you hold a position al Monash Universily and approval at the primary HREG is current.

2, Fulure correspondence: Please quate th project numbe and project titke above many lurther comespondence

3. Finad report: A Final Report should be provided at the conclusson of the project. MUHREC should be nofified il (he
project = decontinued before the expected date of compietion.

4. Retention and storage of data: Tha Chisf Invesfigator is responsible for the storage and ratention of odginal data
partaineng to a project for a8 minimuem percd of five yeans.

ce: Assoc Prol Kay Stewart, Prof Michael Abramson, Ms Elida Zairina, Prof Susan Walker, Pral Christine
McDonald, Dr Peter Rochiord, Mr Gary Nolan

Postal - Monash University, YWic 3000, Australia
Building 3E, Room 111, Clayton Campus. Welington Road, Clayion
Talephong +61 3 9905 5490 Facsimile <51 3 5905 3831
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Appendix 2 — Mercy Health Human Research Ethics
Committee approval letter
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Asthma & Pregnancy Brochure — Asthma Dated 2012
Auslralia

The Human Research Ethics Committee is constituted and functions in accordance
with the National Health and Medical Research Council National Statement on
Ethical Conduct in Human Research (2007)

This approval by the Mercy Health Human Ressarch Ethics Committea is valid from
T March 2013 to 6 March 2016 That is, the project should be completed by the
approval expiry date, of 6 March 2016. Should it become apparent that an
extension of the 3-year period is required, the principal researcher should apply, in
writing, through the Administrative Officer of the Human Research Ethics
Commitlea.

Please nole thal the research project should be commensed within 12 manths from
the date of this letter

Would you kindly advise me the date that you commence your research.

In accordancs with the NHMRC Guidslines, approval is subject to:

1. Immediate notification to the Administrative Officer, The Mercy Health Human
Research Ethice Commiltee and spongor, of any serious adverse effects on
participants,

2. Immediate notification of any unforeseen events that may affect the continuing
ethical acceptability of the project;

3. MNotification and reasons for ceasing the project prior to ils expected date of
completion,

4. The completion of a progress report at € months and then annually for the
duration of the project; (progress report atlached)

5. The Mercy Health Human Research Ethice Commiltee approval of any proposed
modifications to the project;

6 The submission of a final report and papers published on completion of the
project

Please also note:

7. Consent Forms must be available for audit by the Marcy Health Human
Research Eihics Committee and retained for the peried required by law,

8 The Principal Investigator upon leaving the Institution must inform the Mercy
Health Human Research Ethics Committes as to the nominated pergon (o
replace him/her,

If you have any queries, please do not hesitate te contact me on 8458 4808

Yours

Carole Branch
Administrative Officer
Mercy Health Human Research Ethics Commitiee

Ce: Ms Ehca Zairina

128




Appendices for chapter 4 — 6

Appendix 3 — The Royal Women’s Hospital Human
research Ethics Committee approval letter

129



Appendices for chapter 4 — 6

Appendix 4 — Letter of invitation (Phase 2 — Chapter 4)
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asthma/ hypertension/ other cardiovascular disease) wheo are in early pregnancy [up to 20 weeks gestation),

aged = 18 years with singleton pregnancy to participate in this study.

What your participation would invobee?

+ Having lung function tested 3 times during your pregnancy using spirometry and forced oscillation
technique {FOT) at the Respiratory Laboratory at Austin Hospital, Heidelberg, Victoria, once every
trimester (1 early pregnancy, 2"*:21-28 weeks, and: 29-40 weeks).

*  Ifyou have asthma you will also be asked to complete a series of self-complete questionnaires about
asthma contrel and quality of life related to asthma 3 times during your pregnancy - once every

trimester (1% ; early pregnancy, 2 21-28 weeks, and 3™ ; 29-40 weeks)

Sometimes, if for some reason we miss speaking to you at the time of your appeintment and you are

interested in taking part or just finding out more about the study, please do not hesitate to contact us:

Elida Zairina

Looking forward to your participation in our study and meeting you in person,

Best wishes,

Elida Zairina {on behalf of Dr lohnson George, A/Frof Kay Stewart, Frof Michael Abramson, Frof Susan Walker,

Frof Chrstine McDonald, Dr Feter Rochford and Mr Gary Malan)

Manazh University, Mercy Hospital for Women and Awstin Hospital
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Appendix 5 — Letter of invitation for Mercy Hospital (Phase
3 — Chapters 5 & 6)
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wWho we are looking for?

Wa are inviting all pregnant women with asthma who are in early pregnancy (up to 16 weeks gestation), aped =

18 years with singleton pregnancy and able to communicate in English to participate in this study.

What your participation would invohe?

Completing questionnaires about asthma control and guality of life related te asthma, first at the
beginning af the study, then at 3 months, and § maonths later,

If you consent to being invalved in this study, you will be allocated to elther the trigl {intervention
group or to the conventional treatment group (usual care groupl. The allocation is random, like the toss
of & comn; you will have a 50:50 chance of being in either group. If you have been selected for the trial
group, you will receive the COPD-6 Bluetooth to measure the performance of your lungs. You will be
asked to measure your lung function twice daily {morming and evening| using the device and then
sulbrmit the data through an epplication which will be installed In your moblle phane. We will then give
you feedback based on your results and notify your health professionals (GPs, chstetricans or
midwives) if any changes of management decisions required. If you are in the conventienal {control
group) you will continue to receive usual medical care.

‘We will need your permission to access your health records to coflect data about you and your baby on

birth.

If for some reason we miss speaking 1o you at the time of your appointmaent and you are interested i taking

partar just finding out more about the study, please do not hesitate to contactus:

Elida Zairina

Looking forward to your participation in our study and meeting you In person.

Best withes,

Elida Zairina |on behall of Dr Johnson George, A/Fraf Kay Stewart, Prof Michael Abramion, Prof Susan Walker,

Prof Christine McDonald, Dr Peter Rochford and Mr Gary Molan)

Manash University, Mercy Hospital for Women and Austin Hospital

2
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Appendix 6 — Participant explanatory statement for healthy
group (Phase 2 — Chapter 4)
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medical condition matches cur study criteria. To determine whether you are eligible to participate,
you will be asked questions about your age, history of asthma, and use of any medications for asthma

in the last 12 months before or during your current pregnancy.

Research treatment:

If you qualify for the study, you will be asked to fill cut a questionnaire giving details about you such
as age, ethnicity, weight, and gestational age as well as about your asthma severity [mild, moderate
or severe). Then you will be referred to the Respiratory Laboratory at Austin Hospital, Heidelberg,

Victaria to measure your lung function, and the following will happen:

# You will have your lung function tested using spiremetry by taking the deepest breath you can
and then exhale as hard as possible for a short time  (preferably at keast & seconds) into 2 tube
connected to a machine that measures how well your lungs are working before and after you have
inhaled two puffs of a medication that can cpen your airways, Then For the FOT procedure you
only require to breathe quietly for 2 — 3 minutes on a mouthpiece. All the procedures will be
performed in the sitting position and at least three measurements will be conducted. During the
test, soft nose clips may be used to prevent air escaping through the nose. The test will take

approximately 30 = B0 minutes.

* You will do the measurement three times during your pregnancy, once in every trimester [First:

early pregnancy, Second: 21-28 weeks, and third: 29-40 weeks).

= You will be asked to fill cut the Asthma Control Questionnaires [ACG) and Mini Asthma Quality of
Life Questionnaire {Mini AQLQ) which consists of simple questons once in every trimester 1%
trimester: 8-20 weeks, 2™ trimester: 21-28 weeks, and 3" trimester: 29-40 weeks]. It will need

approximately 20 minutes to complete both of the guestionnaires.
4. Wil or my baby benefit from this study?

All wemen in the study will be given information on and support for asthma management during
pregnancy which may improve asthma control leading to better outcomes for you and your baby.
Howewer, we cannot promise you any benefits from participation in this study. If this study is
successful, findings may result in more support for asthma management during pregnancy, such as
asthma antenatal ciinics and asthma monitaring programs to help other women in your situation in
the future. Data gathered from thiz study may inform health professionals leading to better

management of pregnant women with asthma.
5. Are there risks to me or my baby in taking part in this study?

There are mo foreseeable risks associated with parfticipation in this study, Pregnant wemen with
asthma and other common lung disease can require full lung function tests. The procedures of lung
function tests are simple and will be performed by trained laboratory scientists from the Respiratory

Laboratory at Austin Hospital. During the test you will be supervised and asked about any discomfort

2
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symptoms which mey immediate discontinuation of the test. The medical help and wsual hogpital
procedures will be available if needed. You may withdraw frem the study at anytime without being
disadvantaged. If during the study, it becomes evident that there is 2 concern with your asthma

:andi:ian, we will notify you and'.fgr vour doctor, with your parmission,

6, Are there other treatments/procedures that may be advantageous whilst participatingin

this project?
This research project will not be offering any additional treatments or procedures.
7.  How will my confidentiality be protectad?

Al data coflected from you, your health records, your doctar or your pharmacy will be stored for at
least 7 years and then destroyed. Hard coples will be stored in lacked cabinets and electronic copaes
on password protected computers; both will ONLY be accessible by the investigators. Results may be
presented at various conferences and in journal publicatons, but no participants nor health
professionals will be identified. All information will be de-identified before data storage. . There is no

possible way for someone outside the research team to identify you.
8, Whatif new information arises during the research project?

Should any new relevant information arise during this research, the investigator will advize you of

sarme and discuzs whether this affects your participation in this research.
9. How will | be informed of the results of this research?

Far a summary of this study's findings, pleate contact ane of the investigators listed at the end of this
explanatory letter after the research is completed in 2015,

10, What if | need further [nformatian of | have any probdems during the study?
If wou require further information about the study or experience any problems as a result of your
participation in this study, please contact one of the resesrch imestigators named at the end of this
explanatory better,

11. Whatif | hawe a complaint?
If you have any complaints about any aspect of the project, the way it is being conducted or any
questions about your rights as a researcher participant, then you may contact Ms Carole Branch,

Admunistrative Officer af Mercy Health Human Research Ethics Committee (HREC).

12, Do | hawe to take part in this research project?
Participabon in any research study i voluntary. If you are interested in partcipating, pleate complets
and rewrn the consent form in the enciosed reply-paid envelope. You will only be contacted again if

you fill in the consent form.
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13. Has this research been approved?

The project has been approved by the Mercy Health Human Research Ethics Committee and the
Monazh Unmersity Hurman Research Ethics Committes. This project will be carmed out sccording to
the NMationgl Statement an Ethice! Conduct in Research nvalving Humans [2007) produced by the
Matiznal Health and Medical Ressarch Council of Australia. This statement has been developed to
protect the interests of people who agree to participate in human research studies. In accordance
with the National Medical Health and Research Council guidelines, the Mercy Health Human Research
Ethics Committee iz required to conduct audits of research projects from time to time. It may
therefore be possible that the Mercy Health Human Research Ethics Committee which has approwved
this research wall seek to view a copy of your signed consent form, or to contact you, to ensure that

the recearch is being conducted according to the ethical standards required by these guidelines

14, Will | be reimbursed for my particpation?

Parking charges or public transport costs for every visit to the hospital related to the study will be
reimbursed on submission of receipts. If you are required to come to the hospital for any study
related visit outside your visit o the antenatal clinic, we will reimburse your time in the form of a

shopping woucher valued at 550.

Contact details for further enguiries, feedback or complaints in relation to this project are gen
below.

['If you would like to contact the researchers about | If yiou have a complaint con l:errting the manner |

any aspect of thic study, please contact: in which thic ressarch = being conducted,
pleate contact aither the Monath University
Human HResearch Ethics Committee or the
Mercy  Health Human Rezearch  Ethics

. | Committee:

Dr Johnson Geonge Executive officer
Manash University Human Research Ethics

Committee (MLUHREC]

Mercy  Health  Human  Research  Ethics
Cammitlee

Elsda Zairina {on behalf of Or lohnion George, A/Frof Kay Stewart, Brof Michael Abramson, Prof
Susan Walker, Prof Christine McDonald, Dr Peter Rechford and Mr Gary Kolan

s Elida Zairina

Yours sincarely,

PLEASE FILL DUT AND RETUAN THE CONSENT FORM AND THE EXPRESSION OF INTEREST FORM

BELOW IF YO ARE INTERESTED IN PARTICIPATING
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Appendix 7 — Participant explanatory statement for asthma
group (Phase 2 — Chapter 4)
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on password protected computers; both will ONLY be accessible by the investigators. Results may be
presented at various conferences and in journal publications, but no participants nor health
professionals will be identified. All information will be de-identified before data storage. There isno

possible way for someaone outsxle the research team to identify you.
&, What if new information arises during the research project?

Should any new relevant information arise during this research the investigator will advise you of

same and discuss whether this affects your participation in this research.
9. How will | be informed of the results of this research?

For a summary of this study's findings, please contact one of the investigators listed at the end of this
explanatory letter after the research is completad in 2015,

10. What if | need further information or | have any problems during the study?
If you require further information about the study or experience any problems as a result of your
participation im this study, please contact one of the research investigators named at the end of this
explanatory letter.

11. Whatif | hawve a complaint?
If you have any complaints about any aspect of the project, the way it is being conducted or any
questions about your rights as a researcher participant, then you may contact Ms Carcle Branch,

Administrative Officer of Mercy Health Human Research Ethics Committee {(HREC).

12. Do | have to take part in this research project?
Participaticn in any research study |< voluntary, If you are Interested in participating, please complete
and return the consent form in the enclosed reply-paid envelope. You will only be contacted again if

you fill Im the consent farm,

13. Has this research been approved?

The project has been approved by the Mercy Health Human Research Ethice Committee and the
Monash University Human Research Ethics Committee. This project will be carried out according ta
the Notional Statement on Ethical Conduct in Research fnvolving Humans [2007) produced by the
Mational Health and Medical Research Council of Australia, This statement has been developed to
protect the interests of people who agree to participate in human research studies, In accordance
with the Natiocnal Medical Health and Research Council guidelines, the Mercy Health Human Rezearch
Ethics Committee is required to conduct audits of research projects from time to time. It may
therefore be possible that the Mercy Health Human Research Ethics Committee which has approved
this ressarch will seek to view a copy of your signed consent form, or to contact you, to ensure that

the research is being conducted according to the ethical standards required by these guidelines.
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14, Will | be reimbursed for my participation?

Parking charges or public transport costs for every Wisit to the hespital refated to the study will be
reimburzed on submizsion of receiprs. if you are required 1o come to the hospital for any study
related visit outside your visit o the antenatal clinic, we will reimburse your time in the form of a

shopping voucher valued at 550

Contact details far further enguiries, fesdback or camplaints in relation ta this praject are given

betow

["1f you would like to contact the researchers about | If you have & complaint concerning the manner [

any aspect of this study, please contact: in which this research iz being conducted,
pleate contact eithér the Monash University
Hurman Hesearch Ethics Committee or the
Mercy  Health  Human  Research  Ethics
Cammities:

Dr Johnson George Exscutive officer
Maonash University Human Research Ethics
|

Pl 5 Elida Zairina
Mercy  Health  Human  Research  Ethics
Cammities

Yours sincerely,

Elsda Zairina [on behalf of Or lohnsen George, A/Frof Kay Stewart, Frof Michael Abramson, Prof

Susan Walker, Prof Christine MeDaonald, Dr Peter Rechford and Mr Gary Malan)

FLEASE FILL OUT AND RETURN THE CONSENT FORM AND THE EXPRESSION OF INTEREST FORM
BELOW IF YOU ARE INTERESTED IN PARTICIPATING
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Appendix 8 — Consent form (Phase 2 — Chapter 4)

141



Appendices for chapter 4 —

6

Aequired participant’s details

Full narme:

Address

Contact phone number -

Emall address :

Please nominate e general practitioner and) or specialist you wish us to contact regarding your asthma
management

[1) Narme:

Clinic mame:

Climic Address:

Clinic phone number;

(2) Marne:

Clinle mame;

Clinic Address:

Clinle phone number:

Participant's name {printed)

Participant's signature Date,

Mame of witness to Participant's signature | printed)

Withess' signature Date

Declaration by researcher

Ressarcher's name [printed)

Rewsarcher’'s ugnature Date
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Appendix 9 — Participant explanatory statement & consent
form — Mercy Hospital for Women (Phase 3 — Chapters 5 &
6)
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This study will involve three assessments using standard questions, one ineach rimester. The first assessment
will be at the beginning of the study, the second at three months frem baseline and the third sis moenths later.
Theze assessments will be done face to face and can be conducted at your preferred location and time. Theze
will invelve answering a few questions about how your asthma iz going and your genesal physical well being
and may teke 15 = 20 minutes. Conwvenlently, you have the option of being assessed at your next appointment
at the Mercy Hodpital for Waormen, If you choose this option, your parking of public transport costs will be
reimbursed. During the assessment you will be asked some guestons about medicaton use and asthma
rmanagement and will not be intrusive. You also need to give us permission oo speak to your nominated doctor
who usually supervises your asthma management (for example yeur GP and/ or asthma specialist] whe we will
ltaize with an your asthma management.
We will also be trialling the use of a handheld respiratory device ({COPD-6 Bluetcoth) in pregnancy. If you
consent 1o being invalved in this study |, you will be allocated to either the trial [interventon] group or to the
comventional treatment group (contral group). The allocation is random, like the toss of a coin; you will have a
50:50 chance of being in either group. If you have been selected for the tnal group, you will recene the COPD-
6 Blustooth to measure the performance of your lungs. You will be aged to measure your lung function twice
daify [morning and evening) using the device and then submit the data through an application which will be
inctalled in youwr mobile phone. \We will then ge you feedback bazed on your results and notify your health
professionals (GPs, obstetricians or midwives) if any changes of management decisions required, The COPD-6
Bluetooth will be yours to keep after the study. We will notify you if you are chosen to trial this device and
application and organize the visits accordingly.
If you are in the conventional {controf groug) you will receive wsual medical care regarding your asthma. You
will be acked o fill out the research gquestionnaires first at the commencement of the study, second after
three months and third after six months later. You will be given a summarised version of the “asthma and
Pregrancy” brochure fram the national Asthma Councll of Australia which explaing about asthma in pregnancy
including the asthma first aid and emergency assistance number for you to contact if you have any concemns
regarding your asthma. We will need your permission to access o your health records to collect data abaut
you and your baby an birth,

4. Will L or my baby benefit from this study?
Al wormen in the 2tedy will be given information aad support an asthma menagement during pregrancy which
may improve asthma centrol leading to better outcomes for you and your baby. However, we cannot promise
ywou any benefits from participation in this stedy, If this study |2 seccessful, findings may result in more support
for asthma management dunng pregnancy, such as asthma antenatal climics, asthma monitoring programs etc.
and help contribute to helping other women in your situation in the future. Data gathered fram this study may
inform health professionals leading to better management of pregnant women with asthma,

5. Are there risks to me or mry baby in taking part in this study?
There are no foreseeabla risks associated with participation in this study. The equipment is easy to use and we
will provide adequate training beforehand. The guestions are simphe and we will not be asking any intrusie or

aenaitive guesions, You may withdraw from the study at anytime without being disadvantaged, I during the
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study, It becomes evident that there is a concern about your asthma condition, we will notify you and/or your
health professonals, with your permisson, In the “Asthma & Pregnancy” brechure you can find infarmation
about asthmz first aid and emergency assistance numbser for you to contact if you have any concerns regarding
yaur asthma.

6. Are there other treatments/procedures that may be advantageous whilst participating in this

project?

This rezsearch project will not be offering any additional treatments or procedures.

7. How will my confidentiality be protected?
All data collectad from you, your health records, yeur doctor or your pharmacy will be stored for at least 7
years and then destroyed. Hard copies will be stored In locked cabinets and electronic coples on password
protected computers; both will ONLY be accessible by the investigators. Results may be presented at various
conferences and In journal publcations, but no participants, doctors nor pharmacies will be named. All
information will be de-identified before data storage, There will be no possble way for someone outside the
reszarch team to identfy you.

8. What if new information anises during the research project?
Should any new relevant information arise during this research the investigator will advise you of same and
dizcuss whether this affects your participation in this research.

9. How will | be informed of the results of this research?
For & summary of this study's findings, pleaze contact one of the |nvestigators listed at the end of this
explanatory latter after the research is complated in 2015,

10. What if | need further information or | have any problems during the study?
Yau are more than weloome to contact one of the ressarch investigetors or ethics committees named at the
end of this explanatory letter.

11. What if | hawe a complaint?
If you have any complaints about any aspect of the project, the way it is being conducted or any questions
about your nghts gs a researcher participant, then you may contact Ms Carale Branch, Administrative Officer

of Mercy Health Human Research Ethics Committes {HREC),

12. [ | have to take part in this research project?
Participation In any research study is voluntary. If you are interested in participating, please complete and
return the consent form in the enclesed reply-pasd envelope. You will only be contacted again if you fill in the
consent farm.

13, Has this research been approved?
The propct has been approved by the Mercy Health Human Ressarch Ethics Comrmittee and the Monach
University Human Research Ethics Committes. This project will be carried owt according to the Notiona!
Statement on Ethical Conduct in Research invalwing Hwmans [2007) produced by the National Health and

Medical Research Council of Australia. This staternent has been developed to protect the interests of people
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who egree to participate In human rezearch studies. In sccordance with the National Medical Health and
Ressarch Council guidelings, the Mercy Health Human Research Ethics Committoe is required o conduct
audits of research projects from time to time. It may therefore be possible that the Mercy Health Human
Ressarch Ethics Committee which hat approved this research will seek to view a copy of your signed conzent
form, or to contact you, to ensure that the research |s being conducted according to the ethical standards
required by thew guidelines.
14, Will | b2 reimbursed for my partici pation?

all participants will be relmbursed for any sdditional agpointments at the hospital which arise from this
research, COPD-E Bluetooth will be supplied free of charge to chosan participants,

Contact details for further enguiries, feedback ar complaints in relation to this project are given below.

If you would like to contact the researchers about any | If you hawe a complaint concerning the manner in

aspect af this study, please contact: which this research ic betng conducted, please
contact either the Monash University Human
fiesearch Ethics Committee or the Mercy Health
Human Research Ethics Commitiee:

Or lohnson George Executive othicer
Monash  University Human Research  Ethics
Cammittes [MUHREC)

M5 Elida Zairing Mercy Health Human Research Ethics Committee

Yours sincersly,
Elida Zainna |on behalfof Dr Johnson Gaorge, A/Frof Kay Stewart, Prof Michael Abramson, Prof Susan \Walker,

Prof Christing MeDonald, Dr Peter Rochford and Mr Gary Molan)

PLEASE FILL OUT AND RETURN THE COMNSENT FORM AND THE EXPRESSION OF INTEREST FORM BELOW IF
YO ARE INTERESTED IN PARTICIPATING
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Reguired participant' s details

Full narme:

Address :

Contact phane number -

Email address :

Please nominate the general practitioner and, or specialist you wish us to contact regarding your asthma
managemaent

(L) Marme:

Climic narme:

Clinic Addre s

Clinic phane number:

(2) Narme:

Clinlc marme:

Clenic Address:

Clinic phone number;

Participant's name {printed)

Participant's signature Date

Mame of witness to Participant’s signature {printed)

Witness' sgnature Date

Declaration by researcher

Researcher's name (printed)

Researcher's signature Crate
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Appendix 10 — Participant explanatory statement & consent
form — the Royal Women’s Hospital (Phase 3 — Chapters 5 & 6)
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before or during your curment pregnancy, This study will imvolve three assessments vsing standard
questionnaires and as part of the questionnaires we will alse pedform the lung fenction test {Spiremetry]. The
first assesement will be at the beginning of the study, the second at three months from baseline and the third
six months later, These assesaments will be done face to face and can be conducted at vour preferred location
and time. The questonnaires will involve answering & few questions about how your asthma s golng and your
general phytical wellbeing and may take 15 — 20 minutes, Conveniently, you have the option of being asessed
at your next appointment at the Royal Women's Hospital. if you choose this option, your parking or public
transport costs will be reimbursed. You also need to give us permisson to speak to your nominated doctor
who usually supervises your asthma management (for example yeur GP and/ or asthma specialist] whe we will
ltaize with on your asthmia management.
We will also be trialling the use of a handheld respiratory device {COPD-6 Bluetooth) in pregnancy. If you
comsent 10 Being involved in this study, you will be allocated to either the trial (Intereention) group or to the
conventional treatment group (control group). The allocation is random, like the toss of a coin; you will have a
50:50 chance of being in either group. If you have been salected for the tnal group, you will recene the COPD-
B Blustaoth to measure the performance of your lungs. You will be adied to measure your lung function twice
daify [morning and evening) using the device and then submit the data through an apgfication which will be
inctalted in your mobile phone, The equipment ds easy to ute and we will provide sdequate training
beforehand, We will then give you feedback based on your results ard netify your health professionals (GPs,
obstetricians or midwives) if any changes of management decisions required. The COPD-6 Bluetooth will be
yours o keep after the study, All costs related to the project including installation of the application and data
transmission will be taken care of by the investigators of the study. We will notify you If you are chosen ta
wrial this device and applicetion and organize the visits accordingly.
If you are in the conventional {controf group) you will receive usual medical care regarding your asthma. You
will be scked e fill out the research guestonnaires first &t the commencemant of the study, second after
three months and third after six months later, You will be given a summarised version of the “Asthma and
Pregrancy” brochure from the national Asthma Councll of Australia which explains about azthme In pregnancy
including the asthma first aid and emergency assistance number for you to contact if you have any concerns
regarding your asthma. We will need your permission to access o your health records o collect data abaut
wou and your beby on birth.

4, Will lor my baby benefit from this study?
Al women in the study will be given information end support on asthma management during pregnancy which
may improve asthma contrel leading to better outcomes for you and your baby. However, we cannot promise
you any benefits from participation in this stedy, IF this study |2 speceseful, findings may result in more suppart
for asthma management during pregnancy, such as asthma antenatal clinics, asthma monitoring programs etc.
and help contribute to helping other women in your situation in the future. Dara gathered fram thiz study may
inform health professionals leading to better management of pregnant women with asthma,

5, Are there risks to me or my baby in taking part in this study?

There are ne foreseeable risks e sociated with participation in this study, The quedions are smple and we will

150




Appendices for chapter 4 — 6

study, It becomes evident that there is a concern about your asthma condition, we will notify you and/or your
health professonals, with your permisson, In the “Asthma & Pregnancy” brechure you can find infarmation
about asthmz first aid and emergency assistance numbser for you to contact if you have any concerns regarding
yaur asthma.

6. Are there other treatments/procedures that may be advantageous whilst participating in this

project?

This rezsearch project will not be offering any additional treatments or procedures.

7. How will my confidentiality be protected?
All data collectad from you, your health records, yeur doctor or your pharmacy will be stored for at least 7
years and then destroyed. Hard copies will be stored In locked cabinets and electronic coples on password
protected computers; both will ONLY be accessible by the investigators. Results may be presented at various
conferences and In journal publcations, but no participants, doctors nor pharmacies will be named. All
information will be de-identified before data storage, There will be no possble way for someone outside the
reszarch team to identfy you.

8. What if new information anises during the research project?
Should any new relevant information arise during this research the investigator will advise you of same and
dizcuss whether this affects your participation in this research.

9. How will | be informed of the results of this research?
For & summary of this study's findings, pleaze contact one of the |nvestigators listed at the end of this
explanatory latter after the research is complated in 2015,

10. What if | need further information or | have any problems during the study?
Yau are more than weloome to contact one of the ressarch investigetors or ethics committees named at the
end of this explanatory letter.

11. What if | hawe a complaint?
If you have any complaints about any aspect of the project, the way it is being conducted or any questions
about your nghts gs a researcher participant, then you may contact Ms Carale Branch, Administrative Officer

of Mercy Health Human Research Ethics Committes {HREC),

12. [ | have to take part in this research project?
Participation In any research study is voluntary. If you are interested in participating, please complete and
return the consent form in the enclesed reply-pasd envelope. You will only be contacted again if you fill in the
consent farm.

13, Has this research been approved?
The propct has been approved by the Mercy Health Human Ressarch Ethics Comrmittee and the Monach
University Human Research Ethics Committes. This project will be carried owt according to the Notiona!
Statement on Ethical Conduct in Research invalwing Hwmans [2007) produced by the National Health and

Medical Research Council of Australia. This staternent has been developed to protect the interests of people
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Reguired participant' s details

Full narme:

Address :

Contact phane number -

Email address :

Please nominate the general practitioner and, or specialist you wish us to contact regarding your asthma
managemaent

(L) Marme:

Climic narme:

Clinic Addre s

Clinic phane number:

(2) Narme:

Clinlc marme:

Clenic Address:

Clinic phone number;

Participant's name {printed)

Participant's signature Date

Mame of witness to Participant’s signature {printed)

Witness' sgnature Date

Declaration by researcher

Researcher's name (printed)

Researcher's signature Crate
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Appendix 11 — Notification of patient participation to GP
(Phase 2- Chapter 4)
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Appendix 12 — Notification of patient participation to GP
(Phase 3 — Chapters 5 & 6)
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Appendix 13 — Data collection form (Phase 2 — Chapter 4)
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Appendix 14 — Data collection form (Phase 3 — Chapters 5 &
6)
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Appendix 15 — Asthma Control Questionnaire (ACQ)

e ——————

ASTHMA CONTROL
QUESTIONNAIRE

ENGLISH FOR AUSTRALIA

© 2002

QoL TECHNOLOGIES Lid.

For further information:

Elizabeth Juniper, MCSP, M5c
Professor

20 Marcuse Fislds

Bosham, West Sussex

PO18 BNA, England

This translation has been made possible through
& grant from GLAXOSMITHKLINE

Tranglated by MAP| RESEARCH INSTITUTE
Senior Translator: Libby Jurd

Wab: hitp:iwww.gollech.co.uk

The Asthma Control Questionnaire is copyrighted. It may not be altered, sold
(paper or electronic), translated or adapted for another medium without the
permission of Elizabeth Juniper.

APRIL 2002

FARETTUTW AL TATAPFROJEC gkl HEZDueeiienF AL VERSIONS\Asquun g pa DND402
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ASTHIMA CONTROL QUESTIONMAIRED

PATIENT ID:_

T TUTVC LLT AT 0 S i e 1620 e 1L VR ICH Bt iR

(EMGLISH FOR AUSTRALIA)
DATE:
Pags 10f2
Please dnswer guestions 1 -6,
Circle the number of the resy that best
describes how you have been in the last week.
1. On average, in the last weel, _ 0 Notatal
houw often were you walen by your 1 Hardiy ever
_ aathma during the night? 2 Afawtimes
3 Several times
-4  Many times
5 A many fimes
& Unable io sleap because of asthma
2 Onaverags, in the last week, 0 hNo
how were your asthma symptoms 1 Very mild symptams
when you woke up in the moming? 2 Niid symptoms
- 3 hModerats symptoms
4 Quite severe symploms
- & Bevere symploms
6 Very severe symploms
3. Ingeneral, In the last week, how 0 MNotat all limited
limited were you in your day-to-day 1 Very slightly Emited
activities because of your asthma? 2 ' Slightly imited
3 Moderately imited
4 Very limited .
B imitad
& Totally Imited
. 4. Ingeneral, in the last week, how 0 None
much shortriess of breath did you 1 Very little
experience bacause of yaur asthma? 2 Alittle
3 A moderate amount
4 Quite a ot
6 A greatdeal
8 An epxtrame amount
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ASTHIA CONTROL QUESTIONNAIRE®  PATIENT ID;
{ENGLISH FOR AUSTRALIA)
: DATE:
i Page 2af 2
6. Ingeneral, in the last week, how 0 None of the time.
often did you wheeze? 1 Hardlyany of the fime
2 Alitieofthe imd -
3 A mpderate amount of the time
4 A lotofthe ima
§ Mostof the time
6 Althefime
6. Onaverage, in tha last wesk, 0 Mone
how many puffs of relief medication 1 1-2 puffe per day
(short-acting bronch ﬂwmllmm, § g:ﬂpﬂ':ﬂr
B have you usad - per day
A il 4 9-12 pufs per day
{if you &re not sure how o answearihis 5 13- 16.puffz par day
quesfion, please ask for lielp,) 6 _lmnmlnwpul’hﬂu'dw

To be completed by a member of the clinic staff

7. FEVipre-bronchodilatar: ... ....oomvmmmsennanes
FEVpradica:. . ....ovonussinvusnsmasssssssases
{Record actual values on the dofled
lines and soore the FEV, % predicfed
fn the next column.)

FEHETITUTOLLTAD NP RO EST TMRL VERSL: MELT P

0 O 0 =D

:B!E-'lemlnﬁ
B5 - B0% :
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Appendix 16— Mini Asthma Quality of Life Questionnaire
(mAQLQ)

MINI ASTHMA QUALITY OF LIFE
QUESTIONNAIRE (MiniAQLQ)

SELF-ADMINISTERED
AUSTRALIAN ENGLISH VERSION

© 2003
QOL TECHNOLOGIES Lid.

For further information:

Elizabeth Juniper, MCSP, MSc
Professor

20 Marcuse Fields

Bosham, West Sussex

P0O18 8NA, England
Developement and
validation supported by
GLAXO WELLCOME, INC.

Web: http:/Aww.goltech.co.uk

The MiniAQLQ is copyrighted. It may not be altered, sold (paper or
@ electronic), translated or adapted for another medium without the
permission of Elizabeth Juniper.

DECEMBER 2003
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MINI ASTHMA QUALITY OF LIFE QUESTIONNAIRE
(AUSTRALIAN ENGLISH VERSIONM)

SELF-ADMINISTERED

PATIENT ID

DATE

Page 1af 2

Flease complete all questions by circling the number that best describes how you have been during

the last 2 weeks as a result of your asthma,

IN GENERAL, HOW MUCH OF THE TIME DURING THE LAST 2 WEEKS DiD YOU:

=

Feel SHORT OF
BREATH as a result of
your asthma?

Fesl hothered by or
hawve to avoid DUST in
the environment?

Feel FRUSTRATED as
@ result of your
asthma?

Feel bothered by
COUGHING?

Feel AFRAID OF MOT
HAVING YOUR
ASTHMA
MEDICATION
AVAILABLE?

Experiance a fesling of
CHEST TIGHTMESS
or CHEST
HEAVINESS?

Feel botherad by or
have to avoid
CIGARETTE SMOKE
In the environmant ?

Have DIFFICULTY
GETTING A GCOD
NIGHT'S SLEEP a5 a
result of your asthma?

Feel CONCERNED
ABOUT HAVING
ASTHMA?

Alofthe  Bostof
Time tha Time

1

2

A Good B4
of the Time

3

Same of

4

A Litiles of
the Time the Tima

5

Heurclly finy Mo of the

afihe Tirme Time
G 7
& T
& 7
-] T
g T
&8 7
G T
6 [
5] 7
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MINI ASTHMA QUALITY OF LIFE QUESTIONNAIRE PATIENT ID
(AUSTRALIAN ENGLISH VERSION)
SELF-ADMINISTERED DATE
Page 2 of 2
IN GENERAL, HOW MUCH OF THE TIME DURING THE LAST 2 WEEKS DID YOLU:
Alofthe  Mostaf AGocd Bt  Somaof  ALMesf  Handy Any MNona of
Time taTime  oftheTme  heTme  theTene  of e Time  tha Tims
10. Experizn
WHEEZE 1 your 1 2 3 4 5 6 7
chest?
11. Feel bothared by or
have to avold geing
plapsri s aimh 1 2 3 4 5 6 T
WEATHER OR AR
POLLUTIONT

HOW LIMITED HAVE YOU BEEM DURING THE LAST 2 WEEKS DOING THESE ACTIVITIES AS A

RESULT OF YOUR ASTHMA?T

12.

13

14,

15.

* I you are nat employed or seif-emploved, these should be tasks you heve fo do mos! days:
DOMAIN CODE:

Tatally
Limudad

Extrarmaly
Lirmited

STRENUOUS ACTIVITIES

(such as hurrying, 1 7 3

enereising, running up stairs,

playing sports)

MODERATE ACTIVITIES

(such as walking, 1 2 3
housawark, gardening,

shopping, climbing stalrs)

SOCIAL ACTIVITIES (such

as talking, playing with 1 2 3
petsichildren, visiting

friends/relatives)

WORK-RELATED

ACTIVITIES (tasks you have | 2 3
1o do at work®)

ey
Limited  Limitaticn

& Lithie
Limiitation

Mo &l all
Limiled

Moderale Sama

Limifatian

Symptoma: 1, 4, 6, &, 10

Activity Limitation: 12, 13, 14, 15
Emotiomal Function: 3,5, 2
Environmental Stimuli: 2, 7, 11
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Appendix 17 — NAC Australia — Asthma Action Plan
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Appendix 18 — Asthma and lung function test brochure
(NAC Australia)
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Appendix 19— Asthma and Pregnancy brochure (NAC
Australia)

171



Appendices for chapter 4 — 6

Appendix 20 — Recruitment poster for healthy group (Phase
2 — Chapter 4)
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Appendix 21 — Recruitment poster for asthma group (Phase
2 — Chapter 4)
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Appendix 22 — Recruitment poster for MASTERY trial
(Phase 3 — Chapters 5 & 6)

174



Appendices for chapter 4 — 6

Appendix 23 — COPD-6 device information brochure
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Appendices for Poster Presentations

Appendix 24— A Systematic review of healthcare interventions for asthma
management during pregnancy

Appendix 25— Changes in lung function during gestation in healthy and asthmatic
women: a prospective cohort study

Appendix 26— Management of Asthma with Supportive Telehealth of Respiratory
function in Pregnancy (MASTERY )
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prospective cohort study
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