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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 (FEV6) 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 [FEV1], FEV6 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 (FEV1 and FEV6) 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 FEV6 and forced vital capacity (FVC) in women with asthma was

high (Pearson’s r = 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, FEV6

may be a suitable alternative to FVC. A telehealth program (Breathe-easy©) in

conjunction with a handheld COPD-6 device for monitoring lung function (FEV1 and

FEV6) and assessing asthma symptoms and a WAAP can promote asthma self-

management during pregnancy and lead to better asthma control.
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repeated at five minutes after birth

COPD-6 device (model

number

4000,Vitalograph Ltd.,

Ennis, Ireland)

It is a portable handheld spirometer electronic device measuring
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of air exhaled in the first second of a forced expiration from a

position of full inspiration expressed in litres

FEV6 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

FVC 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

Foetus An unborn baby from the eight week after fertilisation until

delivery

Gestational age 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

Gestational diabetes Diabetes that arises during pregnancy; usually subsides after

delivery

General practitioners Doctors who do not specialise in a particular area of medicine
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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
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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 using 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) its 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

(FEV6) and the FEV1/FEV6 ratio for monitoring lung function in pregnant women with

asthma. The novel use of FEV6 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 FEV6 is equivalent to FVC [57]. The FEV1/FEV6 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 FEV6 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 FEV6 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 (FEV1 and FEV6) 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).

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.

Phase I:

Systematic
review

•evaluating non pharmacological health
care interventions for asthma
management in pregnant women

Phase II:

Prospective
Cohort Study

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

Phase III:

Randomised
Controlled

Trial (RCT)

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

Figure 1. Project Scope
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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
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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)
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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
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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,
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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

Asthma not
well controlled

Very poorly
controlled
asthma

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

Frequency of night-time
awakening

≤ 2 times/ month 1 – 3
times/week

≥ 4 times/week 

Interference with normal
activity

None Some limitation Extremely limited

Use of SABA for symptom
control

≤ 2 days/ week > 2 days/week Several times/day

FEV1 or peak flow (%
predicted or personal best
value)

> 80 60 – 80 < 60

Exacerbations requiring use of
systemic corticosteroid (no.)

0 – 1 in the past 12
months*

≥ 2 in the past 12 
months *

≥ 2 in the past 12 
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; FEV1, 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 FEV1 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 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.

Salbutamol sulfate (most
formulations)
Terbutaline sulfate
Budesonide
Methyl prednisolone
Prednisolone
Prednisone
Adrenaline acid tartrate
Adrenaline hydrochloride
Aminophylline
Theophylline

B1 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.

Salbutamol sulfate (Airomir)
Montelukast sodium
Sodium cromoglycate*
Omalizumab

B2 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.

B3 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.

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

C 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

Hydrocortisone sodium succinate

X 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.

* 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 FEV1 Daily medications
Symptoms/Night PEF Variability

Step 4 Continual ≤ 60% • Preferred treatment:
- 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*)

• Alternative treatment:
- High-dose ICS* AND
- Sustained release theophylline to serum concentration of 5 – 12mcg/mL

Severe Persistent Frequent > 30%

Step 3
Moderate persistent

Daily
> 1 night/week

> 60% – <80%
> 30%

• Preferred treatment:
EITHER
- Low-dose ICS* and LABA or
- Medium-dose ICS*

if needed (particularly in patients with recurring severe exacerbations):
- Medium-dose ICS* and LABA
• 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
Mild persistent

> 2 days/week but <
daily

≥ 80% • Preferred treatment:
- Low-dose ICS*
• Alternative treatment (listed alphabetically): cromolyn, leukotriene receptor antagonist

OR sustained-release theophylline to serum concentration of 5 – 12mcg/mL

> 2 nights/month 20% – 30%

Step 1
Mild intermittent

≤ 2 days/week ≥ 80% • No daily medication needed
• Severe exacerbations may occur, separated by long periods of normal pulmonary

function and no symptoms. A course of systemic corticosteroid is recommended

≤ 2 nights/month < 20%
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QUICK Relief
All patients

• SABA: 2 – 4 puffs*** as needed for symptoms
• 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.
• 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

Goals of therapy: asthma control
• Minimal or no chronic symptoms day or night
• Minimal or no exacerbations
• No limitations on activities; no school/work missed

• Maintain (near) normal pulmonary function
• Minimal use of inhaled SABA
• Minimal or no adverse effects from medications

Notes:
• The stepwise approach is meant to assist, not replace the clinical decision making required to meet individual patient needs
• Classify severity: assign patient to most severe step in which any features occurs (PEF is percent of personal best; FEV1 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
• 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)
• 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
FEV1, 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]

Step down
Review treatment every 1– 6
months; a gradual stepwise
reduction in treatment may be
possible

Step up
If control is not maintained, consider step-up.
First, review patient medication technique,
adherence, and environmental control
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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
PEF > 80% predicted or
personal best
No wheezing or shortness of
breath
Response to SABA sustained
for 4 hours
Appropriate foetal activity*

Moderate Exacerbation
PEF 50% – 80% predicted
or personal best
Persistent wheezing and
shortness of breath
Decreased foetal activity*

Severe Exacerbation
PEF < 50% predicted or personal
best
Marked wheezing and shortness
of breath
Decreased foetal activity*

Treatment Treatment Treatment

May continue SABA every 3-
4 hours for 24 – 48 hours
For patients on inhaled
corticosteroid, double dose
for 7 – 10 days

Add oral corticosteroid
Continue SABA

Add oral corticosteroid
Repeat SABA immediately
If distress is severe and
nonresponsive, call your
clinician immediately and
proceed to emergency
department; consider calling
ambulance or 911

Contact clinician for follow
up instructions

Contact Clinician
urgently (this day) for
instructions

Proceed to emergency
department

*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 FEV1 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;
country

Aim/Question/Hypothesis Study design;
sample size

Outcome measure Main findings

Alaily & Carrol
[104]; 1978;
UK

To describe pulmonary ventilation changes
observed in normal pregnancy

Prospective longitudinal
cohort
n=38

FEV1 No statistically significant
change in FEV1 during
pregnancy and post-partum

Norregaard et al
[109]; 1989;
Denmark

To measure the effect of postural changes
during pregnancy on pulmonary function
and oxygenation

Cross-sectional
n=39

FEV1, PEFR Significant reductions in
FEV1 and PEFR were
observed as a result of
postural changes

Puranik et al
[105]; 1994;
India

To observe the changes in pulmonary
function test in each month of pregnancy
in the same woman

Prospective longitudinal
cohort n=50

VC, FVC, FEV1 VC, FVC and FEV1 remained
unchanged during pregnancy.
Slight variations observed
were not statistically
significant

Brancazio et al
[106]; 1997;
USA

To determine whether PEFR changes
within pregnancy and with advancing
gestation

Prospective longitudinal
cohort
n=57

PEFR No significant difference in
PEFR for the three trimesters
and post-partum

Harik-khan et al
[110]; 1999;
USA

To examine the effect of parity on FEV1 in
a group of healthy volunteer women

Cross-sectional
n=397

FEV1, FEV1%, FVC Higher FEV1 associated with
parity in child-bearing age (18
– 50 years) in healthy women

McAuliffe et al
[112] ; 2002;
UK

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

Cross-sectional
n=230

FVC, FEV1, PEFR Respiratory function (FEV1,
PEFR, and FVC) of healthy
women with twin pregnancies
was not significantly different
from those with singleton
pregnancies

Harirah et al
[107]; 2005;
USA

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

Prospective longitudinal
cohort
n=38

PEFR 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
[108]; 2011;
Norway

To record any physiological changes in
pulmonary function during healthy
pregnancies and evaluate the influence of
parity

Prospective longitudinal
cohort
n=100

FVC, FEV1, PEFR FVC and PEFR increased
after 14-16 weeks of gestation
and throughout pregnancy.
FEV1 remained unchanged
during pregnancy

Siddiqui et al
[111]; 2014;
India

To identify changes in respiratory function
during normal pregnancy and determine
whether such changes are more
pronounced in twin pregnancy than in
singleton pregnancy

Cross-sectional
n=150

FEV1, FVC, FEV1/FVC,
PEFR

All respiratory parameters
except FEV1/FVC ratio were
found to be lower in pregnant
women than nonpregnant
women. No significant
differences between singleton
and twin pregnancies.

FEV1, 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 FEV1 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 FEV1 remains unchanged in pregnancy.

Therefore any alterations of FEV1 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 et 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
measurement

Description Physiological
changes

Functional residual
capacity

Volume of air left in the lungs after a
tidal breath out. The amount of air that
stays in the lungs during normal
breathing

Decreased

Respiratory rate Number of breaths per minute Unchanged
Residual volume Amount of air left in the lungs after

maximum exhalation
Slightly decreased

Tidal volume Normal volume of air displaced between
normal inhalation and exhalation with no
extra effort

Increased

Expiratory reserve volume Amount of additional air that can be
pushed out after the end of expiratory
level of normal breathing

Decreased

Minute volume/ventilation Volume of air that can be inhaled and
exhaled in 1 minute

Increased

FEV1 Forced expiratory volume in 1 second Unchanged
PEFR Peak expiratory flow rate Unchanged
FVC Forced vital capacity Unchanged
FEV1/FVC Forced expiratory volume in 1 second /

Forced vital capacity ratio
Unchanged

FEV6 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 al [116]

showed no indication that FEV1 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 et al [118] performed methacholine

challenge in 16 women of child-bearing age in the second trimester and compared with

four subjects preconception. FEV1 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 FEV1, 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 al [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
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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 HbA1c, 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:

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

• Videophone or web-based clinical consultations e.g. annual asthma or COPD

reviews can replace routine visits for annual reviews.

• Proactive education and support e.g. through web forums, may facilitate self-

management techniques and help prevent exacerbations.

• Telemonitoring of respiratory measures, such as peak expiratory flow and

spirometry, can allow earlier detection of disease exacerbations, thereby

facilitating timely management and support.

• Greater opportunities for continuity of care.

• 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 et 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 (FEV1) 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 et 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 (FEV1) 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;
year

No. of participants; age ; country;
setting

Study
design

Interventions Main outcomes Follow-up

Rasmussen
et al [155];
2005

300 people with asthma;18 – 45 yr;
Denmark; recruited directly from the
community in Copenhagen

RCT with
three
parallel
groups

Internet group: asthma specialist
with the internet-based
management tool (electronic
diary + peak flow meter, an
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

AQLQ score, asthma symptoms, lung function
(FEV1) at baseline and 6 months later; airway
responsiveness to inhaled methacholine, ED
visits, hospitalisations

6 months

Chan et al
[150]; 2007

120 children with asthma; 6 – 17 yr;
USA; Tripler Army Medical Centre,
Honolulu, Hawaii

RCT I: video conferencing to record
their inhaler use technique and
peak flow meter readings via the
Web site (virtual visits)
C: asthma visits in-person
education and case management
(office-based )

Adherence to treatment (patient’s use of ICs),
asthma control diary (e.g. use of relievers),
PAQLQ, ED visits, hospitalisations, patient’s
technique when using an inhaler

12 months

Jan et al
[151]; 2007

164 children with asthma; 6 – 12 yr;
Taiwan; National Cheng Kung
University Medical Centre in Tainan

RCT I: internet-based multimedia
asthma education with
interactive asthma monitoring
system: electronic diary, asthma
action plan
C: verbal information and
booklet for asthma education
with written asthma diary

PEFR weekly average (recorded in asthma
diaries, morning and night), symptoms,
childhood ACT at baseline and 12 weeks later),
PAQLQ, caregiver’s knowledge

12 weeks
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Willems et
al [156];
2008

56 children with asthma aged ≥7 yr 
and 53 adults with asthma aged ≥18 
yr; the Netherlands; the University
Hospital in Maastricht

RCT 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

PAQLQ, lung function (PEF and FEV1),
asthma symptoms and self-reported use of
medication (recorded using patient diaries), ED
visits, hospitalisations

12 months

Van der
Meer et al
[160]; 2009

200 adults with asthma; 18 – 50 yr;
the Netherlands; 37 General
practices and one outpatient clinic at
Leiden University Medical Centre

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

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

ACQ, Asthma Control Questionnaire; ACT, Asthma Control test; AQLQ, Asthma Quality of Life Questionnaire; C, control; ED, emergency department; FEV1, 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 al [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;
country

No. of participants; age ; setting Study
design

Interventions Main outcomes Follow-up

Anhoj and Moldrup
[177] ; 2004;
Denmark

12 people with asthma; 13 – 57 yr;
recruited from the Danish website
LinkMedica Asthma

Before
and after

SMS asthma diary The feasibility of SMS for asthma diary
data collection from patient/user
perspective,, response rates from SMS
collection of asthma diary

2 months

Ostojic et al [72];
2005; Croatia

16 adults with asthma; mean age 24
yr; respiratory clinic

RCT I: weekly SMS instruction from
an asthma specialist on
adjustment therapy and
recommended follow-up based
on PEF values sent by SMS
C: asthma diaries and peak flow
meter

Lung function tests (PEFR, FEV1 and
FVC), patient’s daily record of PEFR,
symptoms and variability, use of
asthma medication; cost and reliability
of SMS (validated against patient’s
diaries)

16 weeks

Prabhakaran et al
[178]; 2010;
Singapore

120 adults with asthma; aged ≥ 21 
yr; Tan Tock Seng Hospital

RCT I: received SMS according to a
structured workflow for
symptom monitoring
C: usual care without SMS
support

ACT, reduction in nebulisations and
ED visits

11 months

Strandbygaard et al
[179]; 2010;
Denmark

26 adults with asthma; 18 – 45 yr;
recruited through an advertisement
on local newspapers in Copenhagen

RCT I: asthma education and SMS
reminder to take their asthma
medication
C: asthma education and usual
care

Adherence rate to inhaler use (%
medicine actually taken by patients,
calculated from dose-count and number
of days between clinical examinations),
reimbursement of asthma medication,
change in FeNO levels, lung function
(FEV1, FVC) and airway
responsiveness to inhaled methacholine

12 weeks

Liu et al [161];
2011; Taiwan

89 adults with asthma; mean age 54
yr; outpatient clinics of Chang Gung
Memorial Hospital, Linkou

RCT I: mobile telephone-based
interactive asthma self-care
system
C: asthma symptom diary
booklet and action plan

Lung function (FEV1, FVC), asthma
symptom score (sleep quality, severity
of coughing, difficulty in breathing and
daily activities affected by asthma),
unscheduled clinic visits, ED visits,

6 months
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hospitalisations
Ryan et al [180];
2012; UK

288 people with asthma; mean age
48 yr; 32 primary care practices in
Norfolk and Yarmouth, East Kent,
North England, Essex and
Hertfordshire

RCT 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

Asthma control – ACQ
Self-efficacy – KASE-AQ
Asthma related quality of life –
mAQLQ
Enablement – mPEI

6 months

ACQ, Asthma Control Questionnaire; ACT, Asthma Control test; C, control; ED, emergency department; FEV1, 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 et 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 al [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 validity 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 et 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 FEV1%

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 et 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 et 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



Chapter 2 Literature Review

54

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
contribution

Extent of
contribution (%)

Conducted literature search; developed search strategy; identified
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.

80

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
Signature

23 July 2015

Main
Supervisor’s
Signature

23 July 2015
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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 FEV1 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 FEV6 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:

• compare changes in pulmonary function during pregnancy between healthy

women and those with asthma;

• determine the relationship between changes in pulmonary function and

asthma-related quality of life in pregnant women with asthma; and

• investigate the application of FEV6 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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4.2 Manuscript

4.2.1 Declaration (Part B) for Thesis Section 4.2.2

In the case of Section 4.2.2, the nature and extent of my contribution to the work was

the following:

Nature of
contribution

Extent of
contribution (%)
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materials, carried out participant recruitment and data collection,
entered and analysed data, and prepared first draft of the
manuscript and revised based on comments from co-authors.
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The following co-authors contributed to the work.

Name Nature of contribution

Dr Johnson George Advised on study design 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 assisted with manuscript preparation
Eldho Paul Assisted with data analysis and manuscript preparation
Prof Susan Walker Advised on study design and with manuscript preparation
Peter Rochford Assisted with interpretation of spirometry and with manuscript

preparation
Gary Nolan Assisted with interpretation of spirometry and with 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.
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Signature

23 July 2015



Chapter 4 Prospective Cohort Study

69

4.2.2 Published manuscript: A Prospective Cohort Study of
Pulmonary Function during Pregnancy in Women with and without
Asthma. J Asthma. 2015; 1 - 9
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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

(FEV1, FVC and FEV6) 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 FEV6 and FVC were significantly correlated

in pregnancy. The longitudinal changes in FEV6 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 (FEV1 and FEV6) and asthma symptoms. It is suggested that FEV6 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; FEV6)
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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 FEV6 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:

• develop and implement a telehealth programme for remotely monitoring

pulmonary function and asthma symptoms during pregnancy;

• explore the feasibility of asthma self-management using a telehealth

programme for regular monitoring of pulmonary function and asthma

symptoms; and

• evaluate 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
contribution

Extent of
contribution (%)

Reviewed literature, designed trial, developed Breathe-easy©
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.

60

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
Signature

23 July 2015

Main
Supervisor’s
Signature

23 July 2015
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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
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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 et 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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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.1, 2 Managing
asthma in pregnant women is an
integral part of asthma guidelines,3-5

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.6-9

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).10 Recording daily symptoms
continually as a part of asthma self-
management reduces unplanned
hospitalizations and improves quality
of life in asthma patients.11-14

Early detection of
exacerbations and better management
of asthma exacerbations can be
achieved by home telemonitoring.11-14

Internet or mobile phone-based
healthcare interventions have been
reported to have potential benefits in
adults11, 14 and children13 with asthma
when compared with usual care.
Mobile phone-based interventions to
support asthma management have been
evaluated in several studies.14-16

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
asthma17 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.18 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.3 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 software19 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
(FEV1 and FEV6) 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 Council3 and Global Initiative
for Asthma (GINA) guidelines.5 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.20 Secondary asthma-
related outcomes were changes in
Juniper’s mini Asthma Quality of Life
Questionnaire (mAQLQ) score,21 lung
function (FEV1 and FEV6), 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
www.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 0.66,22, 23 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.20 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.24

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.
FEV1, FEV1% predicted and
FEV1/FEV6 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 FEV1, FEV1% and
FEV1/FEV6 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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Figure 1. CONSORT diagram of participant flow
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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
(n=36)

Usual care group
(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
plan

2 (5) 1 (3)

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)1 31.1± 4.7 31.8 ± 4.3
Height 1 164.0 ± 5.4 161.7 ± 7.1
Weight (kg)1 78.9 ± 21.6 70.8 ± 11.1
BMI (kg/m2)1 29.3 ± 7.4 27.6 ± 3.9
Gestational age (weeks)1 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]2 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)

FEV1 in litres3 2.7 ± 0.1 2.9 ± 0.1
FEV1% predicted 3 89.1 ± 2.3 91.6 ± 0.1
FEV1/FEV6 (%)3 80.1 ± 1.1 81.5 ± 1.0
ACQ score3 1.1 ± 0.1 1.2 ± 0.1
mAQLQ score3 5.5 ± 0.2 5.5 ± 0.2

ACQ, Asthma Control Questionnaire; BMI, Body Mass Index; mAQLQ, mini Asthma Quality of
Life Questionnaire;FEV1, Forced expiratory volume in 1 second; FEV1%, FEV1 expressed as a
percentage of the predicted value; FEV6, 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. 1mean ± SD, 2 median [interquartile range],
3mean ± 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
Change in
outcome

MASTERY
group
(n=33)

Usual care
group
(n=36)

Mean
difference

95% CI p
value

ACQ
3 months 0.01± 0.11 -0.16 ± 0.09 -0.17 ± 0.14 -0.45 to 0.12 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 0.29 to 1.16 0.002

FEV1

3 months 0.12 ± 0.05 0.08 ± 0.05 -0.03 ± 0.06 -0.16 to 0.09 0.63

6 months 0.11 ± 0.06 0.07 ± 0.05 -0.04 ± 0.08 -0.19 to 0.11 0.57

FEV1%
3 months 6.04 ± 1.69 1.75 ± 1.57 -4.29 ± 2.32 -8.84 to 0.25 0.07

6 months 4.27 ± 1.86 1.54 ± 1.72 -2.72 ± 2.54 -7.71 to 2.27 0.29

FEV1/FEV6

3 months 3.43 ± 1.17 0.14 ± 1.09 -3.29 ± 1.61 -6.44 to 0.14 0.05

6 months 1.53 ± 1.07 -0.56 ± 0.98 -2.08 ± 1.46 -4.94 to 0.78 0.16

ACQ, Asthma Control Questionnaire; mAQLQ, mini Asthma Quality of Life
Questionnaire;FEV1, Forced expiratory volume in 1 second; FEV1%, FEV1

expressed as a percentage of the predicted value; FEV6, 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.
.

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

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

MASTERY group
(n=33)

Usual care group
(n=36)

Outcome
Neonatal Data

Male 16 (49) 21 (58)

Birth weight (g)1 3434 ± 555 3447 ± 547

Length 1 49.9 ± 2.7 50.3 ± 2.3

Head circumference 1 34.3 ± 1.7 34.8 ± 2.8

APGAR score2

At 1 minute 9 [8-9] 9 [7.25 – 9]

At 5 minutes 9 [9-9] 9 [9-9]

Gestational age (weeks)1 39.1 ± 1.4 39.3 ± 1.2

Admission to NICU or SCN 1 (3) 2 (6)

Premature (< 37 weeks) 1 (3) 2 (6)

Low birth weight (<10th

centile for gestational age)
4 (12) 7 (19)

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 3 (9) 6 (17)

Hypertensive disorders of
pregnancy

2 (6) 2 (6)

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. 1mean ± SD, 2

median [interquartile range]
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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.3, 25 Since pregnancy
may alter the severity of asthma
unpredictably,26 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.10

Monitoring asthma regularly using
objective measures of lung function
(FEV1) and asthma symptoms could
improve asthma control and reduce
exacerbations during pregnancy.27 Lim
et al22 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 al14 and Ryan et al.15 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
al14 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 al15 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 al17. Additionally, our usual
care was less intensive than that of Liu
et al14 and Ryan et al15 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.28 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.29 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.10, 30 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.31, 32

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
(FEV1 and FEV6) 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, FEV6 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 FEV6 was found in the women with asthma at weeks

21 to 28. The drop in FEV6 was also accompanied by a reduction in FVC. Strong and

positive correlations were present between changes in FEV6 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 (r

= 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. FEV6 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, FEV6 and FEV1/FEV6) 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 FEV6 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

FEV6 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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• 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:

• Conduct larger scale, multi-centre RCTs to develop and evaluate non-

pharmacological healthcare interventions for managing asthma in pregnant

women.

• Design and evaluate an intervention that elaborates the main role of healthcare

professionals in a multi-disciplinary approach, supported by a telehealth

programme.

• 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.

• 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.

• 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).

• 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.

• Conduct a larger study to confirm the impact of asthma or other comorbidities

on neonatal outcomes.

• 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, FEV6 appears to be a suitable alternative to FVC. A telehealth programme

(Breathe-easy©) in conjunction with home monitoring of lung function (FEV1 and

FEV6), 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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