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Abstract
Background

Cardiovascular disease (CVD) secondary prevention programmes, such as cardiac rehabilitation
(CR), have been shown to reduce mortality through education, psychosocial support, and lifestyle
behaviour change. The benefits of CR are clear yet participation rates are less than 50%
worldwide. The reach of CR may be increased if people can choose to receive programmes
delivered by mobile technologies (mHealth), as programmes could be accessed anywhere and
anytime. The objective of this thesis was to develop and evaluate an mHealth delivered
comprehensive CR intervention (Text4Heart) in adults with CVD.
Methods

A systematic review was undertaken to investigate the effectiveness of mHealth delivered
behaviour change interventions in adults with CVD. Four development studies were then
conducted with the target audience, adults with CVD, to inform the Text4Heart intervention
content and delivery mode. The first study examined participant perceptions of an exercise-based
mHealth intervention. The second study evaluated mobile phone usage rates. A third study pretested mHealth healthy eating content. The fourth study examined the convergent validity of a
smartphone delivered physical activity questionnaire. After Text4Heart was finalised, a
randomised controlled trial was conducted to evaluate the effectiveness of the intervention on
adherence to lifestyle change.
Results

The systematic review showed five of seven mHealth trials had positive effects on physical activity
or medication adherence. The development studies found adults with CVD were receptive to
using mobile technologies to receive CR and they found the text messages motivating. The
smartphone physical activity questionnaire had good agreement with accelerometry and the
International Physical Activity Questionnaire, but was not included in the Text4Heart trial due to
the small numbers of participants using smartphones. The Text4Heart trial randomised 123
adults with coronary heart disease (n=61intervention; n=62 usual care control). The intervention
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group had significantly higher adherence to multiple lifestyle behaviours at 3 months (adjusted
OR=2.55, 95% CI 1.12-5.84; P=.03), but not at 6 months (adjusted OR=1.93, 95% CI 0.83-4.53;
P=.13). The intervention group also reported greater medication adherence (mean difference:
0.58, 95% CI 0.19 to 0.97; P =.004) than the control.
Conclusions

The findings from this thesis showed that adults with CVD are willing and able to using mobile
technologies to receive CR, and that mHealth interventions are effective at changing multiple
lifestyle behaviours. Larger, multi-centre studies with longer follow-up are needed to determine if
mHealth interventions can improve clinical outcomes as a result of positive behaviour change.
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Part 1. Setting the scene: introduction and literature review

1

Chapter 1. Thesis introduction
This thesis investigates the use of mobile technologies to improve self-management for people
with cardiovascular disease (CVD). Chapter 1 introduces the topic, describes the current state of
CVD in New Zealand, and summarises the importance and challenges of existing selfmanagement programmes for the secondary prevention of CVD. The chapter concludes by
outlining the objectives of the thesis and its overall structure.

1.1 Cardiovascular disease: prevalence and economic consequences
CVDs are a group of heart and blood vessel disorders, including ischemic or coronary heart
disease (CHD), cerebrovascular disease, peripheral arterial disease, rheumatic heart disease,
congenital heart disease, and deep vein thrombosis and pulmonary embolism (1). CVDs are the
leading cause of morbidity and mortality in developed countries and represent 30% of deaths
worldwide (1, 2). Between 2013 and 2030 almost 23.6 million people will die from CVDs, mainly
from CHD, which includes angina, myocardial infarction, and coronary revascularisation (1).

Although mortality rates due to CHD have declined over recent decades, the economic burden
associated with treating CHD remains large. In the United States, one in six CHD patients died as
a result of their disease and CHD treatment health care costs totalled USD$96 billion in 2010 (3).
A similar situation exists in New Zealand where CHD affects one in twenty adults and was the
second leading cause of death in 2009 (4). Data from 2009 revealed the prevalence of CHD was
higher in Māori (indigenous), Pacific Islanders, and South Asian Indians, with Māori adults 1.8
times more likely to be diagnosed with CHD than non-Māori (4). After adjusting for age, the CHD
mortality rate was 83% higher in Māori males than non-Māori males and 105% higher in Māori
females than non-Māori females (5). There was also a clear socio-economic gradient to CHD
prevalence. People living in New Zealand’s most deprived areas were 1.9 times more likely to be
diagnosed with CHD compared with those living in the least deprived areas, after adjusting for
age, sex, and ethnicity (4).

While the number of New Zealanders diagnosed with CHD is relatively small (5.5% of New
Zealand adults over the age of 15) (4), the burden on the health care system is considerable. New
Zealand data from 2011/12 showed that $228 million was spent on CHD hospitalisations (6). The
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average hospital stay for CHD in New Zealand is 4.4 days, resulting in an average health care
cost of $10,500 (6). In addition to health care spending, CHD is the leading cause of disability
adjusted life years (DALYs) in New Zealand, with a total of 73,804 DALYs reported in 2009 (7).
Due to the high health care costs and loss of life, it is critical that primary and secondary
preventive interventions be implemented to reduce new diagnoses of CHD and improve outcomes
for those with existing disease.

Effective prevention efforts should succeed in reducing CHD prevalence as approximately 80% of
CHD is caused by modifiable risk factors, including physical inactivity, smoking, unhealthy diet,
and harmful alcohol consumption (1). Once diagnosed with CHD, self-management programmes
offer education and support to modify unhealthy behaviours to prevent progression of disease.
The most common type of self-management or secondary prevention of CHD is cardiac
rehabilitation (CR).

1.2 Secondary prevention: the importance and uptake of cardiac
rehabilitation
1.2.1 Defining cardiac rehabilitation
CR, a programme of medication and risk factor education as well as psychological support, is an
essential part of the contemporary management of people with CHD (2, 8). There are a number of
core components of CR, recognised by groups such as the American Heart Association (8), the
British (9) and the European (2) Associations for Cardiovascular Prevention and Rehabilitation,
and the New Zealand Guidelines Group (10). These core components include the management of
cardiovascular risk factors (such as blood pressure, lipids, body weight and smoking), dietary
counselling, pharmacotherapy, psychosocial health, physical activity counselling and exercise
training.

Similar to the European model, three phases of CR are recognised in New Zealand (10). Phase I
refers to inpatient rehabilitation that includes early mobilisation and educating the patient and their
family about heart disease. Phase II CR consists of a supervised outpatient programme beginning
as soon as possible after discharge and lasting for six to twelve weeks. The programme involves
supervised exercise training as well as education classes on a range of topics including
cardiovascular risk factors, improving diet and physical activity, psychosocial support and
3

resuming normal daily living. Phase III aims to promote long-term maintenance of the lifestyle
changes learned in phase I and II and is run by independent community support groups.

1.2.2 The effectiveness of cardiac rehabilitation
CR is effective for the secondary prevention of CHD. Recent meta-analyses (11-13) of
randomised controlled trials (RCTs) have reported that CR is associated with improvements in
mortality and morbidity. The most recent Cochrane systematic review on exercise-based CR
reported statistically significant reductions in both total mortality (RR 0.87) and cardiovascular
mortality (RR 0. 74) (11). Similar results have been reported in other meta-analyses (12, 13).
Taking part in CR has shown treatment effects in cardiovascular risk factors including favourable
cholesterol profiles (12, 13), changes in smoking prevalence and blood pressure (12), and
positive effects on quality of life (11, 13). Clark et al.(13) found that reductions in all-cause
mortality persisted in studies with a follow-up time of 5 years or greater, demonstrating that these
interventions had sustained long-term benefits.

1.2.3 Cardiac rehabilitation uptake
Despite the benefits of CR, participation rates are low world-wide. In the United States, an audit of
267,427 Medicare beneficiaries found that only 18.7% of eligible patients attended one or more
outpatient CR sessions (14). The results of a study investigating the current state of CR in Europe
found that 54% of surveyed countries estimated attendance at phase II CR to be less than 30%
and only three countries reported estimated participation as being greater than 50% (15). Low
attendance rates are also evident in New Zealand. A 2009 audit of a phase II Auckland hospital
CR programme found that 46% of referred patients completed the 6-week programme (16), which
was slightly better than referral and attendance rates in earlier CR audits in New Zealand (17).

1.2.4 Barriers to cardiac rehabilitation attendance
Factors influencing patient attendance at CR are complex. A number of systematic reviews have
identified sociodemographic, physical, and personal factors contributing to non-attendance (1820). Sociodemographic barriers to attending CR include socioeconomic status and employment
(19, 20). Higher levels of deprivation are associated with poor CR adherence. CR attendance may
compete with employment commitments resulting in potentially extensive financial costs,
especially for those with low incomes (19).
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Physical barriers to CR attendance include transportation, scheduling, language and a lack of
social support (18, 19). Long travelling distance to CR sessions, particularly limiting in rural
settings, is a common barrier (19), which can be further compounded by limited availability of
transportation and parking (18). Language can be a major barrier to CR participation, and the
information taught, such as dietary advice, may not be culturally relevant for minority groups (18).
Low attendance has been shown among ethnic minorities and older people who perceive that
programmes do not meet their specific needs (19). Women are less likely to attend CR due to
numerous domestic and family demands that often take priority (14, 19). A lack of family support
can be a barrier to CR attendance; family members may discourage patients from attending or
may impose familial commitments that compete with attendance at CR. Strong social support can
facilitate attendance when family members or friends provide transport, accompaniment to CR
sessions and encouragement to exercise (19).
Patients’ knowledge, beliefs and perceptions of their disease and recovery are important
influences on CR attendance (18-20). Non-attenders often do not realise the benefits of CR (18,
19). Poor knowledge and understanding of cardiovascular risk factors (e.g. high cholesterol),
particularly the belief that personal risk factors are uncontrollable and not able to be modified, are
associated with low adherence (18, 19). Individual health status, such as depression or those
classified as high risk (for example those who smoke or have a high body mass index), has
consistently been found to be associated with poor CR adherence, which is especially concerning
as these are the patients who stand to benefit the most (20).

1.2.5 Home-based cardiac rehabilitation
Many of the physical barriers (e.g. transport, parking, time constraints) to CR attendance can be
overcome through home-based programmes. A meta-analysis comparing home-based to centrebased CR found no differences in mortality, cardiac events, exercise capacity, modifiable risk
factors, or health-related quality of life (21). Participants in home-based programmes also showed
greater adherence to the programme than those in centre-based programmes (21).

Despite international recommendations for flexible and individually tailored CR delivery, phase II
and III programmes continue to be structured and group-based (22). It is evident that standard CR
delivered at a hospital or community setting does not work for everyone and alternative
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approaches should be considered. The use of technologies to deliver CR is a novel approach with
potential to improve reach and be more cost-effective than centre- or home-based programmes.

1.3 The use of technology in disease management
1.3.1 Telephone- and Internet-based interventions
Telephones and the Internet provide instant and an inexpensive means of communication.
Demand for wireless broadband subscriptions is increasing globally. New Zealand had a rapid
rise in fixed and wireless broadband subscriptions from 2010 to 2011, and is now ranked 12 th
among 34 OECD countries for the number of wireless broadband subscriptions per 100
inhabitants (23). The 2013 census data revealed 77% of New Zealanders have a household
Internet connection (24).

Internet- and telephone-based interventions have been successful in promoting health behaviour
change. A meta-analysis of 84 studies (N=43,236) found Internet-based interventions had positive
effects on health-related behaviour, with greater effects seen with theory-based interventions,
those which included the most behaviour change techniques (BCTs), and interventions that
included additional components such text messaging (short message service (SMS)) or emails
(25). Systematic reviews of telerehabilitation or telehealth (the use of phone, Internet, or
videoconferencing technology to deliver rehabilitation services at a distance) has indicated that
the use of technology is effective in secondary prevention of CHD (22, 26). While telehealth offers
much promise, landline telephone connections and personal desktop computer ownership is on
the decline and is being replaced by mobile hand-held devices.

1.3.2 The proliferation of mobile technology
Mobile technology has now permeated developed and developing nations, and many countries
have reached mobile phone saturation. In the United Kingdom, 131 mobile phone connections
exist per 100 people; mobile saturation is 110% in New Zealand and Australia, and 98% in
America (27-29). Over two-thirds of New Zealanders surveyed in 2013 now access Internet on
mobile wireless devices compared with only 8% in 2007 (24). The ubiquitous nature of mobile
technologies integrated into daily life creates a potential platform from which to deliver health
behaviour change interventions, including CR.

1.3.3 mHealth and behaviour change
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Mobile health (mHealth) is the delivery of health information and care using mobile technologies
(30). Mobile technology, including SMS, video-messaging, instant messaging, the Internet,
applications, and voice-calling, is increasingly being utilised in disease prevention and
management (30, 31). SMS has been the most researched form of mHealth. SMS can facilitate
health behaviour change as it allows instant and individualised health communication and
reinforcement through periodic prompts and reminders (30-33).

Systematic reviews have found SMS interventions to be effective for improving medication
adherence, clinical management (diabetes control and asthma) and preventive behaviour change
(smoking cessation and weight control) (30-32). Another recent review found mixed evidence for
the effectiveness of mobile technologies to change behaviour or self-manage disease (34);
however, due to the lack of high quality trials published at the time of their search (2010) and little
reporting of clinical outcomes, this area warrants further research before definitive conclusions
can be drawn.

1.3.4 The potential of mHealth for cardiac rehabilitation
MHealth has the potential to be used as an alternative method to deliver and augment traditional
CR. The portability of mobile phones allows information and support to be delivered at any time
and any place, reducing physical barriers such as a lack of time or transport to attend centrebased CR. MHealth can be personalised for the individual receiving messages, which can reduce
personal barriers, such as negative perceptions about CR and improve cultural relevance. A
common concern of mHealth is the risk of a digital divide, where a group can be potentially
marginalised if they do not have access to the technology. Despite this concern, people living in
low socio-economic status (SES) areas have high mobile phone usage (31); therefore mHealth
presents an ideal opportunity to reach this population. Further research is needed to determine
whether mHealth could result in a digital divide for older adults as they are a group that has been
under-represented in previous mHealth research. CR delivered by mobile technology also has
potential to benefit developing nations where rates of CHD are soaring and the lack of
infrastructure means many people go untreated or fail to be rehabilitated (35).

Two RCTs have recently examined the use of mHealth interventions in the CHD population. The
first, recently completed at the National Institute for Health Innovation (NIHI), in Auckland, New

7

Zealand, investigated an mHealth exercise-based CR intervention (36). The objective of the Heart
Exercise and Remote Technologies (HEART) trial was to determine if receiving an exercisebased CR programme delivered by mobile technology could improve exercise capacity as
measured by maximal oxygen uptake (VO2max) compared with usual care in 171 adults with
ischaemic heart disease. The 24-week intervention was delivered using SMS and an interactive
website, including brief video vignettes of role models. The evidence-based intervention, framed
in self-efficacy theory, included exercise prescription and behaviour change strategies to start and
maintain regular exercise. Results showed an increase in exercise capacity for both groups at 24
weeks, but no between-group differences. A significant treatment effect was found for selfreported leisure time physical activity, walking, and self-efficacy in favour of the intervention group
(36). A second trial used a smartphone application to deliver CR in Australia, which included
monitoring and delivery of education and support to participants by SMS, audio, and visual files
(37). The intervention group reported better adherence and completion of CR, but found no
differences in physiological or psychological health outcomes when compared to traditional CR.
The results of the aforementioned trials were promising and warranted further investigation as
neither examined the potential of mHealth to change and/or measure multiple behaviours (e.g.
physical activity, diet, smoking cessation) in adults with CHD, which more closely resembles the
goals of traditional CR.

1.4 Aims and objectives of the thesis
The promising results from the HEART trial led to the development of this thesis. The candidate
and her supervisors wanted to build on this previous work by creating a comprehensive mHealth
delivered CR programme, which adapted the HEART exercise content and introduced other
components of CR such as healthy eating, smoking cessation, and stress management. The
objective of the thesis was to develop and evaluate an mHealth comprehensive CR intervention in
adults with CHD.

1.4.1 Objectives of the thesis
The objectives of the thesis were to:
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Conduct a systematic review to examine the effectiveness of mHealth interventions on
behavioural lifestyle changes and medication adherence for CVD self-management



Conduct a series of formative and pre-testing studies in people with CVD to inform the
delivery and content of a comprehensive CR intervention



Develop an mHealth delivered comprehensive CR intervention



Conduct a randomised controlled trial (RCT) to evaluate the effectiveness and acceptability of
an mHealth comprehensive CR programme on adherence to lifestyle change



Discuss the implications of the thesis findings and areas for future research

1.4.2 Hypotheses of the thesis
The hypotheses of the thesis were that:


mHealth delivered by text messages and the Internet will be a usable and acceptable format
of CR delivery



Adults with CVD receiving CR by mHealth will report a greater adherence to recommended
lifestyle behaviours than usual care

1.4.3 Structure of the thesis
The thesis is organised into three parts and 5 subsequent chapters.
Part 1

The aim of the Part 1 is to introduce the topic of mHealth and CVD. Chapter 2 describes the
methods, results, and conclusions of a systematic review examining the effects of mHealth
interventions on lifestyle change in people with CVD (paper submitted and under review).
Part 2

Part 2 describes the development of the comprehensive intervention (Text4Heart). Chapter 3
provides an overview of the structure used to develop Text4Heart, starting with conceptualisation
and theoretical frameworks, and concludes with a summary of how theory was used to inform the
intervention. Chapter 4 includes three published papers, describing four formative and pre-testing
studies. Chapter 4 concludes with a summary of how the findings of these studies informed the
intervention development.
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Part 3

Part 3 describes the evaluation of Text4Heart. Chapter 5 begins with a published paper describing
the protocol of the Text4Heart trial and concludes with the trial results (paper submitted and under
review). Participant feedback on the usability and acceptability of the Text4Heart intervention is
also included in chapter 5. Chapter 6 provides a short summary of the thesis results, followed by
an in-depth discussion comparing the results with previous literature, the implications of the
findings, and the strengths and limitations of the thesis. The chapter ends with the conclusions of
the thesis.
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Chapter 2. The effectiveness of mobile-health behaviour change
interventions for cardiovascular disease self-management: a
systematic review
Introduction to the publication:

As described in Chapter 1, there has been increased research interest in the potential of mobile
technologies to deliver cost-effective and easy-to-access secondary prevention programmes for
CHD. Secondary prevention programmes target change in lifestyle risk factors; however the
impact of mHealth interventions on changes in the behaviour of CVD populations had not yet
been reviewed. The following chapter presents a systematic review to determine the effectiveness
of mHealth interventions on behavioural lifestyle changes and medication adherence for CVD selfmanagement, and addresses the following thesis objective:

i.

Conduct a systematic review to examine the effectiveness of mHealth interventions
on behavioural lifestyle changes and medication adherence for CVD selfmanagement

Findings from the review were used to inform the development and evaluation of the mHealth
comprehensive CR intervention. The systematic review has been submitted for publication, but
small formatting changes have been made to ensure consistency across the thesis.

Publication:

Pfaeffli Dale, L., Dobson, R., Whittaker, R., Maddison, R. (2015). The effectiveness of mobilehealth behaviour change interventions for cardiovascular disease self-management: a systematic
review. Submitted to European Journal of Preventive Cardiology.2047487315613462
Contribution by the candidate:

The objective of the systematic review was determined by the candidate and her primary
supervisor. The candidate generated the review criteria and conducted the search. The candidate
extracted the data and formed conclusions, with insights from her co-authors. The candidate
wrote the manuscript, receiving input from co-authors.
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2.1 Abstract
Background

Mobile wireless devices (mHealth) have been used to deliver cardiovascular disease (CVD) selfmanagement interventions to educate and support patients in making healthy lifestyle changes.
This systematic review aimed to determine the effectiveness of mHealth interventions on
behavioural lifestyle changes and medication adherence for CVD self-management.
Methods

A comprehensive literature search was conducted from inception through to March 3, 2015 using
MEDLINE, PubMed, PsycINFO, EMBASE, and The Cochrane Library. Eligible studies used an
experimental trial design to determine the effectiveness of a mHealth intervention to change
lifestyle behaviours in any CVD population. Data extracted included intervention and comparison
group characteristics with a specific focus on the use of behaviour change techniques.
Results

Seven studies met the inclusion criteria and were included in the qualitative synthesis. All
interventions were delivered in part by mobile phone text messaging. Three studies were effective
at improving adherence to medication and two studies increased physical activity behaviour. No
effects were observed on dietary behaviour or smoking cessation, measured in one study each.
Simple text messaging interventions appeared to be most effective; however, no clear
relationships were found between study findings and intervention dose, duration, or behaviour
change techniques targeted.
Conclusions

The review found mHealth has the potential to change lifestyle behaviour. Results are still limited
to a small number of trials, inconsistent outcome measures, and ineffective reporting of
intervention characteristics. Large scale studies with longer follow-up are now warranted to gain a
clear understanding of the effects of mHealth on behaviour change in the CVD population.
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2.2 Introduction
Unhealthy lifestyle behaviours and modifiable individual risk factors are responsible for
approximately 80% of cardiovascular disease (CVD) (1). Self-management or secondary
prevention programmes, commonly known as cardiac rehabilitation (CR), educate and support
patients to make healthy lifestyle changes to reduce subsequent cardiac events. Lifestyle
behaviour changes include starting and maintaining regular physical activity, eating a healthy diet,
stopping smoking, reducing harmful alcohol intake, and taking medications as per prescribed
regimens (2). Through the targeting of multiple behaviour change, secondary prevention
programmes have been associated with reduced mortality and repeat cardiac events, and/or
improved health related quality of life (38, 39).

Although the evidence shows that taking part in CR programmes benefits patients, attendance
rates remain at less than 50% worldwide (40). Typically, CR is comprised of face-to-face group
education and/or exercise sessions for outpatients and can be located at a hospital or community
setting. Many patients face significant barriers to attending face-to-face centre-based
programmes, such as a lack of transportation or embarrassment about participation (18), and
calls have been made to offer alternative types of programmes, such as those delivered in the
home (21).

Home-based CR has shown to be as effective as centre-based CR with similar health care costs
(41). One type of home-based secondary prevention programme that has recently gained
attention is telehealth. There are several definitions of telehealth but on the whole they include
functions of remote monitoring, health care provider/patient communication, and
information/education exchange (22). A systematic review and meta-analysis found telehealth
interventions were associated with several positive risk factor modifications in patients with
coronary heart disease, including significantly lower total cholesterol, blood pressure, and fewer
smokers (18). Telehealth paints a promising picture, but on the whole the mechanisms to deliver
telehealth were through landline and desktop or bespoke units. The notion of being physically
bound to the intervention tool at home may still be a barrier for some patients and is reflective of
the existing provider centric care model. The mobility of smart phones and other portable devices
offer greater delivery opportunities and possibilities to enhance self-management in people with
CVD.
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Mobile phones are now omnipresent, with worldwide usage rates nearing 100% (42). Mobile
wireless devices for health communication, known as mHealth, have been incorporated into
various behaviour change and disease management interventions. The most researched form of
mHealth has been the use of text or short messaging service (SMS), found to facilitate significant
positive effects on health outcomes and/or behaviours (43). The majority of mHealth disease
management interventions have focused on the diabetes population (34). The uptake of mHealth
for CVD self-management has been slow perhaps due to misconceptions that people with CVD
are uncomfortable using technology as they tend to be older; however, recent reviews have
shown the CVD population are able to use and engage with technology (44, 45).

Two recent systematic reviews have assessed the effectiveness of digital (web-based,
telemedicine, mobile phone, and monitoring sensors) (44) and mHealth (45) interventions on CVD
outcomes. Widmer et al.’s meta-analysis found digital interventions had beneficial effects on CVD
outcomes, including CVD events and all-cause mortality (RR, 0.60; 95% CI, 0.43-0.83; P=.002;
I2=0%) (44). Hamine et al. found mixed evidence with 7/13 (54%) mHealth interventions showing
significant improvements on CVD risk factors such as blood pressure, weight, and lipid profile
(45). While both reviews were of high-quality, neither examined the impact on behaviour change.
Lifestyle behaviour change is more proximal to the intervention and the antecedent to clinical
outcomes (31), and forms the core of secondary prevention programmes. In fact, a need to review
behaviour change and motivational techniques was identified as an area of future research by
Widmer et al. (44). Such a review may yield meaningful findings on the features of successful
interventions with clinical implications. Understanding the components of successful mHealth
interventions, including the use of theory and/or behaviour change techniques (BCTs), may help
guide future intervention development for the CVD population. Thus, the primary objective of this
systematic review was to determine the effectiveness of mHealth interventions on behavioural
lifestyle changes and medication adherence for CVD self-management.

2.3 Methods
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This systematic review was conducted according to the PRISMA checklist (Appendix 1) (46) and
the Cochrane Systematic Review Handbook (47); however, no review protocol has been
published.

2.3.1 Eligibility criteria
Table 1 outlines the review inclusion criteria. Eligible studies were experimental or quasiexperimental trials published in peer-reviewed journals in English. Participants included patients
of any age with any type of established CVD (coronary heart disease, acute coronary syndrome,
heart failure, stroke, congenital heart disease).

Studies were included based on 1) intervention delivery and 2) outcomes. Included interventions
were delivered at least in part via mHealth, defined as health communication delivered using a
mobile wireless device such as a mobile phone, patient monitoring device, personal digital
assistant (PDA), or other wireless device (48). Interventions using solely landline telephone
communication were excluded. Web-based interventions were included only if the intervention
was specifically delivered on handheld or tablet devices. Studies must have included one of the
following lifestyle behaviour outcomes (primary or secondary outcome): physical activity, diet,
smoking, alcohol use, or medication adherence. Mobile phone-based telemedicine studies using
remote monitoring of symptoms or clinical data were included if behaviour change outcomes were
reported. The primary outcome of interest in this review was a change in lifestyle behaviour (see
Table 1), as this is the antecedent to clinical outcomes and often the aim of CVD selfmanagement or secondary prevention programmes.
Table 1. The systematic review research question as defined by the PICOS approach
Participants

Interventions

Comparator

Outcomes

Study design

Patients of any
age diagnosed
with any type of
CVD

Delivered via
mHealth

Presence of any
type of
comparison
group

Individual risk
factor behaviour
change for CVD
selfmanagement
(physical activity,
diet, smoking,
alcohol use,
medication
adherence)

Experimental or
quasiexperimental

2.3.2 Search strategy
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A comprehensive literature search was conducted from inception through to March 3, 2015 using
MEDLINE, PubMed, PsycINFO, EMBASE, and The Cochrane Library. Full details of the
MEDLINE search strategy can be found in Table 2 (amended for other databases). No language,
publication date, or publication status restrictions were imposed on the search strategy. The
search strategy followed guidelines from the Cochrane Systematic Review Handbook and was
created by the first author (LPD) with guidance from other authors. Reference lists of relevant
studies or reviews were also searched manually. If relevant abstracts were found, authors were
contacted for full publications where possible. Articles published in languages other than English
were excluded during the full text screening.
Table 2. Ovid MEDLINE search strategy (inception through to 03/03/2015)
Search

Search term

Combination

Result

1

cellular phone/

4838

2

(cellular phone* or cell phone* or cellular
telephone* or cell telephone*).ab,ti.

2162

3

(mobile phone* or mobile telephone*).ab,ti.

3697

4

(smart phone* or smartphone* or smartphone* or iphone or i-phone).ab,ti.

1877

5

(text messag* or sms* or short
messag*).ab,ti.

5089

6

(texting or texted).ab,ti.

285

7

(multimedia messag* or mms* or multimedia messag*).ab,ti.

11358

8

application software.ab,ti.

172

9

(mHealth or m-health or mobilehealth).ab,ti.

906

10

wireless technolog*/

1177

11

Bluetooth.ab,ti.

370

12

computers, handheld/

2397

13

(tablet or ipad or i-pad).ab,ti.

18013

14

Internet/

51169

15

Internet.ab,ti.

30226

16

(web?based or web-based).ab,ti.

15699

17

17

(online or on-line).ab,ti.

63650

18

(e-health or ehealth or electronic
health).ab,ti.

7149

19

or/1-18

175176

20

Exp cardiovascular diseases/

1908007

21

Cardiac rehabilitation.ab,ti

3913

22

Exp hyperlipidemia/

56445

23

Exp cardiology/

14504

24
25

26

Or/22-25

1948637

(exercis* or physical activ* or diet or
nutrition or tobacco or smoking or
adherence).ab,ti.

789064

(interven* or program* or treatment).tw.

3903140

27

19 and 24 and 25 and
26

497

2.3.3 Selection of studies
The search was conducted by the first author (LPD). Search results were merged into EndNote
X7 Referencing Software and duplicates were removed. Titles and abstracts were then screened
to remove obvious irrelevant articles. Articles identified for full text review were compared to
eligibility criteria by two authors (LPD and RD). Disagreements were brought to a third reviewer
(RM) for discussion until consensus was reached. Reasons for exclusion of studies were
recorded.

2.3.4 Data collection process
Data were extracted by the first author (LPD) using items informed from the PRISMA checklist
and the Cochrane Systematic Review Handbook: 1) Population (type of CVD, age, sex, country,
setting, sample size, inclusion/exclusion criteria); 2) Study Design (design, length of follow up); 3)
Intervention (technology used, characteristics, dose, theoretical framework and BCTs, duration of
intervention and follow up); 4) Comparator (type, description, dose); 5) Outcomes (primary and
secondary outcome measures and results). Study authors were contacted if additional nonpublished data were required. Data extraction was verified independently by the second author
(RD).
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2.3.5 Risk of bias assessment
Risk of bias was assessed using the Cochrane Collaboration’s tool for assessing risk of bias (47)
and the Jadad score for study quality (49). The data collected included the following: method of
randomisation and allocation concealment; blinding of outcome assessors and participants;
number of participants randomised, excluded, and lost to follow up; reporting of power calculation;
type of analysis (intention to treat or per protocol); reporting of pre-specified outcomes.

2.4 Results
The combined search strategy identified 3456 records, of which eight of were identified through
manual searching of reference lists and google scholar (Figure 1). Once duplicates were
removed, 2374 records were screened for eligibility by title and abstract. The full text was
obtained for 192 records, of which nine (describing seven trials) met the inclusion criteria. A list of
excluded studies, with the primary reason for exclusion, can be found in Appendix 2. Due to the
heterogeneity of study intervention and outcome measures, meta-analysis was not possible,
therefore we summarised the study characteristics, results, limitations, and implications using
qualitative synthesis.
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Identification

Records identified through
database searching
(n = 3448)

Additional records identified
through other sources
(n = 8)

Screening

Records after duplicates removed
(n = 1082)

Records excluded
(n = 2182)

Records screened
(n = 2374)

Eligibility


Full-text articles
assessed for eligibility
(n = 192)




Included


Studies included in
systematic narrative
synthesis
(n = 7; 9 articles
describing 7 trials)




Full-text articles
excluded (n=183)
- Not CVD
(population): 17
- Not exp/quasi
exp. (design): 56
- Not published
paper: 31 (abstract
or dissertation)
- Not in English
(Publication status):
4
- Not mHealth
(intervention): 67
- Not behaviour
change (outcome):

Figure 1. Flow diagram of included studies

2.4.1 Characteristics of studies
The characteristics of included studies can be found in Table 3 and will be described according to:
participants, study design, intervention and comparison groups, risk of bias, and effectiveness.
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Table 3. Characteristics of included studies
Study

Participants

Study design;
device;
media

Aim

Intervention

Comparator

Intervention
duration;
Follow up

Effect on
behaviour
change?

Antypas
2014 (50)

69 adults with
CVD

2-group
cluster RCT

Access to nontailored
website and
online forum

Yes (physical
activity)

Device:
Computer +
mobile phone

Participants had access to
website and received
tailored messages via web
and SMS. The website
contained info about CVD,
self-management, and an
online discussion forum.
Participants could set
physical activity goals based
on stage of change and
received feedback via graph
on website. They received
SMS reminders about
planned physical activity and
if activity was completed

Duration:
Not stated

Mean age
(95%CI)
intervention: 60
(56-63)

To assess the effect
of a tailored
Internet- and mobile
phone-based
intervention on the
maintenance of
physical activity
levels after a
cardiac
rehabilitation stay

To analyse the
efficacy of a
telemonitoring
system for the
followup of patients
with ACS

The telemedicine group
were provided with clinical
measurement devices and
sent results via their mobile
phone. Physicians accessed
the patient data via the Web
application and sent
individualised SMS with
recommendations to the
patient.

Usual care
(met with
cardiologist 3x
over study
period;
received
verbal and
written
information
about CVD
prevention

Duration
and follow
up: 12
months

Control: 59 (5662)

Media:
Website +
SMS

Male: 52/67 (78%)
Country: Norway

Blasco
2012 (51)

203 adults with
ACS with at least
1 CVD risk factor
Mean age (SD)
Intervention: 61
(12)
Control: 61 (12)
Male: 163/203
(80%)
Country: Spain

Single blind
RCT
Device;
media:
Patient:
Mobile
phone; SMS
Physician:
Computer;
web
application

Follow up: 1
and 3
months

No (smoking
cessation)
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Khonsari
2015 (52)

62 adults with
ACS
Mean age (SD):
58 (13)
Male: 53/62 (86%)
Country: Malaysia

Maddison
2015 (36);
2014 (53)

171 adults with
IHD within
previous 3-24
months
Mean age (SD):
60 (9.3)
Male: 139/171
(81%)

Openlabelled 2
arm RCT
Device:
mobile phone
Media: SMS

Parallel 2
arm RCT
Device:
Mobile phone
+ computer
Media: SMS
+ Website

Country: New
Zealand

Park
2014a
(54); Park
2014b
(55)

22

90 adults with
CHD, hospitalised
for MI or PCI

3 arm
prospective
RCT

Mean age (SD):
59 (9.4)

Device:
mobile phone

Male: 68/90 (76%)

Media: SMS

To investigate the
effect of automated
SMS-based
reminders on postdischarge
medication
adherence among
patients with ACS

Participants received
automated SMS reminders
before every medication
intake. Also received SMS
reminder for prescription
refill after 30 days.
Researcher telephoned
participants once per
fortnight to check in on SMS
delivery and whether
hospital readmission was
needed.

Usual care
(CR and follow
up
appointment
with
cardiologist)

Duration
and follow
up: 8 weeks

Yes
(medication
adherence)

To determine the
effectiveness and
cost-effectiveness
of a mHealth
delivered exercise
CR programme for
people with IHD to
improve exercise
capacity and
physical activity
levels; To evaluate
the mediating
effects of selfefficacy on physical
activity levels in the
mHealth
programme

The intervention group
received exercise
prescription and physical
activity behaviour change
SMS (3-5 per week) +
access to a website
containing video messages
(3 per week), CR
information, self-monitoring
of PA on website

Usual care
(encourageme
nt to attend
CR)

Duration
and follow
up: 24
weeks

Yes (physical
activity)

To examine the
efficacy of a
mHealth
intervention to
improve adherence
to antiplatelet and
statin medications

Arm 1: received 2-way SMS
medication reminders
(requiring response) and 1way health education SMS
(74 SMS over 30 days).

Control group
(no treatment)

Duration
and follow
up: 30 days

Yes
(medication
adherence)

Arm 2: received 1-way
health education SMS alone

Country: USA

Quilici
2013 (56)

521 patients who
had coronary
stenting for ACS
Mean age (SD):
64 (10)

RCT 2-arm
pilot study
Device:
mobile phone
Media: SMS

Male: 382/499
(77%)

among MI and/or
PCI patients; To
compare medication
self-efficacy

(14 messages over 30
days).

To test whether
participants
receiving daily
motivational SMS
had better aspirin
completion rates
compared to
standard care

Intervention group received
1 daily personalised and
motivational SMS reminder
to take aspirin for 30 days

Standard care
(not described)

Duration
and follow
up: 1 month

Yes
(medication
adherence)

To investigate
whether CAP-CR is
effective in
improving CR use in
post-MI patients
compared with a
traditional centre
based programme

CAP-CR: smartphone for
health and exercise
monitoring via a wellness
diary & step counter
applications. Motivational
and educational materials
were delivered by SMS,
audio, & visual files.
Participants received all
core components of CR.
Mentors reviewed
participants’ data via a web
platform and provided
weekly telephone
consultations to feedback on
goals.

Standard care
(traditional
centre-based
CR)

Duration: 6
weeks,
however the
CAP-CR
group could
use the
smartphone
and
monitoring
devices for 6
months.
Follow up: 6
weeks and 6
months

No (diet)

Country: Not
stated but author
affiliation is
France
Varnfield
2014 (57)

120 post MI
patients referred
to CR
Mean age (SD):
56 (10)
Male: 82/94 (87%)
(94/120 completed
baseline)
Country: Australia

2 arm parallel
RCT
Device:
smartphone
Media: SMS,
multimedia
materials
(video,
audio),
application
(wellness
diary, step
counter)

CVD, cardiovascular disease; RCT, randomised controlled trial; SMS, short-message service; ACS, acute coronary syndrome; CR, cardiac
rehabilitation; IHD, ischaemic heart disease; MI, myocardial infarction; PCI, percutaneous coronary intervention; CAP, care assessment platform

23

2.4.2 Participants and design
Participants in the included studies were relatively homogenous in terms of their disease (coronary
heart disease), mean age (late 50s-early 60s), and sex (>75% male). All participants were required to
be somewhat familiar with the technology used to deliver the intervention, either by owning a mobile
phone (50-52, 54, 56, 57) and/or having access to the Internet (36, 50). Mobile phones were provided
to participants if needed in one study (36). Sample sizes ranged from 69 to 521 and included a total of
1236 participants. Studies were conducted in Europe (50, 51, 56), North America (54), Asia (52), and
Australasia (36, 57). All seven studies used a two-arm randomised controlled trial (RCT) design, with
the exception of Park et al. (54) who conducted a three arm RCT.

Four studies had behaviour change as primary outcomes: one intervened on and measured physical
activity (50) and three targeted adherence to medication (52, 54, 56). Maddison et al.’s (36)
intervention aimed to increase exercise capacity with physical activity as a secondary outcome.
Varnfield et al.’s (57) intervention targeted all core components of CR and measured dietary habits
(including alcohol) as a secondary outcome. Blasco et al. (51)’s intervention monitored cardiac risk
factors, which included smoking cessation as a secondary outcome. More detail on study outcomes
can be found in Table 6.

2.4.3 Intervention
Six interventions were delivered by any type of mobile phone capable of receiving SMS, and one
intervention was delivered specifically by smartphone (57). Every study used SMS to deliver health
education, recommendations, or motivational messages. Three studies used SMS alone to
encourage medication adherence (52, 54, 56). Two studies used SMS in combination with a website
to increase physical activity participation: Antypas’ et al. (50) intervention was predominantly
delivered via the web with SMS reminder to engage in planned physical activities; Maddison et al.
(36) delivered exercise prescription and behaviour change support via SMS with additional
information and support provided on a website. The remaining two studies used remote monitoring of
participants’ clinical data entered on mobile phones, where physicians or mentors viewed participant
data via a web application and provided feedback to the participant by SMS (51, 57). One of these
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(Varnfield et al. (57)) also included a smartphone application and audio/visual files to deliver
educational and motivational materials.

Intervention dose and duration varied considerably and was not always reported. Intervention
duration ranged from 30 days (54, 56) to 12 months (51). Only four studies specified the number of
SMS sent: 3-5 per week for 24 weeks (36), a total of 74 or 14 over 30 days (54), daily for 30 days
(56), and one message before every medication intake over 8 weeks (52). Two interventions used
automated 2-way SMS (i.e. interactive communication between participant and provider) to monitor
behaviour (50, 54) while the remainder used 1-way SMS (messages pushed to participant without a
response expected). Each intervention was described as “personalised”; however, not all described
how this was done. Personalisation ranged from including the participant’s name in the SMS (52),
tailoring to the time of day participants’ wished to receive messages (54), or offering personalised
feedback based on achieving behavioural goals (36, 57) or clinical outcomes (51).

Three studies used psychological or behaviour change theory to frame their intervention: the
transtheoretical model in one (50) and self-efficacy theory in the other two (36, 54). While not always
mentioned, specific techniques, or BCTs, were also used to support behaviour change (58). As part of
our review, the first author (LPD) coded the interventions according to BCTs as described in each
article. The findings are provided in Table 4. The most commonly used BCTs included goal setting,
self-monitoring of behaviour, information about health consequences, and prompts/cues. Three
studies used seven or more BCTS (36, 50, 57), while two studies only appeared to use one BTC
(prompts to take medications) (52, 56).
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Table 4. Behaviour change techniques used in interventions included in the review (58)
Behaviour change
technique

Antypa
s 2014
(50)

1.1 Goal setting
(behaviour)

✓

1.4 Action planning

✓

Blasco
2012
(51)

Khonsari
2015 (52)

Maddison
2015(36);
2014(53)

Park
2014a(54);
2014b(55)

✓

✓

✓

✓

✓

2.2 Feedback on
behaviour
2.3 Self-monitoring
of behaviour

Varnfield
2014
(57)
✓

1.5 Review
behavioural goal(s)
2.1 Monitoring of
behaviour by others
without feedback

Quilici
2013
(56)

✓

✓

✓

✓

✓

✓

✓

2.6 Biofeedback

✓

✓

2.7 Feedback on
outcomes of
behaviour

✓

✓

2.4 Self-monitoring
of outcome(s) of
behaviour
2.5 Monitoring
outcome(s) of
behaviour by others
without feedback

3.1 Social support

✓

✓
✓

4.1 Instruction on
how to perform a
behaviour
5.1 Information
about health
consequences
5.6 Information
about emotional
consequences
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✓

✓

✓

✓

✓

✓

✓

6.1 Demonstration
of the behaviour
7.1 Prompts/cues

✓

8.1 Behavioural
practice/rehearsal

✓

✓

✓

✓

11.2 Reduce
negative emotions

✓

2.4.4 Comparison
Five studies compared their interventions to standard/usual care. Usual care included encouragement
to attend or attending traditional centre-based CR (36, 52, 57), visits with cardiologists to discuss
CVD secondary prevention (51), or was not described (56). One 3-arm study compared their health
education and medication reminder SMS to health education SMS alone and to a control (no SMS)
(54). The remaining study compared a tailored website with SMS to a non-tailored website (50).

2.4.5 Quality and risk of bias
Table 5 describes risk of bias and study quality. Four of the seven included studies had a low risk of
selection bias. The remaining three studies (51, 52, 56) did not describe their random allocation
methods. Detection bias was assessed based on single blinding of outcome assessors, as the nature
of mHealth interventions renders it difficult for participants to be blinded. Three studies had a low risk
of detection bias, including one study (50) who also blinded participants to treatment condition. Three
studies were high risk as the studies were unblended (52, 54, 57) and one was unclear as blinding
was not described (56).

Power calculations were reported in five studies (36, 50-52, 57). All seven studies reported the
number of participants randomised and analysed; five had low risk of attrition bias as few participants
withdrew or were lost to follow up. Two studies (50, 57) had high rates of attrition split unevenly
across groups at follow up and failed to recruit enough participants as specified in protocol power
calculations. Intention to treat analysis was used in five studies (36, 51, 52, 54, 57). Reporting bias
occurred in four studies, as some outcomes reported in the protocol or methods section were not
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included in the results (36, 50), or reported findings were not pre-specified in the measures section
(51). One study changed the primary outcome due to low recruitment rates (57). Overall no study was
completely free of bias, but three studies were classified as high quality (≥4 out of 5) according to the
Jadad score (36, 51, 54) (see Appendix 3 for details).
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Table 5. Risk of bias
Selection bias
Study

Jadad
score
(/5)

Detection bias

Attrition bias

Reporting bias
Selective outcome reporting

Random sequence
generation

Allocation concealment

Blinding of Participant,
Personnel, Assessors

Attrition

Judgement

Evidence

Judgement

Evidence

Judgement

Evidence

Judgement

Evidence

Judgement

Evidence

Antypas
2014
(50)

5

Low risk

True
random
number
online
service

Low risk

Conceale
d until
participant
entered
code
online

Low risk

Participan
ts,
Investigat
ors and
outcome
assessors
blinded

High risk

High rates of
attrition.
50/69 (72%)
lost to follow
up; uneven
among
groups

High risk

Some
outcomes
reported in
protocol are
missing from
results

Blasco
2012
(51)

4

Not clear

Method
not
described

Not clear

Method
not
described

Low risk

Outcome
assessors
blinded

Low risk

Low attrition
reported.
26/203 (13%)
withdrew or
lost to follow
up, similar
across
groups

High risk

Some
outcomes
reported in
results but not
pre-specified in
methods (No
protocol or trial
registration)

Khonsar
i 2015
(52)

2

Not clear

Method
not
described

Not clear

Method
not
described

High risk

Primary
outcome
assessors
not
blinded

Low risk

Low attrition
reported. 2/62
(3%) lost to
follow up
(death)

Low risk

Nothing to
suggest
selective
reporting (but
no protocol or
trial
registration)
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Maddiso
n 2015
(36);
2014
(53)

5

Low risk

Computer
randomisa
tion

Low risk

Minimisati
on
sequence

Low risk

Outcome
assessors
blinded

Low risk

Low attrition
reported.
18/171 (11%)
lost to follow
up, similar
across
groups

High risk

One secondary
outcome in
protocol not
reported in
results

Park
2014a
(54);
2014b
(55)

3

Low risk

Random
sequence
in blocks
of 6

Low risk

Consecuti
ve opaque
sealed
envelopes

High risk

Outcome
assessors
not
blinded

Low risk

Low attrition
reported. 6/90
(7%) lost to
follow up,
similar across
groups

Low risk

Nothing to
suggest
selective
reporting, but
outcomes
reported over 2
papers (no
protocol or trial
registration)

Quilici
2013
(56)

2

Not clear

Method
not
described

Not clear

Method
not
described

Not clear

Method
not
described

Low risk

Low attrition
reported.
22/521 (4%)
withdrew,
similar across
groups

Low risk

Nothing to
suggest
selective
reporting (but
no protocol or
trial
registration)

Varnfiel
d 2014
(57)

2

Low risk

Computer
generated
permutedblock
randomisa
tion (block
sizes of 4,
6, 8)

Low risk

Sequentia
lly
numbered
opaque
sealed
envelopes

High risk

Outcome
assessors
not
blinded

High risk

High rates of
attrition (only
76/120; 63%
assessed at 6
weeks; not
split evenly
over groups.
Even greater
drop out for
secondary
outcomes

High risk

Primary
outcome
changed from
protocol to
results paper;
some
secondary
outcomes not
reported in
results
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2.4.6 Effectiveness of interventions on behaviour change
Table 6 describes study outcomes. Five of seven studies found a positive treatment effect on
behaviour change. Both physical activity studies saw an increase in self-reported physical activity
(36, 50). All three medication adherence studies found a treatment effect; (52, 54, 56) however,
Park et al. (54) found an improvement in adherence to antiplatelet medication but no effect was
seen on statin medication. No treatment effects were observed on dietary habits and alcohol (57)
or smoking cessation (51).
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Table 6. Outcomes of included studies
Study

Arms

Behaviour change outcome

Additional outcomes

Process outcomes/adherence
to intervention

Antypas 2014
(50)

Arm 1: Tailored website and
SMS PA reminders

3 month: Tailored group: sig higher
median PA score than control (5613
vs 1356, P=.02) *

No differences between groups
for self-efficacy, social support,
anxiety, depression at 1-month
or 3-months

No differences in number of
website visits between groups

TMG more likely to improve
cardiac risk factor profile*
(RR=1.4; 95% CI=1.17, p=.01);
achieve BP goal (RR=1.4; 95%
CI=1.1-1.9, p=.012); HbA1c
goal (RR=1.6; 95% CI=1.112.4, p=.018)

89% (SD16) of remote
monitoring sessions were
completed

Arm 2: non-tailored website, no
SMS

Blasco 2012 (51)

Arm 1: telemonitoring group
(TMG), SMS recommendations
from physician to patient based
on clinical data

No differences in moderate-tovigorous PA, vigorous PA, or sitting

No differences in smoking cessation

Arm 2: usual care

Email & SMS reminders and
messages were least useful
elements of the intervention;
activity calendar was the
most useful

0.5 messages per patient
were missed due to phone
turned off

No differences in LDL, HRQoL,
or anxiety
Khonsari 2015
(52)

Arm 1: SMS medication
reminder
Arm 2: usual care

Maddison 2015
(36); 2014 (53)
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Arm 1: SMS PA prescription
and behaviour strategies +
website

Sig higher medication adherence in
intervention group
(x2(2)=18.614,p<0.001); RR of being
low adherent in control group=4.09,
95% CI 1.82-9.18*

% with no symptoms (Heart
functional status): 84%
intervention vs 32% control
(x2(1)=16.957,p<0.001). No sig
differences in ACS
readmissions or deaths

93.5% found intervention
useful and 64.5% felt it
helped them take their
medications. 80.6% wanted
SMS reminder continued and
83.9% would recommend
programme to other patients

Intervention group sig increased
leisure time PA (110 min/week; 40%)
and walking (151 min/wk; 42%), but

No sig differences in exercise
capacity*.

82% of int participants read
some or all of their SMS; 57%
viewed some or all of the
video messages on the

Intervention group sig
increased self-efficacy (6%)

Arm 2: usual care

not moderate-to-vigorous PA,
vigorous PA

and general health domain of
SF36. Change in task selfefficacy mediated treatment
effect on leisure time PA but not
on walking.

website. Participants logged
on an average of once per
fortnight.

Likely cost-effective. No
differences in weight, waist-hip
ratio, BP
Park 2014a (54);
2014b (55)

Arm 1: TM Reminder (TM R)
+TM Education (TM E) received
2-way SMS medication
reminders and 1-way health
education SMS

Objective med adherence (electronic
pill bottle) *: TM R + TM E and TM E
alone both had sig better % of
prescribed doses taken
[F(2,42)=3.84,p=0.03];

Arm 2: TM Education group
received 1-way health
education SMS alone

correct doses taken
[F(2,41)=3.29,p=0.047];

Arm 3: control

No sig differences in medication
self-efficacy. Lower levels of
depression and higher social
support positively predicted
medication adherence

Response rate to 2-way SMS
for TM R + TM E was higher
for antiplatelets than statins
Both TM groups reported high
satisfaction with receiving TM
Both groups felt the TM “felt
someone cared by receiving
TM”

prescribed doses taken on schedule
[F(2,41)=3.53,p=0.04];

Few technical issues

than control using for antiplatelets (no
differences between TM groups)
- No differences for statins
Self-reported med adherence: no
differences between all 3 groups
Quilici 2013 (56)

Arm 1: Daily SMS reminding
aspirin intake

SMS group had sig better adherence
than control:

Arm 2: Standard care

Platelet testing – non-adherence in
SMS 5.2% vs 11.2% in control, OR
[95%CI]: 0.43 [0.22-0.86]; p=.01)*

N/A

92% of intervention group
thought SMS support was
valuable

SMS greater self-reported adherence:
OR [95%CI]: 0.37 [0.15-0.90]; p=.02)
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Varnfield 2014
(57)

Arm 1: CAP-CR used
smartphone app to monitor
wellness and exercise.
Received
education/motivational SMS,
video, and audio messages
Arm 2: traditional CR (TCR)

At 6 weeks: No differences in nutrition
(fat, fibre, sodium, alcohol)

At 6 weeks:

At 6 weeks:

Sig differences between groups
for Diastolic PB, Triglycerides,
EQ5D-Index. No differences in
6MWT, Mental health, Systolic
BP, heart rate, weight, body
mass index, waist
circumference, lipids

Uptake (RR 1.3), adherence
(RR 1.4), and completion (RR
1.7) was higher in CAP-CR
than TCR*
85% of participant found step
counter to be motivating

At 6 months:

Daily exercise entries
recorded by 89% of CAP-CR
adherers (n=45)

No differences between groups
for 6MWT, LDL, HDL, HRQoL,
or psychological distress

N=3 drop out from CAP-CR
due to difficulty with
technology

SMS, short-message service; PA, physical activity; TMG, telemonitoring group; BP, blood pressure; HbA1C, glycosylated haemoglobin level; LDL, Low-density
lipoprotein; HRQoL, health related quality of life; ACS, acute coronary syndrome; SF36, short form 36 health survey; TM, text message; CAP, care assessment
platform; CR, cardiac rehabilitation; EQ5D, health status questionnaire; 6MWT, six minute walk test; HDL, High-density lipoprotein
*primary outcome
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The primary outcome of interest for this review was behaviour change; however a variety of
clinical outcomes (four studies) and psychological outcomes (five studies) were reported. For
clinical outcomes, a positive effect was found on blood pressure in two of three studies (51, 57),
but no differences were seen on lipids (51) (57), body mass index, and exercise or functional
capacity (36, 57). No study assessing anxiety (50, 51) or depression (50) found any effects, but
quality of life measures showed positive effects in two (36, 57) of three studies (51). The selfefficacy theoretical construct improved in one (36) of three studies (55, 57) in which it was
measured and was found to partially mediate physical activity behaviour. Only one study
examined cost and found their intervention to be cost-effective for increasing leisure time physical
activity (36). One serious adverse event was found to be related to study treatment (cycling
accident) in the one study in which adverse events were reported (36).

2.4.7 Process outcomes
Each study included some type of process outcome. Three studies reported high fidelity, or the
degree of participants’ adherence, to the SMS component of their interventions (36, 51, 52), and
one to the smartphone application (wellness diary) among adherers (57). The number of SMS
received or read was not reported in four studies. In studies with Internet components, Antypas et
al. (50) found no differences in the number of website visits between the tailored and control
group, while Maddison et al. (36) reported lower use of the web compared to SMS component of
the intervention. All three medication adherence studies reported high satisfaction with the SMS
support (52, 54, 56); overall satisfaction was not reported in the other studies. Few technical
difficulties were reported in any of the seven trials.

2.5 Discussion
To date this was the first review examining mHealth interventions to change behaviour specifically
in the CVD population. Seven recent studies (published in 2012-2015) met the inclusion criteria.
The objective of five trials were specifically to change behaviours, of which four had this as their
primary outcome, and all appeared to have a positive effect on either medication adherence or
physical activity. No effects were observed on dietary behaviours or smoking cessation; however,
these outcomes were secondary and were measured in only one study each. It is possible that
changing dietary and/or smoking behaviours may be more difficult via mHealth; however, there is
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strong evidence for the use of SMS-based interventions to stop smoking in non-clinical
populations. As dietary change and smoking cessation were measured in only one study each in
the current review, more research is needed before conclusions can be drawn on the
effectiveness of mHealth interventions to change these behaviours.

Due to the low number of studies and the variable quality of included studies, it remains difficult to
draw conclusions on the effectiveness of these interventions. Data were too heterogeneous to
conduct meta-analyses; however, using the narrative synthesis methodology, findings show
potential for the use of mHealth to change behaviour as part of CVD self-management. Previous
reviews have also found mHealth or SMS interventions to have positive effects on behaviour
change or disease self-management in other populations (43, 45, 59). A review of reviews found
the majority of SMS interventions delivered to healthy and clinical populations were effective when
addressing physical activity, smoking cessation, or medication adherence (43), which is in line
with our conclusions, which is consistent with our conclusions with the exceptions of smoking
cessation, which remains understudied in the CVD population.

All studies included in the review reported either high fidelity or high satisfaction with mHealth
intervention and few technical issues, indicating that the CVD population examined in this review
is comfortable using technology in their rehabilitation. It is important to note that participants were
likely to be mobile phone or Internet literate, as owning a mobile phone was part of the eligibility
criteria in six studies. More research is needed to determine if these effects translate to other CVD
patients; there is potential that mHealth could inadvertently cause health disparities if some have
limited access or ability to use technologies (45). Despite these potential shortcomings, a recent
report found 77% of adults aged +65 owned a mobile phone and over half (59%) used the Internet
(60).

2.5.1 Characteristics of effective interventions
All interventions were delivered in part via SMS on mobile phones. The five effective interventions
were relatively simple to deliver and operate. The two studies with null behaviour findings involved
more complex remote monitoring and feedback from clinicians (51) or mentors (57); however, the
primary outcome for these studies was not the behavioural outcome of interest for this review. In
the two studies which used a website in addition to SMS (36, 50), the web-based components
appeared to be underutilised by participants. From these findings, it appears that simple, easy to
36

use SMS interventions may help patients change and/or adhere to recommended lifestyle
behaviours. It is unknown if more complex interventions involving remote monitoring by mobile
phone are effective at changing behaviour as more studies are needed. Cost-effectiveness is also
an important consideration as complex mHealth interventions may have greater set-up costs than
simple SMS interventions, particularly if patients need to be provided with at-home monitoring
equipment (59) or if interventions require patients to use mobile-broadband data plans, of which
prices vary considerably worldwide (42). It is frequently argued that a benefit of mHealth may be
its cost-effectiveness; the only study that evaluated costs did support this claim (36).

It was difficult to determine the intervention dose-response relationship, as 3/7 studies did not
report the frequency of messaging. For the studies that did report dose, receiving at least one
message every 3 days appeared to have an effect, and all four studies that reported dose found a
positive effect. Only one study compared two different frequency and types of messages, and
found no differences between the high- and low-dose groups (54). Intervention duration also
varied considerably. We found evidence for short term effects (one to two months) on medication
adherence in three studies (52, 54, 56) and evidence for maintenance of physical activity at three
(50) and six months (36). But only one study had a long follow up (12 months) and so
sustainability of effect is unknown. While short term effects were observed in studies with shorter
follow-up (one to six months) conclusions on sustained effect beyond this time period cannot be
made. One study with a longer-term follow-up (12-month) showed no effect on behaviour change
(smoking cessation) (51). Studies with longer follow up are needed to determine the sustained
effect on behaviour change.

Previous reviews have reported that the effective mHealth behaviour change interventions were
those that were theory-based (30) and offered personalised, tailored, and bi-directional
messaging (43). Our findings were inconsistent and although each intervention was personalised,
the degree of personalisation or tailoring did not appear to influence outcomes. Three studies
were underpinned by a theoretical framework with measured constructs; however, only one study
saw a significant difference in the theoretical outcome measured (self-efficacy) and found it to
partially mediate physical activity behaviour (53). It is difficult to draw conclusions on theoretical
outcomes as each study used a different self-efficacy measure and measurement tool.
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As all studies had a behavioural outcome, an examination of theoretical constructs and BCTs was
warranted. Each intervention incorporated some type of BCT, even if they were not specifically
mentioned. A greater number of BCTs did not correspond with greater behaviour change in our
review; however, it is important to note that we included different behavioural outcomes in our
review. It is easier to adhere to some behaviours than others, for instance a large multi-centre trial
found the percentage of acute coronary syndrome patients adhering to medication regime was
higher than adherence to smoking, diet, or exercise behaviour (61). A simple 1-way SMS
reminder or prompt might be effective to see changes in medication adherence but may not be
effective in changing more complex behaviour like eating a healthy diet. Authors of a large
systematic review examining the effectiveness of mHealth behaviour change and disease
management interventions argued the need for coding intervention content according to BCTs to
investigate which are most effective at changing behaviour (34). Intervention content was coded
according to the BCT taxonomy (58) to attempt meaningful interpretation of results but found no
consistent pattern; however the coding of BCTs was limited to information available in each
publication and to our interpretations. Access to SMS or other intervention content sent to
participants would be needed to increase coding accuracy.

As with other reviews, it was not possible to draw strong conclusions on features of effective
interventions due to the small number of studies (with a combined sample size of just over 1200
participants) and the need for better reporting of intervention characteristics (43, 59). More
agreement from researchers is needed on the use of the BCT taxonomy or similar to guide
intervention development and measurement (58) and the use of appropriate theoretical measures
and measurement tools. Only then can it be determined what mHealth content or features
resonate best with people, determine the mechanism of action, and pool theoretical data for metaanalysis.

2.5.2 Strengths and limitations of studies included in review
Previous mHealth reviews have called for the need for more robust study design with adequate
power before claims of effectiveness can truly be made (34, 43). Strengths of the current review
were that each study used an RCT design and five of seven studies included power calculations
for their primary outcome; however only two studies were powered for behavioural outcomes (50,
52). All but one study accounted for all randomised participants (57) and all but two studies
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described using intention to treat analyses (50, 56). A limitation was that two of the five studies
with pre-specified power calculations failed to achieve the target sample size as stated in protocol
papers due to recruitment issues (50, 57). The same two studies also had high levels of attrition;
therefore recruitment and retention of participants were limitations in their study designs.
Detection bias was another limitation as three studies were unblinded and one did not describe
their blinding methodology (56). Only three studies had registered their trials; the same three also
published protocols and development papers (36, 50, 57). It is disappointing that new studies
emerging after the release of the CONSORT statement for reporting parallel group RCTs in 2010
(62) are being published even though key methodology and intervention details appear to be
missing. The studies in this review that had unclear risk of bias were not registered or did not
publish protocols. It is well known that studies with unclear reporting of methods tend to overestimate treatment effects (63).

A final limitation to the included studies was the lack of diversity across almost all demographic
characteristics i.e. gender, age, ethnicity. For example, the majority of participants were men
around age 60. While studies were undertaken across many countries, they mostly represented
higher income countries. There is a need to conduct similar studies in low or middle income
countries where CVD has high rates with few secondary prevention resources (64). Women,
elderly, and/or patients of low socio-economic status have not been adequately represented and
future studies should determine how these groups respond to mHealth programmes.

2.5.3 Limitations of this review
The review may suffer publication and language bias, as only published studies in English were
included. The search was not limited by publication type or language, but excluded abstracts and
four studies not published in English during the full text screening. One study published in Korean
appeared to meet the inclusion criteria and had a positive effect on smoking cessation (65);
however, the inclusion of one additional study would not have greatly altered the review findings.
Some literature may have been missed during the search; however, this was minimised through
pre-testing the search criteria to find known studies and manually searching relevant references
lists. As mentioned, a meta-analysis was not able to be conducted due to the heterogeneity of the
outcome data. With time, more mHealth studies will be published meeting the review criteria as
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seven published protocols for registered RCTs were found during the search (66-72). A review
update with meta-analysis will be warranted in a few years.

2.5.4 Implications for future research
This review revealed that there is the potential for mHealth to increase medication adherence and
physical activity participation among CVD patients at least in the short term; however more
research is needed before it could be recommended to include technology into existing CR or
secondary prevention programmes. As argued, there is a need for better reporting of intervention
characteristics and a consensus on the measures used to detect changes in behaviour and
potential moderators/mediators of behaviour. It is still unclear what type of mHealth interventions
are most effective, although simple SMS has shown the most promise in the CVD population to
date. More empirical research enabling meta-analysis is required before it can be stated that
mHealth interventions can change key behaviours in the CVD population. Definitive research
using high quality, robust design with long term follow-up (such as 2-5 years) are needed to
examine sustainability of behaviour change and size of the effect on clinical outcomes.

2.6 Conclusions
This review examined seven trials using mHealth to deliver behaviour change interventions to
patients with CVD and found small but positive effects on medication adherence and physical
activity. While study design and quality has improved since earlier reviews of mHealth, the review
is still limited by a small number of trials, inconsistent outcome measures, and ineffective
reporting of intervention characteristics. Large scale studies with longer follow- up (e.g. two years)
are warranted to gain a clear understanding of the effects of mHealth on behaviour change (and
by proxy the clinical impact) in the CVD population.
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Part 2. Development of an mHealth delivered comprehensive
cardiac rehabilitation intervention

42

Introduction

As highlighted in Part 1 of this thesis, mHealth interventions have had positive effects on
individual lifestyle behaviours; however, no studies were found to address and measure multiple
behaviours. An mHealth CR programme targeting multiple behaviours would more closely mirror
traditional CR, as will be described in Chapter 3. The systematic review also found intervention
features were poorly described in some studies included in the review, making it difficult to
determine which elements were most effective. Building on evidence from the systematic review,
this thesis presents the development and evaluation of an mHealth intervention targeting multiple
behavioural risk factors (improving physical activity and diet, stopping smoking and limiting
alcohol intake). Part 2 of this thesis describes the development process of the comprehensive CR
intervention, and addresses the following thesis objectives:
ii.

Conduct a series of formative and pre-testing studies in the CVD population to inform
the delivery and content of the intervention

iii.

Develop an mHealth delivered comprehensive CR intervention

Part 2 consists of two chapters:

Chapter 3 describes the underlying framework used to develop the intervention, and the
first stage of the process, conceptualisation. The chapter concludes with how evidence
and theory was used to inform the intervention.

Chapter 4 describes the formative research and pre-testing processes and includes the
results from four studies published over three manuscripts. A summary of key findings is
then presented, followed by how the results were used to inform and refine the
intervention.
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Chapter 3. Conceptualising the intervention
3.1 mHealth Development and Evaluation Framework
As discussed in Chapter 2, mHealth is a new approach for intervention delivery, in particular for
the CVD population. For a novel intervention to succeed, care must be taken to design
interventions that the target audience is comfortable using. Technology-based health interventions
are more effective when designed with consultation from consumers (i.e. patients), stakeholders,
and developers (73).

Various frameworks have been used to develop mHealth interventions. The mHealth
Development and Evaluation Framework (74) has been used in the development and evaluation
of a number of mHealth-delivered behaviour change studies (75, 76). This framework was chosen
over others for a number of reasons. First, it has an emphasis on end-user engagement at each
step of the process (see Figure 2). Listening to the opinions and perspectives of the target
audience allows researchers to develop interventions that are appropriate, acceptable and
appealing to the eventual recipients.

Involvement of target audience
Theoretical implementation

Conceptualisation

Formative
Research

Pre-testing

RCT

Feedback

Figure 2: The mHealth Development and Evaluation framework (74)
Second, the framework supports the use of theory and evidence to guide the development of
intervention content, which has demonstrated to improve the likelihood of effectiveness (58, 77).
Third, the framework recommends the application of robust methodology (e.g. RCTs) to evaluate
the effectiveness of an intervention. While other frameworks, such as the Multiphase Optimisation
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Strategy (MOST) or the Sequential Multiple Assignment Randomised Trial (SMART) (78) involve
rigorous and sound research methods, the level of involvement by experts, key stakeholders, and
the target audience is not a focus of their processes (78), and were therefore not chosen to
underpin the work in this thesis.

The following sections and chapters describe how each step of the framework was used in the
thesis. The first stage of the framework is conceptualisation, which includes the formation of an
expert advisory group that decides on theoretical frameworks, reviews current evidence, and
plans the development process (74). The second step of the process is formative research to
investigate initial perceptions of mHealth programmes. If the concept is agreeable to the target
audience, including participants and key stakeholders, content is developed and then pre-tested
by end-users. Participant feedback is incorporated and content is further refined prior to
conducting a trial to evaluate effectiveness. Finally feedback on the evaluated intervention
informs further iteration and implementation in a real-world setting.

3.2 Conceptualisation
The overall vision of the intervention was conceived by the Candidate and her supervisory team.
After the framework underpinning the intervention development and evaluation was chosen, the
next step in the conceptualisation stage was to establish a content advisory group to gain advice
on elements of the intervention. The group consisted of experts in the fields of behaviour change,
health psychology, CHD, CR, and mHealth (see list of experts in Appendix 4). The content
advisory group decided on the format for the content development process, including formative
research and pre-testing studies. It was decided to call the intervention Text4Heart, which it will
be now referred to for clarity.

The conceptualisation stage also involved summarising best-practice guidelines for CR and
theoretical frameworks to guide the intervention content. The following sections describe in detail
the evidence and theoretical underpinning of the intervention. As found in chapter 2, adequate
description of intervention components is often missing from published studies (34, 79, 80), yet
this detail is crucial in order to replicate and to advance the understanding of what mechanisms
lead to successful behaviour change (58).
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3.2.1 Evidence-based CR guidelines
The candidate attended local CR programmes run by three metropolitan hospitals (Auckland city,
Northshore, and Middlemore) to summarise what was currently offered as standard care. The
candidate then discussed the intervention concept with key stakeholders, including CR nurses,
nurse practitioners, and cardiologists to determine what features of CR could be delivered by
mHealth. Reports were compiled from the stakeholder meetings and CR sessions attended, which
were presented to the content advisory group to ensure intervention content developed matched
usual care and CR guidelines.

CR in the Auckland area consists of one hour-long education session per week for 6 weeks, with
the option to join a supervised exercise programme (2 sessions per week for 8 weeks). The
education component concentrates on six key health topics:
1. Understanding risks for heart disease
2. The importance of taking prescribed medications
3. Healthy eating
4. Starting and maintaining regular exercise
5. Smoking cessation
6. Psychological health following a cardiac event

To support these topics, a literature search was conducted to summarise best-practice guidelines
for CR. Relevant literature was summarised and compiled into Table 7, to inform the intervention
content. Data sources summarised for this table include the New Zealand Guidelines Group [7],
the New Zealand Heart Foundation (81), the American College of Sports Medicine (82), Pollock's
Textbook of Cardiovascular Disease and Rehabilitation (83), and other journal articles (2, 8, 84).
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Table 7. Key guidelines for cardiac rehabilitation
Core component
Modifiable
clinical risk
factors

Key guidelines




Lipid management:
o

Total cholesterol=4.0 mmol/L or less

o

LDL cholesterol=2.0 mmol/L or less

o

HDL cholesterol=1.0 mmol/L or higher

Hypertension management:
o



Weight management:
o

Medications

Exercise

Smoking
cessation

Calculate BMI. If weight risk identified (overweight≥2529.9kg/m2; obese≥30 kg/m2), aim to reduce body weight by
10% (0.45-0.9kg/week)

All patients with CHD should be prescribed and encourage to take (unless
contraindicated):


Healthy eating

130/80 mmHg or less

Aspirin, a betablocker, an ACE inhibitor, a statin

Adoption of the Cardioprotective or Mediterranean dietary pattern:


Large servings of fruit, vegetables, whole grains, low fat dairy
products



Small servings of unsalted nuts and seeds



Small servings of lean meat



Fish and legumes in place of fatty meat



Replace butter with healthy oils



Learn to read nutrition labels



Reduce sodium/salt



Most patients are encouraged to start light walking within 2 weeks of
leaving hospital



Begin with low intensity, light exercise and gradually increase



At least 30 minutes of moderate intensity physical activity most days
of the week (5-7 days/week). This can be accumulated in several
short bouts of 10 minutes



Gradually resume daily lifestyle activities (walking to shops,
gardening, household chores)



Encourage 5 minutes of warm up and cool down exercise (low
intensity exercise)



Pedometers or other types of self-monitoring may increase
compliance



Possible adverse responses where patient STOP exercise: angina,
marked dyspnea (shortness of breath)



Priority behaviour change is to encourage complete abstinence from
smoking in CHD patients who smoke
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Psychological
health



Encourage use of nicotine replacement therapy, counselling, and
medication if necessary



Encourage social support from family/whanau



Include cognitive behavioural techniques, education, and
counselling



Reduce psychological distress, encourage coping and stress
management skills

The key guidelines summarised here formed the basis for the educational intervention content. To
encourage behaviour change and adherence to recommended guidelines, the intervention was
framed used psychological theory.

3.2.2 Theoretical framework
Using a theoretical framework clarifies why interventions may or may not have been effective, and
allows the research to be compared to previous work and more easily replicated (58, 77). The
Text4Heart intervention was informed by Social Cognitive Theory (SCT), the Common Sense
Model (CSM), and relevant Behaviour Change Techniques (BCT) associated with these theories
(see Figure 3). BCTs proven to be effective in CR or behaviour change mHealth interventions
were emphasised.

SCT

CSM

BCTs

Figure 3. Relevant theory used to frame the Text4Heart intervention

3.2.3 Social cognitive theory
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SCT is a widely used framework that underpins many behavioural interventions, as constructs
consistently predict physical activity and healthy eating behaviour change (85). The theory
suggests that behaviour change and maintenance is determined by personal and environmental
factors and the reciprocal interaction between them (85, 86) (see Figure 4).

Behaviour

Personal factors:
Cognitive, Emotional
Biological

Environmental
factors

Figure 4. Social cognitive theory conceptual model
Behaviour can be modified through an individual’s ability to control their behaviour, known as selfefficacy, along with changes to the environment (86). Changing personal factors can be easier
than changing the environment, and is the reason personal factors are often targeted in behaviour
change interventions. For instance it may be easier to learn how to schedule exercise into one’s
day than it is to create a neighbourhood suited to active transport (e.g. walking or cycling). One
such factor and a key determinant of health behaviour change is perceived self-efficacy, or the
extent to which people believe they can exercise control over situation specific behaviours (87).
Higher levels of perceived self-efficacy is associated with increased resilience to relapse and an
ability to cope with external environmental obstacles, such as a lack of time (88).

The Text4Heart intervention was designed to increase self-efficacy by targeting the four sources
of influence: mastery experience, vicarious learning, social persuasion, and somatic and
emotional states (87). Mastery experience involves building successful experiences, as success
leads to higher self-efficacy. Successful experiences can be created by self-regulating one’s
behaviour through setting realistic goals and monitoring progress. Self-regulation abilities depend
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on the capability to reflect on the consequences resulting from past experiences of engaging in
the behaviour (known as outcome expectation) and using this to predict future outcomes (89).
Vicarious learning refers to the process of viewing the behaviours of role models and the
outcomes of that behaviour. By observing others’ (role models) behaviours and their favourable
consequences, people are more likely to remember and repeat the behaviours endorsed by a
model. Social persuasion contributes to self-efficacy by receiving verbal encouragement that one
has the skills to succeed. Somatic and emotional states are the final source of influence. These
involve interpretation of physiological and psychological responses; positive mood enhances selfefficacy, while stress and a negative mood diminish it.

SCT is a useful theory to underpin CHD disease management interventions as changing or
managing lifestyle habits to improve health requires self-efficacy. With higher levels of selfefficacy individuals can self-regulate their behaviour by setting goals, creating incentives, and
enlisting social support from others to maintain their motivation (88). Self-efficacy has shown to
decline among CR non-attenders (90) and higher levels of the construct have been linked to
better clinical outcomes such as lower blood pressure and reduced hospitalizations (91). People
with CHD have particular challenges to leading a healthy lifestyle, thus enhancing efficacious
beliefs may help people overcome some of these challenges. For example confidence to exercise
can be low after a heart event, particularly if the event was brought on during exercise.
Understanding and correctly interpreting normal physiological responses to exercise (somatic
states), such as an increased heart rate and some shortness of breath, may enhance people’s
efficacy to undertake exercise. Mastery experience is also crucial, as patients are encouraged to
slowly begin to exercise after hospital discharge, and gradually build up their training intensity
(see CR guidelines above). It is for these reasons that SCT was chosen to frame the intervention.

While targeting self-efficacy can help change lifestyle behaviours, people with CHD may need
additional support to cope cognitively and emotionally with their heart event. Studies have shown
that patients diagnosed with CHD can experience many negative emotions, including anxiety and
depression, which can negatively impact their recovery process (92). One way to improve coping
is to modify illness perceptions and emotional representations of the disease. Under the umbrella
of personal factors influencing behaviour in SCT, illness perceptions can be targeted using the
Common Sense Model (CSM).
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3.2.4 The common sense model: illness perception and emotion regulation
Illness perceptions play an important role in disease self-management, as the patients’
understanding of their illness and how to treat it is key to long-term coping (93). Following a
diagnosis of CHD, people are suddenly aware that their health and body has changed. They may
have to learn new skills and make lifestyle changes to improve their health or prevent further
decline. There are five domains of illness perceptions for initiating, maintaining, and evaluating
outcomes of self-management behaviours (86, 94).
1. Identity of the illness: symptoms and label attached to the disease
2. Timeline: acute or chronic condition, or age of onset
3. Cause of the illness (internal and external)
4. Personal control over the illness
5. Consequences of the illness: physical, economic, and social losses

Patients who understand their heart condition, see that it has severe consequences, feel they can
control it, and view unhealthy behaviours as a cause, may have greater motivation to initiate and
sustain behaviour change. Interventions can modify illness perceptions by matching problem or
emotional focused strategies with the situational context. For example, self-efficacy for selfmanagement can be enhanced when interventions link causes of the disease with behaviours for
disease control (86). In a CHD context, links need to be established between the identity (cardiac
event: myocardial infarction or angina), the cause of the event (unhealthy behaviours such as
smoking or physical inactivity), the potential to control the illness (lifestyle change and
medication), and the consequences/timeline (prevent a recurring cardiac event in the future).
Behaviours can also then be linked with clinical outcomes, for instance taking prescribed
medication and eating a heart healthy diet (control) can lower blood cholesterol (consequence). In
addition, behaviours can be linked with emotions, for example exercise can reduce stress by
making you feel relaxed (control) which can lower blood pressure (consequence). Changing
illness perceptions can lead to greater self-efficacy and behaviour change and other positive
outcomes, such as greater CR attendance and a quick return to work and normal activities (18,
95).
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A framework that helps target illness perceptions and regulation of emotions is the common sense
model (CSM) (94). How a patient understands and feels about their heart event guides their
coping responses, which can influence how they recover (95). CSM posits that two motivational
systems are activated when an individual is diagnosed with a health threat, such as CHD (96, 97).
One system involves cognitive or problem-solving processes for regulating the health threat, and
the other involves emotional processes to control distress. The cognitive system activates illness
perceptions, which guide the strategies chosen to control the illness. Outcomes of the coping
strategies are then appraised for success, which then guides further illness perceptions and
strategies (feedback loop).The emotional system activates different types of emotions, such as
anxiety, fear, or worry, which guides strategies chosen to control distress. Appraisal of the
success of these strategies is then evaluated and fed back (see Figure 5).

Social setting

Cognitive

Coping strategies:

representation:

Use of treatments,

Appraisal of

Identify, cause,

seeking information,

coping success

consequences,

changing health

timeline, control

behaviours

Emotional

Coping strategies:

Appraisal of

representation:

Alteration of

coping success

Anxiety, fear,

emotional arousal,

worry, stress

expression of

Illness stimulus
(e.g.
myocardial
infarction)

emotions, cognitive
change

Figure 5. The common sense model of the self-regulation of illness behaviour (94, 96)
CSM specifically outlines coping strategies for modifying illness perceptions and the negative
emotions that arise with a health threat. In the CHD population, interventions that target CSM’s
coping strategies may lead to improved perception of one’s illness and improved regulation of
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emotion, such as an understanding that engaging in healthy behaviours can reduce the chance of
a recurrent heart event resulting in feeling less anxious.

The strategies used in CSM can be nested within the broader SCT, as some coping strategies
mirror common SCT constructs including knowledge, outcome expectations, self-efficacy, and
self-regulation. Specific behaviour change techniques (BCTs) were identified to target the relevant
constructs from both CSM and SCT.

3.2.5 Behaviour change techniques
Michie and colleagues have identified a taxonomy (standardised vocabulary) of 93 observable
and replicable intervention techniques used to change behaviour and target theoretical constructs
(58, 79). Using and describing BCTs allow for accurate replication and facilitate implementation of
intervention components (58). BCTs linked with theory also allow for investigation into the
mechanisms of action of behaviour change (58).

After selecting the theoretical frameworks for the Text4Heart intervention, the BCT taxonomy was
examined to identify techniques that target constructs used in SCT and CSM. Systematic reviews
examining BCTs in the CR setting were consulted. From these reviews, a list of BCTs that
successfully changed behaviour in the CHD population was generated as displayed in Table 8.
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Table 8. Effective BCTs to change behaviour in the CVD population
Authors and date

Review topic

Effective BCTs or constructs

Janssen et al. (80)

Determined the efficacy of lifestyle
modification programmes in CHD
patients

goal setting
planning
self-monitoring
feedback

Ferrier et al. (98)

Examined BCTs used in
interventions to increase physical
activity among adults with CVD

self-monitoring
setting specific goals
identifying barriers
relapse prevention
general encouragement
use of follow-up prompts

Aldcroft et al. (99)

Examined successful techniques
used in psychoeducational CR
interventions

goal setting
problem solving
self-monitoring
role modelling

It was not known if the BCTs described above could be successfully implemented in mHealth
delivered interventions, therefore a systematic review of commonly-used BCTs in health
behaviour change mHealth interventions was consulted. Free et al. (34) found the most commonly
used BCTs in mHealth for behaviour change were: feedback on performance, goal setting,
information on consequences, tailoring, prompt self-monitoring, and identifying barriers/problem
solving. While the list of BCTs used in successful behaviour change interventions was not
exhaustive, it did provide the candidate with a place to start building the Text4Heart intervention.

3.2.6 How evidence and theory informed the Text4Heart intervention
The intervention content was informed by the evidence-based CR guidelines described earlier.
Content included educating patients about their potential risk factors and the importance of
engaging in healthy lifestyle behaviours, including healthy eating, exercise, low-to-moderate
alcohol consumption, and stopping smoking. Constructs used from SCT to encourage behaviour
change were knowledge, outcome expectations, self-efficacy, and self-regulation. Content also
focussed on modifying participants’ illness perceptions of the symptoms, timeline, cause,
consequences, understanding of, personal control over and the outcomes of treatment for
secondary prevention of CHD. Information and coping strategies included the importance of
54

taking prescribed medication and engaging in healthy behaviours to reduce subsequent events
and hospitalisation, and reminders to have a regular check-up with their physician. Emotional
coping strategies included alteration of emotional arousal using relaxation techniques (for stress
management), expression of emotions (write down or talk to others), and cognitive reappraisal,
including enhancing perceptions of control (97).

The list of potentially relevant BCTs was matched to the theoretical constructs to ensure all
constructs had a specific technique or mechanism to action the construct. Additional BCTs were
added to the list above if they targeted constructs of SCT and CSM. Table 9 describes the
theoretical frameworks, constructs, relevant BCTs used to target the constructs, and examples of
intervention content.
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Table 9. BCTs used to target theoretical constructs from SCT and CSM and example intervention
content
SCT
Construct

CSM
strategy

BCT (58)

Application (Text message, video message, or
blog content)

Knowledge of health risks and benefits of different health practices
4.1 Instruction on how
to perform a
behaviour

T4H: If you feel ready, increase your pace so your
walk feels somewhat hard. At this effort you may
feel tired but should be able to continue

5.1 Information about
health consequences

T4H: NZ guidelines suggest you aim for less than
2400mg of sodium or 6g of salt per day for a
healthy heart. Check nutrition labels

5.3 Information about
social and
environmental
consequences

T4H: You might save at least $5/day when you
make your own lunch. Thats approx $1250/yr! Try
making your lunch this week

Cognitive coping strategy: seeking information
Illness
perception
(IP):
control

4.1 Instruction on how
to perform a
behaviour

T4H: You can take control of your heart condition.
Simple changes like walking every day and taking
your pills can make a difference

IP: cause

5.1 Information about
health consequences

T4H: High cholesterol or high blood pressure is
not good for your heart condition. Your mediations
will help improve these

Outcome expectations about expected costs and benefits for different health habits
5.1 Information about
health consequences

T4H: Saturated fat is found in animal products like
meat and cheese. Eating less lowers LDL 'lousy'
cholesterol-good for your arteries and heart

5.5 Anticipated regret

T4H: Failed to quit before & believe you'll fail
again? Rewrite your beliefs "I have the power to
stick to my plan, I am stronger each day"

9.2 Pros and cons

T4H: Make a list of reasons why you want to quit +
carry it with you. When a craving hits, pull it out to
give you a motivation burst

9.3 Comparative
imagining of future
outcomes

T4H: You will need to keep your good habits going
- think how disappointed you would be if you
wasted all that good work

Cognitive coping strategy: use of treatments
IP: control
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5.1 Information about
health consequences

T4H: Your combination of medication can lower
your risk of having future heart problems by up to
80-90%

IP:
timeline

5.5 Anticipated regret

T4H: You will need to keep your good habits going
- think how disappointed you would be if you
wasted all that good work

Perceived self-efficacy that one can exercise control over one’s health habits, created through 4
sources:
1. Mastery
experiences

2. Vicarious
learning

3. Social
persuasion

4. Interpretation of
physiological
and emotional
states

8.7 Graded tasks

T4H: Just starting out? See how many minutes
you can exercise without stopping. Then increase
by 1-2 minutes each time

15.3 Focus on past
success

T4H: Hi (100), you have been going for a while
now, you should have set up some new habits great job! Tell us about them on the blog

8.3 Habit formation

T4H: Drinking a glass of water before every meal
and snack can help fill you up so you eat a bit less
at mealtime

6.1 Demonstration of
the behaviour

VIDEO (e.g. video showing a role model
exercising while talking about their experience)

6.2 Social comparison

VIDEO (e.g. role model video describing how they
began to exercise or eat a healthier diet)

4.1 Instruction on how
to perform a
behaviour

VIDEO (e.g. Videos showing warm up and cool
down exercises)

8.2 Behaviour
substitution

T4H: Deli meats like ham and salami are high in
sodium. Cook a Sunday roast and use leftovers
for sandwich meat. Healthier and cheaper!

9.1 Credible source

VIDEO (Videos included cardiologists,
nutritionists, and exercise physiologists)

5.1 Information about
health consequences

T4H: Regular exercise helps reduce blood
pressure, improve your heart function and control
your weight - Stick at it and you'll see

15.1 Verbal
persuasion about
capability

T4H: Patients are encouraged to start exercising
within 1-2 weeks after leaving hospital. You can
do it, just start slow!

4.3 Re-attribution

T4H: Get lots of sleep to keep your energy up to
fight the cravings. If you get tired, it's easy to
become irritated and you'll feel like a cig to cope

12.6 Body changes

T4H: It's normal to huff & puff during exercise. If
this happens at rest or continues after exercise,
this is not normal and you should see your GP

Emotional coping strategy: cognitive change
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5.4 Monitoring of
emotional
consequences

T4H: If you feel too tired to exercise, try walking
for just 5 min. Walking will give you the energy to
keep going and you’ll feel better

5.6 Information about
emotional
consequences

T4H: Activity burns off the negative effects of
stress. Distract yourself. Have a hobby, exercise,
or social activity you look forward to each day

13.5 Identity
associated with
changed behaviour

T4H: Keep seeing yourself as a non-smoker.
When offered a cig say, no I'm quitting. I bet the
other person will say 'Good on you, I wish I could'

8.2 Behaviour
substitution

T4H: Watching TV does not help your body deal
with stress. Try some deep breathing, meditation,
or exercise to boost your mood

Emotional coping strategy: alteration and emotional arousal
12.6 Body changes

T4H: Each morning before getting up, tighten each
muscle 4-5sec then relax 4-10 sec. How do you
feel? This can help you fall asleep too

11.2 Reduce negative
emotions

T4H: Exercise can be a great way to turn around
stress, bad thoughts, or low mood. Keep busy and
get moving. Take it slow

1.2 Problem solving

T4H: Exercise can help with stress. When you feel
anxious take deep breaths or go for a little walk to
clear your mind

3.3 Social support
(emotional)

T4H: Talking to loved ones about stress & how
you feel can help you cope. They may help you
find solutions you haven't thought of

5.4 Monitoring of
emotional
consequences

T4H: If you feel stressed or frustrated, try
repeating a word such as 'relax' or 'calm' while
doing deep breathing. These feelings should go
away

5.6 Information about
emotional
consequences

T4H: Calming your mind is good for your health.
Practicing deep breathing or visualisation can
lower your heart rate and blood pressure

8.1 Behavioural
practice/rehearsal

T4H: It can take practise to do relaxation or
breathing exercises during times of stress.
Practice these at times when you feel calm

Emotional coping strategy: expression of emotions
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11.2 Reduce negative
emotions

T4H: Anger or sadness are common feelings after
a heart event. If it affects your work or
relationships, try talking to a health professional

1.2 Problem solving

T4H: If you feel like you are always worrying, set a
worry time. A half hour to think. Save your worries
during the day for your worry time

3.3 Social support
(emotional)

T4H: Anger or sadness are common feelings after
a heart event. If it affects your work or
relationships, try talking to a health professional

Self-regulation of behaviour through:
1. Goal
setting

2. Planning/
barrier
identificatio
n

1.1 Goal setting

T4H: A new goal could be to cover half of your
plate with vegetables tonight. Start with one meal
a week and slowly increase

10.9 Self-reward

T4H: Well done, you have been going for 7 weeks
now! Reward yourself with some ME time - try a
favourite activity

1.2 Problem solving

T4H: If you find you're too tired after work to
exercise, try getting up a bit earlier and do your
walking in the morning. It will energize you!

1.4 Action planning

T4H: Routine situations like coffee, drinking & card
games can trigger cravings. Try and stay away
from these or change the habit

4.2 Information about
antecedents

T4H: Fill your fridge with fruit, veggies, lean meats
& low-fat milk products. If the fridge is full you'll
avoid the snacks or takeaways

Cognitive coping strategy: changing health habits

3. Selfmonitoring

IP: control

8.3 Habit formation

T4H: It's important to take your medications
regularly. To help remember make this part of
your daily routine, such as after brushing your
teeth

IP: cause

8.2 Behaviour
substitution

T4H: Drinking alcohol is not a healthy way to deal
with stress. A heart friendly way to get rid of stress
is to exercise or practice deep breathing

IP: control

12.3
Avoidance/reducing
exposure to cues for
the behaviour

T4H: Help yourself. Stick close to non-smoking
friends and family. See your smoking friends only
in non-smoking places

IP: control

12.4 Distraction

T4H: keeping busy is important when a craving
hits. Have things ready to do with your hands, play
with a stress ball

IP: control

12.1 Restructuring the
physical environment

T4H: Routine situations like coffee, drinking & card
games can trigger cravings. Try and stay away
from these or change the habit

2.2 Feedback on
behaviour

T4H: Hi (100), thanks 4 your text. You’ve made
great progress. Half-way or more to the 10,000
step goal. Keep it up!
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2.3 Self-monitoring of
behaviour

T4H: Hi (100), time to text me your step count
(reply with a number) and I’ll post it online.
Thanks!

12.5 Adding objects to
the environment

All intervention group received a pedometer to
monitor step counts/physical activity

Cognitive & emotional systems: Appraisal of coping success
IP: control

1.2 Problem solving

T4H: Think about what stops you from exercising,
such as having no time to exercise. Write down
ideas to overcome these

IP: control

1.5 Review behaviour
goal(s)

T4H: Hi (100), thanks 4 your text. You’re on your
way to an active lifestyle. Think of how you can fit
extra steps into your day. Every bit helps!

2.3 Self-monitoring of
behaviour

T4H: Each morning before getting up, tighten each
muscle 4-5sec then relax 4-10 sec. How do you
feel? This can help you fall asleep too

9.3 Comparative
imagining of future
outcomes

T4H: Well done! You’ve finished the programme.
Think about how much better you feel now
compared to 6 months ago. Keep going!

3.1 Social support
(unspecified)

T4H: Tell your friends or family you have quit +
ask them to encourage you when it gets tough

13.1 Identification of
self as role model

T4H: Get your kids or grandkids involved. Teach
them how to cook healthy meals and snacks. Now
that’s quality time!

IP:
timeline

4. Social
support

SCT=social cognitive theory; CSM=common sense model; BCT=behaviour change technique;
IP=illness perception; T4H=Text4Heart (how each SMS began)

As can be seen in the table above, both the SCT and CSM theoretical frameworks complement
each other. The Text4Heart content advisory group decided incorporating the two theories and
relevant BCTs would lead to the strongest chance for intervention success. As the main content
and theoretical underpinning were decided, the next step in the development stage was to
investigate end user’s initial perceptions of mHealth CR.
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Chapter 4. Formative and pre-testing research
Chapter 4 describes the formative research and pre-testing phases of the mHealth Development
and Evaluation Framework (74) (see Figure 6). Four studies were conducted concurrently to
develop and refine the intervention. This chapter presents the findings from the four development
studies, over three published manuscripts, and ends with a summary of how the findings informed
the final RCT.

Conceptualisation

Formative
Research

Study 1. HEART
process evaluation
Study 2. Mobile
phone usage
survey

Pre-testing

RCT

Feedback

Study 3. Healthy
eating pilot study
Study 4. Mobile
physical activity
questionnaire

Figure 6. mHealth Development and Evaluation Framework: formative research and pre-testing

4.1 Formative research
After conceptualisation, the formative research stage of the framework involves the use of
qualitative and/or survey research methods with the proposed intervention’s target audience, to
determine their level of interest in the concept, their preferred delivery method, and preferred
content. It can be an ideal opportunity to gather feedback from participants completing earlier
interventions to determine what worked and where to improve.

Two formative studies were conducted in this stage. The aim of Study 1 was to investigate
participant perceptions of the HEART mHealth exercise intervention, delivered to adults with
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established CHD (36). Fortuitous timing allowed the candidate to interview HEART participants as
the trial was concluding, with the intention of using findings from Study 1 to refine the exercise
component of the Text4Heart intervention. The HEART intervention was created two years prior
to the conceptualisation stage of this thesis, and mobile technologies have continued to advance
at a rapid rate. Thus, a second formative study was conducted in this thesis. The aim of Study 2
was to survey adults with CVD to determine their level of interest in mHealth delivered CR, and to
assess their preferences for the type of technology used to deliver the proposed Text4Heart
intervention. Findings from Study 2 were used in the thesis to ensure the chosen delivery format
of the intervention matched users’ technical experience and interests.

4.2 Pre-testing step in the framework
After formative research, the next stage in the framework is to conduct pre-testing and/or pilot
studies with end-users to determine the usability and acceptability of the intervention content and
delivery. Two studies were conducted at the pre-testing stage in this thesis (see Figure 6).

Study 3 was conducted to 1) pre-test healthy eating SMS- and web-based content among adults
with CVD, and 2) to evaluate the acceptability of the programme. Pre-testing the healthy eating
component was important as the exercise and smoking cessation content of Text4Heart had
already been tested in previous trials (36, 101). As diet is a key component of CR, it was
necessary to ensure that the mHealth content was acceptable to users. Findings from Study 3
were used to refine the healthy eating component of the proposed Text4Heart intervention. The
final study in the pre-testing stage (Study 4) was the validation of a smartphone physical activity
questionnaire. The candidate was interested in using mobile phone technology to measure
physical activity behaviour in the final RCT, and sought to validate the smartphone questionnaire
against an objective measure of physical activity (accelerometry).

Studies 1-4 were conducted concurrently with different samples to inform the Text4Heart
intervention. Each of the four studies will be presented over three published manuscripts, followed
by a section describing how the results of these studies were used in the Text4Heart intervention
development.
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4.3 Formative research study 1. Acceptability of an mHealth exercise-based
cardiac rehabilitation intervention
Introduction to the publication:

The following section presents a published manuscript describing a process evaluation of the
Heart Exercise and Remote Technologies (HEART) trial. For the current thesis, the process
evaluation was conducted to determine participant perceptions of an mHealth delivered exercisebased CR intervention in order to refine the delivery methods and exercise content for the
proposed comprehensive Text4Heart intervention. Small formatting changes have been made to
the manuscript to ensure consistency throughout the thesis.
Publication:

Pfaeffli Dale, L., Whittaker, R., Dixon, R., Stewart, R., Jiang, Y., Carter, K., & Maddison, R.
(2015). Acceptability of an mHealth exercise-based cardiac rehabilitation intervention: a
randomised trial. Journal of Cardiopulmonary Rehabilitation and Prevention, 5(35).
Contribution by the candidate:

The candidate contributed to the study design by suggesting the addition of qualitative interviews
to support the planned feedback survey and website usage data from the HEART study. She
developed the interview protocol, recruited participants for the qualitative component, and
conducted the interviews. The candidate and project manager Karen Carter were responsible for
obtaining ethics approval. The candidate analysed the interview data, the website usage data
(with assistance from Stephen Boswell, NIHI Web designer), and corroborated these data with the
survey data, analysed by Dr Yannan Jiang. The candidate wrote the manuscript with contributions
from all authors.
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4.3.1 Abstract
Background
Mobile technologies (mHealth) have recently been used to deliver behaviour change
interventions, however few have investigated the application of mHealth for treatment of
ischaemic heart disease (IHD). The HEART trial examined the effectiveness of an mHealth
intervention to increase exercise behaviour in adults with IHD. As part of this trial, a process
evaluation was conducted.
Methods
171 New Zealand adults with IHD were randomised to receive a 6-month mHealth intervention
(n=85) plus usual care, or usual care alone (n=86). The intervention delivered a theory-based,
automated package of exercise prescription and behaviour change text messages and a
supporting website. Three sources of data were triangulated to assess intervention participant
perceptions: website usage statistics, feedback surveys, and semi-structured exit interviews.
Descriptive information from survey and web data were merged with qualitative data, and
analysed using a semantic thematic approach.
Results
At 24-weeks, all intervention participants provided web usage statistics, 75 completed the
feedback survey and 17 were interviewed. Participants reported reading the text messages
(70/75; 93%) and liked the content (55/75; 73%). The programme motivated participants to
exercise. Several suggestions to improve the programme included further tailoring of the content
(7/75; 7%) and increased personal contact (10/75; 13%).
Conclusions
Adults with IHD were able to use an mHealth programme and felt text messaging was a good way
to deliver exercise information. While mHealth is designed to be automated, programmes might
be improved if content and delivery was tailored to individuals’ needs.
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4.3.2 Introduction
Mobile health, or mHealth, involves the use of mobile phone or wireless technologies such as text
messaging, interactive websites, and applications to support health objectives and behaviour
change (48, 74). Recent mHealth systematic reviews have shown promise for preventive health
behaviour change including smoking cessation, physical activity and weight-loss (30, 31, 102),
and for clinical care such as for medication adherence, diabetes, asthma, and hypertension
management (30, 31, 103, 104); however; few have incorporated mHealth into management of
ischaemic heart disease (IHD) and cardiac rehabilitation (CR). Most mHealth studies to date
have sampled younger adults, familiar with the technology. As people with IHD tend to be middle
aged or older, and often include vulnerable populations, such as those from ethnic minorities and
of low income status (105), it is important to determine how this population use or benefit from
mHealth programmes (74). The HEART (Heart Exercise and Remote Technologies) randomised
controlled trial delivered one of the first mHealth interventions to adults with IHD (36).
The HEART trial investigated the effectiveness of a 24-week intervention designed to increase
physical activity and thereby exercise capacity as measured by maximal oxygen uptake (VO 2 max),
compared to usual CR care alone (control). The intervention was delivered via text messages
and an interactive website, and included exercise prescription tailored to participants’ baseline
fitness level, and behaviour change strategies framed in social cognitive theory (87). A central
focus of the intervention was to develop self-efficacy through mastery experience and role
modelling (89), as self-efficacy is a key determinant of exercise adherence and an outcome of
taking part in CR (106). Behaviour change techniques used in HEART to enhance self-efficacy
included setting graded tasks, goal setting, general encouragement, providing instruction,
modelling the behaviour (via role model video messages displayed on the website), selfmonitoring, identifying barriers, and developing strategies to overcome barriers (79).
The HEART trial did not have a significant treatment effect on increasing exercise capacity;
however; both leisure time physical activity and walking significantly increased in the intervention
group at 24-weeks (36). The intervention group also significantly improved their health related
quality of life (physical health domain) and task self-efficacy.
While a randomised trial can determine if a complex public health intervention worked; a process
evaluation provides an understanding of how it worked (107) by investigating intervention content,
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implementation and context. A process evaluation may also provide insight into the intervention’s
“active ingredients” as well as an indication of generalizability across contexts. As such, process
evaluations can be useful for distinguish between an intervention that was not effective and one
that failed for other reasons (e.g., poor implementation) (108). Thus the aim of this study was to
conduct a process evaluation of the HEART intervention to determine what worked and what did
not, as well as acceptability and usability.

4.3.4 Methods
Design
The current study followed a mixed methods (QUAN→qual) research design to assess participant
feedback (109, 110). Website usage statistics, quantitative surveys, and qualitative interviews
were triangulated in order to answer the research question. Data were collected sequentially,
quantitative prior to qualitative, and were given unequal priority, as the interview data were used
to corroborate, refute or augment the survey data (109). The study protocol was approved by the
Northern Regional Ethics Committee [NTX/10/10/099].
Procedure
Eligible participants, diagnosed with IHD and could perform exercise, were recruited from two
large metropolitan hospitals in Auckland, New Zealand, over 18-months in 2011-2012 as part of
the larger HEART trial (36). Website usage statistics were calculated on all intervention
participants over this period, and feedback surveys were completed by intervention participants
during their 24-week follow up assessment.
For the interviews, purposive sampling was used to recruit intervention participants from the main
sample, with the aim of capturing a diversity of opinions (111). Older patients, women, and
minority groups are less likely to participate in CR (18) and therefore it was important to obtain
data from these groups to ensure future interventions meet their needs. Only those who followed
the intervention by reading at least some of their text messages were asked to take part.
Recruitment continued until no new information or themes were observed in the data, known as
data saturation (112).
Interviews were conducted at the conclusion of the follow-up assessment. An audio recorder was
used with participants’ permission and each recording was transcribed verbatim by an
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experienced transcriber. As recommended by Creswell (111), member-checking was conducted
to increase the validity of the results. Thus, each participant was given a copy of their transcript to
verify and to supply additional insights.
Measures
The following information was collected: (1) the HEART Feedback Survey was a self-completed
feedback survey used a combination of 28 closed and seven open-ended items; (2) Website user
statistics tracked visits based on the number of log-ins to the secure website per participant and
the web pages most frequently viewed; and (3) one-on-one semi structured interviews were
conducted either in person or over the telephone. An interview protocol was followed to ensure
consistency across the interviews (111).
Data Analysis
Survey data were coded in a consistent manner by a coder who was external to the project.
Descriptive information was generated using SAS version 9.3 (SAS Institute, Cary, NC, USA).
Website usage statistics were produced using IBM SPSS Statistics 20 (IBM Corporation, Chicago,
IL).
Audiotapes were transcribed and a semantic thematic analysis of the transcripts was undertaken
to identify common themes in response to key interview discussion points.(113) Transcripts were
read and re-read, and notes were made in the margins near any pieces of text that were
interesting and relevant to the study. All data were imported and analysed using NVivo 9.0
qualitative software. Data were coded separately and continuously as collected by the lead
author. A second coder conducted independent parallel coding to maximise reliability (114). Once
all data were collected and coded, each category was associated with a key question in the
interview protocol, and subthemes were identified. Themes were independently verified by the
second coder to add credibility to the analysis (111). The qualitative results were integrated with
the quantitative findings to provide a comprehensive evaluation of the programme (111).

4.3.5 Results
Figure 7 illustrates the registration process for the HEART trial. Of the 288 potential participants
who showed interest in taking part, 171 were randomised (171/288; 59%). Eighty-five participants
were randomly assigned to the intervention group. Website usage statistics were calculated from
all intervention participants. Seventy-five intervention participants completed their follow-up
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assessment and the feedback survey (75/85; 88%). Seventeen participants from the intervention
group completed the interview.

Screening Registration
(N=288)

Excluded from study (N=117)
-

Randomisation (N=171)

Declined to proceed
(n=60)
Could not contact
(n=17)
Not eligible to
participate (n=40)

-

Intervention Group (N=85)
-

mHealth programme
Usual care

Control Group (N=86)
-

Usual care

Website usage statistics
collected (N=85)
Lost to Follow-up (N=10)

Lost to Follow-up (N=8)

Intervention Group at 6-month

Control Group at 6-month

follow-up (N=75)

follow-up (N=78)

-

Feedback survey
completed (n=75)
Interview completed
(n=17)

Figure 7. The HEART study registration and study completion flow chart
Demographics

Table 10 presents baseline demographics for the intervention group of the HEART trial and the
sub-group of intervention participants taking part in the interviews. In the intervention group, ages
ranged from 39-79 with a mean age of 61(SD=8.98). The majority of participants were male
(69/85; 81%).
Table 10. Participant demographics
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Intervention Group (N=85)
Age in years (Mean ± SD)

Interview Group (N=17)

61.38 (8.98)

63.7 (7.44)

69 (81)

13 (77)

66 (78)

14 (82)

Māori

6 (7)

1 (6)

Pacific Island

5 (6)

0

Asian

8 (9)

2 (12)

8 (9)

2 (12)

$30,000-$50,000

14 (16)

2 (12)

$50,000-$70,000

17 (20)

3 (18)

$70,000-$90,000

14 (16)

2 (12)

Over $90,000

23 (27)

5 (29)

Don’t know

5 (6)

2 (12)

Refused to answer

4 (5)

1 (6)

Gender (male; %)
Ethnicity (n; %)
NZ European or Other

Household incomea before tax (n;
%)
Under $30,000

a

New Zealand dollars

Analysis of the various data sources revealed underlying themes related to the three key interview
discussion points.
Programme engagement
Survey responses revealed the majority of participants read most or all of their text messages
(70/75; 93%) and used the website (48/75; 64%). Some participants shared the text messages
with others (31/75; 41%). Website usage statistics found that the number of website visits ranged
from 0-82 (Mean 11 ± 16) per participant. The most commonly viewed website pages included
interactive graphs where participants could upload pedometer step-counts or minutes of physical
activity, and the home page which displayed the most recent text message, video message, and
exercise tip. Interview data supported the quantitative findings, as mentioned below:
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“I’m of a group or age where um technology’s still a mystery to me [but text messages
are] quite okay because you have it on your phone…Website like you produced was fine,
I could confidently follow that.” Male, 60
The majority of participants were able to use the technology, however some (13/75; 17%)
reported difficulties regarding the website. The lack of high speed broadband Internet to
successfully use the programme was a noted barrier, as described in the following quote.
“…my internet connection at home isn’t strong enough to play the videos. And I can’t do it
at work really so that was why I didn’t use the website.” Female, 63
A second obstacle for some was a lack of knowledge about how to use the website, in particular
the log-on system. Some participants who struggled with the technology expressed a desire to
learn how to use it, while others had no desire to learn to use the technology. Others just didn’t
engage with the technology under any circumstances.
“…of all the websites I go into, it was the most complicated log on.” Male, 62
While the findings reflected difficulties had by some, the majority of participants were able to use
the technology.
Motivation to exercise

Participants revealed the text messages were motivating and acted as an incentive and a
reminder to exercise. Table 11 describes factors in the programme that helped participants start
or maintain a regular exercise programme.
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Table 11. Participant perceptions of intervention features that were important in helping them
exercisea
Intervention Feature

Yes

No

Watching people like me go through a similar process

39 (52)

27 (36)

Hearing from the cardiologists

52 (69)

15 (20)

Motivational and encouraging messages

57 (76)

9 (12)

The information on the website

48 (64)

16 (21)

Feeling like I belonged

49 (65)

18 (24)

Being supported to feel like I could do it

55 (73)

11 (15)

Getting messages at the right times

44 (59)

20 (27)

It was fun

51 (68)

14 (19)

It made me get support from my friends/family

39 (52)

28 (37)

a

Data are reported as number (%); percentages do not add up to 100 due to missing data; only
participants who used the intervention answered this question.
Qualitative data supported the findings Table 11.
“I really enjoyed the programme, really did. It was good for me, did keep me motivated
and prompted me on many occasions to…keep up the exercise.” Male, 62
Participants also commented on the motivational aspects of the website, in particular the video
messages and the step-count graphs.
“I think hearing [videos] from people like yourself, just ordinary people out there trying to
up their health by exercise that was good…Hearing some of the doctors…sharing little
tips and thoughts, that was helpful too. To see that they were ordinary people, who were
just saying, ‘Hey come on you can do better, you can do it, keep at it’”. Male, 60
“How many steps per week or something…I found really good, so the use of the
pedometer and having the goal, you know, I think it was good.” Male, 70
Participants revealed the programme helped them develop strategies to overcome their barriers to
exercise. This included how to plan exercise into your day and to get outside even when it was
raining.
“So I was planning and what I was doing was finding that I was actually planning my life
around my exercise. I’ve never done that before.” Male, 60
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Some participants commented that they liked the gradual build-up of the exercise prescription, so
it was a manageable amount of exercise they could perform. Some also mentioned they now
understood how to exercise properly for health benefits.
“I wasn’t very well when I first started out and I was having trouble moving around, that
was one way of actually sort of doing it slowly and slowly and slowly until I was at a point
where I could do a little bit more. And the text messages sort of helped me to overcome
some of the obstacles that I was dealing with” Female, 66
The majority of participants felt the programme motivated them to exercise, and they felt the
benefits.
Programme satisfaction

Survey responses revealed the majority of participants liked the text messages (55/75; 73%) and
the website (43/75; 57%). The 24-week length of the intervention was also acceptable to most
(53/75; 71%), with very few participants finding it too long (3/75; 4%) and some finding the
programme too short (14/75; 19%). Table 12 describes participant ratings of specific intervention
components.
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Table 12. Participant ratings of intervention features a
Intervention Feature

Liked

Disliked

No Comment

Did not use

Ideas on how to exercise

58 (77)

1 (1)

4 (5)

12 (16)

Information on the health
benefit of exercise

59 (79)

0

3 (4)

13 (17)

Explaining myths around
exercise

45 (60)

0

11 (15)

17 (23)

Reminders of how much
exercise to be doing

56 (75)

2 (3)

5 (7)

11 (16)

The timing of text messages

43 (57)

6 (8)

15 (20)

9 (12)

Motivational text messages

50 (67)

4 (5)

6 (8)

13 (17)

Receiving lots of text
messages

32 (43)

13 (17)

17 (23)

11 (15)

The website

35 (47)

1 (1)

7 (9)

30 (40)

Being able to see my 'steps'
progress on the website

30 (40)

1 (1)

6 (8)

37 (49)

Goal setting on the website

29 (39)

2 (3)

6 (8)

37 (49)

a

Data are reported as number (%); percentages may not add up to 100 due to missing data.

The intervention was well received by most, and while very few commented that they disliked it,
some did not use the programme. A few participants were already exercising without support and
did not feel they needed the programme, or felt the exercise prescription content was not relevant.
“…I was doing more [exercise] than what you were requesting. In fact sometimes you
were telling me [to walk] for 35 minutes…Well I was already doing one hour, you know.”
Male, 70
Participants offered several suggestions to improve the programme, which are outlined in the final
two themes.
Tailoring of the programme
Recommendations for future programmes included extending the programme beyond six months
(5/75; 7%) and providing choice for when to receive messages (5/75; 7%). Some participants
wanted to choose how many text messages they received and the time of day they were sent.
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“[Text] either in the evenings or when you are a bit relaxed more or after work or
something like that. Or just before the schedule of my normal, you know, exercise time or
something.” Male, 50
Another common suggestion was to tailor the text message content to participants’ specific
circumstances (7/75; 9%).
“If you found out what the people’s circumstances were and tailored the texts to suit
that…maybe have four or five different types of people to slot them and ask them
questions…and then tailor the programme.” Female, 63
It was suggested that the video messages could have been tailored by filming role models who
have undergone a similar experience (21/75; 28%), who were a similar age (14/75; 19%), or from
the same culture (5/75; 7%).
“If there are other [ethnicities] then it is good to have one or two [videos] in different, you
know, language or in the language of the people who are participating.” Male, 60
Personal contact
Some participants expressed a desire to have greater personal contact in the programme, such
as a follow up phone call or face-to-face meetings (10/75; 13%). Some also revealed they would
have liked better technical support (5/75; 7%).
“…if somebody can give a person a call might be more motivating, like oh yeah
someone’s monitoring me” Male, 50
Interviews also revealed a desire for personal feedback through two-way text messaging.
“If we had of sent in something that said, ‘Okay we’re doing X’, then you could have sent
something back saying, ‘Oh well let’s try Y’.” Male, 68

4.3.6 Discussion
The HEART intervention was designed to encourage adults with IHD to take part in regular
physical activity and improve their fitness through an automated system of text messages and a
supporting website. Nearly all participants reported receiving and reading their text messages and
two-thirds used the website. HEART was one of the first studies to test an mHealth intervention
among an older clinical population, and the high usage rates supported recent evidence that older
adults do not necessarily experience a digital divide (115, 116). The results contradict previous
findings that older adults often use mobile phones passively, such as in an emergency only, and
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hesitate to use more advanced features (117). Text messages push information out to people,
which may be more user-friendly than a website where participants must actively seek out
information. Some HEART participants did not use the website due to a lack of computer access
and/or lack of knowledge, similar to barriers identified in previous studies examining Internet use
in older adults (118). To maximise engagement with older adults with IHD, the technology must be
familiar and easy to use (115, 118). Minor modifications of the HEART study website, such as
changing the log-in system, would be easy to implement to increase engagement.
Participants revealed they found the programme motivated them to exercise, which supported the
HEART trial results as intervention participants did significantly more leisure time physical activity
and walking than the control group (36). As recommended by several mHealth reviews (30, 31,
103) the HEART intervention was based on a theoretical framework. Participant feedback
revealed the likely mechanism of action was via internalising text message content and enhancing
efficacious beliefs to be active. The content of the messages helped participants identify and
develop plans to overcome their barriers to exercise, and increase their confidence to perform
exercise. It is common for patients to fear exercising after a heart event, particularly if they
experience chest pain/angina, and patients often perceive they should rest and not exert
themselves (119). A key component of HEART was gradual exercise progression, consistent with
recommendations for people with IHD (82).
The findings revealed that mHealth CR programmes can encourage patients to walk or engage in
other light-to-moderate forms physical activity after a cardiac event. Often patients have to wait
weeks or months to start traditional CR due to limited space in sessions, particularly for
supervised exercise. MHealth has the potential to eliminate a waiting period as programmes could
begin immediately post hospital discharge, when patients may be more highly motivated to make
lifestyle changes as they have not yet resumed work or other daily activities. MHealth
programmes should not be seen as a way of replacing centre-based CR, as supervised exercise
is important for many high-risk patients, however a text message feature could easily be added to
augment outpatient CR programmes. MHealth CR also has the potential to reach more patients,
as it is well known that CR attendance rates are less than ideal (14, 15, 17), and for some a
mobile version may be more suitable than attending sessions in person. MHealth programme can
also be a cost-effective way to increase the duration of CR, potentially offering further support and
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motivation with text reminders long after centre-based CR has completed to maintain exercise
adherence.
Overall, this process evaluation showed that participants received the intervention content via text
messages, with fewer people accessing the website content. In general, the HEART intervention
was well received; however, participants suggested additional tailoring could improve the
programme. Adequate tailoring remains a struggle in mHealth, perhaps because programmes are
designed to be automated to increase cost-effectiveness (31). Further tailoring of HEART to target
specific barriers and allow for participant choice or input into their programme may have resulted
in participants making better use of the intervention and would have perhaps led to stronger trial
outcomes.
MHealth programmes sent from health care providers may provide a solution to inadequate
tailoring as they know their patients and can personalise messages accordingly. Clinicians could
discuss options with their patients to align the programme with their patients’ healthy lifestyle
goals. Patients may place greater importance on messages if the programme is coming from their
health care providers, particularly if they are accountable to discussing their progress and clinical
results at a follow-up appointment. Text messages can provide greater patient-centred care by
allowing for two-way communication between providers and patients. Future research should
examine implementation of such a programme in a real-world setting.
The HEART intervention’s acceptability was promising however it is important to note some
limitations. Participants were required to have access to the Internet, either at home, at work,
through a family member or community centre. This may have limited some potential participants
without computer access, biasing our results towards a sample who were more technologically
savvy. It is also unknown how generalizable these results are to elderly adults, as few participants
were in the over 75 age group (N=11/171; 6%). The majority of the sample was New Zealand
European men; future studies could examine mHealth efficacy and acceptability in older and more
diverse populations.

4.3.7 Conclusions
A simple, behaviourally grounded, text messaging intervention to increase physical activity and
exercise capacity was well received by older participants with IHD. The process evaluation
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revealed potential reasons why the intervention may have led to greater behaviour change in
some but not all individuals. Such feedback is an essential step of the mHealth Development and
Evaluation Process and can be used to guide health care providers in developing mHealth
interventions to augment current CR services.
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4.4 Formative research Study 2 and pre-testing Study 3. Mobile phone
usage survey and pilot testing of an mHealth healthy eating pilot
programme
Introduction to the published paper:

Study 1 showed that the HEART intervention was well received and motivated participants to
exercise. As HEART was created in 2010, additional formative research was needed to gain
insight into the type of mobile technologies adults with CVD were currently using. It was also
necessary to pre-test other components of the proposed Text4Heart intervention (i.e. diet). The
following section presents formative Study 2 and pre-testing Study 3, combined into one
published manuscript. The objective of the paper was to determine mobile phone usage in adults
with CVD (Study 2) and to evaluate the acceptability of an mHealth healthy eating CR programme
(Study 3). Study 2 was conducted to determine if and how the target population used their mobile
phone and to determine their level of interest in mHealth delivered CR. Findings from this study
were used to ensure user preferences matched the proposed Text4Heart intervention delivery.
Study 3 was conducted to pre-test mHealth delivered healthy eating content. Feedback from
participants was used to refine the healthy eating component of the comprehensive Text4Heart
intervention. Small formatting changes have been made to the manuscript to ensure consistency
throughout the thesis.
Publication:

Pfaeffli Dale, L., Whittaker, R., Eyles, H., Ni Mhurchu, C., Ball, K., Smith, N., Maddison, R. (2014).
Cardiovascular disease self-management: pilot testing of an mHealth healthy eating programme.
Journal of Personalized Medicine 4(1), 88-101.
Contribution by the candidate:

The candidate contributed to the overall study concept and design. She carried out study
procedures with assistance from co-author Natasha Smith for study 2 and in full for study 3. The
candidate wrote the SMS and web-based content for study 3 and assisted NIHI’s Stephen
Boswell with the website design. She analysed the data from both studies and wrote the
manuscript with contributions from all authors.
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4.4.1 Abstract
Background

Cardiac rehabilitation (CR) is crucial in the management of cardiovascular disease (CVD), yet
attendance is poor. Mobile technology (mHealth) offers a potential solution to increase reach of
CR. This paper presents two development studies to determine mobile phone usage in adults with
CVD and to evaluate the acceptability of an mHealth healthy eating CR programme. Methods: CR
attendees were surveyed to determine mobile phone usage rates. A second single-subject pilot
study investigated perceptions of a 4-week theory-based healthy eating mHealth programme and
explored pre-post changes in self-efficacy.
Results

74 adults with CVD completed the survey (50/74 male; mean age 63 ± 10). Nearly all had mobile
phones (70/74; 95%) and used the Internet (69/74; 93%), and most were interested in receiving
CR by text message (57/74; 77%). 20 participants took part in the healthy eating pilot study.
Participants read all/most of the text messages, and most (19/20) thought using mobile
technology was a good way to deliver the programme. The website was not widely used as visiting
the website was reported to be time consuming. Exploratory t-tests revealed an increase in heart
healthy eating self-efficacy post programme, in particular the environmental self-efficacy subset (Mean
= 0.62, SD = 0.74, p = 0.001).
Conclusions

Text messaging was seen as a simple and acceptable way to deliver nutrition information and
behaviour change strategies; however, future research is needed to determine the effectiveness
of such programmes.
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4.4.2 Introduction
A widely supported aspect of cardiovascular disease (CVD) self-management and secondary
prevention is cardiac rehabilitation (CR). CR is a hospital or community-based programme
designed to educate patients about their cardiovascular risk factors and encourage lifestyle
change, and has been shown to slow or reverse the progression of CVD and reduce mortality (11,
120). Despite the benefits, rates of participation are low in all countries in which they have been
measured (14, 15, 17, 121).Common barriers to attending and completing CR include lack of time
or transport to attend center-based sessions (18, 76, 122).

Mobile and wireless technologies (or mHealth) offer a viable approach to deliver CVD selfmanagement programmes in a way that minimizes disruption to people’s lives. Components of
CR can be sent directly to patients’ mobile phones, accessed at any time and any place, thus
reducing geographic and time barriers for those who cannot access center-based programmes.
Such mHealth CR programmes could also be implemented to augment existing services by
delivering additional long term support to patients. It has been shown to take 6 months of
persevering with a new behaviour to result in sustained lifestyle change (123) therefore mHealth
may be a cost-effective method of delivering longer CR programmes.

A common criticism of mHealth is that it creates a digital divide where some may lack access to
affordable mobile technologies. These concerns may be unfounded as mobile phone saturation
has reached 128% in high income countries and 89% in developing countries (42) and Internet
use has doubled worldwide in the last five years (27-29). CVD occurs most commonly in middleto-older age and it is often perceived that older adults are not familiar with mobile technologies.
Limited research disputes the digital divide (76, 115) however it is not explicitly known if, or what
type of mobile technologies would be a suitable option for this group.

Emerging evidence to date for mobile interventions is promising. Recent systematic reviews have
found text messaging and Internet-based interventions effective in achieving behaviour change
outcomes such as smoking cessation, physical activity, diet, and medication adherence for both
disease prevention and management (30, 31, 102, 104). Such lifestyle modifications are important
for controlling many non-communicable diseases, including diabetes and CVD. The recent
HEART (Heart Exercise and Remote Technologies) randomised controlled trial (N=171) found a
text messaging and Internet intervention was effective and cost-effective for increasing leisure82

time physical activity and walking, but failed to increase maximal oxygen uptake in people with
CVD at 6 months (36). The HEART trial focused only on physical activity behaviour whereas CR
can involve modification of numerous lifestyle factors, including smoking cessation and healthy
eating. To address this, a comprehensive mHealth CR intervention is planned, but a first step was
to develop and evaluate an mHealth healthy eating programme.

To date there has been little investigation into the use of mHealth as a tool for healthy eating
intervention in adults with CVD. Here we use an established framework (74) to present two
development studies, aimed at 1) determining the degree to which people with CVD engage with
mobile technology and their interest in this type of intervention, and 2) evaluating the acceptability
of an mHealth healthy eating CR programme.

4.4.3 Methods
Overall design

The healthy eating CR programme was developed according to the mHealth Development and
Evaluation Framework (74). The framework follows an iterative process for developing mHealth
interventions with end-user engagement. Figure 8 outlines the process used for this paper. The
methods and rationale for each step will be described, beginning with conceptualisation. Protocols
for both development studies received ethics approval (University of Auckland Human
Participants Ethics Committee: 8652 and Health and Disability Ethics Committee: NTY/11/07/078)
and all participants gave informed consent. The two studies were conducted concurrently with two
different samples in Auckland, New Zealand.
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Target population involvement

Study 1:
Mobile phone
usage survey

Study 2:
Health eating
pilot study

Figure 8. The mHealth Development and Evaluation Framework (74)
Step 1. Conceptualisation

A content advisory group comprised of experts in the fields of CR, behaviour change, public
health, mobile technology, and nutrition met weekly over a 6-month period to develop the healthy
eating programme. The group was experienced in mHealth interventions (76, 101, 124). The
healthy eating programme consisted of evidence-based information (10) and behaviour change
strategies aimed at reducing risk of subsequent events and enhancing self-management.
Intervention content included healthy eating advice, following the cardioprotective dietary pattern.
The guidelines recommend large servings of fruit and vegetables, whole grains, lean meats and
fish, and low-fat dairy, and has been shown to reduce cardiovascular and total mortality (10).

The healthy eating strategies were framed in social cognitive theory (SCT) (87). A key construct
of SCT is perceived self-efficacy, which refers to the extent people believe they can exercise
control over their health behaviours. Self-efficacy was chosen as a key construct as it has been
shown to be both a determinant of health behaviour change (87) and a consequence of CR (90).
The healthy eating programme aimed to increase self-efficacy by targeting the four sources of
influence: mastery experience, vicarious learning, social persuasion, and somatic and emotional
states (87). The programme also focused on overcoming barriers to healthy eating, including
dining out and giving up favorite foods, which have been identified as significant barriers in the
CVD population (90).
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Step 2. Formative research: mobile phone usage among CR participants across New
Zealand

The formative research step investigates initial perceptions of an mHealth programme. If the
concept is agreeable to the target audience, including participants and key stakeholders, content
is developed and then pre-tested by the target audience. In the current study, formative research
was conducted to determine the delivery method and the level of interest in an mHealth CR
programme. Uptake of mobile technology is rapidly increasing across all age groups and it was
important to ensure the delivery of the intervention matched participants’ interests and abilities.

Using a cross-sectional design, a convenience sample of adults diagnosed with CVD across New
Zealand was recruited via direct contact with existing community based CR education
programmes. Participants completed a 20-item survey either online, over the phone or on paper
at the time of recruitment at local CR sessions (see Appendix 10 for survey questions).
Step 3. Health eating pilot study

The pilot study was completed to gain feedback on the usability and acceptability of the healthy
eating programme. A secondary aim was to explore trends towards changes in self-efficacy to eat
a heart healthy diet. A single subject pre-test/post-test design was used and no formal power
calculation was considered as this was a pilot study.

Eligible participants were at least 18 years of age, could read and understand English, and had
been diagnosed with CVD or self-identified as being at risk of developing CVD due to having
medically controlled or high blood cholesterol. Participants were required to have a basic mobile
phone capable of receiving text messages, and have access to the Internet. Potential participants
were recruited through word of mouth or directly approached at local CR programmes.
Recruitment continued until the desired number of completed surveys was reached (N=20).
Twenty participants was an attainable, pragmatic target, and this recruitment target was
considered sufficient to provide useful feedback and to test the feasibility of the programme (125).

Interested participants were emailed a link to the baseline survey, the Heart Healthy Eating Selfefficacy Scale (HHESES) (126), conducted online using LimeSurvey® software (127). The
HHESES is a reliable and valid measure of self-efficacy in people with hypercholesterolemia, a
85

risk factor for developing CVD (126). Participants then began receiving one text message per day
(28 in total) and had access to the supporting website. Four weeks later participants were
contacted by text and email to complete a follow-up online survey, repeating the HHESES and a
32-item feedback questionnaire (see Appendix 12). Website usage statistics including the
frequency, login period, and page views were also tracked.

The healthy eating content was delivered using two mHealth approaches:

(1) Text messages: A library of messages was developed providing participants with behavioural
support to make healthy dietary changes and increase self-efficacy to change, revolving around a
weekly theme (see Table 13). Mastery experiences, or building successful experiences (87), were
created through messages encouraging goal setting and incorporating self-regulation skills to
monitor progress to aid in achieving those goals. Social persuasion, or receiving verbal
encouragement that one has the skills to succeed (87), was incorporated into the programme
through encouraging text messages.
Table 13. Example text messages
Theme

Social cognitive
theory construct

Message

Lowering my blood
cholesterol

Self-regulation

Have you started to look at your nutrition
labels? Can you see how much total fat your
packaged food contains?

Choosing healthy meats
and vegetarian
alternatives

Goal setting/Social
persuasion

Try replacing red meat with fish. Canned fish
counts. See if you can make this change
twice this week. You can do it!

Choosing healthy milk
and milk products

Mastery experience

Small changes add up – ask the main
shopper to switch from butter to a margarine
blend. Less cost to your wallet and health!

Packaged foods

Outcome
expectation

Think you don't have the willpower to avoid
treat foods or takeaways? Think of your
body, your mind, your family

(2) Role model video vignettes and educational Internet support: A library of brief video vignettes
was developed to support vicarious learning, as people who observe role model behaviours and
their favorable consequences are more likely to remember and repeat the behaviours endorsed
by a model (87). Cardiac patients (role models) were filmed discussing their experiences making
dietary change. Brief cooking demonstrations and vignettes from dieticians and health
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professionals were also offered. Videos were viewed on a secure website where participants
could set and review goals, view healthy recipes, meal ideas, and tips, and view links to other
relevant web-based resources. The website was programmed to automatically release new
content every three to four days, corresponding to the weekly theme.
Analysis

Participation use and satisfaction: Analysis of survey responses and website usage statistics were
largely descriptive. IBM SPSS Statistics 20® was used to calculate response percentages. Openended responses were coded, compiled into categories, then grouped into themes using a
general inductive approach (114). A summary of results was sent to participants, providing them
the opportunity to review and comment on the findings. This served as a member check to
improve the credibility and consistency of the results (114).

HHESES: Data were extracted from the online survey and imported to IBM SPSS Statistics 20®
for analysis. Paired comparisons between the pre and post outcomes were conducted using both
parametric (t-test) and non-parametric (Wilcoxon signed rank test) statistics as appropriate. As
this was a pilot study all tests were exploratory, and a 5% significant level was used. The small
sample size did not allow for further subgroup analysis.
Steps 4 and 5. Randomised controlled trial and qualitative follow up

Once formative research and pilot testing of intervention content is completed, the next step is to
conduct a randomised controlled trial to determine the effectiveness of the intervention. The
results from the two development studies in steps 2 and 3 will be used to create a comprehensive
CR programme, aiming to measure multiple health behaviour change including exercise, smoking
cessation, medication adherence, and health eating. Physical activity and smoking cessation
components for the comprehensive CR programme have already been developed and pre-tested
(101, 124).

4.4.4 Results
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Formative research: mobile phone usage

Seventy four participants completed the mobile phone usage survey. The majority completed
online surveys (59/74), seven were completed on paper and eight surveys were conducted over
the phone. The majority of participants were New Zealand European men with a mean age of 63
years (SD=10) (Table 14). Due to the nature of the recruitment strategy, it was not known how
many potential participants were approached about the survey; therefore the response rate could
not be calculated. The completion rate (the total number of surveys submitted divided by the
number of completed surveys) was 86%.
Table 14. Participant demographics for the formative research (study 1) and pilot (study 2)
Characteristic

Study 1 (n=74)

Study 2 (n=20)

Male

50

10

Female

24

10

≤40

3

5

41-50

4

4

51-60

19

4

61-70

29

4

71-80

17

3

≥81

2

0

New Zealand European

50

14

Māori

16

2

Pacific Islander

0

3

Other

7

Gender

Age Group (in years)

Ethnicitya,b

a

4
b

Totals some participants identified with more than one ethnicity; Ethnicity data missing for 1
participant

Nearly all participants had a mobile phone (70/74; 26/74 had a Smartphone). Most participants
were interested in receiving CR by mobile technology (57/74) and preferred a text message
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format (53/74), compared with a Smartphone application (13/74) or the Internet (9/74). Ten
participants were not interested in mHealth CR because they were not regular mobile phone
users. Most participants had access to the Internet (69/74), and used the Internet on a daily basis
(54/74). Table 15 illustrates the most commonly used features of mobile phones.
Table 15. Mobile phone features used
Featurea

N=74 (%)

Phone calls

65

(88%)

Text messaging

63

(85%)

Receive videos and/or photos

17 (23%)

Internet search

17

(23%)

Applications

14

(19%)

Instant messaging

5

(7%)

Social networks

6

(8%)

a

Participants were able to select all options that apply

Participants reported they would most like to receive messages on physical activity and healthy
eating components of CR. The most useful advice participants learned during CR, summarized in
Table 16, included healthy eating and exercise lifestyle changes.
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Table 16. Most useful cardiac rehabilitation components
Advice

N (%)

Healthy meal ideas and recipes

47

(64%)

Practical ideas to manage stress

40

(54%)

Setting goals

19

(26%)

Steps to achieve goals

20

(27%)

Exercise ideas

48

(65%)

How to overcome cigarette cravings

1

(1%)

How to remember to take your medications

10

(14%)

Healthy eating tips for takeaways and dining out

33

(45%)

Pilot testing: healthy eating pilot study

Twenty people completed the first pilot study survey and were sent the healthy eating programme.
Ten participants had CVD and were participating in traditional CR and 10 self-identified as being
at risk for developing CVD due to having high blood cholesterol. The majority of participants were
New Zealand European (14/20) and the mean age was 52 (SD=15.5) years (see table 2). Most
participants completed the grocery shopping (18/20) and planned/prepared meals (19/20) at least
some of the time for their household.

Nearly all participants (19/20) thought using mobile technology was a good way to deliver a
healthy eating CR programme. All participants received the text messages and reported reading
most (10/20) or all (10/20) of the messages. Thirteen participants shared the text messages with
family and friends. Participants accessed the website from 0-9 times over the course of the 4
week programme (median=1). Viewing sessions ranged from 1-40 minutes with a median view
time of 4 minutes. The programme was well received. Table 17 displays a descriptive summary of
programme aspects that participants liked or disliked.
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Table 17. Nutrition programme survey response data (N=20)
Liked

Disliked

No
comment

Didn’t
use

Ideas on how to eat healthier

19

0

1

0

Information on the benefits of healthy eating

18

0

2

0

Information on cooking healthy meals

16

0

3

0

Receiving motivational messages

15

2

1

2

Being supported to feel like I could make these
changes

13

1

4

2

Feeling like I belonged/like there were others
going through the same thing as me

11

1

6

2

Receiving lots of text messages

10

6

4

0

The website

10

1

3

6

The time of day messages were sent

9

2

9

0

Seeing videos from health professionals

9

0

2

9

Being able to see ‘my goals’ on the website

8

1

3

8

Seeing videos from people like me

4

0

6

10

Please rate the following according to whether
you liked or disliked them:

Themes emerging from open-ended responses are summarised below and are supported with
direct written quotes from participants.
1. Text messaging was a convenient way to deliver healthy eating information. Participants
felt that receiving texts was “quick and easy” and “non-invasive”. The content of the
messages was “relevant”, “concise and interesting”.
2. Texts were encouraging and an effective reminder to make informed healthy food
choices. Participants felt the texts “encouraged and reminded me to make healthy
choices”. The texts helped to serve “as alerts of what type of foods are good and are
healthy substitutes”.
3. I’d prefer a more personalised programme. Seven participants commented on how to
personalise the programme, such as receiving feedback on their progress. Another
suggestion was to tailor the time of day the messages were sent out, in order to send a
relevant message at a time of day when people often struggled to make the healthy
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choice, such as “after dinner”. A few participants also mentioned they wanted some
personal contact.
4. Technical and time barriers prevented me from using the website. Three participants
reported problems accessing the website; they forgot their password and revealed it
wasn’t a priority to contact the research team for a new password. Some participants also
commented that it was too time consuming to view the website, as they were “really busy
at work” or “too tired to open the website again at home”.
Heart healthy eating self-efficacy

Descriptive data for self-efficacy scores are presented in Table 18. Environmental self-efficacy
and total self-efficacy scores increased from baseline to follow-up. Scores were higher postintervention for heart healthy eating self-efficacy and outcome expectancy, but these differences
were not statistically significant.
Table 18. Descriptive summary of Heart Healthy Eating Self-efficacy scale and subscales
Scale (Mean ± SD)

Pre-intervention

Post-intervention

Difference (Post - Pre)

Heart healthy eating

4.59 ± .53

4.76 ± .66

0.20 ± .55

Environmental

4.22 ± .71

4.83 ± .70

0.62b ± .74

Total self-efficacya

4.41 ± .59

4.79 ± .66

0.39b ± .64

Outcome expectancy

5.22 ± .77

5.37 ± .82

0.15 ± .65

a

Total self-efficacy is an average of heart healthy eating and environmental self-efficacy
subscales combined; bStatistically significant difference was detected using both parametric and
non-parametric tests (p<0.05)

4.4.5 Discussion
This paper described the results of two studies assessing the usability and acceptability of an
mHealth healthy eating programme in a CVD population. A key finding from the formative
research was that adults diagnosed with CVD used mobile technologies regularly and were
interested in receiving CR by mobile phone. These findings speak to the utility of using mobile
phones to deliver lifestyle content to this population. While text messaging and the Internet tend to
be more popular with younger age groups, media literacy is increasing among adults (128).
Participants preferred a text message format over the Internet, perhaps because text messaging
pushes content to passive recipients, whereas accessing a website requires users to actively
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seek out information. A rate limiting factor for the web-based component in the pilot study was the
time it took to log in with passwords, particularly if they were infrequent computer users. For the
future trial, step 4 in the framework, the intervention will be delivered primarily by text message
with additional information delivered via a more user-friendly website, which will include additional
interactive features to promote engagement (89, 129).

The pilot study was one of the first to examine the acceptability of an mHealth healthy eating
programme in a CVD population. Participants found the programme useful and acceptable.
Participants felt the messages were encouraging and felt supported to make changes to a
healthier diet, which reflected the social persuasion source of self-efficacy (87). Text messages
reminded participants to observe what they were eating, which indicated self-regulation concepts
were being internalized (89). Self-efficacy did not appear to be influenced by vicarious learning
(87), which was targeted through the video messages on the supporting website, as the majority
of participants chose not to comment or did not use the website. Quantitative findings showed an
increase in environmental self-efficacy, or confidence to make healthy eating choices when
influenced by external factors (126).

Framing the programme in SCT was a strength of the pilot study, as theory-based interventions
are more likely to be effective (30, 31). Based on the present work and the HEART intervention
(124), manipulating self-efficacy in an mHealth format may lead to greater behaviour change in a
CVD population, however other theories and specific behaviour change techniques need to be
considered (103). While the changes in self-efficacy were promising, it is important to note that
the results should be interpreted with caution as there was no comparison group. The next step is
to determine whether changes in self-efficacy translate to healthy eating behaviour change.

The pilot study provided important feedback on how to personalise mHealth programmes. A found
tailored mHealth interventions were more effective at changing behaviour; however, few studies
had implemented tailored components (31). Iterations to the healthy eating CR programme will
include greater tailoring, such as using the participant’s name and delivering messages at the
time participants have selected. Bi-directional messaging will be included that allows for personal
contact and tailored responses from the study team. This dynamic feedback loop holds promise to
improve health behaviour as rapid two-way communication provides just-in-time information or
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strategies to participants (103). Designing effective automated yet personalised interventions in a
cost-effective way is challenging (130); however, a personal and multi-faceted approach may
enhance motivation to use future programmes and lead to improved disease self-management.

A limitation of both studies was the small samples, which were not necessarily representative of
the entire CVD population. The technology in the pilot study was also a limitation as participants
were required to have access to a mobile phone and the Internet, indicating that enrolled
participants were familiar with this technology. Participants were recruited from CR services and
non-attenders may have different mobile phone and Internet usage. Future development research
should target CR non-attenders as they may benefit most from an mHealth programme. Despite
the above limitations, the results warrant further investigation into alternative methods for CR
delivery.
Suggestions for future research

Formative research and pilot testing of intervention content have been completed and the next
step in the mHealth development and evaluation framework is to conduct a randomised controlled
trial. The results from the two development studies in steps 2 and 3, including the iterations
described above, will be used to create a comprehensive CR programme, aiming to change
multiple health behaviours including physical activity, smoking cessation, medication adherence,
and healthy eating. Physical activity and smoking cessation components for the comprehensive
CR programme have already been developed and pre-tested (101, 124) and will be refined
according to the findings of the healthy eating pilot study. A randomised controlled trial is planned
to determine the effectiveness of a comprehensive CR mHealth programme to change behaviour
compared to standard care (control).

4.4.6 Conclusions
Questions remain over effective mHealth intervention design, including the type and number of
behaviour change techniques targeted, the appropriate dose of text messages sent, and the type
of technology used (text message, video, applications). Development studies lead to better
understanding of these issues and therefore more effective trials (34, 74). Reporting how
interventions were developed is important as a common limitation of mHealth research is the lack
of replicability, as many mHealth interventions vary in their level description (34, 123).
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The two development studies described above found people with CVD have high usage rates of
mobile phones and Internet, and were receptive to a healthy eating mHealth programme. Text
messaging was seen as a simple and acceptable way to deliver healthy eating information and
behaviour change strategies and could be integrated as part of a wider mHealth comprehensive
CR programme.

As the results were from small pilot studies only, further research is needed to determine the
effectiveness of such interventions to change behaviour.
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4.4.9 Extra data not presented in manuscript
As part of the mobile phone usage survey (Study 2), additional data were collected that were not
presented in the final manuscript due to journal word count restrictions. The data were relevant to
the thesis and the Text4Heart intervention development, thus are presented below in Table 19
and Table 20.
Table 19. Mobile phone formats preferred by those interested in receiving CR via mobile phone
Mobile phone format*

N=74 (%)

Text message

53

(72%)

Video

2

(3%)

Smartphone application

13

(13%)

Internet

9

(9%)

Other

1

(2%)

*participants were able to select all options that apply

Table 20. Components of CR participants would most like to receive messages about*
Component*

N (%)

Taking medications

33

(45%)

Doing regular physical activity

50 (68%)

Eating healthy foods

47

(64%)

Stop smoking

2

(3%)

Stress management

35

(47%)

*participants were able to select all options that apply

The data presented in the above tables were used to develop the proposed Text4Heart
intervention. For instance, the high proportion of participants who preferred receiving CR by text
message, rather than smartphone application, was key in the decision to deliver the intervention
by text messaging. It was also apparent that healthy eating and physical activity were the most
interesting and useful components of CR according to participants. The results presented here,
and in Studies 1, 2, and 3, and how the findings were used to refine the intervention, will be
discussed in greater detail at the conclusion of Chapter 4.
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4.5 Pre-testing study 4. Measuring physical activity in a CR population by
smartphone-based questionnaire
Introduction to the published paper:

The formative and pre-testing Studies 1, 2, and 3 showed that adults with CVD were interested in
receiving CR via mHealth. The Candidate was also interested in determining whether mobile
technologies could also be used to measure behaviour change in the target population. Study 4
was conducted to pre-test and validate a smartphone physical activity questionnaire (MobilePAL)
in people with CVD. Given their ubiquitous use, mobile phones offer a novel approach to measure
self-reported physical activity on a daily basis and offer real-time data collection with the potential
to enhance recall. It was proposed that the MobilePAL smartphone application could be nested
within the evaluation of Text4Heart. Small editorial changes have been made to the manuscript to
ensure consistency across the thesis.
Publication:

Pfaeffli, L., Maddison, R., Jiang, Y., Dalleck, L., Löf, M. (2013). Measuring physical activity in a
cardiac rehabilitation population using a smartphone questionnaire. Journal of Medical Internet
Research, 15 (3):e61.
Contribution by the candidate:

The candidate assisted with the study design. She coordinated the study and entered the data.
The candidate assisted with data analysis and wrote the majority of the manuscript with
contribution from all co-authors.

97

Measuring physical activity in a cardiac rehabilitation population using a smartphone
questionnaire

1

Leila Pfaeffli

1

Ralph Maddison
1

Yannan Jiang

2

Lance Dalleck
3

Marie Löf

1

The National Institute for Health Innovation, University of Auckland, New Zealand

2

Department of Sport and Exercise Science, University of Auckland, New Zealand

3

Department of Biosciences and Nutrition, Karolinska Institutet, Stockholm, Sweden

Corresponding author’s contact address:
L Pfaeffli
The National Institute for Health Innovation, University of Auckland, New Zealand
+6493737599 ext. 84728 (phone)
+6493731710 (fax)
l.pfaeffli@nihi.auckland.ac.nz

Keywords

Cellular Phone; Self Report; Motor Activity; Bias; Cardiovascular Diseases

98

4.5.1 Abstract
Background

Questionnaires are commonly used to assess physical activity in large population-based studies
because of their low cost and convenience. Many self-report physical activity questionnaires have
been shown to be valid and reliable measures, but they are subject to measurement errors and
misreporting, often due to lengthy recall periods. Mobile phones offer a novel approach to
measure self-reported physical activity on a daily basis and offer real-time data collection with the
potential to enhance recall.
Objectives

The aims of this study were to determine the convergent validity of a mobile phone physical
activity (MobilePAL) questionnaire against accelerometry in people with cardiovascular disease
(CVD), and to compare how the MobilePAL questionnaire performed compared with the
commonly used self-recall International Physical Activity Questionnaire (IPAQ).
Methods

Thirty adults aged 49 to 85 years with CVD were recruited from a local exercise-based cardiac
rehabilitation clinic in Auckland, New Zealand. All participants completed a demographics
questionnaire and underwent a 6-minute walk test at the first visit. Subsequently, participants
were temporarily provided a smartphone (with the MobilePAL questionnaire preloaded that asked
2 questions daily) and an accelerometer, which was to be worn for 7 days. After 1 week, a followup visit was completed during which the smartphone and accelerometer were returned, and
participants completed the IPAQ.
Results

Average daily physical activity level measured using the MobilePAL questionnaire showed
moderate correlation (r=.45; P=.01) with daily activity counts per minutes (Acc_CPM) and
estimated metabolic equivalents (MET) (r=.45; P=.01) measured using the accelerometer. Both
MobilePAL (beta=.42, P=.008) and age (beta=–.48, P=.002) were significantly associated with
Acc_CPM (adjusted R2=.40). When IPAQ-derived energy expenditure, measured in MET-minutes
per week (IPAQ_met), was considered in the predicted model, both IPAQ_met (beta=.51, P=.001)
99

and age (beta=–.36, P=.016) made unique contributions (adjusted R2=.47, F2,27=13.58,
P<.001).There was also a significant association between the MobilePAL and IPAQ measures
(r=.49; beta=.51, P=.007).
Conclusions

A mobile phone–delivered questionnaire is a relatively reliable and valid measure of physical
activity in a CVD cohort. Reliability and validity measures in the present study are comparable to
existing self-report measures. Given their ubiquitous use, mobile phones may be an effective
method for physical activity surveillance data collection.
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4.5.2 Introduction
The case for a new technology to measure physical activity is compelling. Participation in regular
physical activity is associated with a plethora of positive physical and mental health outcomes
(131-133), and the burden associated with physical inactivity is considerable (134, 135). Much of
the data supporting the commonly known benefits of physical activity are based on self-reported
measures of physical activity. Physical activity questionnaires are commonly used to assess
physical activity in large population-based studies because of their low cost and convenience
(136). Although many of the self-report questionnaires used in these studies have shown to be
valid and reliable measures, they do have limitations. The self-report approach is subject to
measurement errors and misreporting, including deliberate social desirability bias and
unintentional bias, such as recall or comprehension error, all of which reduce the precision of the
estimate of levels of activity (137-140). Caution must be taken to select an appropriate physical
activity questionnaire according to the purpose of the research and the population under
investigation (137).

A major source of bias with self-report questionnaires is the recall period (141). Typically, selfreport measures require participants to remember their physical activities during specific periods
of time, such as 3 to 7 days; however, the more distal the recall period, the greater the recall error
(142, 143). For example, studies have shown that when using the International Physical Activity
Questionnaire (IPAQ), people tended to over-report their physical activity and had difficulty
accurately recalling the intensity of the activity done over 1 week (143). For these reasons,
researchers have used diaries or activity logs to record self-reported physical activity on a daily
basis to enhance recall (142). Such approaches require participants to complete paper-based
records, which are associated with considerable participant burden and call for sustained
cooperation [ (136).

The ubiquitous use of mobile phones offers a novel approach to measuring physical activity and
to reduce participant burden. Mobile phones offer the potential to capture self-report physical
activity on a daily basis and offer real-time data collection. Because most people carry a mobile
phone most of the time, they have the potential to enhance recall of physical activity by frequent
prompting and limiting the time lag between the behaviour and data collection. This may reduce
information bias and increase compliance; same day or previous day recall has been shown to
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reduce recall error because error tends to increase with recall duration (142). Moreover, increased
access and availability to mobile phone telecommunications increase the potential of this tool for
large-scale data collection in population-based studies (48).

A recent study validated a mobile phone–delivered physical activity questionnaire against doubly
labelled water (144). Twenty-two women reported their physical activity over a 14-day period by
answering 2 questions daily sent to their mobile phones. A small mean difference (0.014) with
narrow limits of agreement (2 SD 0.30) was found between the mobile phone questionnaire and
the reference estimates. In a second study (145), the mobile phone physical activity questionnaire
was compared against accelerometry. Both methods showed high within-subject variations;
however, the day-to-day variations in energy expenditure within subjects assessed using the
mobile phone agreed well with corresponding accelerometer values. The authors concluded that
the mobile phone questionnaire was a promising tool for assessing levels of physical activity.

Despite these positive effects, the mobile phone questionnaire has only been examined in healthy
Swedish women (aged 20-45 years). Further research is needed to assess the reliability and
validity of this questionnaire in males as well as females, with a wider age range. Given the
importance of physical activity participation for prevention of chronic diseases and for the
secondary prevention of cardiovascular disease (CVD), examination of this approach in a clinical
population was warranted. Improving physical activity levels is a key objective following a cardiac
event. Not all patients attend structured exercise-based cardiac rehabilitation programmes, and
they may also exercise in their own time, so it is important that the method used captures habitual
activity. The purpose of this study was to determine the convergent validity of a mobile phone
physical activity questionnaire against accelerometry in people with CVD. A second aim was to
compare how the mobile phone questionnaire performed compared with a commonly used selfrecall physical activity questionnaire.

4.5.3 Methods
Study procedures

A 7-day convergent validation study was conducted from January to May, 2012. Participants were
recruited from a local exercise-based cardiac rehabilitation clinic in Auckland, New Zealand, and
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were included if they had documented history of CVD, were currently participating in cardiac
rehabilitation, and could safely perform exercise.

The study involved 2 visits. At the first visit, consenting participants completed a demographics
questionnaire and underwent a 6-minute walk test (6MWT). Subsequently, participants were
temporarily provided with a smartphone and accelerometer. All participants were provided with
verbal and written instructions about how to complete the mobile phone physical activity level
questionnaire (MobilePAL). Participants responded to 2 physical activity questions initiated by the
smartphone application each day for 7 days. The questions were sent to all participants at 7:00
PM

each evening. Participants were shown how to properly wear the accelerometer and instructed

to wear it for the same 7-day period.

At the end of 1 week, participants completed the second visit, in which they returned the
smartphone and accelerometer, and completed a paper copy of the IPAQ.
Mobile phone questionnaire development

For this study, we adapted the original Java-based mobile phone questionnaire (144), for delivery
via an Android application (see Figure 9). Smartphone use is increasing, with 44% of people in
the United Kingdom (128) and 50% of Americans using smartphones in 2012 (146). Affordability
continues to improve as the cost of smartphones and data plans decrease (147). Administering
the questionnaire by smartphone application offers several advantages over the original Java
approach. Participants were not required to have a subscriber identity module (SIM) card or
access the Internet to answer the questions, eliminating any costs to the user and reliance on
cellular phone networks. Data were saved directly onto the phone in a comma-separated values
(CSV) file format, which was then uploaded to a server where it could be safely stored. The
application was pretested to ensure the questionnaire functioned and uploaded data correctly.
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Figure 9. Screenshot of questionnaire and answer categories of the MobilePAL smartphone
questionnaire.
Measures
Accelerometer

Some consensus exists that accelerometry-based activity monitors provide a useful comparison
for evaluating self-report instruments. They can provide detailed information about activity
patterns on a minute-by-minute basis and impose only minimal burden on participants (136).
According to Sirard and Pate’s measurement hierarchy (148), secondary measures such as
accelerometers are an acceptable comparison for validating self-report methods. In the present
study, accelerometry was used to provide convergent validity against the self-report measures.

Participants wore a dual axial Actigraph GT1M accelerometer (Model AM7164-2.2C Actigraph
Ltd, Pensacola, FL, USA), a reliable and valid objective measure of physical activity (149). The
Actigraph is a small, closed device worn at the hip (belt clip or elastic band) that records body
movements. Activity counts generated per minute (cpm) were used to determine time spent in
light, moderate, and vigorous intensity activity. The following cut-off points were used to determine
the intensity of physical activity: sedentary ≤100 cpm, light 101-2020 cpm, moderate 2021-5999
cpm, and vigorous ≥6000 cpm. A valid day consisted of wearing the accelerometer for ≥10 hours
of valid time, which was defined as those minutes with <1 hour of consecutive zeros. Average
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activity counts per minute were calculated for each participant on each valid day, and then
averaged over valid days to get the average daily activity count per minute (Acc_CPM). Average
daily minutes spent in lifestyle, light, moderate, and vigorous physical activity was also calculated
(Acc_PAmin). Activity count data were also used to estimate energy expenditure using the
Freedson et al metabolic equivalent (MET) regression equation (150). METs are multiples of
resting metabolic rate during a specific activity, in which 1 MET is equivalent to rest. Daily MET
values were calculated by averaging the MET values per minute (converted from raw activity
counts per minute using the equation) over each valid day. Average daily METs (Acc_METs) were
calculated by summing daily MET values and dividing by the number of days of valid data.
MobilePAL questionnaire

The mobile application presented two questions each evening to the user about their physical
activity that day, for a total of seven days. Consistent with previous research (144), for each
person and for each day, the answers to the two short questions were converted to physical
activity level (PAL), which is the ratio between total energy expenditure and resting energy
expenditure during 24 hours. PAL was calculated by combining the PAL values obtained for
work/daytime activities reported by Black et al (151) and an additional contribution to PAL from
energy expended during leisure/evening activities (Table 21). The latter was calculated from
published energy costs expressed as MET values for walking and cycling (152). PAL data were
extracted from the smartphone and imported into Microsoft Excel. Average daily PAL was
calculated by summing the daily PAL values and then dividing by 7 days (MobilePAL).
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Table 21. The two questions administered daily by the smartphone application and their
corresponding physical activity level (PAL) value score.
Question

Answer category

PAL score

How physically active have you been
during work/daytime today?

Mostly sitting

1.55

Sitting/standing/walking

1.65

Standing/walking most of the time

1.85

Heavy work

2.2

Mostly sitting

(+0)

Light/walking (30 min)

(+0.06)

Moderate/cycling (>30 min)

(+0.15)

Sport/cycling (>60 min)

(+0.29)a

How physically active have you been
during leisure time/evening today?

a

Daily PAL was calculated by combining the PAL score from question 1 (work/daytime physical
activity) and question 2 (leisure time/evening physical activity)

International Physical Activity Questionnaire (IPAQ)

The IPAQ is a reliable and validated 7-day recall measure, which provides a comprehensive
evaluation of daily physical activities, and assesses time spent walking, doing light, moderate, and
vigorous intensity activities across various domains [24]. Computation of the total scores required
summation of the duration (in minutes) and frequency (days) for all the types of activities in all
domains. Domain specific scores were calculated by summing the scores for walking, moderate,
and vigorous intensity activities within the specific domain. Activity-specific scores were calculated
by summing the scores for the specific type of activity across domains.

Two variables were derived from the IPAQ data: (1) average daily active minutes (IPAQ_PAmin),
which was calculated by summing total time spent walking, in moderate, and in vigorous intensity
physical activity, and then dividing by 7 days; (2) average daily physical activity level (IPAQ_met),
which was calculated using total physical activity (MET-minutes per week) divided by 7 days.
MET-minutes per week were derived as duration×frequency per week×MET intensity assigned to
each category of activity (153).

Six-Minute Walk Test (6MWT)
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The 6MWT is a test of physical capacity and commonly used in the assessment of cardiac
rehabilitation patients and was used to assess functional capacity of participants. Each participant
completed the test once during their first study visit. The 6MWTs were administered by a research
assistant using a standard protocol (154).
Analysis

Statistical analyses were performed using SAS version 9.2 (SAS Institute, Inc, Cary, NC, USA)
and R version 2.15.0 (R Foundations for Statistical Computing, Vienna, Austria). All statistical
tests were 2-tailed at a 5% significance level. Participants’ characteristics and physical activity
measurements were first summarized using descriptive statistics. Both Pearson product moment
correlation (r) and Spearman rank order correlation were used to assess the strength of
correlation between 2 measures, with associated P values. Regression analyses were carried out
to investigate the relationships between the MobilePAL questionnaire, the accelerometer, and
self-report physical activity measured by the IPAQ. For accelerometer data, Acc_CPM was
compared with MobilePAL because this captures all activities performed by the person when
wearing the device, including incidental and lifestyle activities. As stated, average daily METs
(Acc_METs) were estimated, which reflects activity-related energy expenditure. In the present
study, body mass data was not collected; therefore, it was not possible to estimate basal
metabolic rate and could not truly estimate PAL. The Acc_METs was considered an appropriate
proxy measure for comparison with MobilePAL. Energy expenditure obtained from the IPAQ
(IPAQ_met) was chosen as a comparator because it includes a similar measurement unit as
MobilePAL. Potential confounding effects of age and functional capacity (6MWT) were examined
in all models. Repeated measures analysis was also conducted to evaluate the change in PAL
over the 7-day period.

A Shapiro-Wilk test of normality was conducted with the relatively small sample size (N=30).
When necessary, log transformation of the outcome variable was considered. Because the results
with and without the log transformation were similar in all analyses, the original (nontransformed)
data are presented.

4.5.4 Results
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As shown in Table 22, most participants were New Zealand European (29/30, 97%), men (26/30,
87%), aged between 49 to 85 years (mean 65.6, SD 8.8). Thirty-six potential participants were
approached to take part. Of these, 32 expressed interest and 30 completed the study (30/36,
83%). More than half were working full or part time (19/30, 63%) and 11/30 (37%) were retired.
Thirteen participants (43%) had never smoked and 17/30 (57%) identified as previous smokers.
Twenty-one participants (70%) consumed at least 1 alcoholic drink per week. Distance walked
during the 6MWT ranged from 372 to 742 meters (mean 570.8 m, SD 96.3).
Table 22. Participant characteristics (N=30).
Variables

Participants n (%)

Gender
Male

26 (87)

Female

4 (13)

New Zealand European

29 (97)

Māori (indigenous)

1 (3)

High blood pressure

23 (77)

High cholesterol

26 (87)

Diabetes

5 (17)

Atrial fibrillation

10 (33)

Heart attack

14 (47)

Angina

3 (10)

Other forms of heart disease

12 (40)

Ethnicity

Medical statusa

a

Some participants reported having more than 1 medical condition.

Descriptive summaries of all physical activity measurements obtained by the 3 different
instruments are presented in Table 23. All participants provided at least 4 days of valid
accelerometer data. Average daily active minutes measured by IPAQ (IPAQ_PAmin) were on
average lower than the average daily valid minutes recorded by accelerometer (Acc_PAmin),
which is not surprising because the IPAQ does not capture incidental movement.
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Table 23. Summary of average daily physical activity obtained by the 3 different instruments, the
smartphone, the accelerometer, and the IPAQ
Instrument and measurement

Mean (SD)

Range

MobilePAL

1.77 (0.1)

1.6-2.1

Acc_CPM

313 (140)

108-702

Acc_METs

1.69 (0.1)

1.5-2.0

Acc_PAmin

302 (74)

188-528

IPAQ_met

531 (468)

47-1840

IPAQ_PAmin

149 (131)

14-504

Smartphonea

Accelerometerb

IPAQc

a

MobilePAL=daily physical activity level (PAL) measured by smartphone questionnaire; b
Acc_CPM=daily activity counts per minute measured by accelerometer; Acc_METs=average daily
metabolic equivalent derived from accelerometer counts per minute; Acc_PAmin=daily minutes of
lifestyle, light, moderate, or vigorous physical activity measured by accelerometer; c
IPAQ_met=MET-minutes per day measured by IPAQ; IPAQ_PAmin=daily minutes of walking, in
moderate intensity, and in vigorous intensity physical activity measured by IPAQ.

The Pearson’s correlation coefficients are presented in Table 24. Associations between the
MobilePAL questionnaire and accelerometer daily activity counts (Acc_CPM), activity-derived
METs (Acc_METs), and IPAQ-derived energy expenditure (IPAQ_met) were similar in magnitude.
The conclusions were consistent using Spearman rank correlation and, therefore, are not reported
here. Graphs illustrating the degree of spread in the data are shown in Appendix 15. Functional
capacity measured by the 6MWT was not associated with any variables except age (r=–.43,
P=.02). Age was not associated with the self-report measures, but showed moderate correlations
with Acc_CPM (r=–.53, P=.003) and Acc_PAmin (r=–.46, P=.01).
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Table 24. Correlations between 3 different instruments, the smartphone, the accelerometer, and
the IPAQ
Instrument and
measurement

Correlations, ra

MobilePA
L

Acc_CP
M

Acc_MET
s

Acc_PAmi
n

IPAQ_me
t

IPAQ_PAmi
n

Smartphoneb
MobilePAL

1.00

Accelerometerc
Acc_CPM

.45

1.00

Acc_METs

.45

1.00

1.00

Acc_PAmin

.39

.81

.81

1.00

IPAQ_met

.49

.62

.62

.40

1.00

IPAQ_PAmi
n

.48

.61

.61

.41

.99

IPAQd

1.00

a

Statistically significant correlations (P<.05) are indicated in italics; b MobilePAL=daily physical
activity level (PAL) measured by smartphone questionnaire; c Acc_CPM=daily activity counts per
minute measured by accelerometer; Acc_METs= Average daily metabolic equivalent derived from
accelerometer counts per minute; ; Acc_PAmin=Daily minutes of lifestyle, light, moderate, or
vigorous physical activity measured by accelerometer; d IPAQ_met=MET-minutes per day
measured by IPAQ; IPAQ_PAmin=daily minutes of walking, in moderate intensity, and in vigorous
intensity physical activity measured by IPAQ.

To determine the level of agreement between accelerometer-derived energy expenditure
(ACC_METs) and Mobile PAL, a Bland-Altman plot was conducted (see Figure 10). Overall, there
was good agreement between the methods, with a mean bias of +0.08 METs.
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o Difference between Acc_Mets and Mobile PAL
___ Mean+1.96SD

___ Mean difference

___ Mean-1.96SD

Figure 10. Bland-Altman plot comparison of energy expenditure obtained using accelerometry
(Acc_METs) and the mobile phone questionnaire (MobilePAL).
Linear regression analyses were used to further investigate the relationships between the
variables of interest. Because 6MWT was not associated with any of these variables, only age
was adjusted in the regression analysis.

The association between MobilePAL and the reference standard of accelerometry (Acc_CPM)
was examined first. Both MobilePAL (beta=.42, P=.008) and age (beta=–.48, P=.002) were
significant predictors of Acc_CPM (adjusted R2=.40, F2,27=10.58, P<.01). Because Acc_METs
were derived from accelerometer cpm, a separate regression equation was not conducted. Similar
findings were found when IPAQ-derived energy expenditure was considered in the model. Both
IPAQ_met (beta=.51, P=.001) and age (beta=–.36, P=.016) made unique contributions to the
predicted model (adjusted R2=.47, F2,27=13.58, P<.001). It was also found that IPAQ_met
(beta=.51, P=.007) was strongly associated with MobilePAL (adjusted R2=0.19, F2,27=4.32,
P<.05), but not age (beta=.07, P=.682).
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Repeated measures analysis on MobilePAL over 7 days revealed little within-day variability. No
differences in MobilePAL between any 2 days were observed after Tukey-Kramer adjustment,
except for days 6 and 7 (adjusted P=.04).

4.5.5 Discussion
Relatively good associations were found between the mobile phone–derived activity-related
energy expenditure (MobilePAL) and the accelerometer-derived total daily activity counts
(Acc_CPM), which was similar to that observed with a commonly used self-report questionnaire,
the IPAQ, and slightly better than that demonstrated in the 12-country validation of the IPAQ
(153). The similar magnitude of correlations for IPAQ and MobilePAL with accelerometry data
indicates the cell phone questionnaire is as good as traditional paper-based questionnaires. There
is potential that the mobile phone questionnaire may have enhanced recall on the IPAQ, as
participants were answering questions each day about their physical activities. This constant
recall may have led to stronger associations. Good agreement existed between mobile phone and
accelerometer derived activity-related energy expenditure (MobilePAL and Acc_METs) with only
slight overestimation of the mobile phone questionnaire compared to the reference standard of
accelerometry. Taken together, these findings support the use of the mobile phone questionnaire
to assess physical activity levels in people with CVD.

Our study sample included attendees of a cardiac rehabilitation programme; however, many
people with CVD are encouraged to exercise but do not attend cardiac rehabilitation programmes
(14, 121, 155, 156). Moreover, adherence at cardiac rehabilitation is low and many people
exercise on their own time in their community. This mobile phone questionnaire offers a viable
approach to monitoring activity levels of people with CVD, irrespective of attendance at cardiac
rehabilitation. Such data are needed to truly understand the benefits of physical activity for
secondary prevention of CVD.

In comparison to other cardiac rehabilitation populations, the sample had a similar mean age
(157). In the present study, age was a significant predictor in the regression analyses; the older
participants in the sample were less active than the younger participants, as revealed by the
inverse relationship between accelerometer counts per minute and age. Moreover, participants in
the study had better physical function with a mean 6MWT of 570 meters, which is greater than
that observed in other postcardiac rehabilitation populations (377-555 m) (157). This may be due
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to a higher exercise dose as the sample participated in a supervised exercise programme 3 times
per week.

The repeated measures analyses showed little within-day variability for the mobile phone
questionnaire. For 28 participants, day 6 fell on a Tuesday (n=23) or a Thursday (n=5). The study
participants belonged to a cardiac rehabilitation exercise clinic that ran on Mondays,
Wednesdays, and Fridays, so perhaps the lower PAL score on day 6 was a reflection of a rest
day for some participants.

This study builds on previous validation research by Bexelius and colleagues (144) by testing the
convergent validity of the mobile phone questionnaire in people with CVD. Previously, the
questionnaire has demonstrated validity against doubly labelled water and accelerometry in
Swedish women. The current study findings extend the generalisability of this questionnaire;
taken together, these findings suggest that this mobile phone questionnaire is a reliable and valid
self-report measure of physical activity.

Recently, another mobile phone–based physical activity questionnaire has been developed.
Sternfeld and colleagues (158) evaluated an activity diary as an application programme to be
administered using a mobile phone. Participants were asked to record their physical activities on
their phone 3 times a day. Participants could choose activities across 15 different domains, and
responses were associated with MET values derived from the Compendium of Physical Activities
(152). Compared to accelerometry, intraclass correlation coefficients ranged from 0.55 for light
physical activity to 0.63 for vigorous activity, whereas correlations were of moderate magnitude
and slightly higher than observed in the present study. As with the current study, there was good
user acceptability. Collectively, these studies highlight the utility of mobile phones for selfreporting physical activity.

Despite these findings, it is important that researchers do not necessarily develop a completely
new series of mobile phone applications for self-reporting physical activity, but rather build on
previous research by refining existing platforms. This would avoid the unnecessary proliferation of
questionnaires observed in the field of physical activity research. To illustrate, there are currently
more than 100 self-report measures of physical activity in use, with varying degrees of reliability
and validity. A recent review by Helmerhorst and colleagues (137) identified 34 physical activity
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questionnaires developed between 1997 and 2011, and found that these were no more reliable or
valid compared to existing measures. The field of physical activity measurement and the resulting
techniques and analytic approaches has progressed considerably as a function of the
development of these questionnaires; however, it may be in the best interest of researchers to
avoid continuing this trend of proliferation with mobile phone questionnaires. A more fruitful
approach might be to build on existing measurement expertise and work to refine or develop a
universal mobile phone questionnaire for population-level use, as has been done with the IPAQ or
Global Physical Activity Questionnaire.

An important finding from this study is that the sample of middle-aged to older adults was able to
use the smartphone application. The digital divide, whereby some groups (including older-aged
people) may use technology less than others has been considered a barrier for researchers using
smartphone applications (147). However, there is now abundant evidence that mobile phones
offer unprecedented opportunities to improve reach into traditionally underserved population
groups (159, 160). Indeed, the telecommunications industry has documented a trend toward a
digital divide in reverse, whereby low income and ethnic minority groups use the technology more
than others (48). It is estimated that 80% to 90% of the UK population will have a smartphone
within 10 years (147). Given this increasing use and availability of smartphone technology,
combined with easy to use real-time data collection, makes this a promising way to obtain
physical activity data and retain participant compliance. Participants are required to answer only 2
questions, thereby reducing the burden typically associated with other commonly used
instruments. It takes less than 30 seconds to answer the MobilePAL questionnaire each day,
whereas the IPAQ took our participants between 10 to 15 minutes to complete. Previous research
has highlighted the need to make mobile phone applications easy to use (ie, 1-click from main
page) (161). This was an important consideration in our application development; hence,
participants required a single click from the main page to access the application, 1 click to select
answers to the questions, and 1 click to save responses. Most participants had never used a
smartphone prior to this study, and anecdotal responses indicated that they generally found the
application easy to use. Collectively, these features make mobile phone questionnaires, such as
the one presented here, suitable for population-level surveillance.

This study is not without limitations. First the findings are based on a small (N=30) and relatively
homogeneous sample of New Zealand European men, which impacts on the variability and
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generalisability of the data. However, the mobile phone questionnaire has been validated in other
populations using doubly labelled water and indirect calorimetry (144). Welk (136) describes
validity as an on-going and community process because validation cannot be determined by one
study alone. Future research is needed to validate this questionnaire in other subgroups and
countries.

4.5.6 Conclusion
A mobile phone–delivered questionnaire is a relatively reliable and valid measure of physical
activity, and is as good as existing self-report measures. Given their ubiquitous use, mobile
phones may be an effective method of physical activity surveillance data collection.
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4.6 How the formative and pre-testing study findings informed the
intervention
This section summarises findings from the formative and pre-testing stages and describes how
the findings were used to develop the final Text4Heart intervention. As shown in Figure 11 the
Text4Heart intervention was informed by all stages described in the thesis (background literature
and systematic review, conceptualisation, formative research, and pre-testing studies). The
content developed during the conceptualisation stage was refined and expanded according to
findings from Studies 1, 2, and 3, and the delivery mode was finalised according to findings from
all four studies.

Conceptualisation

Formative
Research

Pre-testing

RCT

Feedback

Summary of
findings and
refinement of
Text4Heart

Figure 11. mHealth Development and Evaluation Framework: refinement

Key findings and implications for the Text4Heart design are outlined below in Table 25. A detailed
description of the final Text4Heart intervention follows in the next section.
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Table 25. Summary of findings and implications from formative and pre-testing studies
Key Finding

Result of study:

Implication for Text4Heart

Nearly all participants thought using mobile
technology was a good way to deliver CR

2: Mobile phone usage survey

Enough support to proceed with mHealth CR concept

Exercise, healthy eating, stress management, and
taking medications were important topics to cover,
with particular emphasis on strategies to make
lifestyle changes and motivational support

2: Mobile phone usage survey

Text4Heart content would focus on all behaviours – smoking
cessation was included as there were likely to be more smokers
recruited into the final study. Smokers were underrepresented in
the formative work.

Healthy eating content was relevant, interesting,
and encouraging

3: Healthy eating pilot

Few changes made to healthy eating content. Additional
messages created following format of those pre-tested

Exercise content was motivating and acted as
incentive to exercise

1: Heart process evaluation

Few changes made to exercise behaviour change content
(including use of pedometer)

SMS containing exercise prescription content did
not suit everyone, as some participants were doing
more exercise than what was prescribed

1: Heart process evaluation

Specific exercise prescription messages were not included in
Text4Heart. Exercise prescription messages were generalised by
encouraging progression, frequency, and exercising at a moderate
intensity, but not specifying time or type of exercise.

Healthy eating programme appeared to influence
environmental self-efficacy

3: Healthy eating pilot

Few changes made to theoretical framework. SCT used to
underpin intervention with 4 sources of self-efficacy’s influence
targeted (as described in Chapter 3). Additional messages
targeting BCTs relevant to SCT were created.

Messages should be tailored to individual
circumstances

1: Heart process evaluation

Messages tailored to behaviour of choice and personalised with
participant name. A lack of resources prevented further tailoring

Content related findings:

3: Healthy eating pilot

3: Healthy eating pilot
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(according to barriers) as increasing the number of programmes
meant greater financial cost.
Delivery related findings:
Nearly all participants had a mobile phone, but only
35% had a smartphone

2: Mobile phone usage survey

Text4Heart would be delivered predominantly by SMS to be as
inclusive as possible, rather than by smartphone application

Most participants were interested in receiving CR
by SMS format, only 13% wanted a smartphone
app

2: Mobile phone usage survey

Text4Heart would be delivered predominantly by SMS to be as
inclusive as possible, rather than by smartphone application

Participants preferred and used SMS more often
than the website

1: Heart process evaluation

Text4Heart would be delivered predominantly by SMS rather than
by website. The website was secondary with additional
information and support available for those who wanted to use it.

3: Healthy eating pilot
Most participants had access to the Internet, but
only 23% used the internet on their phone

2: Mobile phone usage survey

Text4Heart would include a website for participants who want to
use it. It would be smartphone friendly to increase usage rates.

Participants could use the technology but the
website log on system could be made easier

1: Heart process evaluation

A simpler log on system was created than earlier iterations. Follow
up emails and/or phone calls would be made to ensure
participants can log in.

Participants wanted to choose when to receive
messages

1: Heart process evaluation

Participants wanted greater personal contact,
feedback, and 2-way SMS

1: Heart process evaluation
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3: Healthy eating pilot

3: Healthy eating pilot

3: Healthy eating pilot

Participants would choose their preferred timeslots to receive
messages.
A follow up phone call would be conducted at the end of week 1
and 12 to check in with participants. 2-way SMS was incorporated
for step count messages (request/reply/feedback). Participants
would be encouraged to text in questions/comments that we
responded to by SMS or phone call within 48 hours.

Participants liked the 24 week programme length

1: Heart process evaluation

Intervention duration was 24 weeks.

The smartphone delivered questionnaire was quick
and easy to complete with few technical difficulties

4: smartphone physical activity
questionnaire

Due to the small number of older participants using smartphones
in study 2, we decided the smartphone questionnaire was not
suitable for use in the Text4Heart trial as we did not have the
resources to provide participants with a smartphone. It was
decided that physical activity would be measured using (paper
copy) the Godin Leisure time physical activity self-report
questionnaire, which was still quick to complete.

CR=cardiac rehabilitation; SCT=social cognitive theory; BCT=behaviour change technique; SMS=short-message service
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4.7 Text4Heart: the refined intervention
The following section describes the final intervention. As a result of the concurrent formative and
pre-testing work described above in Table 25, it was decided that Text4Heart would be delivered
by SMS and a supporting website. Content would mirror traditional CR and be underpinned by
SCT and the CSM. Intervention participants would also receive a pedometer to encourage selfmonitoring of physical activity. Example SMS and video message content was presented in Table
9 (Chapter 3). Screen shots of the website can be found in Appendix 19.

4.7.1 Text message component
An SMS library of 503 messages was created. Exercise (36) and smoking cessation (75, 101)
content were based on messages from previous studies and refined to fit the Text4Heart
intervention. The candidate drafted additional healthy eating messages based on participant
feedback from pre-testing in Study 3, which included messages on limiting alcohol consumption.
The candidate also created stress management and medication belief messages (to encourage
adherence to prescribed medications) modelled after the messages pre-tested in development
work. As described in previous sections, the intervention targeted changing illness perceptions
and multiple lifestyle behaviours. The evidence and theory underpinning the intervention was
described in Chapter 3: conceptualisation. Content is further described in Chapter 5, the study
protocol.

Figure 12 illustrates the four programme options intervention participants could choose from. In
addition to usual care (inpatient phase I CR and encouragement to attend outpatient phase II CR),
intervention participants would receive four “general heart health” SMS per week targeting illness
perceptions, medication adherence, and multiple lifestyle behaviour change for weeks 1-24.
Participants would also receive an additional three SMS per week, targeting a behaviour they
would most like to change for weeks 1-12 (physical activity, healthy eating, smoking cessation, or
stress management).
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Figure 12. Text4Heart programme options

Participants would receive one personalised SMS per week for weeks 1-24 requesting users to
text in their pedometer step counts for one day of the previous week. One of three automatic
responses would then be sent to participants based on their number of steps. Participants would
be encouraged to reply to any Text4Heart out-going SMS if they have questions or would like
feedback. Incoming SMS from participants would be displayed on a password protected
administrator version of the Text4Heart website, viewed only by the candidate. The candidate
would answer all incoming SMS within 48 hours, either by reply SMS or by telephone call if
required. Participants could also text in STOP if they wish to discontinue the programme.
Messages would be sent during one of the following timeslots based on participant choice: 7-9am,
9am-12pm, 12-3pm, 3-5pm, or 5-7pm. All SMS would be automatically sent from a centralised
server, with the exception of messages in response to individual participant questions or
comments (in-coming SMS), which would be sent manually via the study website. The content
delivery system, which managed outgoing and incoming SMS, was developed and monitored by
NIHI’s IT team.
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4.7.2 Website component
All intervention participants would be able to access a supporting website by logging into the
website (www.text4heart.co.nz) using their study user name and mobile phone number. The
password system was removed as recommended by formative and pre-testing study participants
who found it difficult to operate. The overall aim was to keep the website simple to navigate. The
website was designed by the candidate with assistance from NIHI’s web developer, Stephen
Boswell. The home page displayed the blog posts and links to video messages, the step count
graph, and frequently asked questions. Links to other high quality websites (such as the Heart
Foundation of New Zealand) were displayed with permission.

The content of the website would be updated twice a week with new blog posts created by the
candidate and new video messages. A library of 48 blog posts and 48 video messages was
created, consisting of lifestyle change tips and support. Video messages were created for Study
1, the HEART trial, and Study 3, the healthy eating pilot study (described in Chapter 4), of which
48 were selected for Text4Heart. No changes were made to the videos as the formative and pretesting results reported favourable comments regarding the video content. As mentioned, the
website was designed to automatically display participants’ pedometer step counts. The incoming
step count SMS would be processed in the content delivery system at NIHI and a new point on
the participant’s graph would then be displayed each week, for a total of 24 weeks.

4.7.3 Testing
The candidate was responsible for testing the delivery of messages and website content with
assistance from NIHI’s Michael Ng. Each programme option was delivered to volunteers. The
content delivery system was monitored and any mistakes in the delivery or content of messages
were fixed prior to going live with the study. The candidate continued to receive the programme
herself and conducted on-going monitoring for the duration of the trial.

4.8 Development section conclusions
Part 2 of this thesis described the process used to develop the Text4Heart RCT, which included:
identifying evidence-based content delivered in traditional CR, selecting appropriate theoretical
frameworks and BCTs, obtaining expert advice, interviewing participants regarding their
perceptions of an earlier mHealth intervention, surveying participants about their mobile phone
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use, pre-testing mHealth healthy eating content, and validating a physical activity questionnaire
delivered by smartphone.

The conceptualisation stage identified an important component of CR was to provide patients with
education and support to modify behavioural risk factors, which included taking medications,
healthy eating, exercising, smoking cessation, and managing stress and negative moods. Selfefficacy was identified as a key theoretical construct in CR and behaviour change, and therefore
SCT was used to underpin the intervention. To further target psychological health, identifying and
modifying illness perceptions using the CSM were incorporated. Relevant BCTs were selected to
target theoretical constructs and improve effectiveness of the intervention.

Formative and pre-testing studies revealed the content created during earlier studies and the
conceptualisation stage was acceptable to participants. It was identified that the intervention
delivery should be kept simple, therefore the primary delivery mode was SMS and the supporting
website password system was removed. SMS were tailored where possible and participant
contact with the research team was built into the RCT and intervention design via 2-way SMS.
The final study found a smartphone questionnaire was a valid tool to measure physical activity;
however, there were not enough smartphone users in the formative and pre-testing studies to
justify smartphone physical activity measure. The smartphone questionnaire was dropped from
the RCT design in order for Text4Heart to be as inclusive as possible, to reflect a ‘real-life’ setting.
All findings from each stage in Part 2 were considered in the final intervention and RCT
development.

Strengths of the development process was using an established framework proven in previous
mHealth research (74). An important feature of the framework was the involvement of the target
audience throughout the process, increasing the likelihood that the intervention will be relevant to
the end-user. The detailed description of this process and the final intervention enhances the
replicability of Text4Heart for other researchers. The decision to use evidence and theory in which
to frame the intervention was another strength of this process. Relevant CR guidelines and BCTs
were identified to ensure each theoretical construct was delivered and all SMS were therefore
evidence and theory based. A limitation of the development stages was that formative and pretesting study samples were not representative of the Auckland CVD population, as samples were
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small and Māori and other ethnicities were underrepresented. The strengths and limitations of the
thesis, including the development stage, will be discussed in greater detail in Chapter 6.
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Part 3. Evaluation of an mHealth comprehensive cardiac
rehabilitation intervention
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Chapter 5. Protocol and results
The fourth step in the mHealth Development and Evaluation Framework is to conduct an RCT to
determine the effectiveness of the intervention (Figure 13). Chapter 5 describes the conduct and
findings of the Text4Heart RCT and includes the protocol and results manuscripts. The chapter
addresses the following thesis objective:
iv. Conduct an RCT to evaluate the effectiveness and acceptability of a mHealth
comprehensive CR programme on adherence to lifestyle change.

Conceptualisation

Formative
Research

Pre-testing

RCT

Feedback

Study 5. The
Text4Heart
RCT

Figure 13. mHealth Development and Evaluation Framework: randomised controlled trial
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5.1 Improving coronary heart disease self-management using mobile
technologies (Text4Heart): a randomised controlled trial protocol
Introduction to the publication:

The Text4Heart protocol paper describes the intervention and design of the Text4Heart RCT.
Publishing the protocol ensured the study would follow good clinical practice and be of high
quality according to the CONSORT statement (62). The trial was registered in July 2013 and the
protocol was submitted for publication in November 2013. Small formatting changes have been
made to the manuscript to ensure consistency throughout the thesis.
Publication:

Pfaeffli Dale, L., Whittaker, R., Jiang, Y., Stewart, R., Rolleston, A., Maddison, R. (2014).
Improving coronary heart disease self-management using mobile technologies (Text4Heart): a
randomised controlled trial protocol. Trials, 15:71.
Contribution by the candidate:

The candidate developed the study design and methods with input from the Text4Heart coinvestigators (named authors on the publication). The candidate was responsible for study
registration with the Australian New Zealand Clinical Trials Registry and ethics application. She
also wrote the manuscript, with contributions from co-authors.
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5.1.1 Abstract
Background

Cardiac rehabilitation (CR) is a secondary prevention programme that offers education and
support to assist patients with coronary heart disease (CHD) make lifestyle changes. Despite the
benefits of CR, attendance at centre-based sessions remains low. Mobile technology (mHealth)
has potential to reach more patients by delivering CR directly to mobile phones, thus providing an
alternative to centre-based CR. The aim of this trial is to evaluate if a mHealth comprehensive CR
programme can improve adherence to healthy lifestyle behaviours (physically active, fruit and
vegetable intake, not smoking, low alcohol consumption) over and above usual CR services in
New Zealand adults diagnosed with CHD.
Methods/Design

A two-arm, parallel, randomised controlled trial will be conducted at two Auckland hospitals in
New Zealand. One-hundred and twenty participants will be randomised to receive a 24-week
evidence and theory-based personalised text message programme and access to a supporting
website in additional to usual CR care, or usual CR care alone (the control). The primary outcome
is the proportion of participants adhering to healthy behaviours at 6-months, measured using a
composite health behaviour score. Secondary outcomes include overall CVD risk, body
composition, illness perceptions, self-efficacy, hospital anxiety/depression, and medication
adherence.
Discussion

This study is one of the first to examine a mHealth delivered comprehensive CR programme.
Strengths of the trial include quality research design and in-depth description of the intervention to
aid replication. If effective, the trial has potential to augment standard CR practices and also be
used as a model for other disease prevention or self-management programmes.
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5.1.2 Background
Unhealthy lifestyle behaviours, including smoking, physical inactivity, hazardous alcohol
consumption, and low intake of fruit and vegetables have been shown to contribute to the
development of coronary heart disease (CHD) (3, 162), which remains a leading cause of death
worldwide (1). Lifestyle modifications are encouraged for secondary prevention of CHD. Cardiac
rehabilitation (CR) is a cost-effective programme of education and support designed to assist
patients make healthy lifestyle changes and adhere to clinical guidelines, and is associated with
reduced mortality and hospitalisations (11, 163, 164). Recommended lifestyle changes can
include starting and maintaining regular exercise, eating a heart healthy diet, stopping smoking,
adhering to prescribed medication regimens, and attending medical appointments (8, 10).

Inviting patients hospitalised for CHD to attend centre-based CR is usual care in most developed
countries, including New Zealand, yet attendance rates remain low (14, 15, 17). Barriers to
attending CR include limited transportation and parking availability, inconvenient scheduling of CR
sessions, language, and employment or family demands (18-20). Alternative delivery methods of
CR are required to better meet patients’ needs.

Delivering CR through mobile technologies, known as mHealth, has the potential to overcome
such barriers as programmes can be personalised and delivered anywhere, anytime. MHealth
interventions have successfully been shown to have a positive effect on health behaviours, such
as smoking cessation and improvements in disease self-management (30, 31); however mHealth
in a CHD population has not been thoroughly investigated. The recently completed HEART
(Heart Exercise And Remote Technologies) trial (n=171) demonstrated that a simple text
message and Internet intervention was effective and cost-effective for increasing leisure time
physical activity and walking, but not for increasing maximal oxygen uptake in people with CHD at
6 months (36). Moreover, qualitative data indicated the HEART intervention was well received,
had positive effects on participant’s physical activity levels, and was not considered burdensome
(165). Whilst HEART demonstrated the feasibility and effectiveness of implementing a mobile
phone intervention, it only focussed on a single behaviour (exercise). To build on this work, we
propose testing the effectiveness of a comprehensive mHealth self-management intervention to
enhance lifestyle.
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Previous studies that have targeted multiple risk factors often only measure one behaviour rather
than the overall effect of the intervention (166). Evaluating the combined effect of the intervention
to change multiple behaviours is important as many CHD patients have more than one lifestylerelated risk factor. The primary aim of this trial is to evaluate the effectiveness of a comprehensive
mHealth CR programme to improve adherence to recommended lifestyle behaviour guidelines at
6 months, in addition to usual CR care. Secondary objectives include the effect of 6-months
intervention on overall CVD risk, body composition, illness perceptions, medication adherence,
self-efficacy, and hospital anxiety/depression.

5.1.3 Methods and design
This protocol describes a 6-month two arm, parallel, randomised controlled trial to evaluate a
mHealth delivered comprehensive (multiple health behaviour) CR intervention in adults with CHD
using a composite health behaviour score. The protocol is described according to the SPIRIT
2013 statement (167) and the intervention is described according to the CONSORT-EHEALTH
checklist (168). Please see Appendix 16 for the completed checklist.
Study sample and recruitment

Eligible participants are English speaking New Zealand adults (aged 18 years and older) with a
documented diagnosis of CHD (myocardial infarction (MI), angina, or revascularisation), who are
eligible for usual CR care and have access to the Internet (e.g., library, work or home access). A
basic mobile phone for receiving text messages will be available on loan for those who don’t own
one (less than 1 in 10 New Zealanders). Participants who have untreated ventricular tachycardia,
severe heart failure, life threatening co-existing disease with life expectancy < 1 year, or
significant exercise limitations other than CHD will be excluded.

Potential participants will be screened during hospital admission at two metropolitan hospitals in
Auckland, New Zealand. Approximately 162 people per 100,000 are hospitalised with CHD in
New Zealand (169) resulting in over 2400 patients per year in the Auckland area. The recruitment
strategy was effective in the HEART trial (165, 170). Potential participants will receive a study
information sheet in hospital and informed consent will be obtained from participants at the
baseline assessment. All patients will be offered usual CR care. Assessments will be conducted in
hospital, community clinics, or participants’ homes to encourage retention.
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Outcome assessments

Assessments will be conducted at baseline and 6 months post-randomisation (see Figure 14).
Baseline assessments will involve an explanation of study procedures, signed consent, and
collecting demographic details. Participant reported primary and secondary outcomes are then
collected, followed by physical measurements including height, weight, waist and hip
circumference, blood pressure, and blood cholesterol. The baseline assessment concludes with
randomisation and assigning participants to respective groups.
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Screening

Baseline
Assessment

Potential participants screened during
hospital admission for CHD. Baseline
assessment conducted within 3 weeks of
hospital discharge

BASELINE ASSESSMENTS
- Eligibility confirmed & informed consent
obtained
- Demographics
- Height and weight
-Blood pressure and cholesterol
- Waist and Hip circumference
- Lifestyle Questionnaires (nutrition,
smoking, AUDIT C, GLTPAQ)
-Well-being questionnaire: Brief IPQ,
HADS, self-efficacy

RANDOMISATION

MHEALTH INTERVENTION
GROUP (n=60)
- 24 week text message programme
and access to website
- Standard CR services
- 3-month phone call

6-month
Follow-up
Assessment

CONTROL GROUP
(n=60)
-Standard CR services
- 3-month phone call

6-MONTH ASSESSMENT
-Height and weight
-Blood pressure and cholesterol
-Waist and Hip circumference
- Lifestyle Questionnaires (nutrition,
smoking, AUDIT C, GLTPAQ)
- Well-being questionnaire: Brief
IPQ, HADS, self-efficacy
-MMAS and concomitant medication
- Adverse events

Figure 14. Flow diagram of the study protocol
Ethics approval

Ethics approval was obtained from the Health and Disability Ethics Committee (13/NTA/6). Each
hospital research committee also approved the study. Serious adverse events will be collected at
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12 weeks and 6-months, and will be reported to the ethics committees along with any protocol
amendments or violations.
Sample size

120 participants (60 per group) will provide at least 80% power at 5% level of significance (2
sided) to detect an absolute difference of 25% between two groups, in the proportions of
participants adherent to recommended healthy behaviour guidelines (not smoking, low alcohol
consumption, fruit and vegetable intake, engaging in physical activity) at 6 months.

The sample size calculation was based on data from the EPIC-Norfolk study, which used a
composite health behaviour score to determine the relationship between lifestyle and total
mortality by cause in adults aged 45-79y living in the general community (171). Given our
population of people with established CHD, we estimate that 30-40% of our sample will adhere to
healthy behaviour guidelines at baseline (171).
Randomisation and blinding

Following baseline data collection, eligible and consented participants will be randomised to either
intervention or control group in a 1:1 ratio. The randomisation sequence will be generated by
computer programme in blocks of six, overseen by the project statistician and unavailable to
outcome assessors. Randomisation will be stratified according to smoking status (smoker vs. nonsmoker) to help balance baseline health behaviour scores. Allocation will be concealed in
consecutively numbered opaque sealed envelopes. Due to the nature of the intervention,
participants will be aware of the allocation; however outcome assessors at follow-up will blinded to
the treatment allocation.
Standard CR care

All participants will be offered the standard outpatient CR programme provided by each hospital,
which involves education classes and supervised exercise.
Study intervention

In addition to standard CR care, the mHealth intervention group will receive the core components
of CR delivered via text messages (also known as short messaging service (SMS)) and a
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supporting website over 24 weeks. The intervention will be delivered primarily by SMS because it
is readily available to all mobile phone users, is inexpensive, and easy to use. Participants will be
offered brief training on how to use SMS and the Internet if necessary. Each intervention
participant will receive a $20 phone credit voucher to reimburse any costs associated with
replying to intervention messages. No changes will be made to the intervention or study design
once recruitment begins, however participants can choose to stop receiving the intervention and
will be informed of this during the consenting process. A SMS library of 503 messages has been
developed, written in English at an appropriate reading level (800L~age 13) tested using the
Lexile Analyzer© (2013 MetaMetrics Inc.). Intervention participants will receive five to seven
messages per week for 24 weeks.

The overall goals of the intervention are to have individuals adhere to clinician prescribed New
Zealand CHD treatment (10) and American College of Sports Medicine guidelines (82).
Intervention content is based on the current CR guidelines, previous trials (101, 172, 173), and
development studies. Content will be delivered on two aspects of self-management to improve
participants’ condition and manage the emotional distress often associated with CHD: (1) illness
perceptions and (2) lifestyle change.

Illness perceptions

Messages will address illness perceptions and medications beliefs using the Common Sense
Model (96). The intervention will focus on modifying people’s perceptions of the symptoms,
timeline, cause, consequences, understanding of, personal control over and the ability of
treatment for secondary prevention of CHD. A lower perceived threat of illness has been shown to
predict CR attendance and return to work in myocardial infarction patients (95). Messages will
contain information and strategies to help participants stick to their prescribed medication
regimen, information on the value of taking medication in terms of reducing subsequent events
and hospitalisation, and reminders to have a regular check-up with their physician.

Lifestyle change

The intervention includes education and support to eat a healthy diet, manage stress, exercise
regularly, reduce alcohol consumption, and stop smoking (if needed). Additional SMS will be
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delivered based on the suboptimal behaviour participants most wish to modify (outlined below),
identified at the baseline assessment.
1.

Physical activity:

Content was adapted from the HEART trial and messages will be sent regarding the importance
of being physically active, suggested activities, and key strategies (e.g., goal setting, selfmonitoring) to enhance uptake and maintenance of physical activity. General exercise prescription
will be offered, detailing type, frequency, duration and intensity of exercise, based on preferred
activities (82). A pedometer will be provided to participants in the intervention group to assist with
self-monitoring of daily activity.
2.

Heart healthy diet:

Participants will be supported to eat a heart healthy diet and manage their weight. This includes
large servings of fruit and vegetables, whole grains, lean meats and alternatives, while limiting
saturated fat, salt, alcohol, and sugar (10). Participants will receive text messages promoting
healthy eating strategies, overcoming barriers, and advice on choosing healthy food and food
preparation.
3.

Stress management:

Participants will receive education to improve quality of life through the identification and
treatment of psychological distress. Treatment includes learning relaxation techniques and
specific coping strategies used during times of stress, as well as avoiding harmful behaviours (i.e.
alcohol consumption). Strategies will be emphasised that facilitate the participant’s return to a full
and active life by enabling the development of their own resources. A health psychologist has
aided in the development of these messages.
4.

How to stop smoking:

Participants who smoke tobacco will receive components of successful text (174) and video
messaging cessation interventions (101). They will be sent regular messages providing smoking
cessation advice and support (e.g. symptoms to expect on quitting, tips to avoid weight gain and
to cope with craving, advice on avoiding smoking triggers).

The lifestyle change component is framed in Social Cognitive Theory (SCT) (89). A key construct
of SCT is self-efficacy, or the confidence to engage in a desired behaviour, which has been
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shown to be a mediator of behaviour change (90) and is an outcome of CR (87). Specific
behaviour change techniques (BCT) (79) effective in changing health behaviours in a CHD
population (98, 99) will be used to target the constructs of SCT. All text messages were coded
according to their SCT construct and related BCT (see Appendix 18 for a sample).

Supporting website

A secondary component of the intervention is a secure supporting website
[https://text4heart.co.nz/ Archived by WebCite® at http://www.webcitation.org/6KNUFTSwm, see
Appendix 19 for screen shots]. A number of interactive features have been created to increase
interactivity and website usage [31]. The website includes a blog where participants can ask
questions and receive answers and social support, and a graph where participants can monitor
their physical activity by texting in their pedometer counts, which are then automatically uploaded.
Additional information on CR, taking medications, various forms of physical activity, healthy eating
advice, smoking cessation, and hyperlinks to other websites (e.g. local exercise programmes and
cardiac clubs) is included.

Efficacious beliefs can be enhanced through the use of vicarious learning, or role modelling,
which refers to the process of learning behaviours from viewing other people’s behaviours and the
outcomes of that behaviour (87). Role modelling will be incorporated into the intervention through
the use of short video messages (30-60 seconds) on the participant website. The video clips will
involve a variety of cardiac patients discussing their experiences of lifestyle change, the types of
problems they faced, how they coped, and any advice they can offer. Brief vignettes from exercise
scientists, nutritionists, and cardiologists will also be provided outlining the benefits of CR and
healthy lifestyles, physiological responses and safety issues. Participants will receive occasional
text messages (approximately once per fortnight) prompting them to view the website.

Tailoring

A recent mHealth review found personalised interventions were more effective at changing
behaviour, however few studies had implemented tailored components (31). The Text4Heart
intervention is personalised according to each participant’s name, choice of sub-optimal
behaviour, and the time of day messages are sent. Bi-directional messages are included that

137

require the participant to respond, such as texting in their pedometer step counts, which then
triggers a tailored response from the study team. Participants will be able to ‘text an expert’ to
request personalised feedback, with questions answered by the researchers within 48 hours. This
dynamic feedback loop holds promise to improve health behaviour as rapid two-way
communication provides just-in-time information or strategies to participants (103). The
intervention is designed to be automated and minimize human involvement, however participants
will be encouraged to connect with a real person (study team member) to ask questions if needed.

The corresponding author is responsible for monitoring the website and responding to incoming
text messages from participants, as well as updating the video page and blog with news and tips
twice per week. The only planned personal contact from the study team will occur at 12 weeks,
when a member of the research team will telephone participants to remind them about the study,
check in on their progress against goals, and answer any questions. Both the intervention and
control groups will receive this phone call, to ensure any between group differences are the result
of the text messages and website, and not human contact. The multi-faceted approach of
personalised SMS, video messages, website, and opportunities for telephone contact may better
encourage disease self-management than a uni-faceted SMS-only intervention (34).
Primary outcome
The primary outcome is adherence to recommended lifestyle behaviours, measured using a
composite health behaviour score adapted from the EPIC-Norfolk study (171). For the present
study, the measures described below will be used to determine participants’ health behaviour
scores.
1. Smoking status will be measured using a common smoking history questionnaire (175).
This 8-item questionnaire assesses smoking status (current, ex-smoker, or non-smoker),
the number of cigarettes smoked per day, and history of previous quit attempts.
2. Physical activity level will be assessed using the Godin Leisure Time Physical Activity
Questionnaire (GLTPAQ) (176). The simple 3-item questionnaire has well-established
reliability and validity and has been used in those undertaking CR (n=826) (177).
3. Alcohol consumption will be measured using the AUDIT-C (178), a screening tool to
assess units of alcohol per week and identify people who are hazardous drinkers. The
AUDIT-C has been used as a primary care screening test for alcohol dependence, in a
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sample of 243 older men with medical conditions, including heart disease (178). Index
cards referencing standard drink size will be used to reduce comprehension errors.
4. Fruit and vegetable intake will be assessed by two New Zealand specific questions used
in the 2006/2007 New Zealand Health Survey (n=12,488, including adults with CHD)
(179). Index cards referencing standard fruit and vegetable serving sizes will be used to
aid recall.
Participants will receive a score out of 4, with one point being assigned for 1) current non-smoker,
2) meeting physical activity guidelines to achieve some health benefits (14 units or more as
scored on the GLTPAQ), 3) consuming 14 or fewer standard alcoholic drinks per week (171), and
4) consuming at least 5 servings of fruit and vegetables per typical day (171).
Secondary outcomes
1) Difference in absolute cardiovascular disease (CVD) risk score (180) at 6 months. This
measure was developed for predicting risk in people with previous CVD events, but has
also been applied to secondary prevention populations as a composite measure of
change in risk factors. The individual risk factors that form the absolute CVD risk score
include age, lipids, blood pressure, smoking and diabetes status.
2) Body composition using body mass index and waist/hip ratio. Physical measurements are
taken as the average of two readings.
3) Illness perceptions will be assessed using the Brief Illness Perception Questionnaire (BIPQ) (181). The B-IPQ has been used in a cardiac setting to examine speed of recovery
following MI (95). Items are scored on scales from 0-10 and can be collapsed into smaller
clusters of causal beliefs. When items are combined, a higher score represents a more
threatening perception of the participant’s disease.
4) Self-reported medication adherence will be assessed using the Morisky 8-item medication
adherence scale (MMAS) (182). The MMAS has been used in a sample of patients with
hypertension, and as has been found to predict reasons for poor adherence (183). It will
be completed at 6-month assessment as participants at baseline may not yet be
discharged from hospital with their new medications. Items are answered as yes/no and
scores are combined to indicate low, medium, and high adherence. A list of participants’
prescribed medications will also be collected.
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5) Self-efficacy is assessed using the self-efficacy for managing chronic disease
questionnaire (184). The 6-item questionnaire has well-established reliability and validity
when used in a sample of participants with chronic disease, including heart disease
(n=1130). Items are scored from 1-10, with a higher combined score indicating higher
self-efficacy.
6) Mood will be assessed using the Hospital Anxiety and Depression Scale (HADS) (185).
The HADS performed well in assessing anxiety disorders and depression in both somatic,
psychiatric and primary care patients and in the general population. Participants are
asked to choose 1 of 4 answers to each item (6 items for depression, 6 for anxiety). Each
answer is assigned a score and added up to determine indicate normal to abnormal levels
of anxiety and/or depression.
7) Engagement of the intervention (number of messages read, visits to the study website,
and number of participant contacts to study team) through exit interviews and website
usage statistics identified through website visit tracking system.
Statistical analyses

Treatment evaluation will be performed on the principle of intention to treat (ITT). Statistical
analyses will be conducted using SAS version 9.3 (SAS Institute Inc. Cary NC, USA). The study is
a standard two-arm equality trial; therefore all statistical tests will be two-sided and maintained at
a 5% significance level. Demographics and baseline characteristics of all randomised participants
will be summarized for each group as well as overall. Continuous variables will be reported as
mean ± standard deviation. Categorical variables will be reported as n and %.

Simple chi-squared analyses will be used to evaluate the main treatment effect on the proportions
adherent to health behaviours at end of the intervention period, with estimation of relative risks,
95% confidence intervals and two-sided p-values. We hypothesise the proposed intervention will
change the proportions of participants adherent to recommended healthy behaviour guidelines at
6 month by at least 25% compared with the control group. Multiple regression analysis
appropriate for binary and continuous outcome measures will be conducted to evaluate the
treatment effects adjusting for important confounding factors at baseline. All analyses for
secondary outcomes will be exploratory.

5.1.4 Discussion
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The Text4Heart trial will evaluate a comprehensive mHealth CR intervention to improve
adherence to lifestyle behaviours. To our knowledge this is the first mHealth study to assess
multiple behaviours using a composite score, and one of the first to evaluate a comprehensive
mHealth self-management intervention. The protocol, following the SPIRIT statement, has
incorporated findings from recent mHealth systematic reviews with the aim of adding quality
evidence to the body of literature.

Common criticisms of have been voiced regarding mHealth research design and trial description
(34, 186). Few adequately powered randomised controlled trials have been completed to date.
Intervention length and follow up assessments are often not long enough as it takes
approximately 6 months to adopt new behaviours (123). The Text4Heart trial has been developed
with these concerns in mind, and therefore incorporates an RCT design with a 6-month follow up
period.

Many mHealth studies also fail to fully describe their interventions, in particular the behaviour
change theory or techniques (BCT) used, if any, and the evidence behind the content of the
intervention (168, 186). There is often insufficient explanation of the intervention to replicate the
design (168). This is a particular concern as mHealth technology changes rapidly and it is
important to know what aspects of an intervention worked and what did not. The Text4Heart study
protocol has described in full the intervention, including the theoretical framework and example
SMS and Internet content. The intervention has incorporated learning from previous mHealth
research and has involved the target audience in the content development stage of the
intervention.

Based on earlier results, it is evident the CHD population in New Zealand is interested in mHealth
CR and able to use the technology (76, 170). If effective, the trial has potential to be implemented
into a CR setting and also be used as a model for other disease prevention or self-management
programmes. The intervention could be easily augmented to provide opportunities for clinicians to
engage in two-way communication with patients regarding their lifestyle behaviours, as well as
clinical outcomes such as monitoring blood pressure and weight. This study will provide data on
the potential of mHealth to improve patient care.

5.1.5 Trial status
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The trial is currently open for recruitment.
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5.2.1 Abstract
Background

Mobile technology has the potential to deliver behaviour change interventions (mHealth) to reduce
coronary heart disease (CHD) at modest cost. Previous studies have focused on single
behaviours, but CHD secondary prevention; however, cardiac rehabilitation (CR), a component of
CHD self-management, needs to address multiple risk factors.
Objective

To investigate the effectiveness of a mHealth delivered comprehensive CR programme
(Text4Heart) to improve adherence to recommended lifestyle behaviours (smoking cessation,
physical activity, healthy diet, and non-harmful alcohol use), in addition to usual care (traditional
CR).
Methods

A two-arm parallel, randomised controlled trial was conducted in New Zealand adults diagnosed
with CHD. Participants were recruited in hospital and were encouraged to attend centre-based CR
(usual care control). In addition, the intervention group received a personalised 24-week mHealth
programme, framed in social cognitive theory, sent by fully automated daily text messages and a
supporting website. The primary outcome was adherence to healthy lifestyle behaviours,
measured using a self-reported composite health behaviour score (≥3) at 3 and 6 months.
Secondary outcomes included clinical outcomes, medication adherence score, self-efficacy,
illness perceptions, and anxiety and/or depression at 6 months. Baseline and unblinded 6-month
follow up assessments were conducted face-to-face.
Results

Eligible patients (N=123) recruited from two large metropolitan hospitals were randomised to the
intervention (n=61) or the control (n=62) group. Participants were predominantly male (100/123;
81%), New Zealand European (73/123; 59%), with a mean age of 59.5 (SD 11.1) years. A
significant treatment effect in favour of the intervention was observed on the primary outcome at 3
months (adjusted OR=2.55, 95% CI 1.12-5.84; P=.03), but not at 6 months (adjusted OR=1.93,
95% CI 0.83-4.53; P=.13). The intervention group reported significantly greater medication
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adherence score (mean difference: 0.58, 95% CI 0.19 to 0.97; P =.004). The majority of
intervention participants reported reading all of their text messages (52/61; 85%). The number of
visits to the website per person ranged from 0-100 (median=3) over the 6-month intervention
period.
Conclusions

An mHealth CR intervention plus usual care showed a positive effect on adherence to multiple
lifestyle behaviour changes at 3 months in New Zealand adults with CHD, compared to usual care
alone. The effect was not sustained to the end of the 6 month intervention. A larger study is
needed to determine the size of the effect in the longer term, and whether the change in
behaviour reduces adverse cardiovascular events.
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5.2.2 Introduction
Coronary heart disease (CHD) remains a leading cause of death (1) and an economic burden
worldwide (187). Approximately 80% of CHD is caused by modifiable risk factors, including
physical inactivity, smoking, unhealthy diet, and harmful alcohol consumption (1). Implementing
lifestyle changes and adhering to prescribed medication regimens can reduce the risk of future
cardiac events and aid recovery. Cardiac rehabilitation (CR) is an essential part of the
contemporary management of CHD (2, 8) and typically involves a programme of medication and
risk factor education, supervised exercise training, as well as psychological support.

Recent meta-analyses of randomised controlled trials (RCTs) have reported that CR is
associated with improvements in mortality and morbidity (11-13), favourable cholesterol profiles
(12, 13), changes in smoking prevalence and blood pressure (12), and positive effects on quality
of life (11, 13). Despite the benefits of CR, participation rates are less than 50% in most high- and
middle-income countries (40), including New Zealand (17). In the United States (U.S), an audit of
267,427 Medicare beneficiaries found that only 18.7% of eligible patients attended one or more
outpatient CR sessions (14), and only three out of 28 European countries estimated CR
participation was greater than 50% (15).

Most CR programmes are delivered face-to-face in group sessions at hospitals or community
centres. Low attendance rates indicate that the centre-based approach does not suit all patients.
Home-based CR programmes have been shown to be equally effective in clinical and healthrelated quality of life outcomes; however, few CR programmes offer a home-based alternative
(21). Telehealth CR interventions have also shown effective reductions in CHD risk factors (22).
Greater choice of delivery model could improve CR attendance. Another option to explore is
mobile CR (mHealth), as mobile technology continues to be integrated into daily life and usage
rates near 100% globally (42).

MHealth is the use of mobile technology (such as short message service (SMS) or text
messaging, video-messaging, instant messaging, the Internet, applications, and voice-calling) to
deliver health care, and is increasingly being utilised in disease prevention and management (30,
31). SMS, the most researched form of mHealth, can facilitate health behaviour change as it
allows instant and individualised health communication and reinforcement through periodic
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prompts and reminders (30-33). Recently SMS interventions have successfully improved physical
activity levels (36) and medication adherence amongst the CHD population (54, 56), however; CR
involves supporting people to make multiple lifestyle changes as many patients have more than
one behavioural risk factor. There is potential to improve individuals’ overall health and reduce
health care costs by targeting multiple health behaviours (188).

Objectives

The aim of this study was to investigate the effectiveness of a mHealth delivered comprehensive
CR programme (Text4Heart) to improve adherence to recommended lifestyle behaviours, in
addition to usual care, in adults with CHD. It was hypothesised that participants receiving the
mHealth programme would have greater adherence to lifestyle behaviours after the intervention,
compared to usual care alone. Secondary objectives included exploring the effects of the
intervention on cardiovascular (CVD) risk, illness perceptions, medication adherence, selfefficacy, and anxiety and/or depression.

5.2.3 Methods
Design

A 6-month, 2-arm parallel randomised controlled trial was conducted in 123 adults diagnosed with
CHD. The study received ethical approval (Health and Disability Ethics Committee 13/NTA/06)
and the protocol was registered and published prior to the conclusion of recruitment (66) [ACTRN
12613000901707]. The trial was developed and reported according to the CONSORT EHEALTH
statement (see Appendix 20 for CONSORT checklist).
Participants

Participants were recruited from two large metropolitan hospitals in Auckland, New Zealand. A
trained researcher screened and approached eligible patients about the study prior to discharge
from hospital after their cardiac event. Included participants were English speaking adults with a
documented diagnosis of CHD (myocardial infarction, angina, or revascularization). While
participants were not required to have computer or Internet literacy, access to the Internet (eg. at
home, work, or library) was a requirement. Participants did not need to own a mobile phone with
SMS capability as phones were supplied for the duration of the study if necessary. Those with
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untreated ventricular tachycardia, severe heart failure, life-threatening coexisting disease with life
expectancy less than one year, and/or significant exercise limitations for reasons other than CHD,
were excluded.
Procedures

Eligible participants provided informed consent (see Appendix 21) and completed a face-to-face
baseline assessment either in hospital, a clinic, or home setting within four weeks of hospital
discharge. All participants received usual care, which included inpatient rehabilitation and
encouragement to attend centre-based CR. Traditional CR in New Zealand consisted of one 1hour outpatient education programme per week for six weeks at a hospital or community centre,
covering a range of topics including cardiovascular risk factors, lifestyle change, and psychosocial
support. Patients also were encouraged to attend a 16-session supervised exercise program at
the participating hospital or outpatient centre. Participants could take part in usual care CR from
point of discharge to six months post event. In addition to usual care, the intervention group
received a 24-week mHealth programme sent by automated daily text messages and access to a
supporting website commencing within a week of the baseline assessment. All participants were
telephoned at 3-months post-randomisation to collect primary outcome data. No telephone
coaching was done during this follow up call. At 6-months post-randomisation, participants were
seen at a clinic or a home setting for final follow-up assessment.
Intervention

The Text4Heart intervention was created and refined through formative and pre-testing studies
following the mHealth Development and Evaluation Framework (189). Full details of the
intervention, including example SMS and screen shots of the website, can be found in the
published protocol (66). In short, a theoretically-framed comprehensive programme of evidencebased CR guidelines (2, 10, 82) was delivered by SMS and a supporting website over 24-weeks.
The aim was to mirror current CR programmes in educating patients about their cardiovascular
risk factors and supporting them to make relevant lifestyle changes. Recommended lifestyle
changes included: stopping smoking; limiting alcohol consumption to less than 14 units of alcohol
per week; eating five servings of fruit and vegetables per day while decreasing salt and saturated
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fat content; and starting and/or maintaining regular physical activity (150 minutes of moderate-tovigorous intensity physical activity per week).

To encourage lifestyle change, the intervention was based on Social Cognitive Theory and the
key mediator of self-efficacy. Perceived self-efficacy is the extent to which people believe they can
exercise control over their health behaviours (87). With higher levels of self-efficacy individuals
can self-regulate their behaviour by setting goals, creating incentives, and enlisting social support
from others to maintain their motivation (88). Self-efficacy has been shown to decline among CR
non-attenders (90), which is noteworthy as higher levels of self-efficacy are linked to better clinical
outcomes such as lower blood pressure and reduced hospitalizations (91).

While targeting self-efficacy can help change lifestyle behaviours, people with CHD may need
additional support to cope cognitively and emotionally with their heart event. People diagnosed
with CHD can experience many negative emotions, including anxiety and depression, which can
negatively impact their recovery process (92). One way to improve coping is to modify illness
perceptions and emotional representations of the disease. The Common Sense Model (CSM) was
also used to frame the intervention as it specifically outlines coping strategies for modifying illness
perceptions and the negative emotions that arise with a health threat (96).

Participants received seven messages per week (one per day) and had access to a supporting
website. Intervention participants also received a pedometer to self-monitor their physical activity.
Messages were tailored to participants’ name and preferred time of day to receive messages.
From weeks 13-24 the frequency of messages decreased to five per week. Bi-directional
messaging was used as participants were prompted to text in their weekly pedometer step counts
and to ask questions or for feedback on other behaviours. Reponses to step counts were
automated and based on the number of steps achieved, while individual questions were
responded to personally by the research team within 48 hours. Participants were reimbursed for
any costs associated with SMS. The supporting website was accessed using a secure log-in
system, and included additional information, bi-weekly tips from the research team via a
participant blog, graphs displaying their pedometer step counts, and short video messages from
role models and medical professionals (Archived by WebCite® at
http://www.webcitation.org/6a4nip04v). No changes were made to the intervention content or
delivery during the study period. All SMS were sent from a centralised server.
150

Outcome measures
The primary outcome was patient adherence to recommended health guidelines, measured as a
binary variable using a self-reported composite health behaviour score based on the EPIC-Norfolk
Prospective Population Study (171) at 6-months. The study protocol was amended shortly after
recruitment began to include an additional endpoint: the same composite measure was used to
collect the primary outcome at 3-months post randomisation during planned telephone calls, as it
was decided it would be interesting to measure behaviour change at the half-way point of the
study, in addition to 6-months. Participants received a score from 0-4 (out of 4) based on the
number of health guidelines they met. Based on their score, participants were classified as
adherent if they scored ≥3 out of 4 and non-adherent if they scored 2 or less. The health
behaviours, scores, and outcome measures are described below in Table 26.
Table 26. Components of the health behaviour score
Health Behaviour

Score

Reference

Smoking habit

1=not currently smoking

Smoking history questionnaire
(175)

0=Had one or more cigarettes in
past 7 days
Fruit and vegetable
intake

1=5 or more servings daily

New Zealand Health Survey
(190)

0=≤ 4 servings daily
Alcohol intake

1=≤13 units per week

Audit-C (178)

0=≥14 units per week
Physical activity

1=≥14 units of moderate-tovigorous activity/week

Godin Leisure Time Physical
Activity Questionnaire (176)

0=≤13 units of moderate-tovigorous activity/week

Secondary outcomes were evaluated at 6-months using self-completed questionnaires and
clinical assessments. Clinical outcomes included individual biomedical risk factors (systolic and
diastolic blood pressure, lipid profile, weight, body mass index, waist-hip ratio) and subsequent
CHD risk probability using models proposed by D’Agostino developed from the Framingham Heart
Study (180). Medication adherence was measured using the Morisky 8-item Medication
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Adherence Questionnaire (182). Psychological measures included the Self-efficacy for Managing
Chronic Disease 6-item scale (191), the Brief Illness Perception Questionnaire (181), and the
Hospital Anxiety and Depression Scale (185). Serious adverse event data were collected at the 6month assessment. Fidelity to the Text4heart intervention was assessed using an author-derived
questionnaire, and calculating website and response SMS usage statistics (intervention group
only).

Randomisation and Blinding

Following informed consent and the baseline assessment, participants were randomised to either
the intervention or control group in a 1-to-1 ratio and stratified according to smoking status
(smoker vs. non-smoker) to balance baseline health behaviour scores. The randomisation
sequence was computer-generated by a statistician independent to the project, using block size of
six. Allocation was concealed in sequentially numbered, opaque sealed envelopes. Participant
enrolment and assignment of the intervention was completed by a trained research assistant after
baseline data collection. Due to the nature of the intervention, participants and outcome
assessors were not blinded to their treatment allocation. Investigators, project statisticians, and
usual care CR programme leaders were blinded to group allocation.
Analysis

Sample size

It was estimated that a sample size of 120 (60 per group) would provide at least 80% power at
the 5% level of significance (two-sided) to detect an absolute difference of 25% between the two
groups, in the proportions of participants adherent to recommended healthy behaviour guidelines.
A previous study using a similar health behaviour score found that ~70% of adults without known
cardiovascular disease adhered to 3-to-4 out of 4 health behaviours (171). It was estimated that
30% of the study population with established CHD would be adherent at baseline, and
hypothesised that the Text4Heart intervention would change the proportion of participants’
adherent to recommended healthy behaviour guidelines by at least 25% compared with the
control group at 6 months post-randomisation.

Statistical methods
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Treatment evaluations were analysed by intention to treat, using the observed data collected from
all randomised participants. Missing data were not imputed if the proportion of missing in the
primary outcome was less than 10%. All statistical analyses were completed using SAS version
9.3 (SAS Institute, Cary, NC, USA). All statistical tests were two-sided at a 5% significance level.
A formal statistical analysis plan was approved by the trial steering committee prior to data lock.

Logistic regression was used to measure the main treatment effect on the proportion of
participants adherent to lifestyle change (≥3 out of 4 behaviours) at the end of the 6-month
intervention period, adjusting for baseline adherence level and stratification factor (smoking
status), and on the same outcome at 3 months. Analysis of covariance (ANCOVA) regression
was used to evaluate the treatment effect on continuous secondary outcomes, adjusting for
baseline outcome value (if measured) and smoking status. Frequency and descriptive statistics
were completed on the intervention feedback survey and website and response SMS usage
statistics using Microsoft Excel (2010). All analyses on secondary outcomes were exploratory. No
sensitivity or sub-group analyses were considered.

5.2.4 Results
Figure 15 presents the flow diagram of the progress through the phases of the trial. A total of 291
patients were screened and recruited over 10 months during 2013-2014. Of these, 123 eligible
participants were randomised to the intervention (n=61) or the control (n=62).
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Assessed for eligibility
Enrolment
Excluded (n=168)
 Not meeting inclusion criteria
(n=51)
 Declined to participate (n=69)
 Other reasons (n=48)
 Could not contact (n=11/48)
 Unknown diagnosis at time of
screening (n=37/48)
Randomised (n=123)

Allocation
Allocated to intervention (n=61)
 Received allocated treatment (n=60)
 Did not receive allocated treatment
(n=1)
 Withdrew prior to start of intervention
due to medical reasons

Allocated to control (n=62)
 Received allocated treatment (n=62)
 Did not receive allocated treatment
(n=0)

Follow-Up
Lost to follow-up (n=4)
 Withdrew: medical reasons (n=2)
 Withdrew: too busy (n=2)

Lost to follow-up (n=3)


Could not contact (n=3)

Discontinued intervention (n=0)
Analysis

Analysed (n=57)

Analysed (n=59)





Excluded from analysis (n=4)

Excluded from analysis (n=3)

Figure 15. Trial registration flow chart
Participants were predominantly male (100/123; 81.3%), New Zealand European (73/123; 59.3%),
with a mean age of 59.5 ± 11.1 (see Table 27 for demographics). One quarter of participants had
a household income of less than the average yearly income of NZD50,000 (31/123; 25.2%) (192).
By the 6-month assessment, approximately half had attended at least one session of usual care
CR (intervention=30/61; 49%; control=34/62; 55%). All participants in the intervention group used
their own mobile phone.
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Table 27. Participant baseline demographic and clinical characteristics (N=123)
Intervention (n=61)

Control (n=62)

59.0 (10.5)

59.9 (11.8)

n (%)

n (%)

Male

48 (79)

52 (84)

Female

13 (21)

10 (16)

New Zealand or Other European

46 (75)

45 (73)

Māori (indigenous)

6 (10)

2 (3)

Pacific Island

5 (8)

2 (3)

Indian

6 (10)

8 (13)

Other

2 (3)

5 (8)

<NZD50,000/year

14 (23)

17 (27)

>NZD50,000/year

39 (64)

40 (65)

Don’t know/refuse to answer

8 (13)

5 (8)

Myocardial Infarction

46 (75)

52 (84)

Unstable angina

4 (7)

5 (8)

Angina

11 (18)

5 (8)

PCI

43 (70)

47 (76)

CABG

14 (23)

10 (16)

Medical Management

4 (7)

5 (8)

Diabetes

14 (23)

7 (11)

Age (mean, SD)

Ethnicitya

Incomeb

Cardiac diagnosis

Cardiac procedure

a

Could identify with more than one ethnicity
Income split into categories based on earning less or greater than the average yearly income of
NZD50,000
b
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For the primary outcome, the intervention group increased adherence to recommended lifestyle
behaviour changes from 33% at baseline to 59% at 3 months, and then plateaued with 53% still
adherent at 6 months (Table 28). The control group had a smaller increase in adherence, from
27% at baseline to 37% at 3 months, and 39% at 6 months. A significant treatment effect in favour
of the intervention was observed at 3 months (adjusted OR=2.55, 95% CI 1.12-5.84; P=.03), but
not at 6 months (aOR=1.93, 95% CI 0.83-4.53; P =.13). The percentage adherent to individual
behaviours, as defined in Table 26, can be seen in Table 29.
Table 28. Adherence to multiple lifestyle behaviours (≥3) at baseline, 3 months, and 6 months
Number (%)

Odds ratio

P value

Endpoint

Intervention (n=61)

Control (n=62)

Baseline

20 (33)

17 (27)

3-month

36 (59)

23 (37)

2.55 (1.12-5.84)

P=.027

6-month

32 (53)

24 (39)

1.93 (0.83-4.53)

P=.13
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(95% CI)

Table 29. Adherence to individual behaviours at baseline, 3 months, and 6 months

Individual behaviour

Intervention (n=61)

Control (n=62)

n (%)

n (%)

Non-smoker

49 (80)

51 (82)

Non harmful alcohol intake

53 (87)

53 (86)

Physically active

17 (28)

7 (11)

5+ Fruit and Vegetable intake

12 (20)

15 (24)

Non-smoker

52 (85)

53 (86)

Non harmful alcohol intake

56 (92)

53 (88)

Physically active

21 (34)

10 (16)

5+ Fruit and Vegetable intake

33 (54)

18 (29)

Non-smoker

51 (84)

55 (89)

Non harmful alcohol intake

53 (87)

56 (90)

Physically active

19 (31)

15 (24)

5+ Fruit and Vegetable intake

29 (48)

15 (24)

Baseline

3-month

6-month

For the secondary outcomes (see Table 30), the intervention group reported a greater medication
adherence score (mean difference: 0.58, 95% CI 0.19 to 0.97; p=.004) and lower LDL cholesterol
(mean difference: -0.25, 95% CI -0.49 to 0.003; P =.053) at 6 months. A negative effect was seen
for total hospital anxiety, with the intervention group reporting significantly greater anxiety than the
control at 6 months (mean difference: 1.18, 95% CI 0.28 to 2.08; P =.01). No differences were
seen in the clinical or other psychological outcomes. There were 13 (8=intervention; 5=control)
serious adverse events reported during the trial, although none were study related.
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Table 30. Baseline and 6-month secondary outcomes

Intervention (n=61)

Control (n=62)

Adjusted
difference (95%
CI) at 6 months

P
value

Baseline
(mean
(SD))

6 month
(mean
(SD))

Baseline
(mean
(SD))

6 month
(mean
(SD))

BMI

31.0
(6.4)

30.3 (5.4)

28 (4.2)

28.1 (4.4)

-0.10 (-0.56 to
0.35)

.66

Waist-Hip ratio

0.98
(0.07)

0.97 (0.06)

0.95 (0.07)

0.94 (0.07)

0.01 (-0.01 to
0.02)

.29

Systolic BP
mmHg

131 (17)

136 (20)

129 (26)

135 (16)

0.09 (-6.43 to
6.61)

.98

Diastolic BP
mmHg

78 (11)

79 (11)

75 (11)

79 (10)

-0.24 (-3.86 to
3.38)

.90

Total
cholesterol
mmol/L

4.6 (1.2)

3.6 (0.7)

4.3 (1.2)

3.8 (1.1)

-0.29 (-0.61 to
0.03)

.08

HDL mmol/L

1.1 (0.3)

1.1 (0.3)

1.1 (0.3)

1.2 (0.4)

-0.04 (-0.15 to
0.07)

.51

LDL mmol/L

2.7 (1.3)

1.7 (0.6)

2.4 (1.0)

1.9 (0.8)

-0.25 (-0.49 to
0.003)

.053

Clinical
outcomes

CVD risk
probability

7.9 (3.4)

8.1 (3.3)

-0.27 (-1.58 to
1.04)

.68

Medication
adherencea

7.3 (0.9)

6.8 (1.2)

0.58 (0.19 to
0.97)

.004

Psychological
outcomes
Overall illness
threat

41.8
(12.3)

32.7 (11.2)

39.8 (11.6)

32.1 (12.6)

-0.4 (-4.18 to
3.35)

.83

Hospital
Anxiety

6.3 (3.9)

5.8 (3.5)

5.5 (3.5)

4.4 (2.9)

1.18 (0.28 to
2.08)

.01

Hospital
Depression

4.3 (3.3)

2.8 (2.8)

3.8 (2.3)

2.5 (2.2)

0.08 (-0.71 to
0.87)

.84

Overall Selfefficacy

7.6 (1.6)

8.1 (1.48)

7.9 (1.4)

8.3 (1.2)

-0.07 (-0.47 to
0.33)

.73

a

Use of the ©MMAS is protected by US copyright laws. Permission for use is required. A license
agreement is available from: Donald E. Morisky, ScD, ScM, MSPH, Professor, Department of
Community Health Services, UCLA School of Public Health, 650 Charles E. Young Drive South,
Los Angeles, CA 90095-1772, United States.
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Intervention fidelity and acceptability

All but one participant randomised to the intervention group received the Text4Heart programme.
Intervention participants reported high fidelity to the SMS component, as 52/61 (85%) participants
reported reading all of their SMS. Nearly all participants sent in at least one step count text
response (58/61; 95%) with a mean of 15 (SD=8.7) step count replies per participant over 24
weeks. Twenty-three participants sent in questions or comments to the study team via text (23/61;
38%). The vast majority of participants (55/61; 90%) felt using SMS was a good way to deliver the
Text4Heart programme. Most felt the 24-week programme was the right length (48/61; 79%) and
that we sent the right number of SMS (51/61; 84%). Only five of 61 participants (8%) felt we sent
too many messages.

Less than half of participants 26/61 (43%) felt using a website was a good way to deliver the
Text4Heart programme. Website use data showed that 75% of participants (46/61) logged onto
the website at least once during the intervention period. The number of visits to the website per
person ranged from 0-100 (median=3) over the 6-month intervention period. Two participants
reported not using the website because they did not know how to use it. Despite the lack of
website use, nearly all participants (55/61; 90%) would recommend the Text4Heart programme
(both SMS and web) to other people who have had a heart event. Most participants felt the
programme helped them learn about (47/61; 77%) and recover from their heart event (51/61;
84%). More detail on participants’ perceptions about Text4Heart can be found in Section 5.3 of
the thesis.

5.2.5 Discussion
The Text4Heart intervention improved adherence to lifestyle behaviours at 3-months when
compared to usual care alone (control), although the size of effect was not significantly retained at
6 months. A treatment effect was also observed for medication adherence. This study is one of
the first to demonstrate a positive effect of an SMS-based intervention on multiple lifestyle
behaviours. These findings highlight the potential utility of this approach to augment existing
services in people with CHD. Strengths of the study included the RCT design; minimal loss to
follow-up; high fidelity to the SMS feature of the intervention; and the use of a composite health
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behaviour score. A composite score allowed for a clear understanding of the intervention’s overall
impact without the risk of increasing type 1 error rate (166, 188).

The Text4Heart intervention was delivered in addition to usual care, which included in-patient CR
and encouragement to attend phase II outpatient CR. As both groups had similar phase II CR
attendance it appeared receiving simple SMS resulted in greater lifestyle change at 3-months.
The present study was powered to detect a large effect (25% difference between groups) at 6months yet the observed difference at this endpoint was 14%. A small improvement in adherence
to multiple lifestyle behaviours may still have clinical relevance. To detect an effect of this
magnitude (14-15%), a post-hoc sample size calculation indicated that 400 participants would be
needed; thus a larger study is warranted to examine any sustained effects of such an intervention.

Small changes to the Text4Heart programme may also help boost the effects from 3-6 months.
Relapse in unhealthy behaviours may have occurred when the intensity of our SMS decreased.
Relapse prevention and coping content should be delivered to re-engage those who drop off.
Relapse prevention has been investigated in smoking cessation trials (193); however, few studies
have reported on maintenance of other healthy behaviours and strategies to prevent relapse
(194), and this remains an area of future research.
Limitations

While treatment allocation was concealed prior to randomisation, a limitation of this trial was that
the outcome assessors were not blinded (participants were randomised at the conclusion of
baseline visits by the same outcome assessors who conducted follow-up visits at six months). In
addition, the primary outcome measure was self-reported so recall bias is possible, although
validated questionnaires were used where feasible. The composite score did not capture all
aspects of behaviour; however, it was appropriate as it is difficult to measure the multiple
outcomes of CR. Objective clinical measures provided additional information associated with
behaviour changes; however, due to the short follow up these findings were exploratory in nature.
Another limitation was that the findings may not be transferable to other populations as the
sample was predominantly New Zealand European, earned higher than the average yearly
income, and were generally SMS and computer literate.
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Comparisons with other work

The findings extend previous research supporting the use of SMS delivered interventions to
promote behaviour change in people with CHD (36, 57). Text4Heart is one of the few to intervene
on and measure multiple behaviours, mirroring traditional CR which focuses on all potential
behavioural risk factors. Intervening on multiple behaviours simultaneously has the potential to
maximize the impact on an individual’s health and may also be more cost-effective than
addressing one behaviour at a time; however, it is unknown whether changing behaviours
sequentially is more effective than simultaneously, as few studies have compared the two
approaches (188).

We found a positive treatment effect on medication adherence; supporting other SMS
interventions shown to improve antiplatelet medication adherence among CHD patients (54). The
Text4Heart programme incorporated several essential intervention components needed for
improved medication adherence, namely patient knowledge, counselling, and self-monitoring
(195). Future iterations might encourage greater patient counselling, as the two-way SMS
communication option in the current study was underutilised, which may lead to stronger
outcomes. The greater medication adherence score and the increased servings of fruit and
vegetables observed (a component of the health behaviour score) may have contributed to lower
LDL cholesterol among the intervention group at 6-months. A larger trial with longer follow up is
needed to determine whether the Text4Heart intervention can make a clinically significant
difference on LDL cholesterol levels.

An unexpected outcome was the lower level of anxiety observed in the control group. Both
groups’ mean anxiety score was in the normal category (0-7) and decreased from baseline to 6
months. A possible explanation for the effect on anxiety might be that receiving SMS about one’s
disease may lead to more anxiety. Previous research has shown that confronting a CHD
diagnosis elicited negative emotions in the short term, but improved health in the long term (196).
Longer follow-up is needed to see if the difference observed in Text4Heart persisted over time.

No differences were found between groups in the self-efficacy or illness perception constructs.
Both groups had high scores at baseline which may have led to a ceiling effect. Future studies
should focus on patients who have low self-efficacy to change behaviour.
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Implications for clinical practice and/or research

The Text4Heart intervention was a simple package of SMS and a website; however, as the
website was used infrequently and usual care CR attendance was similar across groups,
receiving SMS was likely the predominant contributor to the observed effects. An SMS
programme could be easily incorporated into existing CR, either as an alternative option for those
unable to attend centre-based programmes or as an add-on to extend current services. It may be
that earlier programme commencement after diagnosis and the longer duration of Text4Heart
helped facilitate and maintain behaviour change. There is potential for this type of programme to
reach underserved populations and those with access-to-care barriers, such as patients living in
deprived areas or developing nations. Future research should be undertaken with more diverse
samples to determine if such an intervention can reduce health inequalities.

Text4Heart was relatively simple to develop and use. A similar study delivering exercise-based
CR via SMS was considered to be cost-effective for walking and leisure time physical activity (36).
Applications (37) and the use of biofeedback and wearable sensors have also been used to
deliver CR. Applications and sensor technologies may result in stronger effects as they can allow
for greater individual tailoring and improved two-way communication with health care providers;
however, such technology are associated with greater financial and time costs. More research is
needed to compare outcomes of SMS and “appified” approaches prior to investing significant
resources into complex interventions.

5.2.6 Conclusion
Receiving a simple SMS delivered CR intervention in addition to usual care had a positive effect
on adherence to multiple lifestyle behaviour change in NZ adults with CHD at three months,
however; the effect had attenuated by six months. A larger study with longer follow up is needed
to determine whether these behaviour changes can result in clinically significant outcomes.

162

5.2.7 Acknowledgements
We wish to acknowledge the cardiac rehabilitation nurses who assisted with recruitment and the
content development of the Text4Heart intervention, in particular Adele Clayton. We would also
like to acknowledge the National Institute for Health Innovation’s IT team for their work on the
content delivery system.

The study was funded in part by a Health Research Council Sir Charles Hercus Fellowship and a
HOPE Selwyn Foundation Scholarship in Ageing Research. Dr Maddison was supported by a
Health Research Council Sir Charles Hercus Fellowship.

5.2.8 Conflicts of interest
None to declare.

163

5.3 Acceptability of the Text4Heart intervention
The final stage of the mHealth development and evaluation framework was to gain insight into
participant perceptions on the usability and acceptability of the intervention. Gaining feedback
from intervention participants was completed as part of study 5: the Text4Heart RCT.

Fidelity, or adherence, to the intervention was reported in the previous section (results
manuscript). To summarise, participants reported high fidelity to the SMS component of the
intervention, with most participants reading all of their SMS. There was lower fidelity to the
website, with a quarter of participants not using the website once. The following section presents
additional feedback data not included in the results manuscript, to determine participant
perceptions on the acceptability of the intervention. Results from this section will be used to inform
future iterations of mHealth comprehensive CR interventions.

5.3.1 Methods
As mentioned in the results manuscript, intervention participants who returned for their 6-month
follow-up assessment completed a feedback questionnaire. The purpose of the questionnaire was
to determine the usability and the acceptability of the intervention. The survey contained both
closed (e.g. yes/no; checklist) and open-ended questions. Participants could comment on what
they liked and disliked about Text4Heart, how they felt the intervention could be improved, and
any other comments regarding the intervention.

Frequency statistics on the yes/no and checklist questions were completed using Microsoft Excel
(2010). A conventional content analysis was completed on the open-ended questions, which
allowed categories to emerge from the data (197). Data were coded and combined into categories
and subcategories. Frequency counts were then completed to determine the number of
comments in the same subcategory. Codes with fewer than two responses were categorised as
“other.” Direct quotes from the survey data support are listed below each table to provide context
and add credibility to the frequency counts (197).

5.3.2 Results
The vast majority of intervention participants (55/61; 90%) would recommend the Text4Heart
programme to other people with CHD. Most participants felt Text4Heart helped them learn about
(47/61; 77%) and recover from their heart event (51/61; 84%). Nearly all participants felt
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Text4Heart helped them change their behaviour (47/61; 77%), in particular becoming more
physically active (39/61; 64%), eating more fruit and vegetables (37/61; 61%); eating less
saturated fat (34/61; 56%) and salt (26/61; 43%), and taking medications more regularly (20/61;
33%).

The content analysis of open-ended questions regarding participant perceptions of the
intervention is displayed below. Three categories emerged from the data: participant likes,
dislikes, and how the intervention could be improved. Each category is split into subcategories
displayed in Table 31, Table 32, and Table 33.
Table 31. Aspects of Text4Heart participants liked (n=56)
Text4Heart:

Number of comments a

Was a good reminder

21

Provided social support

11

Was motivating

8

Was encouraging

6

Was educational

5

Suited my lifestyle (texts)

4

Made me accountable

3

Decreased my anxiety

2

Other

7

a

The number of comments does not equal the number of surveys completed; participants did not
have to complete all questions and open-ended answers may have included more than one
category.

When asked what they liked about Text4Heart, the most common responses were that
participants found the programme was a good reminder to engage in the recommended healthy
behaviour(s). Similarly, participants felt the programme motivated and encouraged them to
change their behaviour. Participants also liked taking part in Text4Heart because it provided an
aspect of social support or encouraged them to seek social support by sharing the messages. The
following quotes support the “liked” category.
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“By getting the messages it showed that you were being looked after and helped me get
on track again, or talked to friends about it.”
“Step count motivating, made me look at how much exercise I was doing. Messages were
short and to the point, less anxious about heart condition”
“Being reminded to make and continue with changes to lifestyle”
Participants were asked what they disliked about the Text4Heart intervention. Most replied with
“nothing”, as there were no features of the intervention they disliked; however, a few comments
reflected that messages were too generic, repetitive, or not relevant to them.
Table 32. Aspects of Text4Heart participants disliked (n=56)
Subcategory:

Number of comments a

The messages were too generic

3

The messages were irrelevant

3

The messages were too repetitive

2

I’m not interested in blogging

2

Technical issue

4

Other

3

Nothing, I liked everything

40

a

The number of comments does not equal the number of surveys completed; participants did not
have to complete all questions and open-ended answers may have included more than one
category.

The following quotes support the “disliked” category.
“Blogging which I may have done more if other people had”
“Messages repetitive, became annoying. Already doing what I needed to be doing”
The third category identified in the content analysis was suggestions to improve Text4Heart. The
frequency counts for each subcategory are found below in Table 33.
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Table 33. Suggestions on how to improve Text4Heart
Subcategory:

Number of commentsa

Personalising the messages

5

Adding personal contact

3

Use different technologies

2

Shortening the length of the programme

2

Adding a follow-up programme of SMS

15

Other

6

a

The number of comments does not equal the number of surveys completed; participants did not
have to complete all questions and open-ended answers may have included more than one
category.
For the most part, participants were happy with the intervention or wanted a follow-on programme
of SMS after the 6-month assessment. A few participants commented that they would have liked
greater personalisation or tailoring of messages, or some additional personal contact. The
following quotes support this category:
“A better understanding of the person the text is being sent to”
“Maybe get the whole team in one place to share learning and experience from one
another”
“Would be good to keep getting texts and access to web site - gentle reminder of what to
think about and do for food and exercise in particular”

5.3.3 Future iterations of Text4Heart
In summary, the SMS component of the Text4Heart intervention was used by participants and
was well received. Future iterations of Text4Heart might include using SMS only and eliminating
the website due to its low use. A meta-analysis examining moderators of SMS-based health
promotion interventions found no significant differences between SMS-only and SMS plus other
components, including websites (198), providing further evidence that dropping the website would
likely have no effect on Text4Heart outcomes.

The 6-month programme could also be extended to include a maintenance phase, which could
include refresher SMS sent on occasion. For instance, an SMS reminding participants to keep up
their healthy habits could be sent to those who were adhering to behaviour guidelines at 6
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months. If participants were not meeting behaviour guidelines at 6 months, SMS could be sent to
encourage participants to try again, as it’s never too late to make healthy changes. Little work has
been done on relapse prevention and maintenance; it is an important area of research to consider
as it is unknown how best to encourage maintenance over time (194).

Greater tailoring or content and delivery could be incorporated; however, only a small number of
participants felt the messages were too generic. The following section will discuss the implications
of the Text4Heart results and the overall thesis, and provide suggestions for future research.
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Chapter 6. Discussion
The aim of this thesis was to develop and evaluate an mHealth comprehensive CR intervention in
adults with CVD. The intervention development was achieved by conducting a systematic review
to determine the current state of the research and by completing four formative and pre-testing
studies with the target population. Evaluation of the intervention was achieved by conducting an
RCT to determine the effectiveness of Text4Heart on lifestyle behaviour change. The candidate
hypothesised that the mHealth format of CR would be acceptable to participants and that
participants would report greater adherence to recommended lifestyle behaviours than those
receiving usual care only. The following chapter summarises the key findings of the thesis in the
context of existing literature. The implications of the thesis findings for practice and future
research are then discussed, followed by the strengths and limitations of the thesis.

6.1 Summary of the thesis findings
Overall this thesis sought to develop and evaluate an mHealth intervention to improve adherence
to modifiable lifestyle risk factors for CVD. A series of formative work (literature review, surveys,
interviews, and pre-testing of content) was completed prior to conducting an RCT to evaluate
effectiveness of the intervention. The formative work clearly highlighted the potential of mobile
phones, in particular simple interventions such as SMS, for promoting and measuring health
behaviours in people with chronic disease such as CVD. Importantly, mobile phones were viewed
by participants as an acceptable delivery mode for CR and to measure physical activity. The
Text4Heart trial demonstrated a doubling of adherence to recommended lifestyle behaviours,
using a composite measure of behaviour change, and greater medication adherence in the
intervention group compared to those receiving usual care alone. To the best of the Candidate’s
knowledge, this was the first trial to demonstrate such an effect. The acceptability and usability of
Text4Heart stressed the importance of conducting formative and pre-testing research, as this
helped ensure buy-in from the target audience. Text4Heart was simple to use, easy to deliver,
and effective at enhancing behaviour change. Future work is now needed to determine the
sustained effect of this intervention to enhance cardiac services and improve clinical outcomes.
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Two overarching themes emerged from the thesis findings. First, older adults with CVD were able
to use and engage with mobile technologies; however they preferred simple SMS-based
programmes. Second, SMS-delivered interventions were effective at changing multiple
behaviours in this population. Each of these themes will be discussed in more detail below.

6.1.1 Adults with CVD were able to use mobile technologies but preferred simple
SMS-based interventions
All elements of research conducted in this thesis concluded that adults with CVD were willing and
able to use mobile technologies. The finding that the vast majority of participants in this thesis
used mobile phones suggests that a digital divide (a gap between those who use technologies
and those who do not (118)) among older adults may not be a limiting factor in using mobile
phone technologies for health information and care. Previous research has reported that older
adults experience common barriers to using technology, including a lack of technical knowledge
or interest, or that they may have a physical challenge to using mobile technologies (e.g. poor
eyesight or dexterity) (60, 118). It has also been reported that older adults use mobile phones
passively (i.e. only for emergencies or use basic features) (117). The thesis findings contradict
these earlier results, as adults with CVD in this thesis used mobile phones and the Internet, and
were interested in using these technologies for CR. It is important to note that the mean age of
participants from each of the five studies in this thesis ranged from 52-66 years. Therefore our
findings apply to the “younger older adult” with CVD, and future work needs to determine how
mHealth may be used with those aged 65 or more.

It was clear that the CVD population sampled in this thesis preferred a simple SMS-based
intervention over more complex mobile technologies, such as smartphone applications. There are
several advantages to SMS, including the ability to access intervention content anywhere and at
any time suitable to the individual, so long as there is network coverage. Messages are
asynchronous; therefore, participants can review messages at a time that is convenient to them. It
is also free for the user to receive SMS in New Zealand. SMS is available to anyone regardless of
the type of mobile phone or plan purchased, is universally used, and has a high penetration
amongst disadvantaged populations (31).

An important feature of SMS is that content is pushed to participants, without them needing to
initiate the activity. This feature is likely the reason participants in studies 1 and 3, and the
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Text4Heart trial had high compliance to reading their SMS but not the viewing the study websites.
Accessing the website meant participants had to initiate the behaviour of seeking out the
programme content, whereas the SMS content was delivered directly to the participant, so long as
their mobile phone was switched on. According to behavioural economics theory (199) people will
often do what is easiest, and hence may not be interested in logging into a website or inputting
data into a smartphone application. Research has also shown people stop using health and
fitness smartphone applications because they forget, or the applications take too much time to
use (200).

Rather than assuming participants would prefer a smartphone application, this thesis highlighted
the importance of conducting formative work in the development stage, ensuring the appeal and
acceptability of the intervention to the majority of potential end-users by: (1) asking the target
audience what they wanted, (2) incorporating technology participants felt comfortable using, (3)
pre-testing the content, and (4) refining the intervention based on their feedback. Future research
will need to conduct on-going formative work to determine delivery options as technology changes
rapidly and smartphone ownership among seniors rises (60).

A result of the carefully designed intervention with input from the target audience, the vast
majority of intervention participants in this thesis reported reading all of their SMS, which were
described as convenient, quick, and easy to read in Studies 1, 3 and 5. A limitation was that selfreport data were used to determine the number of SMS participants’ read. Text4Heart could be
adapted relatively easily to a web-based application format, or to other instant messaging
technologies delivered by smartphone application, such as WhatsApp© and Viber©, which allow
researchers to measure the number of messages not only delivered but opened by participants.
The use of instant messaging may be less expensive to deliver compared with SMS, although it
could be more costly to participants as they would be required to connect to wireless internet to
receive the messages. Cost analyses and participant input are also needed to compare both
options.
Future iterations of Text4Heart may “future-proof” intervention components, such as offering the
content in different formats, such as a smartphone application, instant messaging application,
and/or SMS. While SMS was the preferred option in this thesis, new technologies are emerging
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that offer exciting opportunities for mHealth CR. For instance, remote monitoring of exercise can
now be done via ECG smartphone applications, which is currently being evaluated in a CHD
cohort (67). Part of the Text4Heart intervention included the use of pedometers to encourage selfmonitoring of physical activity. Smartphone pedometer applications can eliminate the need for an
extra piece of equipment, as patients can track their activity so long as they carry their
smartphone. Smartphones can be used as instruments to measure behaviour, as was found with
the MobilePAL in Study 4. The MobilePAL physical activity questionnaire showed good
agreement with objective accelerometry in a CVD population and the gold standard of doublylabelled water in previous studies (144). Unfortunately MobilePAL may have been limited by selfreporting of behaviour. Smartphones offer opportunities to measure physical activity objectively
through sensors, such as built in accelerometers, rather than asking participants to recall their
behaviour. Technologies have also been developed to track smoking behaviour, such as the
Smokio® e-cigarette that records the number of puffs and links the data to a smartphone
application to aid in smoking cessation (http://www.smokio.com). There are many possibilities for
the use of smartphone technology in CR, it may be just a matter of time before smartphones
become as ubiquitous as the traditional SMS enabled mobile phone. As with all new technologies,
it is essential that research be conducted into their efficacy and safety prior to implementation.

6.1.2 SMS-based interventions were effective at changing multiple behaviours in
adults with CVD
Collective findings from this thesis supported the use of SMS to enhance behaviour change in
adults with CVD. The systematic review completed in Chapter 2 found mHealth interventions, in
particular SMS, had positive effects on medication adherence and physical activity behaviours.
The Text4Heart trial (Chapter 5) represented a new contribution in terms of knowledge as it was
the first mHealth study to target and measure simultaneous behaviour change in adults with CHD.
The doubling of adherence to recommended lifestyle behaviours, better medication adherence,
and high participant satisfaction, supported the use of SMS as a complementary delivery method
of CR.

Previous reviews of health technologies have supported their use for improving CVD clinical
outcomes (44, 45). Widmer et al. (44) found that secondary prevention digital interventions, which
included mHealth as well as computer and web-based technologies, had positive effects on CVD
outcomes (reductions in myocardial infarction, stroke, revascularisation, hospitalisations, and all172

cause mortality). Hamine et al. (45) found clinical outcomes for CVD improved in just over half of
studies using mHealth for chronic disease management (7/13; 54%). The authors also found SMS
interventions were effective for increasing medication adherence (45). Neither of these reviews
investigated the effect of mHealth on behaviours such as smoking, physical activity, or diet related
lifestyle changes. One review of SMS interventions in non-clinical populations did find positive
treatment effects on lifestyle behaviours (43).

The systematic review in this thesis and the Text4Heart trial added the missing piece to these
previous reviews by showing that mHealth interventions (including SMS) can positively affect
behaviour change in adults with CVD. Future SMS-based research now needs to examine the link
between behaviour change and clinical outcomes, such as re-hospitalisations and mortality, as no
studies identified in the systematic review (as well as Text4Heart) examined CVD outcomes in
addition to behaviour change. Longer and larger multi-centre trials will enable investigation into
CVD clinical outcomes. Given the lack of large, robust RCTs on this topic, it is premature to
conduct meta-analyses of mHealth vs traditional CR. To facilitate progress in this area, agreement
is needed on the outcomes of interest for these studies (and instruments used to measure these
outcomes, including behaviour change). Additional implications of the thesis findings for future
research will be discussed in the following section.

6.2 Implications for practice and future research
Despite the decline in CVD related mortality over the past decades, secondary prevention
remains necessary for those with existing disease. Epidemiological research has shown one in
five people with an myocardial infarction had a second cardiovascular event within three years
(201). Similar rates are evident in New Zealand, with 20.6% of acute coronary syndrome (ACS)
patients dying within one year of diagnosis (202). With the rising costs of healthcare and ageing
populations, secondary prevention programmes such as CR are necessary to help reduce the
number of re-hospitalisations and mortality (13).

The difference in lifestyle behaviours and medication adherence between groups found in the
systematic review and the Text4Heart trial have shown mHealth interventions have potential
clinical implications, which need to be investigated. Improving adherence to lifestyle behaviours
can potentially reduce secondary CVD events. For instance, a sample of 18, 809 ACS patients
173

from 41 countries found patients who kept smoking and made no diet or exercise modifications
had a 3.8-fold increased risk of another CVD event (myocardial infarction, stroke, or
cardiovascular death) (203). In regards to medication adherence, triple therapy, which includes
anti-platelet/anti-coagulant, blood pressure-lowering, and statin medication has been shown to
decrease future CVD events by 80% (204). In New Zealand, data from adults aged 30-79 years
hospitalised for an atherosclerotic CVD event or procedure from 2000-2010 (n=86, 256) found
59% were maintained on triple therapy (205). Of this group, younger patients (under 50 years)
and women were 20% and 10%, respectively less likely to be maintained on triple therapy. A
similar study of New Zealand ACS patients (n=11,348) found 66% of the population were
maintained on a statin over 3 years post-discharge, but only 46% of patients aged 35-44, 55% of
Maori, and 54% of Pacific people were maintained on a statin at the same time point (206). There
is a need to encourage better adherence with medications, particularly among younger patients,
women, and Maori/Pacific. Future studies are warranted to determine the impact of Text4Heart, or
similar intervention, on an objective measure of medication adherence, such as medication
dispensing ratios, which are likely to have downstream effects on clinical outcomes in this
population.

MHealth has potential to improve patient outcomes by increasing the reach of secondary
prevention. It can overcome some of the barriers associated with centre-based CR, such as a lack
of time or transportation. SMS in particular is accessible to most New Zealanders, is inexpensive,
and therefore scalable to large numbers of the population. People who are unable to attend
centre-based sessions may appreciate and use a mobile phone version. This thesis showed that
mHealth CR is feasible, acceptable, and effective at changing behaviours. If an mHealth CR
programme can reach a larger portion of the New Zealand population, and improve adherence to
medications (as well as adherence to healthy lifestyle behaviours), this has potential to reduce
secondary CVD events.

Notwithstanding the positive effects of Text4Heart, mHealth may not suit all patients. One aspect
of CR that was not included in Text4Heart was supervised exercise training. Outpatient
supervised exercise training with ECG monitoring is particularly important for high-risk patients
(82). Other than for safety reasons, many patients likely appreciate the social support and
reassurance of exercising in a group while being monitored. Social support is an aspect of centrebased CR that is difficult to replicate using mHealth. We attempted to create social support in
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Text4Heart through supportive SMS (targeting the social support BCT – see Chapter 3), the role
model video messages and the website blog. Findings from the feedback survey in Chapter 5
reflected that participants did feel supported; however, suggestions to improve the programme
from a few participants included greater personal contact. In addition, technology-driven
programmes do not suit all patients and have potential to disadvantage those with low SES,
disabilities, or poor-health, and those who simply aren’t interested in using technologies (207).
Lupton (207) argued that digital health focuses on the individual’s ability to self-manage
behaviour, and ignores underlying social issues. An ideal solution would be for multiple delivery
options to co-exist. Text4Heart or similar programme should be offered alongside centre-based
programmes, to augment the reach of current CR services.

The advantage of mHealth, particularly SMS-based programmes, is that they can be translated
into different languages and include culturally relevant content. More work is needed with Māori,
women, and the elderly, to determine what type of programme would suit them best. Māori and
those from the most deprived areas have the highest rates of CVD diagnosis (4), have the highest
age-standardised fatality rates (202), and are the least likely to adhere to medications (206).
Māori may stand to benefit most from mHealth CR, but this has not yet been researched. Women
are less likely to enrol in CR (19), therefore studies should look at how best to encourage women
to take up mHealth versions. The creation of an mHealth CR programme for family members may
help encourage uptake among women as social support from family has been identified as a way
to increase traditional CR attendance (19).

An important progression for mHealth research is to understand how this approach can be
implemented into practice and clinical care services. Utilisation of the mHealth Development and
Evaluation Framework allowed for a higher likelihood of implementation post-RCT as key
stakeholders and the target audience were involved from the beginning of the development
process (74). Is it still unknown if mHealth CR can be as effective as centre-based CR as the
programmes have not been compared head-to-head. Given the effectiveness of existing CR, an
active comparison group was used for Text4Heart, as it would have been unethical to withhold
usual care. A future step would be to evaluate Text4Heart in a ‘real-life’ setting by offering the
programme to any patient who would normally be offered traditional CR (no exclusion criteria).
Implementation research would provide an accurate picture of the number of patients who choose
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to take up mHealth CR, and how effective it is at changing behaviours. Equally important is to
undertake costs analyses; both effectiveness and cost-effectiveness data are needed before
District Health Boards can decide whether to invest in mHealth CR.

6.3 Strengths and limitations of the thesis
The strengths of this thesis include the use of an established framework to design and evaluate
the intervention, incorporating behaviour change theory and tailoring, and the use of robust
research methods. Each strength and limitation will be discussed separately in terms of how the
research contributed to existing literature and implications for future research.

6.3.1 The use of an established framework
The mHealth Development and Evaluation framework was chosen to underpin the work in this
thesis because a key component was the involvement of the target audience throughout (74). By
incorporating the target audience in each step there was a greater likelihood that the intervention
would appeal to participants, which proved evident in the Text4Heart participant feedback.
Extensive end-user participation is lacking in other m- or e-health development frameworks,
including the MOST or SMART designs as described in Chapter 3 (78), and Beatty et al.’s
Framework for Evaluating Mobile Applications for CR (208).
Beatty et al.’ s Framework for Evaluating Mobile Applications for CR has several evidence-based
components, and should be considered in future mHealth intervention development if
programmes are to truly mirror traditional centre-based CR. The final Text4Heart RCT met the
majority of Beatty et al.’s criteria, including addressing the core components of CR, applying
behaviour change theory, tailoring features, demonstrating high usability, and evaluating the
intervention using an RCT to compare it against usual care (208). Upon retrospective
examination, we did not achieve all components outlined in Beatty et al.’ s framework, namely
providing exercise training and measuring exercise capacity as this was outside the scope of the
study. The combination of Beatty et al.’s framework with the mHealth Development and
Evaluation Framework would be optimal for use in the CR context. Beatty et al.’ s framework
could provide a checklist of evidence-based CR components to include, while the mHealth
Development and Evaluation Framework could guide the development process, including
formative research and pre-testing content and delivery.
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The evidence and theory implemented throughout the mHealth Development and Evaluation
Framework used in this thesis was more considered than what is commonly done in the
commercial sector, as the large number of smartphone applications developed for health and
wellbeing are not evidence or theory based. Research has shown that many commercially
available smartphone applications are not regulated and few deliberately align with clinical
practice guidelines (209). The same exists for BCTs, as few health and fitness applications have
incorporated these despite their proposed targets of improving physical activity and/or healthy
eating behaviours (210). A content analysis of iPhone “quit smoking” applications found few
adhered to well established smoking cessation guidelines (211). This thesis described how theory
and evidence can be applied to the development of an mHealth intervention, which will be further
discussed below.

6.3.2 The use of behaviour change theory
The detailed description of how theoretical frameworks were used in Text4Heart was a second
strength of the thesis. Incorporating theory and BCTs into intervention design have been
associated with stronger outcomes in technology-based interventions (25). All content created for
the Text4Heart intervention was coded by theoretical framework, relevant constructs, and BCTs
used to target the construct. The research in this thesis also measured the proposed antecedents
of behaviour change: the theoretical constructs of self-efficacy and illness perceptions, targeted in
the Text4Heart intervention. Self-efficacy was pre-tested in the healthy eating pilot study and
showed potential to change. Measuring the intervention effects on theoretical constructs must be
done in order to conduct important mediation analysis. Mediation analysis helps determine why an
intervention may have succeeded, increasing the evidence for the cause and effect relationship
between theory and behaviour change (77). Much of the behaviour change literature lacks
mediation analyses (77), especially among mHealth interventions as few have measured
theoretical components (103).

Despite the aforementioned evidence that theory enhances behaviour change effectiveness, the
results of the research in the thesis were mixed. The relationship between the use of
theory/number of BCTs and intervention effectiveness was inconclusive in Chapter 2’s systematic
review, possibly due to the small number of studies and lack of intervention description as most
included studies did not publish protocols. Pre-testing Study 3 showed a positive effect on healthy
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eating self-efficacy which encouraged the Candidate to continue with the construct in the final
Text4Heart intervention. Other theories were also considered which is why other constructs from
SCT and the CSM, namely self-monitoring and illness perceptions, were included. No significant
differences in self-efficacy or illness perceptions were found between groups in the final RCT. Due
to the null effect on self-efficacy and illness perceptions, mediation analysis was not conducted.
The treatment effect observed in the trial was likely due to a combination of factors, not just one
theoretical construct.

Since the conceptualisation stage of this thesis, evidence from more recent reviews has
challenged previous findings that theory-based interventions are more successful at changing
behaviour than non-theory based. A meta-analysis by Prestwich et al. (212) found no relationship
between theory and outcomes in any type of diet or physical activity behaviour change
intervention. Head et al. (198) found theory-based SMS interventions were not significantly more
effective on health promotion outcomes and behaviour change than non-theory based
interventions. It is important to note that both of these reviews excluded clinical populations,
therefore more research is needed to determine the relationship between theory and behaviour
change in interventions targeting adults with CVD.

Head et al. (198) noted that some interventions did not specify a theory but did unknowingly
incorporate BCTs, which may have contributed to the effectiveness of non-theory based studies.
The authors identified a need to code protocols to examine the impact of BCTs on intervention
efficacy. A recent meta-analysis examining the effects of 26 mHealth behaviour change trials had
inadequate power to determine the relationship between BCTs and behaviour change effects
(34), highlighting the need for on-going research. The taxonomy of BCTs used in this thesis had
93 different BCTs (58), therefore it may be difficult to tease out which combination works best.
Detailed reporting of intervention characteristics, including BCTs, should advance knowledge in
this area. This thesis contributed to the literature by reporting the development process and
detailed intervention characteristics, and by coding intervention content according to theory and
BCTs.

It may also be that current theoretical models/frameworks do not suit the more interactive nature
of mobile technology driven interventions. Mobile technologies allow researchers to provide
dynamic interaction and prompt participants continually at the right time with tailored intervention
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response features (103). Theories are also generally used to develop intervention content prior to
the start of the intervention, and do not adapt to how the individual participant changes over the
course of the intervention (103). The pre-specified behaviour change content could be why the
effect of Text4Heart decreased from 3- to 6-months, as the intervention did not include any
relapse prevention content, which is necessary for behaviour maintenance. Future studies need to
include content targeting relapse prevention.

The unique features of mHealth are ideal to tailor the right content to be delivered at the right
time, also described as a “just-in-time” intervention (103). Perhaps it is the prompting nature of
mHealth that contributed to the Text4Heart intervention effect, not theory or BCTs alone. For
instance, receiving an SMS about the importance of exercise might be enough to encourage a
participant to head out for a walk. It is also possible that additional theory is needed or that other
theories are more relevant to mHealth interventions. It is important to consider not just mediators
of mHealth behaviour change interventions, but also the moderators, such as tailoring of content,
type of technology used, and frequency of contact (198). Closer investigation into mediators and
moderators will advance the field of mHealth and enable researchers to develop interventions
based on successful features of those prior. Due to the generally small sample size in the
Text4Heart trial, it was not possible to conduct sub-group analyses to tease out potential
moderators.

6.3.3 The use of tailoring
In terms of intervention design, tailoring was a continuous theme across the thesis of how to
improve mHealth interventions. Findings from studies 1 and 3 in the development stage of this
thesis indicated that participants wanted a programme tailored to their personal circumstances. A
strength of the thesis was incorporating feedback from participants to refine the final intervention
with additional tailoring. Two systematic reviews have identified larger behaviour change effects
from tailored SMS interventions (31, 198).
Text4Heart was tailored to participants’ preferred name, time of day to receive messages, and to
the behaviour they wanted to change most; however, additional tailoring was still a common
suggestion for improvement in the feedback survey. The type of tailoring remains an important
issue, as Head et al. (198) found the largest effect sizes for SMS interventions on behaviour
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change were those using a combination of messages tailored for demographic and/or
psychosocial factors and targeted to a particular audience. Text4Heart had messages targeted to
the CVD population and tailored messages as described above, but perhaps larger effects would
have been seen with messages targeted to demographics, such as participants’ gender, agegroup, or ethnicity, and to psychosocial factors such as barriers to behaviour change. Prestwich et
al. (212) found health behaviour interventions had the largest effects if theory was used to select
recipients. Text4Heart did not select participants based on their level of motivation or knowledge,
and the intervention did not use theory to tailor the intervention. Perhaps tailoring recruitment or
intervention content by theory would have led to greater changes in self-efficacy or illness
perceptions. For instance, larger effects may have been observed if the intervention was tailored
by specific barrier, such as by perceived lack of time, confidence, or financial resources to engage
in healthy behaviours. Another option would be to recruit participants specifically with low baseline
levels of self-efficacy or high levels of perceived illness threat. The Candidate chose not to limit
recruitment for Text4Heart as the aim was to be as inclusive as possible to mirror the ‘real-world’
setting of Auckland CR.

The work in this thesis contributes to the continued debate on the use of tailoring, theory, and
intervention effectiveness as it reported detailed descriptions of how tailoring and theory were
used in the final intervention. The full description of the intervention development provided in this
thesis, including the published manuscripts, will aid researchers who want to replicate aspects of
the development process or final intervention.

6.3.4 The use of robust research methods
The use of robust research design was a strength of the thesis. Well researched reporting
guidelines were followed throughout the thesis, including the PRISMA statement (46) for the
systematic review, the SPIRIT statement (167) for the Text4Heart protocol, and the CONSORT
(62) and eHealth CONSORT (168) checklists for the trial. The use of a trial steering committee,
ethics approval, published protocol (66), and trial registry ensured good clinical practice was
followed. It was evident from the systematic review in Chapter 2 that many mHealth trials do not
follow the CONSORT guidelines.

Each study in the thesis used methods that were appropriate to answer the research questions.
Mixed method designs, including qualitative interviews, were used to gain a clear understanding
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of participant perceptions of mHealth studies in the formative and pre-testing stages. Text4Heart’s
effectiveness was evaluated using the “gold standard” RCT design, including computer generated
randomisation sequence with allocation concealment. Text4Heart also met the targeted sample
size pre-specified in the protocol and had high retention of participants at follow-up with minimal
missing data. An asset of the thesis was the reporting of intervention fidelity and participant
satisfaction. The use of mobile technologies allows researchers to track what content was
delivered to participants. For instance SMS technology minimises human error as messages are
written in advance and researchers are able to determine what content was delivered to
participants. The trial was also conducted in the setting (in-patient recruitment, out-patient
programme) within which such a programme may be implemented. Future iterations of
Text4Heart by the candidate and her supervisors, or by other researchers reading the thesis, will
have a clear understanding of what can be done to improve the intervention. The use of the
robust methods in the Text4Heart trial increased the internal validity of the findings (213).

6.4 Limitations
Limitations to the research conducted as part of this thesis include detection bias, recall bias, the
length of time to develop the intervention, and a lack of generalisability.

6.4.1 Potential detection bias
In terms of study design, the final RCT may potentially have suffered from detection bias, as
outcome assessors (the Candidate and two research assistants) were not blinded to group
allocation. Due to resource constraints, the Candidate was responsible for recruitment,
randomisation, and most of the follow-up data collection. To minimise bias, the biostatistician (Dr
Yannan Jiang) created the randomisation sequence and scored the data for analysis; however,
future studies should involve blinded outcome assessors.

6.4.2 Potential recall bias
The RCT may also have suffered recall bias as the primary outcome measure (the composite
health behaviour score) and the medication adherence measure were self-reported. Objective
measures of health behaviours were not feasible in the Text4Heart trial due to resource
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constraints. The candidate chose validated self-report measures where possible, as
recommended in the CONSORT patient reported outcomes guidelines (214), to create the
composite health behaviour score. The health behaviour score may not have been the most
sensitive measure of multiple behaviour changes; however, it was based on the score from a
previous study (171) that examined over 20,244 adults aged 45-79 years. Few composite
behaviour measures were found in the literature, and none were found to be superior. For
instance, other researchers have developed a “prudence score” to summarise multiple health
behaviours (215); however, dietary factors were over-represented in this score with 6/10 items,
while physical activity and smoking contributed one item each. It is important to note that the
“prudence score” was validated, whereas the composite health behaviour score was not validated
in the CVD population prior to the trial which is another limitation.

At the time of the conceptualisation stage of this thesis the use of a composite score was
unforeseen. In hindsight it would have been useful and relevant to have validated the composite
health behaviour score in adults with CVD. Future studies could look at validating the composite
score and delivering the measure by smartphone, as was successfully done with the MobilePAL
questionnaire in study 4. Future research is needed to examine how to best measure the overall
effect of an intervention designed to change multiple behaviours, as multiple behaviour change is
under-researched, particularly among adults aged 55 years and over (216).

6.4.3 Time consuming nature of the development process
Another limitation to the thesis is the nature of mHealth itself. Technology changes rapidly, and
following the mHealth Development and Evaluation Framework was time consuming, often taking
3-4 years to complete all steps. The threat is that the technology may no longer be relevant by the
time of implementation into a real world setting (74). SMS was chosen as the primary mode of
delivery for Text4Heart according to participant preferences during formative research at the time
(2012-2013); however, by the time the intervention was finalised these numbers may have
increased, as worldwide trends show smartphone use increasing over the past few years (60). In
the past 2 years smartphone and tablet ownership has increased by 8% and 17%, respectively,
with 59% of New Zealand adults owning a smartphone and 26% owning a tablet (217). As
mentioned earlier, future iterations of Text4Heart may need to consider whether SMS is still the
most appropriate means of delivery.
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Other frameworks have been used to develop technology-driven interventions, such as the MOST
or SMART designs described in Chapter 3, which may be less time intensive. While these
approaches may take less time to evaluate an intervention, they assume feasibility work and final
details of the intervention are completed prior to starting the evaluation (78). Another option is the
“trials of intervention principles” (TIP) developed by Mohr et al. (218). TIPs test the theoretical
principle of the behaviour change intervention, not the technology used. Mohr et al. argued that
the length of time needed to conduct a large RCT is not consistent with updates to technology
(218). If Text4Heart was evaluated using a TIP design it would allow the technology used to
deliver the intervention to be updated during the length of the trial, such as starting with SMS then
adapting the content to be delivered by an instant messaging application. The theory and content
of the intervention would stay constant, as well as the outcomes measured, but the delivery mode
would adapt with changing technology uptake. Improving the intervention over time based on
earlier participant feedback can allow for greater success, particularly if researchers are looking to
recruit a large sample over several years (218). The TIP design should be considered in future
mHealth research.

6.4.4 A lack of generalisability
The final limitation considered in this thesis was the lack of generalisability. While the target
audience was involved in each study, the samples of all studies lacked external validity (213) as
they were predominantly comprised of New Zealand European men from the Auckland area,
earning higher than average incomes, and aged 55-65 years. Part of the inclusion criteria in
studies 1, 3, and 5 was access to the Internet; therefore, the samples may also have been more
mobile phone and computer literate than the general population.

Samples sizes in this thesis were generally small and had an under-representation of Māori,
women, and the elderly (75+ years). The demographics of the Text4Heart trial for this thesis were
comparable to the Auckland City Hospital catchment (219) but were not representative of the
population New Zealand-wide. Data from 11,348 New Zealanders with ACS had a mean age of
67 years, and showed women comprised 37% of the sample and Māori 10% (206).
While the Candidate consulted Dr Anna Rolleston, a Māori Researcher, on the intervention
development, additional insight from Māori and other groups is needed before scaling up the
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programme, to prevent further healthcare inequities. This limitation could have been overcome by
conducting formative work specifically targeting underserved groups, such as Māori-specific focus
groups. Another option would be to incorporate a community-based participatory research
(CBPR) approach, in which the community of interest is involved in every stage of the research:
from identifying the research question, through to recruitment, data collection, analysis,
interpretation of findings, and dissemination (220). CBPR has been shown to increase recruitment
and retention of ethnic minorities in clinical trials (221); however, few studies have incorporated
CBPR with rigorous research methods, and to date no mHealth studies have specifically used
CBPR designs. The Candidate along with her supervisors decided to use the mHealth
Development and Evaluation Framework to guide the intervention in this thesis, as it uses robust
research methods and has been proven in previous research (75, 76). Future studies will need to
assess the effectiveness of mHealth in more diverse populations.

6.5 Summary of future research
Several areas of future research were mentioned throughout the discussion section. The following
list summarises the key design components that should be addressed in future studies:


Larger trials to ensure sufficient statistical power to detect meaningful changes in
behaviour and clinical outcomes



Use of more objective behaviour change measures, such as accelerometry to measure
physical activity or medication dispensing ratios to measure medication adherence



Longer trials to investigate maintenance of behaviour change and its effects on clinical
and CVD outcomes, including reductions in further CVD events, re-hospitalisations, and
all-cause mortality



Greater diversity in participant samples, including Māori, women, and older adults



Considerations of other theories and types of tailoring, and conducting mediator and
moderator analyses to determine the influence of theory and tailoring



Consideration of other research designs, such as the TIP and CBPR



Conducting the study in a real-world setting with less restrictive exclusion criteria



Undergoing a cost analysis

6.6 Conclusions
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This thesis found that adults with CVD were able and willing to use mobile technologies, in
particular SMS. Mobile phone technologies were effective at measuring physical activity in people
with CVD and were effective at improving adherence to a composite measure of lifestyle change
and self-reported medication adherence over and above usual care CR. Larger, multi-centre trials,
of longer duration and objective measures are needed to determine whether changes in
behaviour are maintained, and whether these changes results in clinical outcomes important for
CVD.
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Appendix 1. Chapter 2 PRISMA Checklist

Section/topic

# Checklist item

TITLE
Title

Reported
on
section
Page #

1

Identify the report as a systematic review, meta-analysis, or both.

1

2

Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria,
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number.

2

Rationale

3

Describe the rationale for the review in the context of what is already known.

3-4

Objectives

4

Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons,
outcomes, and study design (PICOS).

4-5

Protocol and registration

5

Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide
registration information including registration number.

No protocol
exists

Eligibility criteria

6

Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered,
language, publication status) used as criteria for eligibility, giving rationale.

5

Information sources

7

Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify
additional studies) in the search and date last searched.

6

Search

8

Present full electronic search strategy for at least one database, including any limits used, such that it could be
repeated.

Table 2

Study selection

9

State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable,
included in the meta-analysis).

7

ABSTRACT
Structured summary

INTRODUCTION

METHODS
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Data collection process

10

Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes
for obtaining and confirming data from investigators.

7

Data items

11

List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and
simplifications made.

7

Risk of bias in individual
studies

12

Describe methods used for assessing risk of bias of individual studies (including specification of whether this was
done at the study or outcome level), and how this information is to be used in any data synthesis.

8

Summary measures

13

State the principal summary measures (e.g., risk ratio, difference in means).

8

Synthesis of results

14

Describe the methods of handling data and combining results of studies, if done, including measures of consistency
(e.g., I2) for each meta-analysis.

n/a

Page 1 of 2

Section/topic

# Checklist item

Reported
on page #

Risk of bias across studies

15

Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective
reporting within studies).

13

Additional analyses

16

Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating
which were pre-specified.

n/a

Study selection

17

Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at
each stage, ideally with a flow diagram.

Figure 1

Study characteristics

18

For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and
provide the citations.

10-13

Risk of bias within studies

19

Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).

13

Results of individual studies

20

For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

14-15

Synthesis of results

21

Present results of each meta-analysis done, including confidence intervals and measures of consistency.

n/a

Risk of bias across studies

22

Present results of any assessment of risk of bias across studies (see Item 15).

13

Additional analysis

23

Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).

n/a

RESULTS
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DISCUSSION
Summary of evidence

24

Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to
key groups (e.g., healthcare providers, users, and policy makers).

15

Limitations

25

Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of
identified research, reporting bias).

18-19

Conclusions

26

Provide a general interpretation of the results in the context of other evidence, and implications for future research.

20

27

Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the
systematic review.

In
funding
statement

FUNDING
Funding

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097.
doi:10.1371/journal.pmed1000097

For more information, visit: www.prisma-statement.org.
Page 2 of 2
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Appendix 2. Chapter 2 List of excluded studies
First author &
date

Status
(excluded if
left blank)

Not CVD

Not RCT or
quasi
experimental

Not published
paper in
English
(abstracts exc)

Not mHealth (mobile, wireless device)

Web only
Ades 2000
Adsett 2014
Adsett 2014
Ali 2012
Alsaleh 2012
Anhoj 2004
Antypas 2014
Antypas 2014
Antypas 2012
Aspry 2013
Augustin
2012
Barnason
2003
Barnason
2009
Blasco 2012
Bohme 2012
Chen 2011
Chow 2012
Chumbler
2012
Chumbler
2010
Clark 2013
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Telephone
only


Other tech

Clinicians
Clinicians

Protocol

INCLUDED
Development
paper
Protocol
Review
Review
Landline
Landline
INCLUDED

Qualitative
Protocol


Review

Video
camera

Not
education or
behaviour
change
intervention

No
behaviour
outcome

Cockayne
2011
Dale 2014
Dale 2014
Dalleck 2011
Dansky 2008
Dew 2004
Ding 2012
Dregan 2012
Elliott 2008
Feldman
2005
Ferrante 2010
Fleig 2011


Feasibility
Protocol
Videoconf


Abstract
GP

Nurses

Clinic
based

Foreman
2014
Frederix 2012
Frederix 2013
Frederix 2013
Frederix 2011
Friedman
1998
Giallauria
2006
Glasgow
2007
Glozier 2013
Glynn 2014
Graves 2009
Guillford 2014
GuzmanClark 2013

Feasibility
Abstract
Abstract
Abstract
Validation
study
Hypertensi
on
Abstract



Hypertensi
on
GP


“Health
buddy” in
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home
device
Face-toface
Face-toface

GwadrySridhar 2008
Harbman
2014
HolmesRovner 2008
Hwang 2011
Ioannis
Chiotelis
2011
Jaglal 2013


abstract
abstract

Videoconfe
re.
Face to
face

Janssen 2014
Jiang 2013
Kayser 2011
Kessing 2011
Keyserling
2014
Kim C-G
2011
Kim J-I 2013
Klausen 2012
Koehler 2010
Kong 2013

Kortke 2005

Korzeniowska
2011
Kouidi 2006
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Abstract
Abstract
protocol

Korean
(English
abstract)

Protocol
Protocol
Korean
(English
abstract)
German
(English
abstract)

ECG via
telephone/

PC
(Supervise
d exercise
only)
Kraal 2013
Kraushaar
2014
Lai 2004

protocol

Videoconfe
rence

Lear 2013
Lee 2013

Abstract



Lee Y-H 2013

Leemrijse
2012
Levine 2011
Lindsay 2009
Logan 2013
Lopez 2006
Lorig 2014
Lorig 2006
Lounsbury
2012
Mackenzie
2010
Maddison
2014
Maddison
2014
Maddison
2011

Remote
ECG
Remote
ECG and
face-toface

Protocol


Review


Face-toface



Abstract
GPs
INCLUDED
Included mediation
Protocol
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Maglaveras
2011
Mahmood
2013
Mangialasche
2013
Mansfield
2013
Maric 2010
McCann 2013
McGillicuddy
2014
Mernoff 2011
Mittag 2006
Mueller 2002
Munro 2013
Nolan 2014
Nolan 2011
Nundy 2013

Abstract
Abstract
Abstract
Protocol

Kidney
transplant
Review


Review
Protocol

No comparison
group

O’Carroll
2013
Ola-Olorun
2012
O’Neil 2011
OrozcoBeltran 2013
Park 2013
Park 2014
Peng 2014
Pfaeffli 2012
Piotrowicz
2012
Piotrowicz
2010

194



Abstract

Face-toface
Hypertensi
on

Electronic
health
records
Abstract
INCLUDE

qualitative
Review


Piotrowicz
2010
Piotrowicz
2013
Piron 2009

Abstract

Pisu 2014
Prescher
2014
Quilici 2013
Raiman 2013
Redfern 2014
Reid 2012
Reynolds
2011
Richardson
2010
Rogante 2009

Abstract
In German
(Eng abstract)


Videoconfe
ren. &
virtual
reality sent
by
PC/Internet

INCLUDED
Abstract
Protocol

Abstract

Portable
unit,
desktop
with
sensors

Ronen 2011
Rosenberg
2014
Ross 2004
Ruffin 2011

Dissertation
Face-toface &
phone calls

Healthy
patients
w/o CVD
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Rydmark
2002
Santos 2014
Saywell 2012
Scalvini 2009
Scane 2012
Scwabb 2012
Seto 2012
Shah 2011
Shiri 2012

Skobel 2013
Smart 2005
Southard
2003
Stephens
2011
Sturmberger
2011
Stut 2014
Tait 2014
Tajouri 2014
Taylor 2009
Taylor 2012
Thangavel
2014
Tomita 2008
Valente 2013
Van Horn
2008
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Virtual
reality by
PC
Abstract
Protocol



Remote
ECG



Review
Self-care
Protocol
Virtual
reality via
web
Not RCT


Remote
monitoring


Review
Abstract
Abstract

Review
Videoconfe
rence
Qualitative
Review


Review

Van Lieshout
2012
Varnfield
2012
Varnfield
2011
Varnfield
2014
Vernooij 2012
Walters 2010
Widmer 2014
Wister 2007
Worringham
2011
Yan 2014
Zartner 2008

Observational
Abstract
Not RCT
INCLUDED

Protocol
Abstract

Not RCT

Remote
monitoring
of
arrythmia

Excluded studies from other sources (google scholar; reference list searches)
Author/
date

Status
(excluded
if left
blank)

Not CVD

Not RCT

Not published paper
in English

Not mHealth (mobile, wireless device)

Web only
Frederix 2013
Khonsari 2015
Koehler 2011

Telephone
only

No
behaviour
change
outcome

Other
tech


included
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Park 2014

Include
(part of
Park 2014)

Redfern 2014
Reiter 2009
Scherr 2009
Seto 2012

Pilot
Abstract



Qualitative

Excluded studies from search update: July 2014-March 2015
Database

First author &
date

Status
(excluded
if left
blank)

Not CVD

Not RCT

Not
published
paper in
English

Not mHealth (mobile, wireless
device)

Web
only
Medline

Embase
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Brough 2014
Corraza 2014
Devi 2014
Eyles 2014
Maddison 2014
Pietrzak 2014
Schweier 2014
Stut 2014 (goes
with other Stut in
endnote – same
trial, diff paper)
AngladaMartinez 2015
Becker 2015
Benvenuto 2014
Buis 2014
De Keizer 2013

Telephone
only

Other tech

pilot


protocol
protocol
review



review


Abstract
Abstract

TV

Not education
or behaviour
change
intervention

No
behaviour
outcome

Pubmed

Jones 2014
Leonard 2014
Thakkar 2013
Vedanthan 2015
Albright 2015
Brokaw 2014



Abstract

qualitative
Face to
face
Face to
face

Ghisi 2015
Franklin 2015
Fuster 2014
Kurti 2015
Lear 2014
Mendelson 2014
Sangster 2015
Vuorinen 2014
Wald 2014

review
review
survey



Self-care
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Appendix 3. Chapter 2 Jadad score
Study

Antypas
2014
Blasco
2012
Khonsari
2015
Maddison
2014a,b
Park
2014a,b
Quilici
2013
Varnfield
2014

Randomisation

1 point if
randomisation
is mentioned

Is
randomisation
appropriate?
(Add 1 point;
substract 1
point if
inappropriate)

1 point if
single
blinding is
mentioned

Is method of
blinding
appropriate?
(Add 1 point;
subtract 1
point if
inappropriate)

1

1

1

1

An
account
of all
patients
1 point if
the fate
of all
patients
is
known.
Reasons
are
stated if
there is
no data
1

1

1

1

1

4

0 (not
blinded)
1

0

1

2

1

0 (not
described)
0 (not
described)
1

1

1

5

1

1

0

1

3

1

0 (not
described)
1

0 (not
blinded)
0 (not
described)
0 (not
blinded)

0

1

2

0

0
(reasons
not
provided
for those
who did
not
attend
baseline)

2

1

1

Blinding

Total
score
/5

5
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Appendix 4. Chapter 3 Panel of experts for Text4Heart content advisory group
Name

Position

Ralph Maddison

NIHI Programme Leader, Physical Activity

Robyn Whittaker

NIHI Programme Leader, Health Informatics Technology

Helen Eyles

NIHI Research Fellow, Nutrition

Cliona Ni Mhurchu

NIHI Programme Leader, Nutrition

Kylie Ball

Senior Research Fellow, Centre for Physical Activity and
Nutrition, Deakin University

Johan Strydom

NIHI Senior Developer

Stephen Boswell

NIHI Web Developer

Rosie Dobson

Health Psychologist

Anna Rolleston

Senior Research Fellow, Te Kupenga Hauora Māori / General
Practice & Primary Care, University of Auckland

Ralph Stewart

Cardiologist, Auckland City Hospital

Helen O’Shaughnessy

Cardiac Rehabilitation Nurse Specialist, Auckland City
Hospital

Tony Scott

Cardiologist, Northshore Hospital

Adele Clayton

Cardiac Rehabilitation Nurse Specialist, Northshore Hospital
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Appendix 6. Chapter 4 Formative research study 1: interview protocol and corresponding themes
Research question

Interview questions

Was the HEART
intervention easy to
use?

1. What do you think about using
mobile phones and the internet to
deliver exercise information?
Prompts:

Was the HEART
intervention content
acceptable?

How could the
HEART intervention
be improved?

a. In your opinion, is using technology a
good way to deliver exercise
information?
b. In your opinion, was it better suited to
people different from yourself? Who
would benefit from such a programme?
c. Did you read the text messages? If yes,
what did you do with the information?
d. Did the text messages remind you to
check the website? Did you like this
feature?
e. Did you view the website? If yes, what
did you do with the information?
f. Did you encounter any technical
difficulties?
2. What did you like or dislike about the
programme?
Prompts:
a. What components of the programme did
you find the most useful? What worked
for you?
b. Did you use the pedometer? How was
the pedometer beneficial?
3. How could we improve such a
programme for next time?
Prompts:
a. Was there anything missing?

Corresponding subthemes
Program engagement

Motivation to exercise
Program satisfaction

Tailoring of the
programme
Personal contact
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Appendix 7. Chapter 4 Formative research study 1: feedback survey questions

Intervention Group Only
Survey Information Sheet
We are interested to know what you thought of our programme and if any particular
aspect of the programme worked well for you.
Instructions




Please try to answer ALL questions.
Please use a black or blue pen to complete the questionnaire. Do not use pencil.
Please enter your initials and date of birth at the top of the page (leave the
registration number blank).
________________________________________

1. Assessment Date

Q Num

Label

Field format

0.01

Date of Assessment

Date DD/MM/20YY

2. Satisfaction
Q Num

Label

Field format

1.01

Approximately how many of the text
messages did you read?

None of them, I didn’t receive any
None of them, I didn’t read them
Some of them
Most of them
All of them

1.02

Approximately how many of the video
messages did you watch?

None of them
Some of them
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Most of them
All of them
Not applicable
1.03

Did you share any of the messages
with others?

Yes/No

If NO, go to Q1.06
If Yes, please answer the following
two questions
1.04

How often did you share the
messages?

Every message
Sometimes
Rarely

1.05

In total, how many did you share?

0
1-9
10-19
20-29
30+

1.06

Do you think using technology
(mobile phones and websites) are a
good way of delivering this
programme?

Yes/No

1.07

If No, why?

Text

Code (Office Use)
1.08

If Yes, why?
Code (Office Use)

1.09

Did you exercise with other people
while going through this programme?

CI8I
Text
CI8I
No I did it on my own
Sometimes
Often
Always

While you were going through this
programme did you seek out
information or get help from any of
these other sources? (Tick all that
apply)
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1.10

Cardiac exercise club

Tick box

1.11

Friends

Tick box

1.12

Family

Tick box

1.13

None

Tick box

1.14

Other

Tick box

1.15

If Other, please Specify

Text

1.16

What did you like most about the
programme?

Text

Code (Office Use)
1.17

What did you dislike most about the
programme?
Code (Office Use)

CI8I
Text

CI8I

1.18

Did you find the programme culturally
suitable?

Yes/No

1.19

If No Please tell us what you would
change.

Text

Code (Office Use)

Code|8|

CI8I

Was there anyone else you would
have liked to receive video messages
from?
(Tick all that apply)
1.20

Celebrities

Tick box

1.21

Sports people

Tick box

1.22

People more your age

Tick box

1.23

People of your same culture

Tick box

1.24

People with similar experience

Tick box

1.25

Other

Tick box

1.26

If Other, please specify:

Text

Code (Office Use)
1.27

The length of this programme was 6
months. What do you think about
this?

CI8I
Too long
Just the right amount of time
Not long enough
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1.28

Do you have any suggestions on how
to do it better in the future?
Code (Office Use)

1.29

Text

CI8I

Is there any further support you
would like to see at the end of the
programme?
Code (Office Use)

Text

CI8I

2. We are interested to know if any particular aspects of our programme worked
well for you.
Can you rate the following parts of the programme according to whether you liked them or
disliked them? (Tick one for each question).
Liked

Disliked

No
comment

Didn’t use

2.01

Ideas on how to exercise

□

□

□

□

2.02

Information on the health
benefits of exercise

□

□

□

□

2.03

Explaining myths around
exercise

□

□

□

□

2.04

Reminders of how much
exercise to be doing

□

□

□

□

2.05

The timing of messages

□

□

□

□

2.06

Motivational messages

□

□

□

□

2.07

Receiving lots of messages

□

□

□

□

2.08

Being able to see my ‘steps’
progress on the website

□

□

□

□

2.09

The website

□

□

□

□

3. Which of the following parts of the programme do you think were important in
helping you to exercise? Please answer all questions.
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Q Num

Label

Field format

3.01

Watching people like me go through a

Yes/No

similar process?
3.02

Hearing from the cardiologists?

Yes/No

3.03

Motivational and encouraging

Yes/No

messages?
3.04

The information on the website?

Yes/No

3.05

Feeling like I belonged/like there were

Yes/No

others going through the same thing as
me?
3.06

Being supported to feel like I could do

Yes/No

it?
3.07

Getting messages at the right times?

Yes/No

3.08

It was fun?

Yes/No

3.09

It made me get support from my

Yes/No

friends/family?

4. Signature of Study Researcher

Q Num

Label

Field format

4.01

Signature

Text

Printed Name

Text

Date

Date DD/MM/20YY
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Appendix 8. Chapter 4 Formative research study 1: additional quotes to support sub-themes
Programme engagement
“I thought it was very good, excellent…so easy to access and yet a natural way for [information] to
be sent to you.” Male 71
“Yeah I’m not a really computer person. I don’t bother with them very much. In fact, most people
get really annoyed with me because I don’t read emails or anything. I just don’t.” Male, 68
“I’m not someone who spends hours sitting on the computer eh. I think because my job’s so
physical and then when I get home there’s so, you know, I’m away for three nights so when I get
home there’s loads, always loads to do at home so yeah I’m not someone who and I’ve got dialup
and when the wind blows we can’t get it (laughs).” Female, 50
“Well it’s the way of life and the only thing that stops me from [using the computer] is intelligence.
You know, if somebody showed me. Like for instance, you know, they said when I bought it, I
said well okay, where’s the instruction book. Oh that would be about three meters wide and about
10 million pages so you have to learn.” Male, 72
Motivation to exercise
“Yeah it’s a reminder whereas I wouldn’t have thought about it, you know, maybe I’d come home
and, you know, like you say it’s too cold or sometimes you’re late. And then I think oh but then if I
get a text I think, oh yeah I’ll take the dogs for a walk, you know.” Male, age 61
“It was an incentive sort of, you know, or whatever, like an incentive but some things sort of yeah
provoked me too, you know. It reminded me – hey, it’s your heart, you’ve got to do it.” Male, 60
“I park on the opposite side of the car park every time I go to the supermarket…There can be 30
empty car park spaces but I can get some more steps in.” Female, 50
“Well one of the results of the study is I keep a little notebook now…And to record other things
and um I must admit and I’ve not been that type to take notes.” Male, 72
“The best thing [was the pedometer] because it did give me some idea of what I’d done otherwise
I would have probably done half the, you know, the kilometers, I would have done half of that. But
at least I knew exactly what I’d done. I could make it up the next day.” Male, 72
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“Towards the end there we said righteo we’re going to increase this by um once a week, try at
least once a week to do one really challenging walk…I can walk further, especially on the hills. I
can do the hills, steep hills I mean, better. Um and yeah no I think overall yes I think I am a bit
fitter I think than what I was.” Male, 68
Programme satisfaction
“The text messages on a daily basis, I used to look forward to them.” Male, 60
“I enjoyed the texting and also really enjoyed, if you were going to ask, about the little um
measure, you know, the pedometer. Used it every day.” Male 62
“I felt that some of the messages were a little um almost patronizing when you’re already into a
good exercise routine.” Male, 67
“I normally did more [exercise] than what you requested.” Male, 71
Tailoring of the programme
“I think it might have been better to have had something more sort of around about 9.30-10.30,
earlier in the morning.” Male, 67
“My thought on the text message was probably every day was too much, ah maybe every second
day or something.” Female, 59
“We’re all different stages of recovery, different levels of fitness. So I think ah it’s an opportunity
for you to get all the information…and [make] some kind of profile for me.” Male, 67
“I couldn’t find anyone at my age [in the videos]…they can get some, you know, probably younger
people how they’re getting on.” Male, 50
Personal contact
“It was a long programme… it maybe not be a bad idea to have a, you know, 15 minute like face
to face, well ‘how is it and what’s happening’...” Male, 70
“The only problem I see with programmes like this…it’s easy to ignore and pretend it’s not there.
We all like to be ostriches and I think this is so serious that I think something you need is a little bit
of personal touch.” Female, 50
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“Put the questions on the text message, you know, where are you at, what are you doing, what
have you done and praise it appropriately and then sort of send the feedback or image of it, you
know, within half an hour if possible…So I think that would be much more meaningful.” Male, 67
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Appendix 9. Chapter 4 Formative research study 2: ethics approval
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Appendix 10. Chapter 4 Formative research study 2: survey questions

Mobile Phone Usage Survey
Section 1: Informed Consent
I have read the participant information sheet (V3, 5/10/12) and have understood the nature of the
research and why I have been selected. I have had the opportunity to ask questions and have
them answered to my satisfaction.
1.01

I agree to take part in this research study:
O Yes
O No

Section 2: Criteria
2.01

I am 18 years of age or older:
O Yes
O No

2.02

I had one of the following heart events in the past 2 years: (please tick all that apply)
O Angina
O Heart attack/myocardial infarction
O Atrial fibrillation
O Stent
O By-pass
O Other type of heart event:
O I have not had a heart event
(If you have not had a heart event in the past 2
years you are not eligible to take part in this
survey)

Section 3: Survey Questions
3.01

Do you have a mobile phone?
O Yes
go to 3.02
O No
go to 3.03

3.02

If yes, what functions do you use on your mobile phone? (Tick all that apply)
O Phone calls
O Text messaging
O Receive videos and/or photos
O Internet search
O Applications ('apps')
O IM (instant messaging)
O Social networks

3.03

Would you be interested in receiving continuing cardiac rehabilitation support via your
mobile phone?
O Yes go to 3.05
O No
go to 3.04
If no, why not?

3.04

go to 3.06
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3.05

If yes, which mobile phone formats would you like? (Tick all that apply)
O Text message
O Video
O Smartphone App
O Internet
O Other:

3.06

If there was a free programme that sent text messages to a mobile phone from your
cardiac rehabilitation programme would you sign up?
O Yes go to 3.07
O No
go to 3.08

3.07

If yes, how many messages would you like to receive?
O 2 messages per day
O 1 message per day
O 3-4 messages per week
O 1-2 messages per week

3.08

Which components of cardiac rehabilitation would you most like to receive messages
about? (Tick all that apply)
O Taking medications
O Doing regular physical activity
O Eating healthy foods
O Stop smoking
O Stress management
O Other:

3.09

What advice would be most useful to you? (Tick all that apply)
O Healthy meal ideas and recipes
O Practical ideas to manage stress
O Setting goals
O Steps to achieve goals
O Exercise ideas
O How to overcome cigarette cravings
O How to remember to take your medications
O Healthy eating tips for takeaways and dining out
O Other:

3.10

Do you have regular access to the Internet?
O Yes
go to 3.11
O No
go to 3.12

3.11

If yes, how often do you use the internet?
O
O
O
O

everyday
3 or more times per week
once per week
less than once per week

3.12

Do you have a Smartphone?
O Yes
go to 3.13
O No
go to Section 4

3.13

If yes, is it an:
O Android phone
O iPhone
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O

Other Smartphone:

Section 4: We would like to know a little about you
4.01

How old are you?

4.02

Are you:
O Male
O Female

4.03

Are you currently or have you previously participated in cardiac rehab?
O Yes go to 4.04
O No
go to 4.05

4.04 If yes, what session or information did you find the most useful?

4.05

Which ethnic group or groups do you identify with? (Tick all that apply)
O New Zealand European
O Māori
O Pacific Island
O Indian
O Asian
O Other:

Section 5: Contact Details
At this point all survey responses have been anonymous. If you would like to be entered into the
draw to receive a $100 gift voucher, or would like a copy of the study results, we need some
additional information in order to contact the winner of the draw (not mandatory):
Please enter your first name and a contact detail (email address or telephone number) to enter
the gift voucher draw:

Would you like to be contacted about upcoming cardiac rehabilitation studies?
O Yes
O No
Would you like a copy of the study results?
O Yes
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O

No

Thank you for taking the time to complete our survey!
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Appendix 11. Chapter 4 Pre-testing study 3: ethics approval.
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Appendix 12. Chapter 4 Pretesting study 3: survey questions

CR Plus Nutrition Pilot: Post-Programme Feedback Online Survey #2
1. Please confirm your date of birth:
2. PART A: Self-efficacy Questionnaire
Heart Healthy Eating Self-Efficacy Scale (Gaughan, 2003)
Directions
In this questionnaire, you are asked to estimate your ability to make Heart healthy changes in the
way you eat. Heart Healthy eating means eating less fat, cholesterol and salt, and eating more
fibre.
Read each statement and think about how confident you are that you could eat that way most of
the time.
If you are completely confident, circle 6.
If you are not at all confident, circle 1.
If you are somewhere in between, circle a number between 1 and 6.
EXAMPLE:
I could drink trim or low fat milk (1% to 2%) instead of full fat milk. 1 2 3 4 5 6
*If you feel completely confident that you could make this change, you would circle 6 as shown
above.
*If you feel somewhat confident that you could make this change, you might circle 4.
*If you feel you could not make this change at this time, you might circle 1.
*If you already drink low-fat milk and feel completely confident that you will continue to use it, you
would also circle 6.
THERE ARE NO RIGHT OR WRONG ANSWERS SO PLEASE COMPLETE EACH ITEM. RATE
WHAT YOU THINK YOU COULD DO AND YOUR CONFIDENCE IF YOU WERE ASKED TO
EAT THIS WAY TODAY.

I could
1. Drink only trim or low fat milk
2. Use low fat cheese (light mozzarella, light
cheese slices, light cottage cheese) instead of
regular cheese made from whole milk (swiss,
cheddar, tasty, colby)
3. Use low-fat frozen desserts (frozen yogurt)
instead of ice cream
4. Remove skin from chicken before cooking
5. Eat low-fat meat (boiled and baked chicken
and fish, lean beef, lamb, and pork) instead of
bacon
6. Eat low-fat meat (boiled and baked chicken
and fish, lean beef, lamb, and pork) instead of
fatty cuts of red meat (ribs, chuck roast, regular
mince)

Not at all
confident
1
2
3
1
2
3

Completely
confident
4
5
6
4
5
6

1

2

3

4

5

6

1
1

2
2

3
3

4
4

5
5

6
6

1

2

3

4

5

6
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7. Use low-fat deli meats labelled 90% to 95%
fat-free instead of regular deli meat
8. Eat no more than 2 small servings of lean
beef, lamb, pork, poultry, and fish per day. (A
small serving is about the size of the palm of a
small hand and about as thick)
9. Eat no more than 3 egg yolks per week,
including those used in cooking
10. Use only egg whites or egg substitutes in
cooking or baking
11. Avoid commercial bakery products such as
doughnuts, cakes, pies, and cookies
12. Avoid snack foods such as potato chips, corn
chips, and cheese puffs (twisties)
13. Use limited amounts of gravies, sauces, salad
dressings, and mayonnaise
14. Eat limited amounts of chocolate desserts,
brandy snaps, fudge, and chocolate bars
15. Eat at least 2 servings of fresh fruits everyday
16. Eat at least 2 servings of fresh or frozen
vegetables everyday
17. Order a plain hamburger instead of one with
cheese and special sauces
18. Avoid deep-fried foods such as fries/chips,
onion rings, and fried chicken
19. Order a plain baked potato rather than one
with butter, sour cream, or bacon
20. Eat plain instead of buttered popcorn

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1
1

2
2

3
3

4
4

5
5

6
6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

Now we want you to think about the Heart Healthy eating practices described in the 24 statements
above. Estimate how confident you are in your abilities to follow those practices in the following
situations.
If you are completely confident, circle 6. If you are not at all confident, circle 1. If you are
somewhere in between, circle a number between one and six.
Remember, rate what you think you could do and your certainty if you were asked to make these
changes TODAY.

I think I could be a Heart Healthy eater
1. When I’m eating with my friends
2. When I’m eating with my family/whānau
3. When people around are NOT making Heart
Healthy choices
4. When I’m alone
5. When shopping for food
6. When I’m packing my lunch
7. When cooking for other people
8. At breakfast
9. At lunch
10. At dinner
11. At fast food restaurants or cafeterias

Not at all
confident
1
2
3
1
2
3
1
2
3

Completely
confident
4
5
6
4
5
6
4
5
6

1
1
1
1
1
1
1
1

4
4
4
4
4
4
4
4

2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3

5
5
5
5
5
5
5
5

6
6
6
6
6
6
6
6
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12. At parties
13. On holiday
14. When snacking

1
1
1

2
2
2

3
3
3

4
4
4

5
5
5

6
6
6

Now think of Heart Healthy eating in general. Rate your confidence about the following
statements.

I think I could be a Heart Healthy eater
1. It will make a difference in my overall health
2. It will reduce my chances of getting heart
disease
3. It will decrease my blood cholesterol
4. It will increase my life span
5. It will make me feel better about myself

Not at all
confident
1
2
3
1
2
3

Completely
confident
4
5
6
4
5
6

1
1
1

4
4
4

2
2
2

3
3
3

5
5
5

6
6
6

3. PART B: Outcome survey

Satisfaction
Q Num

Label

Field format

1.01

Approximately how many of the text
messages did you read?

1.02

Approximately how many of the video
messages did you watch?

1.03

Approximately how many times did you
log onto the website?

1.04

Did you share any of the messages with
others?

None of them, I didn’t receive any
None of them, I didn’t read them
Some of them
Most of them
All of them
None of them
Some of them
Most of them
All of them
More than twice per week
Once or twice per week
Less than once per week
Did not log onto the website
Yes/No

1.05

Did the text messages remind you to
log onto the website?

1.06

1.07

Do you think using technology (mobile
phones and websites) is a good way of
delivering this programme?
If No, why?

1.08

If Yes, why?

Text

1.09

Throughout this programme, were you
the main grocery shopper?

1.10

Throughout this programme, were you
the main meal planner and meal
preparer in your household?

Never
Sometimes
Often
Always
Never
Sometimes
Often

Yes
No
Sometimes
Yes/No

Text
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Always
1.11

1.12

While you were going through this
programme did you seek out
information or get help from any of
these other sources? (Tick all that
apply)
Cardiac club

Tick box

1.13

Friends

Tick box

1.14

Family

Tick box

1.15
1.16
1.17

None
Other
If Other, please Specify
What did you like most about the
programme?

Tick box
Tick box
Text
Text

What did you dislike most about the
programme?

Text

Did you find the programme culturally
suitable?
If No Please tell us what you would
change.

Yes/No

1.18

1.19

1.20

Text

1.21

1.22
1.23

Was there anyone else you would have
liked to receive video messages from?
(Tick all that apply)
Celebrities
Sports people

Tick box
Tick box

1.24

People more your age

Tick box

1.25

People of your same culture

Tick box

1.26

People with similar experience

Tick box

Other
If Other, please specify:

Tick box

1.27
1.28

The length of this programme was 4
weeks. What do you think about this?
1.29
1.30

Do you have any suggestions on how to
improve the programme in the future?
Is there any further support you would
like to see at the end of the
programme?

Text
Too long
Just the right amount of time
Not long enough
Text
Text

1.31

2. We are interested to know if any particular aspects of our programme
worked well for you.
Can you rate the following parts of the programme according to whether you liked them or
disliked them? (Tick one for each question).
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2.01
2.02
2.03
2.04
2.05
2.06
2.07
2.08
2.09

Ideas on how to eat
healthier
Information on the benefits
of healthy eating
Information on cooking
healthy meals
Reminders of how to eat
healthy
The timing of messages
Motivational messages
Receiving lots of messages
Being able to see my ‘goals’
progress on the website
The website

Didn’t use

□

No
comment
□

□

□

□

□

□

□

□

□

□

□

□

□

□
□
□
□

□
□
□
□

□
□
□
□

□
□
□
□

□

□

□

□

Liked

Disliked

□

□

3. Which of the following parts of the programme do you think were
important in helping you to eat healthier? Please answer all questions.
Q Num

Label

Field format

3.01
3.02
3.03

Hearing from people like me?
Hearing from the health professionals?
Motivational and encouraging
messages?
The information on the website?
Feeling like I belonged/like there were
others going through the same thing as
me?
Being supported to feel like I could do
it?
Getting messages at the right times?

Yes/No
Yes/No
Yes/No

3.04
3.05

3.06
3.07

Yes/No
Yes/No

Yes/No
Yes/No

4. Would you like us to send you the results of this survey?
-No
-Yes

5. Thank you for completing the study. You will receive your $20 supermarket voucher in
the post within 7 working days. Please enter your phone number and postal address here.
[Free textbox]

Participant is automatically redirected back to the survey home page.
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Appendix 13. Chapter 4 Pre-testing study 4: demographics questionnaire

The purpose of this form is to assess the potential participant’s
eligibility for and interest in participating in the study.
Study Researcher: Complete Form A for all potential participants at their baseline visit.
FOR PAPER FORMS ONLY
 Answer all questions. DO NOT LEAVE BLANK SPACES
 Tick circles. Write numbers in boxes.
 If the data are unavailable, put an asterisk ”*”.
 If the data are not applicable, put a dash ”-”.
 Refer to the Manual of Procedures for complete instructions
Please give the participant an explanation about what the study involves.
Explain to the participant that there are certain criteria for taking part in the study,
which you need to check.

1. Assessment Details

Q Number

Label

Field format

1.01

Date of assessment

Date DD/MM/20YY

2. Participant Details

2.01

Title

Text

2.02

Name(s)

Text

2.03

Participants Initials

|_|_|_|_|

2.04

Date of birth

Date DD/MM/19YY

2.05

Sex

Male/Female

2.06

Home phone number

Text

2.07

Work phone number

Text

Please prefix mobile number with 64. DO NOT
leave spaces between digits e.g. 6421234567
2.08

Mobile phone number

Text

2.09

Other phone number

Text

Usual postal address:
2.10

Flat number, Street number and Name

Text

2.11

Suburb/Rural locality

Text

2.12

City, Town/District

Text

2.13

Postal code

Text
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2.14

Email address

Text

3. Inclusion Criteria

Q Number

Label

Field format

3.01

Aged > 18 years

Yes/No

3.02

Yes/No

3.03

Has a documented history of cardiovascular
disease.
Is eligible for cardiac rehabilitation

3.04

Is able to perform exercise

Yes/No

3.05

Is able to understand and write English

Yes/No

3.06

Consent to study participation obtained

Yes/No

Yes/No

If NO to any of these questions, participant is not
eligible. Proceed to Section 10.

4. Ethnicity

Q Number

Which ethnic group or groups do you belong to?

Field format

Please indicate Yes/No to every option I will now
read to you. (Select all that apply)
4.01

New Zealand European

Yes/No

4.02

Maori

Yes/No

4.03

Samoan

Yes/No

4.04

Cook Island Maori

Yes/No

4.05

Tongan

Yes/No

4.06

Niuean

Yes/No

4.07

Chinese

Yes/No

4.08

Indian

Yes/No

4.09

Other (such as Dutch, Japanese, Tokelauan)

Yes/No

4.10

If Other (specify)

Text

5. Socioeconomic Position

Q Num

Label

Field format

5.01

At present are you? (select one only)

Self-employed
Full time salary or wage earner
Part-time salary or wage earner (less
than 30 hrs/week)
Retired
Full-time home-maker
Student
Unemployed
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Other beneficiary
Refuse to answer

5.02

If you answered ‘full-time homemaker’, ‘student’, ‘unemployed’,
‘other beneficiary’, or ‘refuse to
answer’, go to Q 2.04. For all other
answers, go to Q 2.02
What is your primary (main)
occupation?
Or if retired, what was your previous
primary occupation? (select one only)

5.03

If Other, please specify

5.04

What is your highest educational
qualification? (select one only)

5.05

If other, please specify

5.06

Which of these categories best
describes you?
(select one only)

Clerical or sales employee
Semi-skilled worker
Technical or skilled worker
Business manager or executive
Business owner or self-employed
Teacher, nurse, police, other trained
service worker
Professional or senior government
official
Labourer, manual, agricultural or
domestic worker
Farmer owner or manager
Other
Refuse to answer
Text
|C|8| Office Use
None
5th form qualification (School
Certificate, NCEA)
6th form qualification (6th Form Cert.,
University Entrance, NCEA)
School qualification higher than 6th form
(Higher School Certificate, Bursary)
Other school qualification (e.g. overseas
school, Cambridge examination, A
levels)
National Certificate, New Zealand
Certificate, Trade Certificate
Polytechnic/university course below
Bachelors degree
Degree higher than Bachelor (Bachelors
with honours, Masters, PhD)
Other
Refuse to answer
Text
Married/living with partner
Separated, divorced, widowed
Never married
Refuse to answer

6. Medical History

Q Num

Label

Field format

Have you ever been told by a doctor that you
had any of the following:
High blood pressure
6.01

Yes/No
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If Yes,
6.02

Are you currently taking medication to lower
blood pressure?

Yes/No

Diabetes
6.03

Yes/No
If Yes, are you currently taking either of the
following treatments for diabetes?
Insulin

6.04

Tablets/pills to lower blood sugar

Yes/No

6.05

High cholesterol

Yes/No

6.06

If Yes,

Yes/No

6.07

Are you currently taking any medication to
lower cholesterol?

Yes/No

Atrial fibrillation
6.08
6.09
6.10

Heart attack
Angina
Other forms of heart disease

6.11

Yes/No
Yes/No
Yes/No
Yes/No

Smoking
6.12

Which of these best describes your current
smoking status? (select one only)

Never smoked
Ex-smoker; used to smoke
cigarettes (ready made or roll your
own) more than once per day for at
least a year
Current smoker; currently smoke
cigarettes (ready made or roll your
own) more than once per day for at
least a year
Refuse to answer

Drinking
6.13

Do you currently drink alcohol once per week
or more (on most weeks for at least the last
year)?

Yes/No/Refuse to answer

If Yes, what is the average number of standard
drinks you consume per week of the following:
Wine
Spirits
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Beer
6.14

___

6.15

___

6.16

___

7. Results

Q Number

Label

Field format

7.01

Do you wish to receive a copy of the study results?

Yes/No

Thank the participant for answering your
questions.

8. 6 Minute Walk Test

Q Number

Label

Field format

8.01

Distance covered in meters

|_|_|_|.|_| m

9. Cell-Phone & Accelerometer

Q Number

Label

Field format

9.01

Cell-phone given to participant

Yes/No

9.02

IF YES: Cell phone S/N number

Text

9.03

IF YES: Cell phone returned at follow-up visit

Yes/No

9.04

Accelerometer given to participant

Yes/No

9.05

IF YES: Accelerometer returned at follow-up visit

Yes/No

10. Signature of Study Researcher
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Q Number

Label

Field format

10.01

Signature

Text

Printed Name

Text

Date

Date DD/MM/20YY

Eligibility Checked and if OK Participant Randomised.
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Appendix 14. Chapter 4 Pre-testing study 4: International Physical Activity Questionnaire

Participant date of birth
day

month

year

Registration Number
|_|_|- |_|_|_|
Participant initials

PHYSICAL
ACTIVITY- SURVEY (Form E)
Research Assistant to complete (tick ONE only)

signature

printed name

day

month

year

Survey Information Sheet
The researcher/s you have met, who will be helping you fill in this survey, are
from the Clinical Trials Research Unit. We are doing research to determine the
effect of mobile phone delivered cardiac rehabilitation on people’s physical
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activity levels.
In this survey, there are some simple questions that will take about 15-20 minutes
to complete. If you have any questions then you can ask one of the researchers.
The answers that you write are private and will not be shared. You do not need to
tell anyone else what you write on this questionnaire or compare your answers as
everyone will have different responses.
If you are worried about anything, or have any questions let the researcher know.

Project Manager’s contact details:
Karen Carter, CTRU, University of Auckland
Phone: 09 3737599 ext. 87863e-mail: heart@ctru.auckland.ac.nz

Regular Physical Activity
What is Physical Activity?
Physical activity is any type of activity that you do as part of your daily life.
Physical activity can include taking part in organised sports like – Netball, Rugby,
Hockey, Soccer, Athletics, Basketball, Judo, Tennis, etc.
OR
It can also be organised activities like – gym classes, dancing, aerobics etc
OR
Other activities you do in your spare time like – cycling, walking the dog, running
etc.

What is Regular Physical Activity?
Regular physical activity is doing any of these activities for a total of 30-minutes
or more per day (on most days of the week [at least 5]).
Remember: You don’t have to have to do the same activity everyday to be
‘regularly active.’ If it your activities add up to more than 30-minutes per day
(most days of the week) we call this regular.

What are light/moderate/hard activities?
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In answering the following questions you will be asked to think about how long
you can participate in physical activities that are described as light / moderate /
hard intensity.
Below are the descriptions of light, moderate and hard intensity activity:
LIGHT ACTIVITIES are when you are moving around, but your heart rate
and breathing do not increase very much. You would be able to talk easily
through the activity.

MODERATE ACTIVITIES are when your breathing and heart rate increase.
You may start to sweat and feel out of breath (‘huff and puff’). You may find
it hard to talk during the activity.

VIGOROUS (HARD) ACTIVITIES are when your heart beats very fast, your
breathing is fast and you start sweating. You may feel exhausted and out of
breath. It would be very hard to talk during the activity.

INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE
We are interested in finding out about the kinds of physical activities that people
do as part of their everyday lives. The questions will ask you about the time you
spent being physically active in the last 7 days. Please answer each question
even if you do not consider yourself to be an active person. Please think about
the activities you do at work, as part of your house and yard work, to get from
place to place, and in your spare time for recreation, exercise or sport.
Think about all the vigorous and moderate activates that you did in the last 7
days.
PART 1: JOB-RELATED PHYSICAL ACTIVITY
The first section is about your work. This includes paid jobs, farming, volunteer
work, course work, and any other unpaid work that you did outside your home.
Do not include unpaid work you might do around your home, like housework, yard
work, general maintenance, and caring for your family. These are asked in Part 3.
1 Do you currently have a job or do any unpaid work outside your home? (tick one
only)
Yes
No  Skip to PART 2: TRANSPORTATION

The next questions are about all the physical activity you did in the last 7 days as
part of your paid or unpaid work. This does not include travelling to or from work.
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2 During the last 7 days, on how many days did you do vigorous physical activities
like heavy lifting, digging, heavy construction, or climbing up stairs as part of your
work? Think about only those physical activities that you did for at least 10 minutes
at a time.

__

Days per week
No vigorous job-related physical activity  Skip to Question 5.4

3 How much time did you usually spend on one of those days doing vigorous
physical activities as part of your work?
Hours : Minutes per day
|_|_| : |_|_|
Again, think about only those physical activities that you did for at least 10
minutes at a time.
4 During the last 7 days, on how many days did you do moderate physical activities
like carrying light loads as part of your work? Please do not include walking.

__

Days per week
No moderate job-related physical activity  Skip to Question 5.6

5 How much time did you usually spend on one of those days doing moderate
physical activities as part of your work?

|_|_| : |_|_| Hours : Minutes per day
6 During the last 7 days, on how many days did you walk for at least 10 minutes at
a time as part of your work? Please do not count any walking you did to travel to
or from work.

__

Days per week
No job-related walking  Skip to PART 2: TRANSPORTATION

7 How much time did you usually spend on one of those days walking as part of
your work?

|_|_| : |_|_| Hours : Minutes per day
PART 2: TRANSPORTATION PHYSICAL ACTIVITY
These questions are about how you travelled from place to place, including
places like work, stores, movies, and so on.
8 During the last 7 days, on how many days did you travel in a motor vehicle like
train, bus, car, or tram?
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__

Days per week
No travelling in a motor vehicle  Skip to Question 5.10

9 How much time did you usually spend on one of those days travelling in a train,
bus, car, tram, or other kind of motor vehicle?

|_|_| : |_|_| Hours : Minutes per day

Now think only about the bicycling and walking you might have done to travel to
and from work, to do errands, or to go from place to place.
10 During the last 7 days, on how many days did you bicycle for at least 10 minutes
at a time to go from place to place?

__

Days per week
No bicycling from place to place  Skip to Question 5.12

11 How much time did you usually spend on one of those days to bicycle from place
to place?

|_|_| : |_|_| Hours : Minutes per day
12 During the last 7 days, on how many days did you walk for at least 10 minutes at
a time to go from place to place?

__ Days per week
No walking from place to place  Skip to PART 3: HOUSEWORK, HOUSE
MAINTENANCE, AND
CARING FOR FAMILY
13 How much time did you usually spend on one of those days walking from place
to place?

|_|_| : |_|_| Hours : Minutes per day
PART 3: HOUSEWORK, HOUSE MAINTENANCE, AND CARING FOR FAMILY
This section is about some of the physical activities you might have done in the
last 7 days in and around your home, like housework, gardening, yard work,
general maintenance work, and caring for your family.
14 Think about only those physical activities that you did for at least 10 minutes at a
time. During the last 7 days, on how many days did you do vigorous physical
activities, like heavy lifting, chopping wood, shovelling snow, or digging in the
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garden or yard?

__

Days per week
No vigorous activity in garden or yard  Skip to Question 5.16

15 How much time did you usually spend on one of those days doing vigorous
physical activities in the garden or yard?

|_|_| : |_|_| Hours : Minutes per day
16 Again, think about only those physical activities that you did for at least 10
minutes at a time. During the last 7 days, on how many days did you do
moderate activities like carrying light loads, sweeping, washing windows, and
raking in the garden or yard?

__

Days per week
No moderate activity in garden or yard  Skip to Question 5.18

17 How much time did you usually spend on one of those days doing moderate
physical activities in the garden or yard?

|_|_| : |_|_| Hours : Minutes per day
18 Once again, think about only those physical activities that you did for at least 10
minutes at a time. During the last 7 days, on how many days did you do
moderate activities like carrying light loads, washing windows, scrubbing floors
and sweeping inside your home?

__

Days per week
No moderate activity inside home  Skip to PART 4: RECREATION,
SPORT AND
LEISURE-TIME
PHYSICAL ACTIVITY

19 How much time did you usually spend on one of those days doing moderate
physical activities inside your home?

|_|_| : |_|_| Hours : Minutes per day

PART 4: RECREATION, SPORT AND LEISURE-TIME PHYSICAL ACTIVITY
This section is about all the physical activities that you did in the last 7 days solely
for recreation, sport, exercise or leisure. Please do not include any activities that
you have already mentioned.
20 Not counting any walking you have already mentioned, during the last 7 days, on
how many days did you walk for at least 10 minutes at a time in your leisure
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time?

__

Days per week
No walking in leisure time  Skip to Question 5.22

21 How much time did you usually spend on one of those days walking in your
leisure time?

|_|_| : |_|_| Hours : Minutes per day

22 Think about only those physical activities that you did for at least 10 minutes at a
time. During the last 7 days, on how many days did you do vigorous physical
activities like aerobics, running, fast bicycling, or fast swimming in your leisure
time?

__

Days per week
No vigorous activity in leisure time  Skip to Question 5.24

23 How much time did you usually spend on one of those days doing vigorous
physical activities in your leisure time?

|_|_| : |_|_| Hours : Minutes per day
24 Again, think about only those physical activities that you did for at least 10
minutes at a time. During the last 7 days, on how many days did you do
moderate physical activities like bicycling at a regular pace, swimming at a
regular pace, and doubles tennis in your leisure time?

__

Days per week
No moderate activity in leisure time  Skip to PART 5: TIME SPENT
SITTING

25 How much time did you usually spend on one of those days doing moderate
physical activities in your leisure time?

|_|_| : |_|_| Hours : Minutes per day
PART 5: TIME SPENT SITTING
The last questions are about the time you spend sitting while at work, at home,
while doing course work and during leisure time. This may include time spent
sitting at a desk, visiting friends, reading, or sitting or lying down to watch
television. Do not include any time spent sitting in a motor vehicle that you have
already told me about.
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26 During the last 7 days, how much time did you usually spend sitting on a
weekday?

|_|_| : |_|_| Hours : Minutes per day

27 During the last 7 days, how much time did you usually spend sitting on a
weekend day?

|_|_| : |_|_| Hours : Minutes per day
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Appendix 15. Chapter 4 Pre-testing study 4: degree of spread between variables
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Appendix 16. Chapter 5 Protocol SPIRIT 2013 Checklist
Section/Item
Administrative Information
Title
Trial registration
Protocol version
Funding
Roles and responsibilities

Introduction
Background and rationale

Item
Number

Included in manuscript (Y/N) or
described below

1
2a
2b
3
4
5a
5b
5c
5d

Y
Y
Y
Version 3, 03/10/2013
Y
Y
Y
Y
The steering committee is comprised
of the study authors. The National
Institute for Health Innovation’s IT
team are responsible for the SMS
delivery and website design and
function.

6a
6b
7
8

Y
Y
Y
Y

Objectives
Trial design
Methods
Participants, interventions, and outcomes
Study setting
9
Eligibility criteria
10
Interventions*
11a
11b
11c
11d
Outcomes
12
Participant timeline
13
Sample size
14
Recruitment
15
Assignment of interventions
Allocation
Sequence generation
16a
Allocation concealment mechanism
16b
Implementation
16c
Blinding (masking)
17a
17b

Data collection, management and analysis
Data collection methods
18a

Data management

18b
19

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
The PI will not be blinded as she
registers intervention participants into
the text message delivery system.
Outcome assessors will be blinded,
and it will not be necessary to unblind
them.
Y – Data collection forms found in the
trial master file
Y
Y - Data will be entered by outcome
assessors into a password protected
secure Microsoft Excel spread-sheet.
Data range checks will be in place to
promote data quality. Data will be
manually checked against source
documents periodically throughout the
study by a monitor external to the

241

Statistical methods

20a
20b
20c

Monitoring
Data monitoring

21a
21b

Harms
Auditing
Ethics and dissemination
Research ethics approval
Protocol amendments

22
23

Consent or assent

26a
26b

Confidentiality

27

Declaration of interests
Access to data
Ancillary and post-trial care
Dissemination policy

28
29
30
31a
31b

24
25

31c
Appendices
Informed consent materials

32

Biological specimens

33

study. The trial will be subjected to
independent auditing.
Y
N/A – no subgroup analyses are
planned
Y
Y - Data monitoring forms available
from the trial master file upon request
N/A: No interim analyses are planned;
the trial is low risk
Y
Y
Y
Y – amendments will be
communicated to steering committee,
ethics boards, and trial registry if
needed
Y
Y – information on blood cholesterol
test included in consent form
Y – all participants are assigned a
unique registration number used on
data collection forms
Y
Y
Y – described in consent form
Y
Y – no professional writers will be
used
Y – there are no plans to make data
set public
Y – Version 2, 02/10/2013, found in
trial master file
Y – described in consent form

*Additional information has been included in the manuscript to follow the CONSORT-EHEALTH
item 5 checklist. All sub-items in the checklist have been described.
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Appendix 18. Chapter 5 Protocol: example of text message content and related SCT construct and BCT
SCT construct
Knowledge

BCT
1: Provide information about behaviourhealth link
8: Provide instruction

Outcome expectations

2: Provide information on consequences

Perceived self-efficacy, created
through 4 sources:
Mastery experiences

7: Set graded tasks

Vicarious learning

Social persuasion
Interpretation of physiological
states

Self-regulation

9: Model or demonstrate the behaviour
19: Provide opportunities for social
comparison
6: Provide general encouragement
24: Stress management
Author-created BCT: Interpretation and
normalising of physical or emotional
symptoms when changing behaviour (i.e.:
heart should beat faster when exercising)
4: Prompt intention formation
5: Prompt barrier identification
10: Prompt specific goal setting

Example
T4H: High cholesterol or high blood pressure is not good for your heart
condition. Your mediations will help improve these
T4H: Nutrition labels on your packaged food tell you how much fat & salt your
food contains per 100g. Compare products & pick the lowest
T4H: Lower your risk of future heart problems by making healthy changes.
Take your pills, keep active, and get your 5 fruits & veg each day

T4H: It's week 3. Time to increase the length of your walk. Add a few more
minutes this week. Warmup, walk, cool down
Video role model messages
Video role model messages
T4H: Well done, you have been going for 7 weeks now! Reward yourself with
some ME time - try a favourite activity
T4H: If you feel overwhelmed or stressed, try to set some time aside each day
to relax. Close your eyes and do 5 minutes of deep breathing
T4H: It's normal to huff & puff during exercise. If this happens at rest or
continues after exercise, this is not normal and you should see your GP

T4H: The key to goal setting is to set small goals, make them stick by writing
them down, and reading them regularly
T4H: Too tired after work to cook a healthy dinner? Try getting up a bit earlier
and prepare it in the morning or cook on the weekend and freeze
T4H: Add a new goal - how about a competition? Challenge someone at home
or via the online blog to do better than you this week
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11: Prompt review of behavioural goals
12: Prompt self-monitoring of behaviour
13: Provide feedback on performance
20: Plan social support
26: Time management

T4H: You're a few weeks into the programme. Well done! Time to add a new
goal - maybe you are ready to think about a long term goal this time
T4H: Hi [name], time to text me your step count (reply with a number) and I'll
post it online. Thanks!
T4H: Hi [name], thanks 4 your text. You're on your way to an active lifestyle.
Think of how you can fit extra steps into your day. Every bit helps!
T4H: If you are finding it hard to get people to support you, ask others in this
study to help - blog it. Many will be feeling the same thing
T4H: Some people like to exercise in the morning and some in the afternoon.
Pick a time that suits you and make exercise a habit

SCT=Social cognitive theory; BCT=Behaviour change technique; T4H=Text4Heart
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Appendix 19. Chapter 5 protocol: Text4Heart study website screenshots
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Appendix 20. Chapter 5 Text4Heart CONSORT statement

CONSORT 2010 checklist
Section/Topic

Item
No Checklist item

Reported
on page No

Title and abstract
1a
1b

Identification as a randomised trial in the title
Structured summary of trial design, methods, results, and conclusions

(for specific guidance see CONSORT for

1
2

abstracts)

Introduction
Background and
objectives

2a
2b

Scientific background and explanation of rationale
Specific objectives or hypotheses

4-5
5

Interventions

3a
3b
4a
4b
5

5-9
7
5
6
6-7

Outcomes

6a

Sample size

6b
7a
7b

Description of trial design (such as parallel, factorial) including allocation ratio
Important changes to methods after trial commencement (such as eligibility criteria), with reasons
Eligibility criteria for participants
Settings and locations where the data were collected
The interventions for each group with sufficient details to allow replication, including how and when they
were actually administered
Completely defined pre-specified primary and secondary outcome measures, including how and when
they were assessed
Any changes to trial outcomes after the trial commenced, with reasons
How sample size was determined
When applicable, explanation of any interim analyses and stopping guidelines

8a

Method used to generate the random allocation sequence

8

Methods
Trial design
Participants

5-8
7
9
n/a

Randomisation:
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Sequence
generation
Allocation
concealment
mechanism
Implementation

8b

Type of randomisation; details of any restriction (such as blocking and block size)

8

9

Mechanism used to implement the random allocation sequence (such as sequentially numbered
containers), describing any steps taken to conceal the sequence until interventions were assigned

8

10

Who generated the random allocation sequence, who enrolled participants, and who assigned
participants to interventions
If done, who was blinded after assignment to interventions (for example, participants, care providers,
those assessing outcomes) and how
If relevant, description of the similarity of interventions
Statistical methods used to compare groups for primary and secondary outcomes
Methods for additional analyses, such as subgroup analyses and adjusted analyses

8

For each group, the numbers of participants who were randomly assigned, received intended treatment,
and were analysed for the primary outcome
For each group, losses and exclusions after randomisation, together with reasons
Dates defining the periods of recruitment and follow-up
Why the trial ended or was stopped
A table showing baseline demographic and clinical characteristics for each group
For each group, number of participants (denominator) included in each analysis and whether the
analysis was by original assigned groups
For each primary and secondary outcome, results for each group, and the estimated effect size and its
precision (such as 95% confidence interval)
For binary outcomes, presentation of both absolute and relative effect sizes is recommended
Results of any other analyses performed, including subgroup analyses and adjusted analyses,
distinguishing pre-specified from exploratory
All important harms or unintended effects in each group (for specific guidance see CONSORT for harms)

10 (figure 1)

Blinding

11a

Statistical methods

11b
12a
12b

Results
Participant flow (a
diagram is strongly
recommended)
Recruitment
Baseline data
Numbers analysed
Outcomes and
estimation

13a
13b
14a
14b
15
16
17a

Ancillary analyses

17b
18

Harms

19

9
n/a
9-10
n/a

Figure 1
10
n/a
Table 2
Figure 1
10-12
10-12
n/a
11
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Discussion
Limitations

20

Generalisability
Interpretation

21
22

Other information
Registration
Protocol
Funding

23
24
25

Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of
analyses
Generalisability (external validity, applicability) of the trial findings
Interpretation consistent with results, balancing benefits and harms, and considering other relevant
evidence

13

Registration number and name of trial registry
Where the full trial protocol can be accessed, if available
Sources of funding and other support (such as supply of drugs), role of funders

5
5
16

13
12-15

*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifications on all the items. If relevant, we
also recommend reading CONSORT extensions for cluster randomised trials, non-inferiority and equivalence trials, non-pharmacological treatments, herbal interventions, and
pragmatic trials. Additional extensions are forthcoming: for those and for up to date references relevant to this checklist, see www.consort-statement.org.
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Appendix 21. Text4Heart Participant Information Sheet and Consent Form

CONSENT TO TAKE PART IN A RESEARCH STUDY: TEXT4HEART
We would like to invite you to take part in the Text4Heart Study. If you have any questions please feel
free to ask the researcher at any time. Please read the booklet called “Participant Information for
Clinical Studies.”
Purpose of the study
We are inviting you to join this study because you have a diagnosis of acute coronary syndrome
(myocardial infarction [MI] or unstable angina) or percutaneous coronary intervention procedure. The
study is looking at whether delivering a cardiac rehabilitation programme via mobile phone and the
internet alongside usual care rehabilitation is more effective than taking part in cardiac rehabilitation
alone.
Where will the study be held?
Participants for this study will be identified by research nurses at Auckland City and Waitemata District
Board Hospitals. The face-to-face visits will take place at hospitals or at a convenient location.
About the study

We plan to recruit 120 people over an 8-month period. You will be in the study for 24
weeks, and will attend two visits: an initial visit and another 24 weeks later. The entire
study will run for 15 months, from May 2013 to August 2014. If you agree to take part
in the study, you will be randomly allocated (like the toss of a coin) to one of two
groups:


Intervention group: Everyone in this group will receive a personalised cardiac
rehabilitation programme delivered by text message and the internet over 24
weeks. The programme will inform participants about medication, healthy eating,
reducing stress, exercising, and stopping smoking. Participants will be
encouraged to attend standard cardiac rehabilitation programmes.



Control group: Participants will be encouraged to attend standard cardiac
rehabilitation programmes.
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Who can take part in this study?
You can take part in this study if you:
 Have a diagnosis of coronary heart disease (myocardial infarction [MI], angina, or
unstable angina) or percutaneous coronary intervention procedure
 Have access to the internet
 Can understand and read English
 Are aged 18 years or over
 Are able to provide written consent to take part
You cannot take part in this study if you have:
 Significant exercise limitations
 Life threatening co-existing disease
 Untreated ventricular tachycardia or severe heart failure
Study design

Please look at the picture below which will give you an idea about the study visits .

120 people
are
randomised

Intervention group - 24 week
cardiac rehabilitation
programme sent by text
message and internet; 1
telephone call at 3 months

End of study at
24 weeks

Control group- encouraged to
attend standard cardiac
rehabilitation programmes; 1
telephone call at 3 months
You will be seen by a researcher twice (at the start of the study and 24 weeks
later). The meetings with you will be held at a place that suits you.

What will I be asked to do?
 If you agree to take part in the study you will be asked to sign a consent form at the first
face-to-face meeting with the researcher.
 At each face-to-face meeting we will ask you some questions about your lifestyle. We will
measure your blood pressure, height, weight and waist circumference. You do not have to
answer all the questions, and you may stop the survey at any time. Each meeting will take
about 45 minutes. At your final visit we will also measure your blood cholesterol.
 At the end of the study, you will be given a $20 food or petrol voucher as reimbursement
for your time in the study.
Blood samples
At your follow-up visit, you will be asked to complete a fasting point of care blood test, to
measure your cholesterol. Fasting requires you to not eat anything for 10-16 hours, and is
best done overnight. We will do the face-to-face visits first thing in the morning. During your
fasting period you may drink water and take any medications you would normally take.
A point of care blood test involves taking blood from your finger. The research staff is
extensively trained in this skill. All of the equipment is sterile. If you feel uncomfortable, please
do not hesitate to inform the researcher. You may prefer to lie down if you are feeling faint or
nervous.
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The researcher will cleanse the skin with an alcohol swab and then place a lancet next to
your finger. You will feel a sharp pinch. The lancet is removed and a few drops of blood will
be collected into a capillary tube (34 microlitre=less than a mililitre). The sample is then
inserted into a portable device that measures your cholesterol. You will receive the results
immediately. The blood sample is then disposed of into a biohazard waste container, or you
may keep the sample if you wish.
After the blood has been drawn pressure should be applied to the site for at least three
minutes to minimise bleeding. Once bleeding has stopped, a bandaid will be applied. If you
are aware of any allergic reactions to alcohol swabs or tapes please let the researcher know
and we will find an alternative.
What if I don’t want to participate?
Your participation in this study is entirely voluntary (your choice). You do not have to take
part.
Potential benefits
Cardiac rehabilitation is an essential part of the care of people with heart disease. Indeed,
cardiac rehabilitation has been shown to slow or reverse the progression of cardiovascular
disease in people who have had a heart event. There are many potential benefits to being
able to deliver a cardiac rehabilitation programme by mobile phone and the internet.
Programmes are flexible and can be tailored to specific cultural, age group and health needs.
Messages can be delivered at anytime, anywhere, regularly and frequently. Your responses
will help researchers to see whether providing a cardiac rehabilitation programme using
mobile phones and the internet may benefit people with cardiovascular disease in the future.
If the programme is useful, researchers will look at the possibility of delivering other outpatient
programmes by mobile phone and the internet. Participants may benefit from extra monitoring
they receive as part of this study.
Potential risks and discomforts
Cardiac rehabilitation is standard care for people recovering from cardiovascular disease.
There are no anticipated risks from taking part in this programme over and above the risks
associated with taking part in routine cardiac rehabilitation which may include engaging in
everyday physical activity, modifying diet, and stopping smoking.
As a result of overnight fasting, you may experience some discomfort associated with being
hungry. As with all blood tests, there is a very small risk of infection. However, as stated
above, this risk is minimised by having appropriately certified experimenters taking the
samples, and following approved hygiene protocols.
If you were injured in this study, which is unlikely, you would be eligible for compensation
from ACC just as you would be if you were injured in an accident at work or at home. If you
have private health or life insurance, you may wish to check with your insurer that taking
part in this study won’t affect your cover.
Your rights and responsibilities are described in the booklet “Participant Information for
Clinical Studies”. Please read this and make sure all your questions are answered before
you sign this consent form.

The study has been approved by the Health and Disability Ethics Committee [13/NTA/6],
Auckland DHB Research Review Committee [A+5816], and the Waitemata Awhina Research
and Knowledge Center [RM 0980712441]
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What to expect at each visit:

Randomised
(face-to-face)

How long will it take?

45 minutes

Study explained, consent
obtained



Inclusion and exclusion criteria
checked



Intervention group
only: Daily text for
weeks 1-24 and 3
month call
~30 sec per text, ~5
min for the phone call

24 weeks
(face-to-face)

45 minutes



Blood sample collected
Physical measurements





Questions about your lifestyle
behaviours





Thank you for reading this information leaflet

CONSENT
I have read and I understand this information sheet and the booklet on my rights. I have had
the opportunity to discuss this study. I am satisfied with the answers I have been given and
that I have had sufficient time to consider whether to participate in the study.

YES/NO

I consent to my blood sample being taken

YES/NO

I would like my blood sample returned to me after analysis

YES/NO

I wish to receive a copy of the results.

YES/NO

I consent to take part in this study
Participant Name
(Print)

Participant
Signature

Date

I have given a verbal explanation of the research project to the participant, and believe that
the participant understands the study and has given informed consent to participate.
Researcher’s Name
(Print)

Researcher’s
Signature

Date
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Appendix 22. Chapter 5 Text4Heart Case Record Forms

Participant date of birth
day

month

year

Registration number

83 –
Participant initials

Medication Adherence

Form A
Study Manager to complete (follow up assessment only)

Leila Pfaeffli
signature
printed name

day month year
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1.

Date of assessment
day month

year

2. Since our last contact have there been any changes to your medication?
Yes Update form P
No

3. Since our last contact have there been any adverse changes to your
health?
Yes Complete form X
No

4. Have your contact details changed?
Yes Complete form Z
No
5. Did you attend cardiac rehabilitation classes over the last 6 months?
Yes
No

6. Have you returned to work over the last 6 months?
Yes
No
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Medication Adherence
Read: I am now going to ask you about taking your medications. People with a
heart condition often take different types of pills. When I ask about your heart
condition pills, this means all the pills you were prescribed by your doctor. This
may include aspirin, a statin, a beta blocker, or an ace-inhibitor.

7. Do you sometimes forget to take your heart condition pills?
Yes
No
8. Over the past two weeks, were there any days when you did not take your
heart condition medication?
Yes
No
9. Have you ever cut back or stopped taking your medication without telling your
doctor, because you felt worse when you took it?
Yes
No
10. When you travel or leave home, do you sometimes forget to bring along your
medications?
Yes
No
11. Did you take your heart condition medicine yesterday?
Yes
No
12. When you feel like your heart condition is under control, do you sometimes
stop taking your medicine?
Yes
No

13. Taking medication every day is a real inconvenience for some people. Do you
ever feel hassled about sticking to your heart condition treatment plan?
Yes
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No
14. How often do you have difficulty remembering to take all your heart condition
medication? (select one only)
A. Never/rarely
B. Once in a while
C. Sometimes
D. Usually
E. All the time
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Participant date of birth
day

month

year

Registration number

83 –
Participant initials

Baseline
Demographics
Questionnaire
Form B
Study Manager to complete

Leila Pfaeffli
day

signature

month

year

printed name
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Survey Information Sheet
The purpose of this form is to collect baseline information for eligible Text4Heart
participants.
Study Researcher: Ask the participant the following questions EXACTLY as they
are worded. Do not explain the question any further to them. If they are confused,
read the question out again. Where possible do not read out the answers – but
tick the most appropriate answer.
FOR PAPER FORMS ONLY
•
Answer all questions. DO NOT LEAVE BLANK SPACES
•
Tick circles. Write numbers in boxes.
•
If the data are unavailable, put an asterisk ”*”.
•
If the data are not applicable, put a dash ”-”.
•
Refer to the Manual of Procedures for complete instructions
Note: There is no need to read the “refused or don’t know” option to the
participants.
________________________________________
PART 1: Inclusion Criteria
1. Date of assessment:
day

month

year

2. Consent to study participation obtained?
Yes
No  Participant is not eligible
3. Do you have a documented diagnosis of MI, unstable angina, or PCI?
Yes
No  Participant is not eligible
4. Do you have access to the internet? (at home, work, library, etc)
Yes
No  Participant is not eligible
5. Are you over 18?
Yes
No  Participant is not eligible
6. Can you understand and read English?
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Yes
No  Participant is not eligible
[If questions 2-6 ticked yes, move to PART 2]
[If any question ticked no, participant is not eligible, do not proceed]
PART 2: Exclusion Criteria
7. Do you have untreated ventricular tachycardia or severe heart failure?
Yes  Participant is not eligible
No
8. Do you have a diagnosis of a co-existing life threatening disease?
Yes  Participant is not eligible
No
9. Do you have significant exercise limitations other than CVD?
Yes  Participant is not eligible
No
If 7-9 ticked no, complete form Z and move on to PART 3
[If any question ticked no, participant is not eligible, do not proceed]
PART 3: ETHNICITY
10.
10.1
10.2
10.3
10.4
10.5
10.6
10.7
10.8

Which ethnic group or groups do you belong to? Please select all that
apply.
New Zealand European
Maori
Samoan
Cook Island Maori
Tongan
Niuean
Chinese
Indian
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10.9
10.10

Other (such as Dutch, Japanese, Tokelauan)
If other, specify: _______________________

PART 4: SOCIOECONOMIC POSITION
11. At present are you? (Select one only)
Self-employed
Full-time salary or wage earner
Part-time salary of wage earner (less than 30 hours/week)
Retired
Full-time home-maker  move to question 13
Student  move to question 13
Unemployed  move to question 13
Other beneficiary  move to question 13
Refuse to answer  move to question 13
12.

What is your primary (main) occupation? Or if retired, what was your
previous primary occupation? (Select one only)
Clerical or sales employee
Semi-skilled worker
Technical or skilled worker
Business manager or executive
Business owner or self-employed
Teacher, nurse, police, other trained service worker
Professional or senior government official
Labourer, manual, agricultural or domestic worker
Farm owner or manager
Other

12.1

If other, please specify: _______________________________
Refuse to answer

13.

What is your highest educational qualification? (Select one only)
None
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5th form qualification (School Certificate, NCEA)
6th form qualification (6th Form Cert., University Entrance, NCEA)
School qualification higher than 6th form (Higher School
Certificate, Bursary)
Other school qualification (e.g. overseas school, Cambridge
examination, A levels)
National Certificate, New Zealand Certificate, Trade Certificate
Polytechnic/university course below Bachelor’s degree
Bachelor’s degree
Degree higher than Bachelor (Bachelors with honours, Masters,
PhD)
Other
13.1

If other, please specify: _______________________________
Refuse to answer

14. Which of these best describes you? (Select one only)
Married/living with partner
Separated, divorced, widowed
Never married
Refuse to answer
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15. Please indicate which of these categories best matches your total
household income before tax (Select one only)
Under $20,000
$20,001 to $30,000
$30,001 to $40,000
$40,001 to $50,000
$50,001 to $60,000
$60,001 to $70,000
$70,001 to $80,000
$80,001 to $90,000
Over $90,000
Don’t know
Refuse to answer
PART 5: MEDICAL HISTORY
16. Have you ever been told by a doctor that you had any of the following:
(select yes or no)
16.1 High blood
pressure
16.2 High cholesterol
16.3 Atrial fibrillation
16.4 Heart attack
16.5 Angina
16.6 Other form of
heart disease
16.7 Diabetes

Yes

No

Yes
Yes
Yes
Yes
Yes

No
No
No
No
No

Yes

No

17. Do you wish to receive a copy of the study results?
Yes
No
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Participant date of birth
day month year
Registration number

83 –
Participant initials

Lifestyle
Questionnaire
Form E
Study Manager to complete (tick ONE only)
Baseline
12 weeks
24 Weeks

Leila Pfaeffli
signature

printed name

day month
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year

Survey Information Sheet
The purpose of this form is to collect information from study participants at their
baseline and follow-up assessments. This survey will take about 15 minutes to
complete.
Study Researcher: Ask the participant the following questions EXACTLY as they
are worded. Do not explain the question any further to them. If they are confused,
read the question out again. Where possible do not read out the answers – but
tick the most appropriate answer
FOR PAPER FORMS:
 Answer all questions. DO NOT LEAVE BLANK SPACES
 Tick circles. Write numbers in boxes.
 If the data are unavailable, put an asterisk ”*”.
 If the data are not applicable, put a dash ”-”.
 Refer to the Manual of Procedures for complete instructions
Note: There is no need to read the “refused” or don’t know option to the
participants.

READ: I am going to ask you some questions about lifestyle, which will take
about 15 minutes.
[Interviewer note: For the baseline assessment, all questions in this survey are
based on the week prior to the participant’s heart event]
SECTION 1: PHYSICAL ACTIVITY
1. Date of assessment:
day

month

year

READ: Do you understand the differences between light, moderate and vigorous
activities?
[Interviewer note: If the participant does understand the differences, proceed to
section one. If the participant does not understand the differences, use the
definitions below.]
Light activities are when you are moving around, but your heart rate and
breathing do not increase very much. You would be able to talk easily through the
activity.
Moderate activities are when your breathing and heart rate increase. You may
start to sweat and feel out of breath. You may find it hard to talk during the
activity.
Vigorous activities are when your heart beats very fast, your breathing is fast
and you start sweating. You may feel exhausted and out of breath. It would be
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very hard to talk during the activity.
READ: Thinking about a typical 7 day period, how many times on average do
you do the following kinds of exercise for more than 15 minutes during your
free time?
2. Vigorous exercise
[Interviewer clarification: vigorous exercise are activities where your heart
beats rapidly, e.g., running, jogging, hockey, football, soccer, squash,
basketball, cross country skiing, judo, roller skating, vigorous swimming,
vigorous long distance bicycling]
___

Times per week

3. Moderate exercise
[Interviewer clarification: moderate exercise are activities that are not
exhausting, e.g., fast walking, baseball, tennis, easy bicycling, volleyball,
badminton, easy swimming, alpine skiing, popular and folk dancing]
___

Times per week

4. Mild exercise
[Interviewer clarification: mild exercise are activities that take minimal
effort, e.g., yoga, archery, fishing from river bank, bowling, horseshoes,
golf, snow-mobiling, easy walking]
___

Times per week

SECTION 2: SMOKING HISTORY
READ: Now I am going to ask you about your smoking status.
5. Have you ever smoked as much as one cigarette a day for as long as year?
(If you have tick Yes)
Yes
No  Skip to SECTION 3
6. Have you had a single puff of a cigarette/roll your own in the last 7 days?
(If you have had more than a single puff tick Yes)
Yes Skip to question 8
No
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7. If no, when did you quit smoking?
Enter approximate
day/month/year  Skip to
day
question 12
If Yes in question 2, what is the total number of cigarettes/roll your own you
8.
have smoked in the last 7 days? (Enter 1 if you have smoked ≤1
cigarette/roll your own.)
Total smoked in last 7 days

|_|

9. Have you made any previous attempts to stop smoking?
Yes
No  Skip to SECTION 3

10. Have you made any previous attempts to stop smoking in the last 12
months? (select one only)
Yes, 1 attempt
Yes, 2 attempts
Yes, 3 or more attempts
No  Skip to SECTION 3

11.

If Yes, how long did you quit smoking for (in the last 12 months?)
|_||_||_|

12.

Number of days

What method(s) did you use to help you stop smoking that time? (select
one only)
NRT products, such as patches, gum, or lozenge
Medication, such as zyban, nortriptyline or varenicline
Nothing
Other

12.1

If other, please specify ______________________

SECTION 3: ALCOHOL CONSUMPTION
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READ: Now I am going to ask you about your alcohol consumption.
13. How often did you have a drink containing alcohol in the past year?
Consider a drink to be a half pint of beer, cider, or lager; a glass of wine, a
single unit of spirits (like scotch, gin, or vodka), one cocktail, or one glass
of sherry, port, or liquers (select one only)
Never
Monthly or less
2-4 times a month
2-3 times a week
4-5 times a week
6 or more times a week

14. How many drinks did you have on a typical day when you were drinking in
the past year? (select one only)
0 drinks
1-2 drinks
3-4 drinks
5-6 drinks
7 or more drinks
15. How many drinks do you consume in a typical week?
|_|_|

Drinks per week

16. How often did you have 6 or more drinks on one occasion in the past
year? (select one only)
Never
Less than monthly
Monthly
Weekly
Daily or almost daily

SECTION 4: FRUIT AND VEGETABLE CONSUMPTION
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READ: Now I am going to ask you about your consumption of fruit and
vegetables
17. Looking at Card 1, on average, how many servings of fruit (fresh, frozen,
canned or stewed) do you eat per day? Do not include fruit juice or dried
fruit. A ‘serving’= 1 medium piece or 2 small pieces of fruit or1/2 cup of
stewed fruit. For example, 1 apple and 2 small apricots = 2 servings.
(Select one only)
I don’t eat fruit
Less than 1 per day
1 serving per day
2 servings per day
3 servings per day
4 servings per day
5 or more servings per day
Don’t know
18. Looking at Card 2, on average, how many servings of vegetables (fresh,
frozen, or canned) do you eat per day? Do not include vegetable juices. A
‘serving’= 1 medium potato/kumara or 1/2 cup cooked vegetables or 1 cup
of salad vegetables. For example, 2 medium potatoes + 1/2 cup of peas =
3 servings.
(Select one only)
I don’t eat vegetables
Less than 1 per day
1 serving per day
2 servings per day
3 servings per day
4 servings per day
5 or more servings per day
Don’t know
19. Of the number of servings of vegetables you stated in question 18, how many
of these servings are potatoes/kumara?
_______________________ servings per day

Participant date of birth
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day

month

year

Registration number

83 Participant initials

Well-being Measures
Form H
Study Manager to complete (tick ONE only)
Baseline
24 Weeks

Leila Pfaeffli
signature

printed name

day

month

year
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Survey Information Sheet
The purpose of this form is to collect information from study participants at their baseline
and follow-up assessments. This survey will take about 15 minutes to complete.
FOR PAPER FORMS:



Answer all questions. DO NOT LEAVE BLANK SPACES
Tick circles. Write numbers in boxes.

1. Date of assessment:
day

month

year

PART 1: Illness Perceptions
For the following questions, please circle the number that best corresponds
to your views:

2. How much does your heart condition affect your life?
0

1

2

3

4

5

6

7

8

9

No affect
at all

10
Severely
affects my
life

3. How long do you think your heart condition will continue?
0

1

2

3

4

5

6

7

8

9

A very
short time

10
forever

4. How much control do you feel you have over your heart condition?
0

1
Absolutely
no control

2

3

4

5

6

7

8

9

10
Extreme
amount of
control

5. How much do you think your medication can help your heart condition?
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0

1

2

3

4

5

6

7

8

9

Not at all

10
Extremely
helpful

6. How much do you think exercise can help your heart condition?
0

1

2

3

4

5

6

7

8

9

Not at all

10
Extremely
helpful

7. How much do you think eating a healthy diet can help your heart
condition?
0

1

2

3

4

5

6

7

8

9

Not at all

10
Extremely
helpful

8. How much do you think reducing stress can help your heart condition?
0

1

2

3

4

5

6

7

8

9

Not at all

10
Extremely
helpful

9. How much do you experience symptoms from your heart condition? (ieangina, pain, breathlessness, etc)
0

1

2

3

4

5

6

7

8

9

No
symptoms at
all

10
Many severe
symptoms

10. How concerned are you about your heart condition?
0

1

Not concerned
at all

2

3

4

5

6

7

8

9

10
Extremely
concerned

11. How well do you feel you understand your heart condition?
277

0

1

2

3

4

5

6

7

8

9

Don’t
understand
at all

10
Understand
very clearly

12. How much does your heart condition affect you emotionally? (ie-does it
make you angry, scared, upset, or depressed?)
0

1

2

3

4

5

6

7

8

Not at all
affected
emotionally

9

10
Extremely
affected
emotionally

13. Please circle the 3 most important factors that you believe caused your
illness from the list below, or create your own reason. Please number the
circled answers 1-3 to rank them in importance.

stress or worry

chance or bad luck

ageing

alcohol

hereditary – it runs
in my family

physical activity
(being inactive/not
exercising enough)

my mental attitude
(thinking about life
negatively)

a germ or virus

smoking

my own behaviour

my emotional state
(feeling down,
lonely, anxious,
empty)
overwork

diet (eating
unhealthy foods)

poor medical care
in my past

pollution in the
environment

accident or injury

my personality

altered immunity

family problems or
worries caused my
illness

Other:
________________________________________________________________________
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PART 2: Mood
Please answer the following questions based on how you are currently feeling.

14. I feel tense or 'wound up': [Select one only]
Most of the time
A lot of the time
From time to time, occasionally
Not at all

15. I still enjoy the things I used to enjoy: [Select one only]
Definitely as much
Not quite so much
Only a little
Hardly at all
16. I get a sort of frightened feeling as if something awful is about to happen: [Select
one only]
Very definitely and quite badly
Yes, but not too badly
A little, but it doesn’t worry me
Not at all
17. I can laugh and see the funny side of things: [Select one only]
As much as I always could
Not quite so much now
Definitely not so much now
Not at all
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18. Worrying thoughts go through my mind: [Select one only]
A great deal of the time
A lot of the time
From time to time, but not too often
Only occasionally
19. I feel cheerful: [Select one only]
Not at all
Not often
Sometimes
Most of the time
20. I can sit at ease and feel relaxed: [Select one only]
Definitely
Usually
Not often
Not at all
21. I feel as if I am slowed down: [Select one only]
Nearly all the time
Very often
Sometimes
Not at all
22. I get a sort of frightened feeling like ‘butterflies’ in the stomach: [Select one only]
Not at all
Occasionally
Quite often
Very often
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23. I have lost interest in my appearance: [Select one only]
Definitely
I don’t take as much care as I should
I may not take quite as much care
I take just as much care as ever
24. I feel restless as I have to be on the move: [Select one only]
Very much indeed
Quite a lot
Not very much
Not at all
25. I look forward with enjoyment to things: [Select one only]
As much as I ever did
Rather less than I used to
Definitely less than I used to
Hardly at all
26. I get sudden feelings of panic: [Select one only]
Very often indeed
Quite often
Not very often
Not at all
27. I can enjoy a good book or radio or TV programme: [Select one only]
Often
Sometimes
Not often
Very seldom
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PART 3: Self-efficacy
28. How confident are you that you can keep the fatigue caused by your disease from
interfering with the things you want to do?
1

2

3

4

5

6

7

8

9

Not at all
confident

10
Totally confident

29. How confident are you that you can keep the physical discomfort or pain of your
disease from interfering with the things you want to do?
1

2

3

4

5

6

7

8

9

Not at all
confident

10
Totally confident

30. How confident are you that you can keep the emotional distress caused by your
disease from interfering with the things you want to do?
1

2

3

4

5

6

7

8

9

10

Not at all
confident

Totally confident

31. How confident are you that you can keep any other symptoms or health problems
you have from interfering with the things you want to do?
1

2

3

4

5

6

7

8

9

10

Not at all
confident

Totally confident

32. How confident are you that you can do the different tasks and activities needed to
manage your health condition so as to reduce you need to see a doctor?
1

2
Not at all
confident

3

4

5

6

7

8

9

10
Totally confident

33. How confident are you that you can do things other than just taking medication to
reduce how much your illness affects your everyday life?
1
2
3
4
5
6
7
8
9
10
Not at all confident

Totally confident

Participant date of birth
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day month year
Registration number

83 –
Participant initials

Physiological
Measures
Form P
Study Manager to complete (tick ONE only)
Baseline
24 Weeks

Leila Pfaeffli
signature
printed name

day month year
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The purpose of this form is to collect information from study participants at the
baseline and 24 week assessments.
Study Researcher: Ask the participant the following questions EXACTLY as they are
worded (where applicable). Do not explain the question any further to them. If they are
confused, read the question out again. Where possible do not read out the answers –
but tick the most appropriate answer
FOR PAPER FORMS ONLY:
 Answer all questions. DO NOT LEAVE BLANK SPACES
 Tick circles. Write numbers in boxes.
 If the data are unavailable, put an asterisk ”*”.
 If the data are not applicable, put a dash ”-”.
 Refer to the Manual of Procedures for complete instructions

1.01

Date of assessment
day month year

Physiological Measures
1.02

Height 1 (m)

__.__ __ m

1.03

Height 2 (m)

__.__ __ m

1.04

If difference between Height 1 and Height
2 is > 0.01 m (i.e. 1cm), take a third
measure below.
Height 3 (m)

__.__ __ m

1.05

Weight 1 (kg)

__ __ __.__ kg

1.06

Weight 2 (kg)

__ __ __.__ kg

1.07

If difference between Weight 1 and Weight
2 is > 0.1kg, take a third measure below.
Weight 3 (kg)

__ __ __.__ kg

1.08

Waist circumference 1 (cm)

__ __ __.__ cm

1.09

Waist circumference 2 (cm)

__ __ __.__ cm

1.10

If difference between Waist
Circumference 1 and Waist
Circumference 2 is > 1cm, take a third
measure below.
__ __ __.__ cm
Waist circumference 3 (cm)
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1.11

Hip Circumference 1 (cm)

__ __ __.__ cm

1.12

Hip Circumference 2 (cm)

__ __ __.__ cm

1.13

If difference between Hip Circumference 1
and Hip Circumference 2 is > 1cm, take a
third measure below.
Hip Circumference 3 (cm)

__ __ __.__ cm

Total Cholesterol*

____.__

1.15

HDL

____.__

1.16

LDL

____.__

1.17

Systolic blood pressure (measure 1) mmHg

__ __ __

1.18

Diastolic blood pressure (measure 1) mmHg

__ __ __

1.19

Systolic blood pressure (measure 2) mmHg

__ __ __

1.20

Diastolic blood pressure (measure 2) mmHg

__ __ __

1.14

If difference between Systolic BP 1 and
Systolic BP 2 is > 5mmHg, take a third
measure below.
1.21

Systolic blood pressure (measure 1) mmHg

__ __ __

1.22

Diastolic blood pressure (measure 1) mmHg

__ __ __

*Baseline cholesterol taken from hospital admission notes. Follow-up cholesterol
measured using Cholestech LDX device.
2. Pedometer provided to participant at baseline assessment
Yes
No

24 Week assessment only:
3. If yes, pedometer returned at 24 week assessment?
Yes
No

Text4Heart Medication List
285

4. Have you been prescribed any of the following medications in the past 6
months?
4.1 Beta-blocker
(Atenolol (Lo-Ten), Metoprolol
(Lopresor, Betaloc), Sotalol
(Sotacor), Carvedilol
(Dilatrendm)
4.2 Ace inhibitor
(Captopril (Capoten), Enalapril
(Vasotec), Lisinopril (Zestril or
Prinivil)
4.3 Aspirin
(HeartCare, Solprin, Disprin,
Aspec, Cartia)
4.4 Calcium Channel
Blockers
(Nifedipine (Adalat),
Amlodipine (Calvasc, Narvasc),
Felodipine (Plendil ER or Felo
ER), Diltiazem (Dilzem)
4.5 Anti-coagulant
(Clopidogrel or ticagrelor)

Yes

No

Stopped?
If yes, date:

Yes

No

Stopped?
If yes, date:

Yes

No

Stopped?
If yes, date:

Yes

No

Stopped?
If yes, date:

Yes

No

Stopped?
If yes, date:

4.6 Statin
(Simvastatin* (Lipex),
Atorvastatin** (Lipitor)

Yes

No

Stopped?
If yes, date:

5. Other medications not listed:
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Participant date of birth
day month year
Registration number

83 –
Participant initials

Feedback
Form C
(Follow up – Intervention group only)
Study Manager to complete

Leila Pfaeffli
signature

printed name

day month

Survey Information Sheet
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year

The purpose of this form is to collect information from study participants about the
Text4Heart intervention at their 24 week follow-up assessment. This survey will
take about 10 minutes to complete. The research team is interested in what you
thought of the text4heart programme and if any particular aspect worked well for
you. Please try to answer all questions.

1. Date of assessment:
day

month

year

SECTION 1: TEXT MESSAGES
2. How many of the text messages did you read? (Select 1 only)

None, I didn’t receive any
None, I didn’t read any
Some (less than half)
Most (more than half)
All or nearly all messages
3. Did you share any of the messages with others? (Friends, partner, family
members, etc)
Yes
No
4. What did you think about the number of messages we sent? (Select 1 only)
Too many messages
The right amount
Too few messages, I would have liked more

5. What did you think about the length of the program (24 weeks)? (Select 1 only)
Too long
The right length
Too short

6. Do you think using text messages is a good way to deliver this programme?
Yes
No
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SECTION 2: WEBSITE
7. Approximately how often did you use the Text4Heart website? (Select 1 only)

I did not use it, I don’t have Internet access  Skip to section 3
I did not use it, I don’t know how to use the Internet  Skip to section 3
I did not use it (other reason not related to internet access)  Skip to
section 3
Less than once per month
Once per month
Once per fortnight
Once per week

8. What parts of the website did you use? (Select all that apply)

The home page
The blog
The videos
The step count graphs
The links page
The FAQs
9. Do you think using a website is a good way to deliver this programme?
Yes
No
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SECTION 3: OVERALL
10. What did you like most about the programme?

11. What did you like least about the programme?

12. Did you have any technical problems with the programme? (Could not read
texts, could not access the website, etc)
Yes
No  Skip to question 14
13. If yes, what technical problems did you have?
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14. Do you have any suggestions on how we can improve the programme?

15. Is there further support you would like to see at the end of the programme?

16. Would you recommend the Text4Heart programme to other people who have
had a heart event?
Yes
No

SECTION 4: MY BEHAVIOURS
17. Did taking part in this programme help you learn about your heart condition?
Yes
No
18. Did taking part in this programme help you in your recovery from your heart
condition?
Yes
No
19. Did taking part in this programme help you change your behaviours?
Yes
No  Skip to question 22
20. If yes, which behaviours did you change? (Select all that apply)
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I became more physically active (exercised/walked more often)
I ate more fruits and vegetables
I had regular GP check ups
I took my medication more regularly
I stopped smoking
I drank less alcohol
I lowered my level of stress
I ate less saturated fat (red meat, butter, cream, etc) and more
healthy fat (seeds, nuts, fish, etc)
I ate less salt
I watched less TV
I lost weight
I got more adequate sleep
21. Thinking about the following activities, are you doing these more often, less
often, or about the same amount of time as you did one year ago?
Activity
More often Less often About the
same
Doing at least 30 minutes of moderate
intensity physical activity (where you feel
slightly out of breath)
Eating meals away from home (at
restaurants, takeaways, café, etc)
Cooking meals at home with fresh
ingredients
Eating prepackaged boxed, refrigerated or
frozen meals
Smoking cigarettes
Drinking alcohol
Practicing relaxation techniques (deep
breathing, visualisation, etc)

22. What are the barriers that prevent you from having a “healthy heart lifestyle?”
(Select all that apply)
I don’t know what I should do
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I don’t want to change my lifestyle
I don’t think changing my behaviour will reduce my risk of heart
disease
I’m scared of change
I’m not confident that I can change my behaviour
I am too stressed to do the things that need to be done
I am too depressed/sad to do the things that need to be done
I am too ill to make changes
I am too old to make changes
I don’t have the money to do what needs to be done
I have family obligations and other people to take care of
My family/friends have told me that I don’t need to change
I don’t have the time to take care of myself
My doctor/GP doesn’t explain clearly what I need to do
There is nothing I can do, I have a family history of heart disease
God or some higher power ultimately determines my health
I don’t have any barriers, I lead a heart healthy lifestyle
Other: (please specify) _________________________________
23. Do you have any other comments about the Text4Heart study?

Thank you for taking part in Text4Heart. This information will help us build better
programmes for future patients!
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Form X: Adverse Events
Participant Initials Participants Date of Birth

|_|_|_|_|

DD/MM/Year

|_|_|_|_|1|9|_|_|

Registration Number

|_|_|- |_|_|_|

The purpose of this form is to collect all Adverse Events (AEs) reported by participants in the Text4heart study.
• Answer every main question. Answer every supplementary question (If Yes or If No) as indicated by arrows.
• Enter all dates as dd/mm/yyyy. Use codes provided where appropriate.
• If data will never be available put an asterisk ‘*’. Enter the data via the Text4Heart excel database.
• If you are reporting a Serious Adverse Event, enter the data via the Text4Heart excel database after completing as much information as possible; do not
wait for full information
• Please describe all AEs occurring within an admission or within the same episode and enter the events in chronological order.
NB: Each new hospital admission must be reported on a separate Form X.

dd/mm/yyyy

Event
type

Relationship
to study
treatment

Enter one
diagnosis or
Serious
signs/symptoms
(list one per line)

Onset date

Maximum
severity

Specific
Diagnosis

Frequency

3. Detail of Adverse Event
Outcome

Report
Type

Date outcome
status assessed
Dd/mm/yyyy
(leave blank if ongoing)

Code
(Office
Use)
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1.01

|_|_|_|_|2|0|_|_|

Any non-serious
event
Death
Life-threatening
Hospitalisation or
prolongation of
hospitalisation
Persistent or
significant
disability/
incapacity
Congenital
Abnormality
Medically
important event

Mild
Moderate
Severe

Single
episode
Intermittent
Continuous

Definitely
Probably
Possibly
Not related

Resolved
Ongoing
Death
Unknown/
Lost to
follow-up

Initial
Follow-Up

I_|_|_|_|2|0|_|_|

1.02

1.03

1.04

4. Hospitalisation
2.01
2.02
2.03

Admitted to hospital (completed formal admission procedures). If NO go to Q3.

Yes / No

If Yes, date admitted to hospital
Has left hospital?

Yes/ No
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If yes, date discharged from hospital or date died in hospital (leave blank if still in hospital)

2.04

5. Death
3.01

Did the patient die?

3.02

If Yes, date of death

3.03

If Yes, proximate/immediate cause of death

Yes / No

Coding (Office Use)

3.04

If Yes, underlying cause of death
Coding (Office Use)

6. Narrative/Comments
4.01

Narrative/comments (section to complete text description of Event)

7. Supporting Documentation
5.01

Is a serious event being reported?

Yes/No

296

If Yes, Is the supporting documentation filed in the participant’s study folder.

5.02

Yes/No

8. Signature of Study Researcher
Q#

Label

6.01

Signature

Field format

Printed Name
Date
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