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ABSTRACT

Heart failure (HF) is a complex clinical syndrome of symptoms and signs that
suggest reduced efficiency with which the heart pumps blood around the body. HF is a
prevalent condition worldwide and in the United Kingdom. The clinical outcomes of HF
include mortality, morbidity, and reduced quality of life. Physical activity is beneficial to
individuals with HF as it improves quality of life and reduces hospitalisation. However, its
levels are exceptionally low in this population group. This suggests a need for supporting
and encouraging behaviour change. The overall aim of this research is to extend
understanding of how to promote physical activity among people with HF through
systematic reviews and empirical research. Following the Medical Research Council
guidance for developing complex interventions, first a meta-analysis of 16 randomised
controlled trials evaluating physical activity was performed. The review identified a lack
of understanding how best to increase physical activity in HF in older adults (>70 years
old) who constitute the majority of the HF population. In a Bayesian meta-analysis of 28
observational studies the existing evidence on the relevant clinical, demographic, and
psychosocial barriers and enablers to physical activity in HF was summarised. The review
identified contextual factors that need to be considered when conducting research and
developing behaviour change interventions. These were age, depression, and comorbidity.
However, less is known about the modifiable factors that can be addressed in an
intervention. A qualitative study using semi-structured interviews (N = 16) based on the
Theoretical Domains Framework formulated 78 belief statements describing the barriers
and enablers. Theoretical domains containing these beliefs and corresponding constructs
that were both pervasive and common were deemed most relevant. These were: concerns
about physical activity (Beliefs about Consequences), self-efficacy (Beliefs about
Capabilities), social support (Social Influences), major health event (Environmental
Context and Resources), goal behavioural (Goal), action planning (Behavioural
Regulation) and (Optimism). A scale assessing these constructs was developed. Finally,
computational modelling helped in assessing plausibility and providing grounds for model
comparison. A power analysis and feasibility assessment are reported based on the model

and the obtained N=3 sample.
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1

Introduction

1.1 Topic overview

Heart failure (HF) is a clinical syndrome resulting from any structural or functional
cardiac disorder that leads to the reduction in the heart’s ability to pump blood around the
body (National Institute for Health and Care Excellence, 2010). HF is a common and
increasing health problem; around 40 million people globally (Vos et al., 2016) and 558 000
people in the United Kingdom (Bhatnagar, Wickramasinghe, Williams, Rayner, &
Townsend, 2015) are diagnosed with HF. The condition affects mostly older adults; the
median age of a newly diagnosed person is 80 years old (National HF Audit, 2018). Despite
advances in available medical treatment, high mortality rates, frequent hospital admissions,
and poor quality of life persist (Hobbs et al., 2002; Taylor, Roalfe, lles, & Hobbs, 2012).

Physical activity — ‘any bodily movement produced by skeletal muscles that requires
energy expenditure’ (World Health Organisation, 2018), such as exercise or walking —is
associated with benefits for people with HF, including improved quality of life (Davies et
al., 2010; Lewinter et al., 2015; Sagar et al., 2015; Taylor et al., 2014), reduced
hospitalisation (Sagar et al., 2015; Taylor et al., 2014), and improved survival (Belardinelli,
Georgiou, Cianci, & Purcaro, 2012; ExTraMATCH Collaborative, 2004). Given these
benefits, the European Society of Cardiology (Ponikowski et al., 2016), American Heart
Association and the National Institute of Health and Care Excellence (NICE) in the United
Kingdom recommend that this clinical population engage in physical activity (McMurray et
al., 2012; NICE, 2010; Yancy et al., 2013).

Increasing physical activity is recognised as an important aspect of HF treatment
(NICE, 2010) and exercise is a major component of cardiac rehabilitation (CR) offered to

individuals with HF (Jenni et al., 2012). Yet, everyday levels of physical activity in HF are



low (Jaarsma et al., 2013); and the number of people with HF who start a cardiac

rehabilitation programme is also low (British Heart Foundation, 2015).

To enhance levels of physical activity in people with HF, it is first important to
understand the factors that influence engagement in physical activity in this population. The
latter is addressed by the present line of research. The sections below outline the aim,

research question and study objectives.

1.2 Aim

The overall aim of this research is to extend understanding of how to promote physical

activity among people with HF through systematic reviews and empirical research.

1.3 Research question

° Are the current interventions effective in promoting physical activity in HF?

° What are the barriers and enablers to physical activity in HF?

1.4 Study objectives

The objectives of the study are (i) to evaluate the current evidence base for physical
activity interventions in HF; to examine the impact of the interventions and to determine
whether any particular characteristics of interventions are important in increasing physical
activity; (ii) to determine through systematic literature review and empirical research what

are the barriers and enablers to engaging physical activity in people with HF.

1.5 Research overview

To answer the research question, the present project employs a series of studies:

1. An examination of the existing literature on HF and physical activity:



a. A systematic review and meta-analysis of randomised controlled trials evaluating

interventions designed to increase physical activity in HF.

b. A systematic review and meta-analysis of the barriers and enablers of physical activity
in HF;

2. A mixed-methods study:

a. A qualitative study using semi-structured interviews designed to identify and describe

perceived barriers and enablers to physical activity in HF;

b. A feasibility study designed to examine the acceptability and feasibility of
administering an accelerometer and barriers and enablers to physical activity scale;

C. Computational modeling and model comparison of barriers and enablers to physical
activity in HF.

Chapter 2 provides the context for this study by describing the clinical and
epidemiological background of HF, including its pathophysiology and methods for
diagnosis, its impact on health and quality of life, its economic burden, and the available
treatments. Alongside this, physical activity and its role as a treatment strategy for HF are
introduced: the operational definition of physical activity that will be used throughout the
thesis; an overview of the evidence for the benefits and safety of physical activity in HF; and

the current recommendations on physical activity for individuals with HF.

Chapter 3 outlines the conceptual framework underpinning this project. The study
draws upon psychological theories of behaviour change to gain a better understanding of
factors that act as the barriers and enablers to performing physical activity for people with
HF. The Theoretical Domains Framework (Cane, O’Connor, & Michie, 2012) and
Behaviour Change Taxonomy (Michie, 2013a), which inform this work, are described in
Chapter 3. This chapter also describes the background to the methods used: meta-analysis

and Bayesian framework.

1.6 Evaluating evidence-base

Chapter 4 reports a systematic review and meta-analysis of existing randomised

controlled trials (RCTs) that aimed to increase physical activity in HF. The updated search



(January 2020) is reported in Appendix A. The overall aim of the review was to identify
whether existing interventions or intervention components were efficacious in increasing
physical activity in people with HF i.e. whether interventions or intervention components
promoted (or hindered) engagement in physical activity. The specific objectives were to (i)
evaluate the efficacy of intervention(s) that aimed to increase physical activity in people with
HF and (ii) identify intervention characteristics that contributed to efficacy in increasing

physical activity.

The review identified that, overall, the existing physical activity interventions did not
yield an impact on physical activity that takes place outside an intervention after the
intervention has been completed!. The lack of efficacious interventions indicates that further

research is required to identify how best to increase physical activity in HF.

1.7 Determining barriers and enablers

Chapter 5 presents a Bayesian meta-analysis of barriers and enablers to physical
activity in HF. The aim of the review was to summarise the existing evidence on the relevant
clinical, demographic, and psychosocial barriers and enablers to physical activity in HF. The
specific objectives were to i) identify and describe and to ii) compare clinical, demographic,

psychosocial barriers and enablers to physical activity in HF.

Age, comorbidity, and negative attitude were identified as barriers to physical activity
in HF by both qualitative and quantitative studies. However, less is known about other

potential contextual and modifiable determinants of physical activity in HF.

The findings of these two reviews indicated that further research was required to better

understand the factors that influence engagement in physical activity by people with HF. To

1 The meta-analysis of the updated search (2020) is included in the Appendix A



further investigate these factors, an exploratory sequential mixed-methods study was
designed to identify and describe barriers to and enablers of physical activity in HF
(Appendix N). The study consisted of a qualitative phase using semi-structured interviews,
followed by a quantitative phase assessing physical activity, using triaxial accelerometer,
and barriers and enablers to the behaviour, using self-reports. The qualitative phase informed
the design of the quantitative phase. As such, the self-reports (i.e. validated questionnaires
and supplementary scales) were chosen based on the findings of the qualitative phase. The
findings of the first, qualitative, phase of the mixed methods study also defined the

hypotheses to be tested in the second, quantitative phase of the study.

Chapter 6 presents a qualitative semi-structured interview study (Phase 1). The aim of
the qualitative phase was to identify perceived barriers to and enablers of physical activity
in people with HF. The objectives were to (i) conduct semi-structured interviews with 16
older adults with HF, (ii) to analyse the interview transcripts to identify perceived barriers
to and enablers of physical activity in HF, and (iii) to inform the selection of questionnaire
measures to be used in the quantitative phase of the study. This research study employed the
Theoretical Domains Framework (TDF), (Cane, O’Connor, & Michie, 2012; Michie et al.,
2005) to explore a comprehensive range of theoretical domains and constructs that may act

as barriers to or enablers of physical activity in HF.

Overall, the qualitative study formulated belief statements, psychosocial constructs,
and causal representations that affect physical activity behaviour in HF. The qualitative
findings suggested the relevance of the following models: the MB-MF-Pavlovian (Dayan &
Berridge 2014; Zhang et al., 2009), Health Action Process Approach (Schwarzer, 2008), and
an auxiliary model. The auxiliary model was distinguished from HAPA by the lack of the
relevance of risk perception. Instead it highlights the role of major-health event and goal

(behavioural) in the context of HF.

Chapter 7 presents a model outlining processes underlying physical activity in HF and

a scale assessing the determinants of physical activity in HF (Phase 2). The aim of the



quantitative phase of this research was to model the relationship between potential enablers
and barriers as predictors of physical activity levels. This included (i) content development
for a scale assessing barriers and enablers to physical activity in HF (ii) computational
modelling of barriers and enablers of physical activity in HF based on the qualitative semi-
structured interviews' findings; (iii) a power analysis and feasibility assessment for a cross-

sectional study assessing behavioural determinants and physical activity (accelerometry).



2

Background to HF and Physical Activity in HF

To place this research in context, this chapter provides a brief overview of HF
condition as well as a summary of its impact on health and quality of life, the economic
burden, and available treatments. This is followed by a summary of the current
recommendations for physical activity in HF and the potential role physical activity can play

in its treatment.

2.1 Definition and symptoms of HF

HF is a clinical syndrome resulting from any structural or functional cardiac disorder
that impairs the ability of the heart to support physiological circulation (National Clinical
Guideline Centre, 2010). The typical symptoms of HF include breathlessness, fatigue,
reduced exercise tolerance, and retention of fluid in the lungs and in peripheral parts of the
body (i.e. ankles and feet). HF is a progressive condition which starts from asymptomatic
alterations in cardiac structure and function, then evolves to overt symptoms, increased risk
of disability, restricted independence, and death (Hunt, 2005). At early stages of HF,
breathlessness and fatigue can be experienced only on exertion; at later stages these

symptoms can be present at rest.



2.2 Physiology of the heart

The heart consists of four chambers: right and left atria and right and left ventricles
(Figure 2.1).

Superior vena cava Left pulmonary artery

Right pulmonary artery Left atrium

Pulmonary trunk Left pulmonary veins

Right pulmonary
veins Mitral (bicuspid) valve
Right atrium
Aortic valve
Fossa ovalis

Tricuspid valve Pulmonary valve

Right ventricle Left ventricle

Chordae tendineae Papillary muscle
Interventricular septum
Epicardium
Myocardium
Endocardium

Trabeculae carneae

Moderator band

Inferior vena cava

Anterior view

Figure 2.1. The sectional anatomy of the heart .Image from OpenStax College (2013).

The cardiovascular system is arranged in such a way that blood flows from low to high
pressure. The heart functions as a pump and fills with blood at low pressure during the first
phase (diastole) and then contracts, generating high pressure, to eject blood during the
second phase (systole). The right ventricle accepts deoxygenated blood from the body and
pumps it through pulmonary vasculature at the diastole, and then the left ventricle receives

oxygenated blood and pumps it into the systemic circulation at systole Figure 2.1.

The coordinated pumping action of the chambers is controlled by an electrical system
that is contained in the heart muscle. The normal heartbeat is stimulated by an electrical
signal that originates in a region of the right atrium known as the sinoatrial or SA node. The
electrical signal then spreads through both atria, causing them to contract and squeeze blood

into the ventricles. The electrical signal then passes through an electrical control station



known as the atrioventricular or AV node. After a split-second delay, the signal spreads to
the ventricles by way of specialized routes called the left and right bundle branches. The
bundle branches fan out in the ventricles, thereby enabling the electrical signal to stimulate
both ventricles to contract simultaneously. This simultaneous, coordinated contraction of the

ventricles is necessary for optimal pumping of blood to the body and lungs.

The overall performance of the heart is considered in terms of stroke volume (the blood
volume ejected in one beat), cardiac output (the blood volume ejected in one minute), and
left ventricular ejection fraction (LVEF, %). LVEF is the fraction of blood volume at the
end of the diastole that is ejected to the body during each contraction of the heart. The LVEF
of the normally functioning heart is between 50% and 70% (Roger, 2010).

2.3 Pathophysiology of HF

Various cardiac conditions, such as high blood pressure (hypertension), clogging up
of the vessels supplying the heart with blood (coronary heart disease), heart muscle weakness
(cardiomyopathy), and disturbance in cardiac rhythms (arrhythmia) as well as alcohol abuse
can result in either systolic or diastolic dysfunction with reduced ventricular filling and

reduced myocardial contractility. This leads to the development of chronic HF syndrome.

In HF, the pumping function of the heart is impaired at systole or diastole or both. This
leads to reduced LVEF (%) and inability to supply an adequate amount of blood to the system
to meet the metabolic demands of the body (Piano, Bondmass, & Schwertz, 1998). This
leads to the development of symptoms such as water and sodium retention and

breathlessness.

A LVEF of 35% to 50% is considered mild dysfunction, a LVEF <35% is considered
moderate dysfunction, and a LVEF<20% is considered severe systolic dysfunction (Roger,
2010). HF due to left ventricular systolic dysfunction (HFrEF) is the impairment in the
ability of the heart to pump blood during systole. HF can also occur in patients with normal

left ventricular systolic function in whom higher filling pressure is needed to obtain a normal
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end-diastolic volume of the left ventricle, so called HF with preserved left ventricular

ejection fraction (HFpEF).

2.4 Diagnosis of HF

The symptoms present upon physical examination form the basis for the HF diagnosis.
However, these symptoms are non-specific and may be associated with several conditions
and thus do not differentiate HF (Oudejans et al., 2011) For example, symptoms resulting
from water and sodium retention are also experienced in thyroid and kidney diseases. It is
especially difficult to detect HF in obese individuals, older adults, and those suffering
chronic lung diseases. Therefore, the investigation of underlying cardiac cause and the
medical history of preceding conditions are central to diagnosis of HF (McMurray et al.,
2012; National Clinical Guideline Centre, 2010) National Institute for Health and Clinical
Excellence, 2010). NICE guidelines (2010) the following steps for establishing the diagnosis
of HF:

a) Evaluation of the structure and diastolic and systolic function, heart rhythm and
heart rate using echocardiography (ECG). Echocardiography (ECG) is a cardiac ultrasound
imaging technique that provides information about cardiac anatomy (volumes, geometry,
mass) and function (left ventricular function and wall motion, valvular function, right

ventricular function, pulmonary artery pressure, pericardium) (McMurray et al., 2012).

b) Measurement of the blood concentration of natriuretic peptides. Natriuretic peptides
are hormones, the secretion of which is increased when the heart is diseased. The
concentration thresholds of two hormones are used to eliminate HF: B-type natriuretic

peptide (BNP) and N-terminal pro B-type natriuretic peptide (NT-proBNP).

c¢) Exclusion of other causes of abnormal levels of natriuretic peptides (e.g. renal

failure).

d) Investigation of the precipitating cardiac conditions (e.g. myocardial infarction).
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1.1 Symptomatic severity of HF

The New York Heart Association (NYHA) is used to grade the severity of HF (NICE,
2010). NYHA class is a subjective judgement a clinician makes about symptom severity,
medical history, and limitations in physical activity due to HF (e.g. signs of exertion present
at physical examination). Individuals within NYHA class I have no limitations in performing
an ordinary physical activity task, and does not experience symptoms attributed to HF (i.e.
undue breathlessness, fatigue or palpitations). Whereas individuals within classes Il, 111 have
mild and moderate limitations to performing physical activity, which results in slight and
marked undue breathlessness, fatigue or palpitations, respectively. Individuals in NYHA
class IV are unable to carry out any physical activity without experiencing discomfort, which
is increased if any activity is undertaken; and experience undue breathlessness, fatigue or
palpitations at rest (NICE, 2010).

An individual who has not experienced changes in NYHA class and has had no change
in their pharmaceutical treatment regimen for at least a month is defined as having stable HF
(McMurray et al., 2012; National Clinical Guideline Centre, 2010).
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2.5 The course of HF

As cardiac function decreases, the heart uses three major compensatory mechanisms
to maintain an adequate LVVEF: increased sympathetic nervous system activity (Eisenhofer
etal., 1996) increased contractility of the muscle and subsequent increase in muscle stiffness
(Maestrini, 1951) and ventricular hypertrophy — the thickening of ventricular walls due to
increased blood supply to the myocardium (Hein et al., 2003). These mechanisms maintain
cardiac performance for a short period of time, but have a long-term negative impact on the
individual’s health and functioning. These physiological changes put strain on the heart and
result in further deterioration of cardiac function. Thus, the pathophysiology described above

results in progression of HF over time.

2.6 Epidemiology of HF

HF is a major public health problem affecting 40 million people globally (Vos et al.,
2016) and 558 000 people in the United Kingdom (Bhatnagar, Wickramasinghe, Williams,
Rayner, & Townsend, 2015). Improvements in the treatment of myocardial infarction and
prevention of sudden cardiac death have led to an increase in the incidence of chronic HF
(Lloyd-Jones et al., 2002). The condition affects mostly older adults; the median age of a
newly diagnosed person is 80 years old (British Heart Foundation, 2015).

The incidence of HF is twice as high in men as in women of all age groups (Mehta &
Cowie, 2006). The national audit estimated that in 2015 the median age of a person with HF
was 80 years across genders/sexes, but slightly higher for women and lower for men (British
Society for HF, 2015). There were more men in each age category except for the 85+ age

group where women were in the majority.

2.7 Mortality in HF

The largest prospective study on the mortality in HF suggested that the 5-year survival
rate among individuals diagnosed with HF is markedly reduced compared to the general

population, 53% versus 93%, respectively (Echocardiographic Community Heart of England
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Screening Trial, ECHOES, Hobbs et al., 2007) . At the 10-year follow-up of the same cohort,
a total of 2062 (33.5%) out of 6162 individuals with HF had died (ECHOES Taylor et al.,
2012). This suggests a poor long-term survival rate. In this study, diabetes, valvular disease,
smoking, and obesity were associated with increased risk of death (Taylor et al., 2012). The
National HF audit counted 56915 deaths in 2015, which is a 4% increase from the last audit
(The British Society for HF, 2015).

2.8 Hospitalisation in HF

HF is a chronic condition and bouts of worsening of the symptoms are common. The
rapid occurrence of severe symptoms leads to hospitalisation. HF hospitalisation accounts
for around 5% of all emergency admissions to hospital and for about 2% of all inpatient days
in the UK (National Clinical Guideline Centre, 2010) According to the National HF Audit,
134,044 people with HF were admitted to hospital in 2015 (British Society for HF, 2015).
The median length of hospital stay was 9 days for those admitted to Cardiology wards and 7
days for those in General Medicine (British Society for HF, 2015). The rehospitalisation rate,
which is estimated at 50% within the first three months of discharge from hospital and
imposes an economic burden on the National Health Service (NHS), that is estimated to be
around £716 million in 2035 (Petersen, Rayner, & Wolstenholme, 2002). General
practitioners’ consultation and outpatient clinic referrals cost the NHS around £80 million a
year, While outpatient drug therapy costs are estimated at £129 million a year (Berry,
Murdoch, & McMurray, 2001).

2.9 Treatment of HF

The aim of HF treatment is to reduce the frequency of hospitalisation and improve
survival and quality of life as postulated by the NICE guidelines (2010). Timely measures
such as lifestyle changes, pharmaceutical treatment, and invasive procedures as outlined
below are recommended to reduce the long-term negative consequences of compensatory
mechanisms and thus prevent further progression of the condition (Hunt, 2005).
Pharmaceutical management of HF comprises diuretics, aldosterone antagonists,

angiotensin-converting enzyme (ACE) inhibitors, beta-blockers, and inotropic agents (NICE
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2010). The medication regimen of individuals with HF is complex and is often further
complicated by the pharmaceutical management of comorbid conditions, including diabetes,
ischemic heart disease, atrial fibrillation and high blood pressure. According to a large
survey on the quality of care among 11304 patients admitted for HF in 24 European
countries, 44.6% of the population takes four or more drugs (Komajda et al., 2003). Invasive
procedures are performed to treat severe HF and include implantable devices, surgery, and
organ transplantation. These procedures are considered when HF symptoms persist despite

taking up pharmaceutical treatment (McMurray et al., 2012; Yancy et al., 2013)

As part of the effort to manage HF more effectively, and to reduce adverse events as
well as the frequency of hospitalisation, people with HF are also recommended to lead a
healthy lifestyle: to reduce alcohol and salt intake, cease smoking and to maintain physical
activity (NICE, 2010). These recommended behaviours constitute self-care for a person
living with HF. albeit, these self-care behaviours are poorly performed (Jaarsma et al., 2013)
and often compromised by complex medication regimens. This research focuses on physical
activity as one of the self-care behaviours and an important aspect of HF treatment. The

operational definition of physical activity used herein is provided below.

2.10 Definition of physical activity

This thesis adopts a broad definition of physical activity as “any bodily movement
produced by skeletal muscles that requires energy expenditure” (WHO, 2018). However, the

behaviour is specified for each study as described below.

Exercise is a subset of physical activity defined as structured physical activity (WHO,
2018). Physical activity can be classified as occupational and leisure-time physical activity
(Division of Nutrition, Physical Activity, and Obesity, 2015).

Physical activity types include aerobic, muscle-strengthening, bone-strengthening, and

stretching. Physical activity can also be categorised in terms of mode, intensity and duration.
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Modes of physical activity include, for example, sports, conditioning exercises, household
tasks (e.g. gardening), walking, and running. The levels of intensity are: sedentary (a
metabolic equivalent of task, MET of one), moderate (MET of 3-6) , and vigorous (MET
>6). One MET is 1 kcal/kg/hour and is expended when sitting quietly. Hence, moderate

activity describes expenditure of sixfold of that, and vigorous — over sixfold.

2.11Benefits of physical activity for people with HF

2.11.1 Effects of physical activity on exercise capacity in HF

Exercise intolerance, defined as reduced ability to perform physical activity due to
breathlessness and fatigue is a challenging symptom and operationalized as a reduction in
exercise capacity and measured using maximum oxygen uptake (VO2max) — the amount of
oxygen utilised by an individual While performing an aerobic exercise. Exercise capacity is

a strong predictor of morality and hospitalization risk in HF.

The induced increase in exercise capacity because of aerobic exercise leads to
reduction in fatigue, breathlessness, and positive outcome in terms of functional capacity for
patients with HF due to left ventricular dysfunction (Downing, Balady, 2011). Various
mechanisms through which physical activity impacts exercise capacity have been proposed.
Aerobic exercise induces left ventricular remodelling, and thereafter increases left-
ventricular ejection fraction, reverses endothelial dysfunction, skeletal muscle wasting and
ventilator inefficiency which leads to improvement in exercise capacity (Chicco et al., 2008;
Papathanasiou et al., 2008). Inactivity, on the other hand, leads to reduced exercise capacity,
physical deconditioning, which causes worsening of HF symptoms and reduced exercise
capacity (McKelvie et al., 1995).

Maintenance of physical activity in the long-term is advised, as it prevents physical
deconditioning and subsequent decline of functional capacity (Pina et al., 2003). Physical

activity inhibits pathologic cardiovascular remodelling, promotes physiologic remodelling,
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and improves cardiac, neurohormonal, skeletal muscle, pulmonary, renal, and vascular

performance (Nayor et al., 2015).

A meta-analysis of 47 studies evaluating effects of exercise programmes suggests that
high-intensity exercise may elicit the greatest change in exercise capacity (V02max) of HF
patients (Ismail et al (2014). In the largest up-to-date randomised controlled trial, 2331
individuals with HF (72% men, mean age 59 years) with LVEF < 35%, in the New York
Heart Association functional class 11-1V, and under optimal medical treatment, were
randomized to either the training group (36 sessions of supervised, moderate-intensity
training followed by home-based training) or the usual care group. HF-ACTION (O’Connor
et al., 2012) highlights the importance of the levels of physical activity by demonstrating

that greater amount of exercise resulted in a greater change in exercise capacity.

2.11.2 Effects of physical activity on mortality in HF

Large-scale observational studies have suggested an association between exercise and
low rates of all-cause mortality in the general population (Byberg et al., 2009; Wen et al.,
2011). A recent meta-analysis of 33 Randomised Controlled Trials (RCTs) evaluated the
effects of exercise-based CR on mortality (Sagar et al., 2015). The review found that there
was no significant difference in the survival rate between usual care and exercise
programmes at 12 months follow-up (Sagar et al., 2015). However, the authors suggested
that there was a trend towards improvement in the survival rate in the exercise group.
Currently, research on the association between health benefits and the duration of the
exercise programme is not conclusive. A unique study investigating the effects of a
prolonged exercise programme demonstrated that the risk of death due to HF was
significantly reduced for individuals attending an exercise programme twice a week for 10
years compared to control group, hazard ratio: 0.68, p < 0.001 (Belardinelli, Georgiou,
Cianci, & Purcaro, 2012). The prolonged duration of the exercise programme and the high
attendance rate (88%) in the 10-year trial may have confounded the effect of exercise
programme on mortality. These factors have not been present in most short programmes
included in the meta-analysis (Sagar et al., 2015). Overall, the evidence suggests that
physical activity may result in the reduction in mortality risk, when maintained consistently

and long-term.

17



A meta-analysis, based on individual patient data of RCTs compared exercise training
with usual care and included a total of 801 patients, 395 in the exercise programme and 406
in the control group (ExTraMATCH Collaborative, 2004). The average follow-up was 705
days and the duration of the programme ranged from 84 to 420 days. Overall, there were 88
deaths in the exercise arm (median time to event, 618 days) and 105 in the control arm (421
days). The ExTraMATCH meta-analysis therefore provided evidence suggesting that
survival rate as well as survival time is significantly extended for individuals assigned to an

exercise programme (ExTraMATCH Collaborative, 2004).

2.11.3 Effects of physical activity on hospitalisation in HF

In a meta-analysis of 33 trials, hospitalisation due to HF has been found to be reduced
at a 1-year follow-up after an exercise training programme compared with a no exercise
control (Taylor et al., 2014).However, the effect was not maintained at follow-up beyond
that period (Sagar et al., 2015). On the other hand, a 10-year consistent exercise programme
has resulted in the reduction of hospitalisation due to HF at the 5-year follow-up (Belardinelli
et al., 2012). This suggests that maintaining physical activity for a long period of time is

required for the hospitalisation rate to be reduced in the long-term.

2.11.4 Effects of physical activity on quality of life in HF

Quality of life has been found to improve following exercise training programmes
compared with no exercise control in all meta-analyses of exercise programmes (Taylor et
al., 2014; Lewinter et al., 2015; Sagar et al., 2015). Exercise programmes had a positive
effect on quality of life as compared to usual care at 12-month follow-up and beyond (Sagar
et al., 2015). Supervised aerobic exercise training for 63 individuals has resulted in
significantly improved quality of life (QoL) at the 12-month assessment in comparison to
the non-training control group (n=60) (Bellardinelli et al., 2000; Bellardinelli et al., 2005).
These effects were sustained at 10-year follow-up assessment. However, the adherence rate
to the exercise was high (88%) throughout the 10-year study period (Bellardinelli et al.,
2012). In summary, maintained exercise throughout a long period of time may result in a

sustained benefit in terms of quality of life.
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2.11.5 Physical activity recommendation in HF

Alongside lifestyle recommendations, including restricted salt and alcohol intake and
smoking cessation, individuals with HF are advised to engage in physical activity (NICE,
2010). The European Society of Cardiology Guidelines (Ponikowski et al. 2016) for the
diagnosis and treatment of chronic HF have stated a recommendation (class 1A2) for regular
aerobic exercise to improve functional capacity and HF symptoms (McMurray et al., 2012).
Recommendations include exercise programme and lifestyle changes, including promotion
of unspecified everyday physical activity (McMurray et al., 2012; Yancy et al., 2013). The
recommendations on intensity and duration of physical activity vary and, given the lack of a

prescription, an individualized approach is recommended (Pina et al., 2003).

However, physical activity was emphasised as safe and recommended to individuals
with chronic stable HF for the first as recent as 2003 (NICE, 2003). Ever since then, regular
physical activity is recommended to medically stable individuals with HF in NYHA classes
I to Il (Yancy et al., 2013; NICE, 2010; McMurray et al., 2012). Before that it was
erroneously advised to restrict physical activity if diagnosed with HF. Therefore, popular
opinion among the public may vary and individuals with HF are not necessarily aware of the
safety and benefits of physical activity in HF. In addition, physical activity is not
recommended to individuals with severe, acute, or decompensated HF. Which may add more
complexity to adhering to the physical activity recommendation when HF becomes chronic

and stable.

21 Class I: Evidence and/or general agreement that a given treatment or procedure is beneficial, useful and
effective. A: the supporting data is driven from multiple randomized controlled trials.
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2.12Physical activity as a treatment strategy in HF

2.12.1 Cardiac rehabilitation and exercise-based programmes

Physical activity in the form of supervised exercise is offered as part of routine care
for individuals with HF, including Cardiac Rehabilitation (CR) and exercise programmes.
CR services aim to facilitate physical, psychological, and emotional recovery and to enable
referred individuals to achieve and maintain better health (British Heart Foundation, n.d.).
This is thought to be achieved through education, personalised information, exercise,
relaxation, support, and opportunities for discussion throughout people’s care to help them
understand their condition and be involved in its management, and meet their psychological
needs (NICE, 2016) National guidelines consistently recommend CR to medically stable
individuals with HF without any precluding conditions (McMurray et al., 2012; Yancy et al.,
2013).

Individuals with HF may experience difficulties in their performance of activities of
daily living due to frailty (Norberg, Boman, & Lofgren, 2008). Frailty is defined as a
distinctive health state resulted from the ageing process in which multiple body systems
gradually lose their reserve (British Geriatrics Society, 2014). Reducing frailty and
maximizing functioning and independence in older individuals with HF is an important
treatment goal, which can be achieved by increased daily physical activity (Witham, Argo,
Johnston, Struthers, & McMurdo, 2006).

2.12.2 Implementation of cardiac rehabilitation

The number of individuals with HF who are referred to CR is very low (Beswick et
al., 2004). Fewer than 20% of individuals with HF across Europe participate in CR
programmes (Bjarnason-Wehrens et al., 2010). While the cardiac population who do

participate, do not attend the programme as recommended (Jolliffe et al., 2001).
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Adherence has been defined as the extent to which a person’s behaviour — taking
medication, following a diet, or executing a lifestyle change — corresponds to the
recommendations of a healthcare provider (Sabate, 2003). Exercise adherence is also defined
as the extent to which a person acts in accordance with the advised interval, exercise dose

and exercise dosing regimen (Conraads et al., 2012).

The adherence to exercise programmes is low; only 35% of exercise programme
participants complete 36 weeks of the programme and only 40% of those engage in the
prescribed 90-minute weekly sessions (Keteyian, Ellis, & Houston Miller, 2009).

In the United Kingdom, only 3794 people with HF started CR in 2013-2014, which is
5.9% of newly diagnosed individuals in that year and 0.73% of those living with HF (British
Heart Foundation, 2015). Most CR programmes in the UK are hospital-based (Thompson,
Bowman, Kitson, de Bono, & Hopkins, 1997) which poses logistics difficulties. It involves
traveling to the hospital which may be difficult for a frail and ill older adult with HF. Several
of the barriers to attending CR are speculated to exist at the system level (i.e. socio-economic
factors, limited availability of cardiac rehabilitation programmes and exercise programmes)
and the physician level (i.e. low referral and logistics difficulties), as outlined in a consensus

paper on adherence to exercise programmes and its barriers (Conraads et al., 2012).

Given the barriers to attending CR and exercise programmes, to reap the health
benefits associated with physical activity it is important that individuals with HF engage in
unstructured physical activity of a preferred mode and intensity, including leisure or
household activity. Unstructured physical activity may be easier to fit into every-day life
than a structured exercise programme (Conraads et al., 2012). This is especially relevant

given the complex management regimen of an individual with HF.

2.13Unstructured everyday physical activity
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The unstructured everyday levels of physical activity that takes place outside CR or
other exercise-based programmes is the target behaviour of this thesis. The levels of such
physical activity are also low. A large secondary analysis of a large Biobank dataset suggests
that the levels of both, self-reported and measured using accelerometer, physical activity are
significantly lower in those diagnosed with HF (N=16 000) than in individuals without HF
(N=387 580) (O’Donnell et al., 2020).

This thesis is concerned with all types, modes, and intensity of physical activity
that takes place outside an exercise programme. However, the primary outcome of
physical activity will be stratified in terms of the mode (e.g. walking, gardening) and

intensity (moderate-vigorous physical activity, MVPA).

2.14Target behaviour

It is recommended to specify the target behaviour in specific terms (Fishbein et al.,
1967; French et al., 2012; Michie et al., 2014; Araujo-Soares et al., 2018). This means that
a detailed description of who needs to do what differently, when, where, how often and with
whom should be provided (Michie et al., 2014). For HF, Conraads et al. (2012) specify that
any type and mode of physical activity should be performed as frequently as possible to
improve clinical outcomes. They also advise that physical activity should be performed in a
setting and mode and type as preferred by the individual living with HF. It is unclear what
the specific target physical activity should be, as Conraads et al. (2012) advise future
research must be done to investigate physical activity preferences held by people living with
HF.

2.15Conclusion

Physical activity is a treatment strategy strongly recommended to individuals with
stable HF and offered alongside pharmaceutical treatment in the form of an exercise
programme or CR. It is important to maintain a reasonable level of physical activity to

maintain physical function, independence of an individual living with HF and to reduce their
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level of frailty. Physical activity has also been found to be associated with reduced mortality,
hospitalisation, and improvements in quality of life. National Guidelines on HF management
recommend that individuals diagnosed with HF should be routinely offered: (i) cardiac
rehabilitation that targets lifestyle changes including physical activity and (ii) a physical
exercise programme, yet the implementation of these programmes for individuals with HF
is poor. Given the poor implementation of CR and the barriers to attending CR and exercise
programmes outlined in this chapter, the present study recognises that in order to attain
health benefits associated with exercise it is important to develop additional means to support
an individual with HF in engaging in physical activity. Yet, the levels of physical activity in
HF are also low. Therefore, this thesis is focused on how to improve the levels of physical

activity in HF.
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3

Conceptual Framework

Physical activity is beneficial to individuals with HF (Taylor et al., 2014; Sagar et al.,
2015; Belardinelli et al., 2012). However, its levels are exceptionally low in this population
group (Jaarsma et al., 2013). This suggests a need for supporting and encouraging behaviour
change. Such change can be realised through the development and implementation of a
behaviour change intervention (BCI), defined as ‘coordinated sets of activities designed to
change specified behaviour patterns’ (Michie, van Stralen, and West, 2011). The National
Institute for Health and Care Excellence (NICE; 2010) guidelines for behaviour change
recommend that all BCIs should be developed and evaluated in stages, using an established
approach such as the one recommended by the Medical Research Council guidance for the

development and evaluation of complex interventions (MRC; Craig et al., 2008).

Evidence-based and theoretically underpinned interventions are thought likely to bring
about behaviour change (Araujo-Soares, Hankonen, Presseau, Rodrigues, & Sniehotta,
2019; Craig et al., 2008; Hankonen & Hardeman, 2020; Kok et al., 2016; S Michie, Atkins,
& West, 2014; O’Cathain, Croot, Sworn, et al., 2019).Therefore, the MRC guidance
recommends careful consideration of behaviour change theory and evidence for the
development of interventions before they can be experimentally assessed. It is recommended
to draw on existing evidence and perform new empirical research as necessary (Craig et al.,
2008).

Only one existing RCT, as identified by the systematic review reported in Chapter 4,
evaluated a theory-based intervention targeting self-care behaviours in general, one of these
behaviours is physical activity engagement (REACH-HF; Dalal et al., 2018). REACH-HF
was the first research programme that followed the MRC guidelines in developing
interventions designed to improve self-care behaviours in HF. However, the efficacy of the
REACH-HF intervention in increasing physical activity in HF was not supported (Dalal et
al., 2018). No power calculations or sample estimation were carried out which limits

confidence in drawing conclusions this lack of observed efficacy of the REACH-
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HF intervention increasing physical activity in HF. However, there are also several key

issues in the intervention development research underpinning REACH-HF.

The REACH-HF intervention was developed using the Intervention Mapping
Framework (IMF; Bartholomew et al., 2016). This thesis, which also follows the MRC
guidelines, adopts alternative methods used in research informing intervention development,
i.e. Theoretical Domains Framework (TDF; Cane et al., 2012) that will be described in this
chapter. The use of TDF offers the following advantages over the IMF. The IMF, similarly
to the TDF, prescribes a needs assessment that incorporates multiple perspectives
(community, key stakeholders, healthcare professionals, and existing research) to gather
evidence on the health behaviour in question and to identify potential barriers and enablers.
However, the IMF takes an open-ended, less defined approach to the gathering of the
evidence concerning barriers and enablers. While the TDF offers means to systematise and
structure the research enquiry (Atkins et al., 2017). The TDF has been developed on the
basis of a systematic review of existing behaviour change theories (Davies et al., 2012). Thus
it includes a comprehensive set of domains that are potentially relevant to behaviour change.
A qualitative study suggests that the employment of the TDF results in the identification of
a broader range of the relevant barriers and enablers than using a single model/theory or no
theory at all (Francis et al., 2009). REACH-HF drew on the expertise of stakeholders (such
as cardiologists and nurses). This involved adopting a bottom-up stakeholder-oriented
approach, where content analysis was not guided by a framework. In this thesis, the TDF
was applied explicitly to structure the systematic review of barriers and enablers and the

qualitative study’s interview and content analysis.

Second, in contrast to REACH-HF, the present thesis explicitly focuses on one specific
behaviour: physical activity. It has been previously indicated that focusing on a specific
target behaviour is essential in providing a detailed account of how best to change it (Michie
et al., 2013). A meta-analysis of behaviour change interventions also suggests that

simultaneously addressing several behaviours is not beneficial in achieving a positive change
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in the target behaviour (Wilson et al., 2015). It is, therefore, recommended to explore how
best to improve each behaviour while focusing on one behaviour at a time and subsequently

design interventions that address one behaviour in detail.

Third, the present thesis evaluated the effects of a diverse set of interventions on the
physical activity outcome. By contrast, the REACH-HF programme of research evaluated
the efficacy of exercise-based rehabilitation on outcomes such as exercise capacity,
hospitalisation, mortality and QoL in a meta-analysis. Also, the present thesis explored the
content (BCTs, theory use), mode, setting and facilitator characteristics that contribute to

increased efficacy in improving physical activity in HF.

Therefore, the present thesis provides a novel contribution to understanding how best

to improve physical activity in HF by:
1. Focusing on this specific behaviour: physical activity.

2. Exploring what makes physical activity interventions efficacious in promoting an

active lifestyle in a systematic review and meta-analysis.

3. Using TDF to guide systematic exploration of barriers and enablers to physical

activity.

The aim of this thesis, therefore, is twofold: 1) to identify and evaluate reported
interventions designed to increase physical activity levels in HF, and 2) to identify and
describe barriers and enablers to physical activity in HF through systematic review and

empirical research.

The present research does not include designing an intervention. Instead, it
concentrates on the development stage as defined by the MRC guidance (Figure 3.1). It is

intended that the findings of this research can help in informing the development of an
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evidence-based and theoretically underpinned intervention to increase physical activity in
HF.

Medical Research Council Guidance for Developing Complex Interventions

1. Development 7 2. Feasibility

Identifying the evidence-base Testing procedures

Identifying or developing theory Estimating recruitment and retention

2 Determining sample size
Modelling process and outcomes g B

4. Implementation 3. Evaluation
Dissemination Assessing effectiveness
Monitoring Understanding change process
Long-term follow-up Assessing cost-effectiveness

Figure 3.1. Key stages of the iterative process recommended for complex intervention development and
evaluation (MRC guidance, 2008; 2019).

3.1 Identifying the evidence-base

The recommended practice for developing BCls includes systematic evaluation of
available evidence as the first step (Craig et al, 2008). Developing interventions that are not
based on appropriate evidence and therefore are unlikely to be efficacious, is wasteful
(O’Cathain, Croot, Duncan, et al., 2019). Systematic evaluation entails identifying what
interventions work, for which subgroups of the population of interest, and in what setting.
Thus, this study (i) evaluates existing physical activity interventions by performing a

systematic review using meta-analysis (described in Chapter 4).

One limitation of systematic reviews evaluating BCIls stems from heterogeneity —
systematic variance in the effects brought about by different study procedures, contexts,
settings, and population samples, as well as the characteristics of BCIs. Such heterogeneity

is inescapable due to the complexity of the subject — dynamic and complex human behaviour
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in dynamic and diverse environments in response to complex interventions. Some methods
(Borenstein, Hedges, Higgins, & Rothstein, 2009), offer ways to explore heterogeneity by
means of grouping and data representation. The MRC guidance suggests grouping BCIs in
terms of modes of delivery, setting, duration, and frequency with which they are delivered
(Craig et al., 2008). However, the coding of intervention content is often compromised by

the flexibility in how complex BCls can be described, grouped, and compared.

BCI content is extremely heterogeneous (Craig et al., 2008). It however can be
specified in terms of Behaviour change techniques (BCTs) using BCT taxonomy v1 (Michie
et al., 2013). This taxonomy will be used for describing BCls in this thesis. BCT taxonomy
vl is expected to facilitate consistency in the description, grouping and comparison of the
BCls.

3.2 ldentifying or developing appropriate theory

The MRC recommends identifying factors and the mechanisms that are likely to be
important in bringing about behaviour change (Craig et al, 2008). Therefore, the study
includes an investigation of barriers and enablers to physical activity through systematic
review and a semi-structured interview study. This thesis draws upon psychological theories
of behaviour change to help gain a better understanding of how to promote physical activity

in people diagnosed with HF.

Theories of behaviour change summarise what is known about the mechanisms of
behaviour change and the conditions in which behaviour change is most likely to occur
(Michie & Johnston, 2012). Theoretical construct is defined as a component of a theory,
which refers to a factor that influences behaviour (Michie et al., 2005). For example, self-
efficacy is a theoretical construct — defined as one’s belief in one's ability to succeed in
specific situations or accomplish a task, and is a component of a behaviour change theory,
entitled Social Cognitive Theory (Bandura, 1997).
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There are several challenges in using psychological theories for developing
interventions. (Michie & Prestwich, 2010; Michie et al., 2011; Ogden, 2004). For one, the
number of potentially applicable theories is large (Johnston & Dixon, 2008). Therefore, it is
unclear which theory is most relevant to physical activity in HF. The potential success of a
theory is contingent to the context in which the theory is applied (Moore & Evans, 2017).
While it is important to have a broad range of perspectives in mind when considering what
theory should be used, it is also important to justify the choice of theory (Moore & Evans,
2017). MRC guidance recommends justifying the choice by identifying what are the
determinants of the behaviour through review and empirical research. In this thesis,
Theoretical Domains Framework (TDF, Cane et al., 2012) is applied to structure both the

systematic review process and empirical research.

Theoretical Domains Framework (TDF, Cane et al., 2012) is a tool developed through
international collaborative effort. It systematically describes domains and constructs which
influence a behaviour under investigation (Atkins et al. 2017). TDF summarises constructs
of existing behaviour change theories into 14 domains, such as Knowledge, Skills,
Social/Professional Role and Identity, Beliefs about Capabilities, Optimism, Beliefs about
Consequences, Reinforcement, Intentions, Goals; Memory, Attention and Decision
Processes; Environmental Context and Resources; Social influences; Emotion; and
Behavioural Regulation. Domains are defined in Table 3.1 . TDF has been widely used in
research (Atkins et al., 2017), including research on self-management in chronic conditions
(Mulligan et al., 2017; McBain et al., 2017) and physical activity in healthy adults
(McDonald et al., 2015; Taylor et al., 2013), as well as systematic review synthesis
(Richardson et al., 2019). In this thesis, barriers and enablers to physical activity in HF
identified through review and empirical research are categorised in accordance with TDF.

The methods are described in Chapter 5 and 6, respectively.

Table 3.1. Theoretical Domains Framework definitions.

1. Knowledge An awareness of the existence of something
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. Social Influences

An ability or proficiency acquired through

practice

. Social/Professional
Role and Identity

A coherent set of behaviours and displayed
personal qualities of an individual in a social

or work setting

. Beliefs about

Acceptance of the truth, reality, or validity

Capabilities about an ability, talent, or facility that a person
can put to constructive use
. Optimism The confidence that things will happen for the

best or that desired goals will be attained

. Beliefs about

Consequence

Acceptance of the truth, reality, or validity
about outcomes of a behaviour in a given

situation

. Reinforcement

Increasing the probability of a response by
arranging a dependent relationship, or
contingency, between the response and a

given stimulus

. Intention Stability of intentions A conscious decision to
perform a behaviour or a resolve to act in a
certain way

. Goal Mental representations of outcomes or end

states that an individual wants to achieve
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10. Memory,
Attention and
Decision Processes

Memory

The ability to retain information, focus
selectively on aspects of the environment and

choose between two or more alternatives

11. Environmental
Context and

Resources

Environmental stressors Any circumstance of
a person's situation or environment that

discourages or encourages the development of

skills and abilities, independence, social

competence, and adaptive behaviour

12. Social influences Those interpersonal processes that can cause
individuals to change their thoughts, feelings,

or behaviours

13. Emotion A complex reaction pattern, involving
experiential, behavioural, and physiological
elements, by which the individual attempts to
deal with a personally significant matter or

event

14. Behavioural Anything aimed at managing or changing

Regulation objectively observed or measured actions

Note: Adapted from the American Psychological Associations’ Dictionary of Psychology (VandenBos, 2007);
adapted from Cane et al., 2012.

A systematic review is performed to identify and describe barriers and enablers to
physical activity in HF. Drawing conclusions from the evidence provided by systematic
reviews investigating factors influencing a behaviour is not straightforward. The evidence
often includes findings from both qualitative and quantitative studies. While quantitative
research often includes only measurable outcomes and predictors, qualitative research

provides detailed and broad accounts of factors (Dixon-Woods recommendation on
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reviews). Therefore, omitting qualitative research may result in a narrower set of identified
barriers and enablers (Roberts et al., 2002). Dixon-Woods and colleagues suggest integrating
all available evidence in informing decision making in healthcare (Dixon-Woods, Agarwal,
Jones, Young, & Sutton, 2005). Following their prescription, to better understand how to
increase physical activity in HF, qualitative and quantitative research findings will be

systematically reviewed.

To integrate available evidence from diverse sources Dixon-Woods et al. (2006)
recommend performing a Bayesian meta-analysis (Dixon-Woods et al., 2005, 2006; Roberts,
Dixon-Woods, Fitzpatrick, Abrams, & Jones, 2002). In healthcare research, this has been
previously carried out in a Bayesian evidence synthesis of the factors influencing
immunisation uptake (Roberts et al., 2002). The beliefs that are elicited from qualitative
evidence can be updated with quantitative evidence using Bayesian updating. Bayesian
updating is defined as a procedure of updating prior belief by incorporating new information
(Spiegelhalter et al., 2003). In the context of a meta-analysis, this technique is used to update
a hypothesis once new evidence is available. 2002). It also makes it possible for a researcher

to assess the degree of uncertainty. The rationale and methods are outlined in Chapter 5.

For physical activity in HF, a large fraction of the evidence is from qualitative
research. There is also a large degree of uncertainty since physical activity is a complex
behaviour. Bayesian meta-analysis is especially useful for integrating evidence in such
cases. In Chapter 5, this framework is applied in synthesising available evidence regarding

barriers and enablers to physical activity in HF.

This study also develops a detailed understanding of the perceived barriers and
enablers identified using semi-structured interviews. Then the qualitative findings are used
to identify constructs and theoretical domains, and the most relevant theory as indicated by
the perceived causal relationships between them. Finally drawing on the evidence form the
Bayesian review, meta-analysis, and the qualitative study a model explaining barriers and

enablers in physical activity is formally defined using methods developed by Pearl (2009).
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The latter can inform a large cross-sectional study designed to assess the proposed

understanding of the barriers and enablers in a large study.

3.1 Conclusion

The series of studies presented here undertake an exploration of the barriers and
enablers to engaging in physical activity among people with HF. The MRC guidance
procedure is followed. Specifically, this thesis (1) evaluates the efficacy of existing
physical activity interventions for people with HF. It then (2) synthesises in a systematic
review and Bayesian meta-analysis the available evidence in support of barriers and enablers
to physical activity in HF. (3) Using empirical research, it explores the barriers and enablers
to physical activity in HF, as well as the casual structure that describes relationships among
them. The thesis then (4) identifies appropriate theory and formulates detailed hypothesis to

be tested in a large cross-sectional study.
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4 Efficacy of Interventions to Increase Physical Activity for
People with HF: A Systematic Review and Meta-Analysis of

Randomised Controlled Trials

4.1 Background and rationale for systematic review

methodology

Currently, despite the firm recommendation for medically stable individuals diagnosed
with heart failure (HF) to engage in regular physical activity?, its levels are very low
worldwide (Jaarsma et al., 2013). However, physical activity is an important treatment
strategy. Substantial research has been conducted on the effect of exercise programmes on
health-related quality of life (HRQoL), hospitalisation, and mortality in HF. As reported in
Chapter 2, exercise-based programmes improved exercise capacity (Davies et al., 2010;
Lewinter et al., 2015; Taylor et al., 2014) and HRQoL (Davies et al., 2010; Taylor et al.,
2014), and reduced hospitalisation (Davies et al., 2010; Lewinter et al., 2015; Taylor et al.,
2014) in HF. Systematic reviews have indicated a trend towards improved survival in trials

with a follow-up longer than 12 months (Sagar et al., 2015).

However, a recent meta-analysis did not suggest that CR is effective in sustaining
physical activity in HF after it has ceased (Dibben et al., 2018). Besides, the uptake of CR
remains suboptimal (Santiago de Araujo Pio, Chaves, Davies, Taylor, & Grace, 2019). It is,

therefore, essential to evaluate the efficacy of a range of other interventions and identify

3 The definition of physical activity is provided in section 2.13-2.14. The rationale for focusing on this behaviour
is provided in section 2.12.
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content and features of interventions that are likely to promote a physically active lifestyle

and supplement CR.

On the other hand, CR is multifaceted. It may incorporate not only exercise but also
components such as medical and lifestyle risk factor management, medication management,
psychosocial health assessment, health behaviour change and education (Doherty &
Harrison, 2017). Physical activity interventions, in common with any behaviour change
intervention, are also complex and include many components aimed at improving the
behaviour (Craig et al., 2008). An editorial (Clark, Redfern, & Briffa, 2014) highlighted that
reviews of CR had not separated the effects of these different components. Also, an overview
of Cochrane systematic reviews recommended that future reviews should explore the
interventions ' complexity and identify what makes an intervention successful (Anderson &
Taylor, 2014). This thesis is concerned with what makes any intervention successful in

promoting physical activity.

A narrative review by Barbour & Miller (2008) identified only eight trials that
measured physical activity in HF and concluded that the issue of its low levels in HF has
been under-investigated. The review identified a lack of uniformity across trials in physical
activity assessment and poor reporting of intervention procedures. The review concluded
that long-term (beyond 12 months) strategies to enhance physical activity in HF have not
been investigated. However, to achieve long-term benefits, an individual with HF would
need to maintain an active lifestyle, which would involve a long-term performance of
physical activity in everyday settings outside exercise programmes. Barbour & Miller
(2008) therefore highlight the need to evaluate the efficacy of cardiac rehabilitation, exercise
programmes, or other interventions that aim to promote the initiation and maintenance of

physical activity behaviour outside an exercise programme.

Tierney et al (2012) extended previous research by focusing on controlled trials,
assessing the effectiveness of interventions in improving physical activity behaviour. The

review included nine controlled trials examining the efficacy of the strategies used to
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improve physical activity among people with HF. The authors found that multicomponent
interventions were effective in the short-term, but the effects were not maintained 5 months
after the intervention completion (Tierney et al., 2012). This narrative review suggested
short-term effects were associated with strategies such as goal setting, feedback and problem
solving, as well as with the use of a behaviour change theory (Tierney et al., 2012). Tierney
et al. (2012) highlighted several limitations of the evaluated trials, including small and
unrepresentative participant samples and poorly defined interventions, as well as a lack of
follow-up assessment and objective measures of physical activity. The present chapter
extends this line of research on methods to increase physical activity in HF and investigates
the heterogeneity of both — content and type of physical activity interventions — in order to

pinpoint efficacious intervention characteristics.

This chapter further contributes to the body of knowledge by identifying, annotating,
and classifying the characteristics of Behaviour Change Interventions (BCls; Chapter 3).
BCls can be described in terms of their general approach, behaviour change techniques
(BCTs; Michie et al., 2013), settings, facilitator, delivery mode, duration and theory use. The
clear, consistent, and systematic description of the interventions will then facilitate the
reliable grouping and comparative analysis of efficacy associated with each identified
characteristic (Michie & Johnston, 2017). This helps answer questions like: What (i.e. what

BCTs, for whom, where) works in what combinations? What works better than the rest?

4.2 Aim

The aim of this review was to identify the evidence base regarding existing physical

activity interventions for individuals with HF.

4.3 Objectives

e Tocarry out asystematic search of existing interventions designed to promote physical

activity in everyday life;

e To evaluate the efficacy of the identified interventions in promoting everyday physical

activity among individuals with HF upon their completion;
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e To evaluate the long-term efficacy of the identified interventions in promoting

everyday physical activity among individuals with HF;

e To identify the characteristics that are associated with efficacy in increasing everyday
physical activity in HF.

4.4 Research questions

e Are existing interventions efficacious in increasing everyday physical activity in
individuals with HF?

e \What intervention characteristics contribute to the efficacy in increasing physical
activity?

4.5 Methods

The review protocol is registered on the PROSPERO database (CRD42015015280).

The authors of the included trials were contacted with a query about other existing trials.

4.5.1 Scope of the review and inclusion criteria

The scope of this review as well as its justification are outlined in this section and
presented in the PICOT (Population — Intervention — Comparator treatment — Outcome of

interest — Type of the study/Study Design) format for defining the research question and the
study inclusion criteria.
4.5.1.1 Population of interest
The review included trials with adults diagnosed with HF. Literature concerning
healthy adults or people with other chronic conditions was not included in the review.
4.5.1.2 Intervention of interest

All types of interventions aimed at increasing physical activity in HF (e.g. CR, exercise
programmes etc.) were considered.
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4.5.1.3 Comparator treatment

The interventions were compared either to usual care or an active comparator
treatment. The scope was extended to trials with an active comparator treatment for the
following reasons. First, usual care often contains at least one or two active behaviour change
interventions (i.e. education, clinical advice). Second, the wider scope increased the
statistical power of the meta-analysis. This choice may introduce confounding. The possible

influence of such confounding was explored in sensitivity analysis.

45.1.4 Outcome of interest

The primary outcome of the present review was physical activity (the definition of
physical activity was provided 2.13. Physical activity levels as assessed at the end of
intervention delivery period or later (within a month) were included in the present review

and meta-analysis.

4.5.1.5 Study design

Randomised controlled trials (RCTs) were included in this review as they are the gold

standard for producing the evidence on the efficacy of any treatment.

4.5.2 Reporting and methodological quality

4.5.2.1 Reporting

This review has been reported in line with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA; Liberati et al., 2009) guidelines. The guidelines
comprise a 27-item checklist and a four-phase flow diagram (Liberati et al., 2009).
Adherence to the PRISMA statement has been found to be associated with improved
methodological quality and improved quality of reporting of reviews (Panic, Leoncini, De
Belvis, Ricciardi, & Boccia, 2013), which increases the confidence of the review in

producing unbiased findings (Moher et al., 1995).
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4.5.2.2 Quality assessment of this review

To assess the quality of the review A MeaSurement Tool to Assess systematic
Reviews (AMSTAR 2) was utilised and is included in Appendix B. The AMSTAR 2
checklist comprises 11 items related directly to the necessary steps taken in order to reduce
a risk of bias that can be introduced  at different stages of the  systematic review (Shea
etal., 2017).

4 5.3 Data sources and searches

Cochrane Library, MEDLINE, CINAHL, EMBASE, AMED, HEED,
PsychARTICLES, PsychINFO, and Global Health were screened from inception to April
2015. The search utilised English language key words, MeSH terms, and Boolean logical
operators. HF-related synonyms were combined with ‘physical activity’-related synonyms.
The synonyms were combined into domains using Boolean operator ‘OR’ and the domains

were combined using operator ‘AND’ (the full search strategy is provided in Appendix C).

Web of Science and SCOPUS databases were searched for further citations. Electronic
searches were supplemented with hand searching reference lists of relevant trials and

contacting of the included trials.

Conference proceedings were accessed through ‘Web of Science: ISA Proceedings’,
BIOSIS Preview, Index to Scientific and Technical Proceedings, ZETOC, and Conference
Papers Index. Unpublished trials were searched on York Centre for Reviews and

Dissemination databases and BASE Open Grey.

The following websites were also searched for relevant registered trials: Current
Controlled Trials, ClinicalTrials.gov, The WHO International Clinical Registry Platform
(ICTRP), UK Clinical Trials Gateway, and UK Clinical Research Network Study Portfolio.

39



The reviewers subscribed to email alerts from European Journal of HF, BMJ Journals
and Willey Library, and to EBSCOhost and OVID alerts of the saved searches.

4.5.4 Study selection

Two reviewers, including the author of the thesis, independently assessed all titles and
abstracts against the predefined inclusion criteria. Another reviewer screened titles and
abstracts on which there was a disagreement to help reach consensus. Subsequently, full-text
articles were independently examined by the two reviewers and the third reviewer resolved

disagreements.

455 Data extraction

Data was extracted using a standardised data extraction form adapted from the form
produced by the Cochrane Collaboration (Higgins, 2011a). Standardised data extraction
forms can provide consistency in data extraction, while reducing bias and improving validity
and reliability (Higgins, 2011).

The detailed descriptions of the outcome of interest were extracted. This included the
definition of physical activity used by the authors, the details about its mode (e.g. walking,
daily activity), type (e.g. aerobic), and intensity (e.g. MVPA), and the assessment method

used.

45.6 Risk of bias assessment

The intrinsic validity of each individual study, as well as how it might have affected

the overall results, was evaluated as recommended by the Cochrane Collaboration (1972).
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The Cochrane Collaboration Risk of Bias tool (Higgins et al., 2011a)* was used to assess the
methodological quality of the included trials. This tool is designed to monitor the biases that
may have been introduced into trials. These biases included: selection bias, performance
bias, detection bias, attrition bias, outcome reporting bias. Definitions are provided in

Appendix D.

4.5.7 Data coding

To enable evaluation of the association between efficacy of the interventions in
promoting physical activity and the characteristics of the interventions, the interventions

were coded in terms of their characteristics, as described below.

45.7.1 Use of behaviour change theory

The use of behaviour change theory was assessed from study reports. In the context of
behaviour change, a theory seeks to describe why, when and how a behaviour does or does
not occur (Michie et al., 2014). A theory can be used to inform intervention. To describe the
extent to which a theory of behaviour change was used in designing the interventions, the
Theory Coding Scheme (TCS) (Michie & Prestwich, 2010) was utilised. The TCS provides

a score ranging from zero (no theory) to eight (most extensive theory use).

45.7.2 Intervention content

Interventions that are different from one another should be evaluated separately
(Borenstein et al., 2009). Therefore, interventions were categorised in terms of general
approach, setting, mode of delivery, and constituting strategies. This grouping ensures that

interventions being evaluated in a meta-analysis are equivalent.

4 Risk of bias tool 2 (Sterne et al., 2019) was used on the entire set of identified studies, after updated literature
search performed in January 2020. The results are reported in the appendices
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4.5.7.3 General approach

Interventions that aim to increase physical activity vary in their approach. They range
from education programmes, which only include advice to exercise, to more complex
programmes incorporating exercise practice sessions and behaviour change. These broad
differences in content across the identified interventions are referred to as ‘general

approach’.

4.5.7.4 Behaviour change techniques

Interventions that aim to change behaviour typically incorporate a variety of different
strategies, or ‘behaviour change techniques’ (BCTs) to do so. BCTs are defined as the active
ingredients of a behaviour change intervention (Michie et al., 2013). To identify whether
BCTs appear to be key to bringing about change in physical activity, we coded the BCTs
that were included in each intervention, using a standardised taxonomy, the BCTTv1,
described in Chapter 3. Using the BCTTv1 enables the researcher to classify interventions
in terms of their content, making sure that interventions being grouped for a meta-analysis
are equivalent in their content. Thus, employing the BCTTv1l enhances replicability,

evaluation and synthesis of evidence in the present meta-analysis.

The author of the thesis, who is trained in using the BCTTv1 Taxonomy, coded the
content of all interventions. To increase coding reliability, intervention content was also
independently coded by another experienced coder who is also trained in using the BCTTv1
Taxonomy. Disagreements were resolved through discussion. Each of the BCTs had to be
present in at least two interventions to be included in the analysis. For example, to evaluate
the efficacy of goal setting, the goal setting had to be present in at least two interventions to

provide enough variance in efficacy for carrying out the analysis.

4.5.7.5 Intervention setting

In this review, interventions were classified according to where they were delivered,
i.e. home-based interventions and centre-based interventions. Home-based interventions
were those in which the intervention took place at the participant’s home. The home-based

interventions were delivered via home visits, letters or telephone calls from staff, self-
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monitoring diaries, or telehealth device. Centre-based interventions refer to interventions
that were delivered in a variety of settings outside the participant’s home (e.g. outpatient

clinics, and community centres).

4.5.7.6 Mode of delivery

The mode of delivery refers to how the intervention was delivered (i.e.; Website;
telemonitoring; DVD; group; individual). Facilitator was defined as the individual(s) who
delivered the intervention, for example, nurse, physiotherapist. Contact time was defined as
total time of intervention (in minutes or hours), calculated as the number of sessions

multiplied by the duration of each session.

4.5.8 Statistical analysis

Meta-analysis was performed to evaluate the efficacy of the identified interventions.
Meta-analysis is the preferred method of review when evaluating treatment efficacy (Sutton,
Abrams, et al., 2000). Firstly, a meta-analysis includes more participants than any one of its
constituent studies, has more statistical power, and reduces the effect of random error. Thus,
it produces more reliable estimates of effect than any individual study (Maynard &
Chalmers, 1997; Peto, 1987). Secondly, a meta-analysis enables the exploration of variation
in efficacy and the association between this variation and the presence of particular

intervention characteristics (Thompson, 1994).

4.5.8.1 Overall efficacy

It was planned to examine the interventions’ immediate physical activity effects as
well as long-term efficacy. Post-completion efficacy is defined as the effect of an
intervention measured either at completion or up to one month after the intervention ended
Long-term efficacy is defined as efficacy measured after the intervention completion (up to
3 months after the end of intervention; up to 6 months after the end of intervention; and 12-
month after the end of intervention).

4.5.8.2 Summary statistic
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Standardised mean differences (SMD) were calculated for all between-group
comparisons for each study to estimate the effect size of an intervention. Meta-analysis using
a random effect model was performed to evaluate the overall efficacy of interventions using
Comprehensive Meta-Analysis software® (Borenstein, Hedges, Higgins, & Rothstein, 2005).
Since clinical and methodological diversity is common for all trials, in a meta-analysis,
statistical heterogeneity is inevitable (Borenstein et al., 2009; Higgins, 2013). Thus, the use

of random model meta-analysis is recommended.

4.5.8.3 Heterogeneity

A Q-statistic was used to assess the presence of between-study heterogeneity.
Heterogeneity index ( 12) is reported as the total unexplained variability in effect. 12 and t
are reported as the dispersion and standard deviation of the true underlying effect,
respectively. Efficacy at intervention completion, 3-month, 6-month (short-term), and 12-

month (long-term) follow-up was evaluated.

12 is the percentage of the variability in effect estimates that is due to heterogeneity
rather than chance. 12 results were interpreted as recommended by Higgins et al. (2011b) as
follows. If the value of 12 is between 0% and 40% the inconsistency might not be important;
if between 30% and 60%, there is moderate heterogeneity; 50% and 90%  substantial
heterogeneity; 75% and 100%: considerable heterogeneity. As recommended by Higgins et
al. (2011), 12 was interpreted with caution because its value depends on (i) the magnitude
and direction of effects and (ii) the strength of evidence for heterogeneity (e.g. p-value from

the chi-squared test, or a confidence interval for 12).

5 Metafor in R was used for the updated meta-analysis (appendices A). To exclude a potential bias stemming
from the use of new methods, the meta-analysis of the original search was also reproduced using new software.
This procedure follows a recommendation of the Cochrane Collaboration (Higgins et al., 2011). The trials that
were identified in the original search (2015) were evaluated in metafor and no differences with the results
suggested by the meta-analysis carried out in the Comprehensive Meta-analysis software were identified.
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Some heterogeneity is spurious but other heterogeneity is meaningful. The causes of
the latter include differences in efficacy arising from intervention characteristics and sample

differences. Investigating these causes is the goal of exploratory meta-analysis.

4.5.8.4 Exploratory meta-analysis

The association between efficacy and intervention characteristics was assessed.
Exploratory meta-analysis was performed by means of subgroup analysis and meta-
regression. Subgroup analysis systematically groups interventions, based on identified
differences in categorical variables, and compares the efficacy of these groups. Meta-
regression is used in meta-analysis to examine the impact of continuous moderator variables
on efficacy using regression-based techniques. Moderator variables in this meta-analysis are

as follows: theory use, contact time and participants characteristics.

An exploratory meta-analysis may lead to clinically important findings and may
subsequently assist in refining interventions (Gelber & Goldhirsch, 1987). It helps to explore
the complexity of behaviour change interventions, by identifying intervention characteristics
that differentiate between efficacious and non-efficacious interventions. It informs about
differences in efficacy among subgroups of participants, which helps in identifying the

target population most in need of intervention.

4.5.8.4.1 Subgroup analysis

The included trials were grouped by intervention content (both general approach and
BCTs), setting, mode of delivery, and facilitator. Trials were dummy coded on each of these
variables as follows: present = 1 and not present = 0. Pairwise Z-tests for these categorical
variables were performed to test for differences between subgroups of trials with and without
each intervention characteristic (Borenstein et al., 2009). Each characteristic had to be

present in at least two interventions to be included in the subgroup analysis.
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458.4.2 Meta-regression analysis

Multiple meta-regression analyses implemented by the maximum likelihood method
were used to evaluate the association between physical activity effect size and the following:
TCS score (theory use), contact time, sample mean age, left ventricular ejection fraction
(LVEF), proportion of males, and proportion of study sample characterised as NYHA class
[1-11l. The present meta-analysis included a small number of trials and many potential
moderators. The use of meta-regression with multiple covariates is not a recommended
option when the number of trials is small (Borenstein et al., 2009). Therefore, each moderator
(i.e. contact time; theory use; number of BCTs) was assessed separately, as recommended
by Borenstein et al. (2009).

4.5.8.5 Sensitivity analysis

Sensitivity analysis was performed. A sensitivity analysis is a replication of the
primary meta-analysis with substitution of decisions that were arbitrary or unclear (Higgins
& Green, 2011). Sensitivity analysis determines whether the findings are robust to the
decisions that were made during the process of obtaining them. When some trials were
considered to introduce a bias in the meta-analysis, sensitivity analysis involved undertaking
the meta-analysis twice: first, including all trials and second, only including trials that are
known to not introduce the bias. The results are compared and the judgement about whether
bias has influenced the findings is made (Higgins & Green, 2011).

45.9 Publication bias assessment

Publication bias may occur in reviews because trials with significant results are more
likely to be submitted, published, or published more rapidly (Song et al., 2009). Therefore,
to produce a balanced review a screening of unpublished work is recommended (Higgins et
al., 2011). This was done by including grey sources of literature. In addition, publication
bias was evaluated using funnel plot evaluation (Egger, Smith, Schneider, & Minder, 1997)
& Trim and Fill (Duval & Tweedie, 2000).

To detect publication bias, an informal examination of a funnel plot was performed. A
funnel plot shows effect sizes observed by studies as a function of their precision. Precision
was measured by standard error (SE) (Sterne, Egger, & Smith, 2001). The method is
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currently recommended for use in meta-analysis of continuous outcomes if the number of
trials exceeds ten (Higgins & Green, 2011). Trim and Fill test was planned to be performed
to reflect on the implications of the publication bias and for the evaluation of the validity of

the results of the systematic review and meta-analysis.

47



4.6 Results

4.6.1 Results of the search

Medline: n= 331 Hand searching (content pages):

EMBASE: n = 1054 n=0
Crey literature (conference

AMED: n = 142 proceedings; dissertaitons): n =1

PsychINFO: n = 96 Contact with experts (authors of
PsychARTICLES: n = 283 the included studies and reviews

authors):n=2
HEED: n= 12

References lists: n= 8

Citation records (SCOPUS):n =0

CINAHL: n = 326

The Cochrane Library: n = 321

4 Records
Records after duplicates excluded:
removed: n = 2059 n= 1926

Full-text articles
excluded (with reasons):

Commentary: n=6

Mot a behavioural
intervetion: n=22

Mot a heart failure
sample: n=11

Physical activity was not
measured: n=56

Physical activity was not
measured in the control
1 group: n=6

Full-text articles

assessed for I
eligibility: n=133 Protocol: n=6

Mota RCT: n=10

1

Trials included in the
systematic review and
meta-analysis: n=16

(18 interventions)

Figure 4.1. Review flow diagram.



The search results and reasons for exclusion are listed in the PRISMA diagram
illustrated in Figure 4.1 (Mobher, Liberati, Tetzlaff, & Altman, 2009). A total of 2059 records
were identified, 133 were screened in full text. Many screened trials (n=56) satisfied the first
two criteria for inclusion but did not report the levels of physical activity as the study

outcome and therefore could not be included in the review.

4.6.2 Study characteristics

After screening, 16 trials evaluating 18 interventions remained (Barnason et al., 2003;
Boyne et al., 2014; Brodie & Inoue, 2005; Collins et al., 2004; Corvera-Tindel, Doering,
Gomez, & Dracup, 2004; Cowie, Thow, Granat, & Mitchell, 2011; Duncan & Pozehl, 2003;
Jolly et al., 2009; O’Connor et al., 2009; Smeulders et al., 2009; Tomita et al., 2008; van den
Berg-Emons, Balk, Bussmann, & Stam, 2004; Willenheimer, Erhardt, Cline, Rydberg, &
Israelsson, 1998; Witham et al., 2005; Yeh et al., 2011).

The identified trials were published in the period from 1999 to 2014. Seven were
conducted in Europe, six in the USA, and one in both Europe and USA. The characteristics
of the included trials are described in Table 4.1 . This meta-analysis includes 4073
participants in total. The median sample size was 62 participants. Over half of the included
sample (N=2331; 57%) is drawn from one trial - HF-ACTION (O’Connor et al., 2009).
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Table 4.1. The characteristics of the included trials and participants.

Proportion of

Follow-up participants (%o) in
N (since intervention NYHA Il and NYHA
Author, year Country N (control) (intervention) ended) Mean age Male, % LVEF, % 11
Barnason et al., 2003 USA 17 18 3 months 74 72 <40 Not reported
Berg-Emons et al., 2004  Netherlands 16 18 None 59 81 24 56; 44
Boyne et al., 2014 Netherlands 185 197 None 71 58 <40 29; 21
Brodie et al., 2005; 2004 UK 32 30; 30 None 79 Not reported 30 28; 58
Collins et al., 2004 UK 16 15 None 64 100 29 Not reported
Corvera-Tindel et al.,
2004a USA 42 37 None 62.6 99 27 80; 20
Cowie et al., 2013 UK 20 20; 20 None 66 85 <40 62; 38
Duncan et al., 2003 USA 6 7 3 months 66 Not reported 30 Not reported
O’Connor et al., 2009 USA (88.72%); Canad
(HF-ACTION) 8.07%); France (3.33% 1172 1159 12; 30 months 59 72 <35 62; 36
Jolly et al., 2009, 2007 UK 85 84 None 66 76 <40 75; 20
Koelling et al., 2005 USA 116 107 None 65 58 26 Not reported
Smeulders et al., 2009 Netherlands 131 186 6; 12 months 67 73 <40 64; 36
Tomita et al., 2008 USA 13 19 None 76 325 Not reported 79; 21
Willenheimer et al.,
1998 Sweden 27 23 6 months 64 70 35 50; 36
Witham et al., 2005 UK 41 41 6 months 80 63 Not reported 61; 39
Yeh et al., 2004 USA 50 50 None 68 56 29 62; 18
67.8 72.1 29 NYHA class I1: 59
Overall 2022 2051 (SD=6.24) | (SD=17.46) (SD=4.24) (SD=16.80)
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Figure 4.2. Risk of bias summary illustrating the judgement about each risk of bias item for each
included study (Higgins et al., 2011a); produced in RevMan v5.3.



4.6.3 Risk of bias

The risk of bias across trials was moderate. The sources of biases are summarised in
Figure 4.2. Participant blinding was not possible. One of the other frequent biases included
the use of self-reports in seven studies (Barnason, 2003; Boyne et al., 2014; Brodie & Inoue,
2005; Collins et al., 2004; Duncan & Pozehl, 2003; Jolly et al., 2007; Koelling et al., 2005;
O’Connor et al., 2009; Smeulders et al., 2009; Tomita et al., 2008; Willenheimer et al., 1998;
Yeh et al.,, 2011). The main intervention received a significantly greater dose of beta-
blockers and ACE inhibitors than the control group in one study (Koelling et al., 2005). The
outcome assessment was not blinded in four studies (Barnason, 2003; Duncan & Pozehl,
2003; Jolly et al., 2007; O’Connor et al., 2009). Attrition bias was present in four studies
(Brodie & Inoue, 2005; Corvera-Tindel et al., 2004a; Cowie et al., 2011; Duncan & Pozehl,
2003). Allocation to either a main intervention or the control treatment was not concealed in
three studies (Corvera-Tindel et al., 2004a; Cowie et al., 2011; Duncan & Pozehl, 2003).
The graph of biases illustrating the percentage of studies prone to each of the biases is

illustrated in Figure 4.3.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 25% 5 0% 75%  100%

I Low risk of bias [ Junclear risk of bias [l High risk of bias

Figure 4.3. Risk of Bias Graph (Higgins et al., 2011a).

4.6.4 Participants characteristics

Participant characteristics are reported in Table 4.1. The trials included individuals
diagnosed with HF with reduced ejection fraction, who were recruited from inpatient (N=854
(20.97%)) (Barnason, 2003; Berg-Emons et al., 2004; Brodie & Inoue, 2005; Collins et al.,
2004; Koelling et al., 2005; Smeulders et al., 2009; Tomita et al., 2008; Willenheimer et al.,
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1998; Yeh et al., 2011) or outpatient (N=3219, 79.03%) services (Boyne et al., 2014;
Corvera-Tindel et al., 2004a; Cowie et al., 2011; Duncan and Pozehl, 2003; O’Connor et al.,
2009; Witham et al., 2005). Mean age of the samples varied from 59 (O’Connor et al., 2009)
to 80 years old (Witham et al., 2005). The mean age of the total sample included in the meta-
analysis was 67.8 (SD=6.24). Individuals younger than 70 years old were recruited in eleven
out of 16 trials and constituted 82.2% of the total sample. Across trials, most of the samples
were male (75.64%). Half of each trial sample comprised individuals with HF of ischaemic
aetiology. Most participants were NYHA class Il (52.97+17.83%) or 111 (38.81£17.77%),
and had severely impaired left ventricular ejection fraction, mean LVEF (%) = 28.73
(SD=14.89). Diagnosis duration, comorbidities and exclusion criteria were not consistently

reported.

4.6.4.1 General approach

Characteristics of the interventions are described in Appendix E. The identified general
approaches include Exercise, Exercise and Behaviour Change, Chronic Disease Self-
management Programme, Motivational Interviewing, Remote Monitoring and Feedback,

and Education.

An intervention was categorised as an exercise programme if it included only exercise
without an additional education, counselling, monitoring or other approach. Exercise
programme is a well-established and stand-alone approach reported in the literature that aims
to improve several health outcomes in HF (Chapter 2). Exercise programmes are referred to
as Exercise and were evaluated in eight trials (Berg-Emons et al., 2004; Collins et al., 2004;
Corvera-Tindel et al., 2004a; Cowie et al., 2011; Jolly et al., 2007; Willenheimer et al., 1998;
Witham et al., 2005; Yeh et al., 2011).

A combination of a behaviour change intervention with an exercise programme
(Exercise and Behaviour Change) is a second distinct approach. First, unlike exercise

programmes, Exercise and Behaviour Change recognises a need to approach physical
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activity as a behavioural problem: an exercise programme might not be enough in bringing
about change, and a change in psychological determinants is required. Second, Exercise and
Behaviour Change is distinct in its content and may include qualitatively different behaviour
change strategies than exercise (e.g. goal setting). Two trials evaluated Exercise and
Behaviour Change (Duncan & Pozehl, 2003; O’Connor et al., 2009).

The Chronic Disease Self-management Programme approach was evaluated in one
trial (Smeulder et al., 2009). It is a well-established intervention approach (Elzen, Slaets,
Snijders, & Steverink, 2007; Johnston, Liddy, Mill, & Irving, 2012; Murphy, Saunders,
Campbell, Jackson, & Berlowitz, 2003; Risendal et al., 2014; Tomioka, Braun, Compton, &
Tanoue, 2012). The programme does not include supervised exercise sessions but aims to
increase physical activity (as well as other self-management behaviours) by teaching
problem solving and decision making to enhance self-efficacy in performing physical

activity.

A fourth identified approach was Motivational Interviewing (Miller & Rose, 2009) —
a clinical method in psychotherapy, which emphasizes patient-counsellor relationships and
involves a number of one-to-one sessions where an individual is engaged by the therapist
into the verbal reinforcement of his/her intention and motivation to change. Motivational

interviewing was evaluated in two arms of one RCT (n=2) (Brodie & Inoue, 2005).

Another identified approach to increasing physical activity was remote disease-
specific education with self-care support via monitoring and feedback. This approach was
differentiated from the approaches above because it did not include: a supervised exercise
programme, or counselling, or face-to-face teaching sessions on self-management. Instead,
the programme provided remote, continuous and tailored information about HF disease as
well as support of (a) health care professional(s). It also included intensive monitoring and
feedback on physical activity as well as other self-management behaviours. This approach
is referred to as Remote Monitoring and Feedback and was evaluated in three trials
(Barnason et al., 2003; Boyne et al., 2014; Tomita et al., 2008).

54



Education was defined as (a) session(s) with a healthcare professional that includes
discussion of HF-specific information, for example the causes of HF, rationale for
pharmaceutical therapies followed by recommendations on lifestyle changes, including
rationale for engaging in physical activity and the provision of information on current
guidelines. It differs from the categories above in that it does not include an exercise session,
counselling, monitoring and/or feedback, but provides an individual with explicit physical

activity recommendations. Education was evaluated in one trial (Koelling et al., 2005).

4.6.4.2 Settings

Interventions were delivered in the following settings: Home-based (n=8) (Barnason,
2003; Boyne et al., 2014; Brodie & Inoue, 2005; Corvera-Tindel et al., 2004a; Cowie et al.,
2011; Jolly et al., 2007; Tomita et al., 2008) and Centre-based (n=8) ((Berg-Emons et al.,
2004; Collins et al., 2004; Cowie et al., 2011; Koelling et al., 2005; O’Connor et al., 2009;
Smeulders et al., 2009a; Willenheimer et al., 1998; Yeh et al., 2011); and Both — home-based
and centre-based (n=2) (Duncan & Pozehl, 2003; Witham et al., 2005).

4.6.4.3 Facilitator

Facilitators of the interventions were: A HF specialist nurse (n=4) (Boyne et al., 2014;
Brodie & Inoue, 2005; Smeulders et al., 2009a); Physiotherapist (n=5) (Collins et al., 2004;
Cowie et al., 2011; O’Connor et al., 2009; Willenheimer et al., 1998; Witham et al., 2005);
Exercise instructor (n=3) ((Cowie et al., 2011; Jolly et al., 2007; Yeh et al., 2011); Nurse
(speciality not specified) (n=3) ((Barnason, 2003; Corvera-Tindel et al., 2004a; Koelling et
al., 2005); a multidisciplinary team (n=1) (Duncan & Pozehl, 2003).
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4.6.4.4 Modes of delivery

1. In groups (n=8) (Berg-Emons et al., 2004; Collins et al., 2004; Duncan & Pozehl,
2003; O’Connor et al., 2009; Smeulders et al., 2009a; Willenheimer et al., 1998;
Witham et al., 2005; Yeh et al., 2011);

2. Individually in person (n=6) ((Brodie & Inoue, 2005; Corvera-Tindel et al., 2004a;
Cowie et al., 2011; Jolly et al., 2007; Koelling et al., 2005);

3. Using a telemonitoring device (n=2) (Barnason, 2003; Boyne et al., 2014), website
(n=1) (Tomita et al., 2008); or a DVD (n=1) (Cowie et al., 2011).

4. The number of sessions varied from 364 sessions of remote monitoring and feedback
intervention (Boyne et al., 2014) to one session of education (Koelling et al., 2005).
Total contact time in minutes varied between 60 (Koelling et al., 2005) and 6000
(Collins et al., 2004). The median contact time was 930 minutes (IQR: 2565; 480).

4.6.4.5 Theory use

The definition of theory is provided in Chapter 3. Only seven out of 18 interventions
were informed by a theory of behaviour change. The average TCS score (use of theory) was
four (SD=2.39), and scores ranged from two (Brodie & Inoue, 2005; Tomita et al., 2008) to
the maximum of eight (Smeulders et al., 2009). The included trials used the Social Cognitive
Theory (Bandura, 1997) the Transtheoretical Model of Change (Prochaska & DiClemente,
1986) and Motivational interviewing (Miller & Rose, 2009) to inform intervention
development There was some overlap in use of theories, in that an intervention was based
on a combination of theories in two studies (O’Connor et al., 2009; Tomita et al., 2008). A

description of the included theories is given below.

4.6.4.5.1 Social Cognitive Theory

Social Cognitive Theory (SCT) postulates that human behaviour, personal factors and
environment are interrelated. It highlights the role of one’s capability to influence functioning

as well as the environment by the means of one's own actions (Bandura, 2006). Bandura (1997,
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2006) suggests that behaviour may be learnt vicariously, through observation and imitation

(modelling), which is referred to as observational learning. SCT proposes four capabilities

that drive human behaviour:

a.

Intentionality — which refers to the capability to form an intention to
act, as well as to the action plans and strategies used to realise the action
(Bandura 1991).

Forethought — refers to the capability to set goals and to foresee
outcomes of prospective actions (outcome expectancies) which guides

and motivate one’s efforts (Bandura, 2009a, p. 8).

Self-regulation — is the capability to regulate one’s behaviour to
respond to the discrepancies between the actual behaviour and the
desired behaviour, based on one’s standards and the demands of the
environment. Self-regulation is governed by self-monitoring, self-
guidance — evaluation of one’s performance against personal standards,
and self-reactions — actions directed at correcting one’s performance

(Bandura 1986, 1991).

Self-reflection — is a capability to make a judgement of one’s ability to
perform a behaviour referred to as perceived self-efficacy. Within SCT,
self-efficacy is highlighted as the strongest predictor of thoughts,
feelings, motivation and actions (Bandura, 1997).

Across the included trials, the interventions that mentioned SCT, focused on two

elements of the theory — self-efficacy and intentionality. Duncan et al. (2003) targeted

forethought by means of goal setting and intentionality by means of action planning.

Barnason et al. (2003) and Smeulders et al. (2009) targeted self-efficacy by means of

problem solving. However, other elements of SCT, such as outcome expectancies, self-

regulation and observational learning were not addressed in the design of the interventions.
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4.6.4.5.2 Transtheoretical Model of Change

The Transtheoretical Model of Change (TTMC; Prochaska & DiClemente, 1986)
proposes that individuals transition through five stages before forming a habitual behaviour.
These stages are pre-contemplation; contemplation; preparation; action and maintenance. At
the pre-contemplating stage an individual is not considering engaging in behaviour. At the
contemplating stage, an individual is considering advantages and disadvantages of engaging
in behaviour, and may feel ambivalent towards the behaviour. At the preparation stage, an
individual has formed an intention to engage in the behaviour and may have made several
attempts. However, the behaviour is not yet stable and has not reached a health-promoting
effect. At the action stage, and individual has invested effort to establish behaviour. The
behaviour is stable enough to produce health benefits. The action stage is proposed to last
for about 6 months. The maintenance stage involves an individual steadily engaging in
behaviour over a prolonged period. For each of the stages the TTMC proposes several
techniques that can assist an individual in transitioning from one stage to another. The
TTMC formed the basis of the intervention evaluated in HF-ACTION trial (O’Connor et al.,
2009). However, the trial report did not describe how the theory had been applied.

4.6.4.5.3 Motivational Interviewing

Motivational interviewing (Miller & Rose, 2009) was conceptualised as a theoretical
approach in the reviewed studies. Motivational interviewing (M) first emerged as a clinical
method in psychotherapy (Miller, 1983). MI is often used to reduce risk behaviours and
overcome an individual’s resistance to change. MI aims to resolve ambiguity towards
behaviour change and establish strong determination to change. Research exploring the
underlying mechanism by which M1 affects behaviour led to the formulation of a theory of
MI (Miller & Rose, 2009). The theory was proposed to comprise two constructs: a relational
construct — the importance of interpersonal relationships and empathy, and a technical
construct — a process of reinforcing intention and motivation to change by means of self-talk
(Miller & Rose, 2009). MI draws upon self-perception theory (Bem, 1967), formulation of
cognitive dissonance (Festinger’s et al., 1957) and the theory of conditions of therapeutic
personality change (Rogers, 1957). Ml provides a clear description of theoretical constructs
as outlined above as well as the relationships among them and provides a suggestion on how

the behaviour can be changed. Thus, MI responds to the definition of theory operationalised
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in this study (definition provided in Chapter 3, p 36). MI was used in the design of three of
the included interventions, two of those reported in the three-arm trial by Brodie et al. (2008),
and one in the HF-ACTION trial (O’Connor et al., 2009; Whellan et al., 2007).

4.6.5 Behaviour change techniques

Interventions were independently coded by two researchers. An agreement of 80% was
reached (Kappa=0.36) which is thought to indicate fair agreement (Landis & Koch, 1977).
Twenty BCTs aimed at changing physical activity were used in more than two interventions.
Definitions are included in Appendix F. The average number of BCTs was 6.83 (SD=3.93)
and varied from three (Barnason, 2003; Berg-Emons et al., 2004; Brodie & Inoue, 2005) to
16 (O’Connor et al., 2009).

4.6.6 Characteristics of control/comparator trial arms

Eleven interventions were compared to unspecified usual care (Barnason, 2003;
Collins et al., 2004; Corvera-Tindel et al., 2004a; Cowie et al., 2011; Koelling et al., 2005;
O’Connor et al., 2009; Smeulders et al., 2009; Tomita et al., 2008; Witham et al., 2005; Yeh
et al., 2011). In other trials, the main interventions were evaluated against an active
comparator group — Exercise and Behaviour Change was compared to aerobic exercise
training (n=1) (Duncan & Pozehl, 2003), and motivational interviewing was compared to
education delivered by a HF specialist nurse (n=1) (Brodie & Inoue, 2005), Education was
compared to usual care without provision of the advice to exercise (n=1) (Berg-Emons et al.,
2004), and Exercise was compared to usual care with discouragement to exercise (n=1)
(Willenheimer et al., 1998). The comparator arms, on average, included 1.33 (SD=1.78)
behaviour change techniques (BCTs).

4.6.7 Physical activity outcome assessment

The physical activity outcome was operationalised and assessed in a variety of ways
(Appendix G). Four trials assessed daily physical activity. This was done using either
accelerometers (Berg-Emons et al., 2004; Cowie et al., 2011; Witham et al., 2005) or self-

report measures (Collins et al., 2004). Willenheimer et al. (2001) assessed habitual physical
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activity using a formula reported in Appendix G. Walking was the outcome in three trials. In
one trial it was assessed using a pedometer (Corvera-Tindel et al., 2004a), and in two using
self-reports (Smeulders et al., 2009; Tomita et al., 2008). Five trials assessed exercise, three
of which conceptualised exercise as a part of self-care behaviours using a questionnaire
(Barnason, 2003; Boyne et al., 2014; Koelling et al., 2005) and two studies assessed self-
reported unspecified exercise (Duncan & Pozehl, 2003). The trials by Smeulders et al. (2009)
and Tomita et al. (2008) presented multiple physical activity outcomes (walking, swimming,
cycling, & ‘other’ and walking, breathing, stretching, & mild exercise, respectively) but did
not report the total activity score. In these instances, the walking outcome was included in
the meta-analysis because it is the most common physical activity mode in HF (Gonzélez et
al., 2004; Klompstra et al., 2015) and corresponds to the mode of physical activity assessed

in other included trials.

4.6.8 Impact of interventions on physical activity levels

3.1.1.1 Post-completion

The primary outcome of this meta-analysis is everyday physical activity that takes
place once intervention is ceased. Therefore, physical activity levels assessed at post-
completion were included. Post-completion was defined as any time from the end of the
intervention period up to one month after the end of the intervention period. A non-
significant medium (SMD=0.58) effect was found, 95% CI:[-0.16; 1.34]. The overall effect
and the individual study effects (95% CI) are illustrated in Figure 4.2. There was high
variability between studies estimates indicated by the significant Q test value (Q=1249.53,
df= 17, p<0.001) suggesting a considerable heterogeneity in the effects.
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Figure 4.4. Forest plot illustrating effects (SMD) and 95 %CI achieved by the identified studies and the
overall effect observed in this meta-analysis.
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4.6.9 Impact of participant characteristics on efficacy

Efficacy was negatively associated with the mean age of the intervention participants,
S =-0.06, 95%CI :[-0.12, -0.01]. Intervention efficacy was not associated with mean LVEF
(%), gender, NYHA (Appendix H).

4.6.10 Impact of intervention characteristics on efficacy

3.1.1.2 General approaches

Meta-analysis suggested that the following general approaches were efficacious in
improving physical activity a measured post-intervention: Exercise and Behaviour Change
(Duncan & Pozehl, 2003; O’Connor et al., 2009), Exercise (Berg-Emons et al., 2004; Collins
et al., 2004; Corvera-Tindel et al., 2004a; Cowie et al., 2011; Willenheimer et al., 2001,
Witham et al., 2005; Yeh et al., 2011); Education (Koelling et al., 2005); and Remote
Monitoring and Feedback (Barnason et al., 2003; Boyne et al., 2014; Tomita et al., 2008).
Motivational Interviewing (Brodie & Inoue, 2005; Brodie et al., 2008) and Self-Management
Programme (Smeulders et al., 2009a) were not efficacious. The forest plot illustrating the

efficacy of the approaches is provided in Figure 4.3.
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Figure 4.5. Forest plot illustrating effects (SMD) and 95%CI achieved by each general approach.

Intervention approaches varied significantly in the extent to which they increased
physical activity (Q=44.68, p<0.001). Table 4.2 presents the effect sizes (SMD) associated
with each general approach and comparison of the effect size associated with an intervention
type to the effect size of the rest of included trials (Z-test). The differences in efficacy
between Exercise, Motivational Interviewing, Remote Monitoring and Feedback, and The
Self-Management Programme were non-significant (Table 4.5). Exercise and Behaviour
Change was found to be significantly more efficacious than the rest of the approaches (Diff.
in SMD = 2.31, Z-value =3.15, p<0.0.01).
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Table 4.2. Differences in the efficacy of general approaches.

Approach present Approach not present Comparative efficacy
Num. _ Num. . .
N ) SMD  variance N ) SMD variance |Diff. SMD Zvalue p-value

studies studies
Education 107 1 1.17 0.17 1954 17 0.55 0.02 0.61 1.38  0.166
Exercise 317 7 0.34 0.35 1743 12 0.82 0.01 0.33 0.56 0.577
Exercise and behaviour
change 1166 2 2.69 0.01 895 16 0.38 0.53 2.31 3.15 0.002
MI 60 2 0.03 0.17 2001 18 0.66 0.05 -0.63 -1.35 0.178
Remote monitoring and
feedback 234 3 0.35 0.11 1827 15 0.65 0.19 -0.30 -0.66 0.508
Self-management 186 1 0.21 0.16 1875 17 0.61 0.02 -0.40 -0.96 0.339

Note: k — number of interventions; SMD — effect size in comparison to the control group; variance - variance of the effect size; diff (SMD) — difference in the
effect sizes between interventions general approach is used versus where that approach is not used).



In addition to the differences between general intervention approaches, significant
within-subgroups heterogeneity (Q=58.53, p<0.001) was also present. This indicated that
other aspects of the interventions may have also contributed to the variance in efficacy.

3.1.1.3 Facilitator, settings, and mode of delivery

Effect sizes (SMD) did not differ across intervention settings (home-based/centre-
based/both), different facilitators or different modes of delivery. Results are reported in
Table 4.3.
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Table 4.3. Efficacy of intervention settings, facilitator and mode of delivery.

Intervention Present Not present Comparative efficacy
Characteristic
n k SMD Variance n k SMD Variance Diff SMD  Diff SE Z-value p-value
Facilitator
Researcher 60 2 0.03 0.05 2001 16 0.66 0.17 -0.49 0.47 -1.35 0.1778
Self-applied 19 1 0.00 0.13 2042 17 0.62 0.16 -0.47 0.54 -1.16 0.2449
Physiotherapist 1243 4 0.99 1.16 818 14 0.44 0.01 -0.43 1.08 0.51 0.6119
Exercise instructor 174 4 0.35 0.01 1887 14 0.65 0.21 -0.44 0.47 -0.63 0.5310
Nurse 159 3 0.67 0.10 1895 15 0.59 0.21 -0.38 0.55 0.16 0.8725
HF nurse 497 4 0.27 0.01 1564 14 0.71 0.21 -0.50 0.47 -0.94 0.3472
Settings
Mixed settings 1528 7 0.89 0.11 533 11 0.33 0.01 -0.32 0.34 1.66 0.0962
Home-based 435 8 0.32 0.01 1626 10 0.85 0.32 -0.53 0.57 -0.94 0.3476
Centre-based 1528 7 0.89 0.47 533 11 0.33 0.01 -0.32 0.69 0.82 0.4140
Mode of delivery
Group 1499 8 0.84 0.49 562 10 0.42 0.01 0.42 0.718 0.59 0.5564
Individual 308 6 0.48 0.05 1753 12 0.66 0.28 -0.18 0.57 -0.32 0.7493
Telemonitoring 215 2 0.38 0.18 1846 18 0.61 0.01 -0.23 0.44 -0.52 0.6052

Note: k — number of interventions; SMD — effect size in comparison to the control group; variance of the effect size; diff (SMD) — difference in the effect sizes
between the groups (a characteristic is present vs. characteristic is not present).
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3.1.1.4 Theory use

It was found that intervention effect (SMD) was significantly and positively associated
with the total TCS score, =0.14, 95% CI: [0.0069; 0.275], p<0.04. Therefore, greater use
of theory (total TCS score) is associated with larger efficacy in increasing physical activity
levels. The R? indicated that the use of theory explained 21% of the variance in SMD. The
magnitude of the relationship between the SMD in physical activity and the TCS total score
was found to be moderate (Ln (RR) =0.40). This suggests that theory use moderately
contributes to the interventions’ efficacy. Considerable heterogeneity was present
(Q=647.57, df=16, p<0.001, 1>>90%), suggesting that other factors may have also
contributed to the variance in the interventions’ efficacy. The scatter plot of the TCS score

regressed onto SMD is included in Appendix I.

Most trials did not employ any theory in their intervention design. The SMD for these
trials varied from 0 to 1.5. When a theory was mentioned but not used excessively (score 2),
it had the same effect as interventions that did not mention a theory. Only four other trials
used theory to a greater extent (TCS>2) and two of them were more efficacious. This
included HF-ACTION which scored 7 and achieved a large effect (SMD = 3.29, 95%
Cl:[3.17; 3.42]).

3.1.1.5 Contact time

The average contact time of efficacious and inefficacious interventions was 2780
minutes (SD=1543.63) and 1333.93 minutes (SD=1487.78), respectively. The association
between contact time and efficacy (SMD) was non-significant (5=0.00, p=0.94).

3.1.1.6 Behaviour change techniques

The effect sizes associated with individual BCTs are displayed in Table 4.4. The
effects were significantly larger when the following BCTs were present: Adding objects to
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the environment (e.g., treadmill) (Diff SMD=2.05), Credible source (Diff SMD=1.89),
Monitoring of behaviour by others without feedback (Diff SMD= 1.64). The effect was

significantly smaller when interventions included Problem solving (Diff SMD=-0.50).
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Table 4.4. The association between the efficacy and BCTs.

BCT name (code number within BCTTv1)

present (and not present)

Efficacy associated with interventions where BCT is

Difference in the Efficacy
(BCT present — BCT not
present)

Heterogeneity

present n k SMD 95% ClI Diff (SMD) Z-value p-value 12 p-value
Adding objects to the environment (12.5) present 1174 2 1.99 1.16; 2.82 1.56 3.46 <0.001 98.54  <0.001
not present 803 16 0.42 0.12;0.73 65.26 <0.001
Action planning (1.4) present 1582 10 0.78 -0.40; 1.95 0.38 0.6 0.55 99 <0.001
not present 479 8 0.4 0.06; 0.74 77.91 <0.001
Body changes (12.6) present 327 4 0.36 0.08; 0.65 -0.21 -0.44 0.66 53.33 0.09
not present 1734 14 0.57 -0.33; 1.48 98.66 <0.001
Behavioural practice/rehearsal (8.1) present 1660 12 0.71 -0.34;1.75 0.31 0.54 0.59 98.89  <0.001
not present 401 6 0.4 -0.04; 0.84 82.71 <0.001
Credible source (9.2) present 1266 2 2.25 1.25; 3.25 1.89 3.46 <0.001 99.45  <0.001
not present 795 16 0.36 -0.03;0.74 0 0.54
Demonstration of the behaviour (6.1) present 390 7 0.32 0.14; 0.51 -0.31 -0.58 0.56 15.71 0.31
not present 1671 11 0.63 -0.40; 1.67 98.89 <0.001
Feedback on behaviour (2.2) present 212 3 0.45 -0.25; 1.15 -0.13 -0.23 0.82 69.84 <0.05
not present 1849 15 0.58 -0.26; 1.43 98.72 <0.001
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Goal setting (behaviour) (1.1)

Graded tasks (8.7)

Generalisation of target behaviour (8.6)

Information about health consequences
(5.1)

Instruction on how to perform the
behaviour (4.1)

Monitoring of behaviour by others without
feedback (2.1)

Problem solving (1.2)

Social Comparison (6.2)

Self-monitoring of behaviour (2.3)

Self-monitoring of outcome(s) of behaviour|
(2.4)

Social support (emotional) (3.3)

present
not present

present
not present

present
not present

present
not present

present
not present

present

not present
present
not present
present
not present
present
not present

present

not present
present

1581
480
1459
534
1227
834

1931

130

1497

564

78

1983
264
1809
60
1778
1674
387

1396

665
1219

12

10

14

12

16

14

16
11

14

0.79
0.26
0.55
0.56
1.39
0.4

0.6

0.46

0.7

0.34

2.04

0.39
0.2
0.7

0.02

0.66

0.68

0.47

1.14

0.4
1.13

-0.19; 1.77
0.11; 0.41
-0.66; 1.77
0.23; 0.89
-0.68; 3.46
0.19; 0.60

-0.35; 1.55
0.11; 0.81
-0.46; 1.87
0.15; 0.53
1.12;2.95

0.05;0.74
-0.01; 0.41
-0.18; 1.58
-0.80; 0.48
-0.13; 1.45
-0.40; 1.77
0.06; 0.88

-0.84; 3.12

0.16; 0.64
-1.47,3.72

0.53

-0.01

0.99

0.14

0.37

1.64

-0.5

-0.64

0.21

0.74

0.68

1.05

-0.01

0.93

0.27

0.61

3.3

-1.09

-0.52

0.35

0.5

0.52

0.29

0.99

0.35

0.79

0.54

<0.001

<0.001

0.6

0.72

0.61

0.61

98.66

98.82
79.77
98.71
65.66

99.06

34.64

98.89

31.98

99.04

65.7

98.75

98.75
98.89
15.71

99.46

70.1
65.29

<0.001
0.58
<0.001
<0.001
<0.001
<0.001

<0.001
0.18

<0.001
0.16

<0.001

<0.001
0.54
<0.001
<0.001
0.42
<0.001
0.31

<0.001

<0.001
<0.001
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not present 842 15 0.44 0.24; 0.65 98.95 <0.001

Social support (unspecified) (3.1) present 1530 6 0.67 -0.93; 2.28 99.42  <0.001
not present 531 12 0.52 0.27;0.78 0.15 0.18 0.86 64.69 <0.001
Heterogeneity: 12 across BCTs 98.64 <0.001

Note: n—number of participants; k — number of interventions; SMD —standard difference in means; effect size in comparison to the control group; variance of
the effect size; Diff (SMD) — difference in the effect sizes between the groups (BCT is present vs. BCT is not present); 12 - the measure of the degree of
heterogeneity.
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4.6.11 Long-term efficacy

Seven interventions (Barnason et al., 2003b; Duncan & Pozehl, 2003; Jolly et al., 2007;
O’Connor et al., 2009; Smeulders et al., 2009; Willenheimer et al., 1998; Witham et al., 2005)
had follow-up assessments: two at 3 months after the intervention ended (Barnason et al.,
2003b; Duncan & Pozehl, 2003), three at 6 months (Smeulders et al., 2009; Willenheimer et
al., 1998; Witham et al., 2005), three at 12 months (Jolly et al., 2007; O’Connor et al., 2009;
Smeulders et al., 2009) and one at 30 months after the intervention ended (O’Connor et al.,
2009). However, the efficacy at the 3-month follow-up could not be assessed due to lack of

reported detail.

The meta-analysis of follow-up physical activity suggested that at 6 months effect on
physical activity was non-significant, SMD=-0.18 (95% CI: [-1.11; 0.75], p=0.71). The
intervention evaluated in HF-ACTION (O’Connor et al., 2009) was efficacious at 12-month
follow-up. The combined effect at 12-month follow-up was also non-significant, SMD=0.58
(95% CI: [-0.7; 1.86], p=0.37). Forest plots illustrating the long-term efficacy at 6 months and

12 months after completion are provided in Figure 4.4 and Figure 4.5.
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Figure 4.6. Forest plot illustrating effects (SMD) and 95% CI for each study and the overall effect as assessed at
6-month follow-up.
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Figure 4.7. Forest plot illustrating effects (SMD) and 95% CI for each study and the overall effect as assessed at
12-month follow-up.
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4.6.12 Sensitivity analysis

The comparator treatment varied across included studies, presenting a considerable bias.
Therefore, to evaluate the impact of this bias, a sensitivity analysis was performed. It showed non-
significant differences in efficacy between trials comparing the main intervention group to
education (Boyne et al., 2014; Brodie & Inoue, 2005), exercise training (Duncan & Pozehl, 2003),
HF specialist nurse care (Jolly et al., 2007), or usual care (Barnason, 2003; Berg-Emons et al.,
2004; Collins et al., 2004; Corvera-Tindel et al., 2004a; Cowie et al., 2011; Koelling et al., 2005;
O’Connor et al., 2009; Smeulders et al., 2009; Tomita et al., 2008; Willenheimer et al., 1998;
Witham et al., 2005; Yeh et al., 2011).

4.6.13 Publication bias

The classic case of publication bias is when there are small trials that have significant effects
while large trials do not. In this case one expects other small trials with negative results really do
exist, however were omitted from the analysis because they were not published. Insuch situations,
a funnel plot and the Trim and Fill method are appropriate for diagnosing the extent of publication
bias. However, the present meta-analysis showed the opposite pattern. The small trials did not
show large effects. Instead a single large (N=2331) well-funded trial (HF-ACTION) reported a
larger effect than other trials. Therefore, the funnel plot is distorted by the presence of the HF-
ACTION trial and should be disregarded (the funnel plot is still reported in Appendix A).

4.7 Discussion

The present review identified and evaluated existing interventions designed to increase
physical activity in HF. Sixteen randomised controlled trials (RCTs) of 18 interventions were
included. Overall, when combined in meta-analysis, the set of existing interventions did not appear
to be efficacious in increasing physical activity in HF. However, the effects of individual
interventions varied. Some effects were extremely small (SMD=0.03 for Motivational

Interviewing), while other were large (SMD=2.69 for Exercise and Behaviour Change). Long-
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term efficacy of the evaluated interventions was not supported by this systematic review and meta-
analysis. However, the evidence for this was sparse since only three trials included 6-month and
12-month assessments. Another result was that efficacy was negatively associated with the mean
age of the trial samples. This suggests that the existing interventions are particularly ill-fitted for
promoting physical activity in HF in older adults (>70). Finally, a number of other intervention
characteristics were suggested to be promising in promoting physical activity in HF. These will be

discussed in detail below.

4.7.1 What approach is most promising in promoting physical activity in HF?

Exercise and Behaviour Change was found to be more efficacious that the rest of the
evaluated approaches in the present meta-analysis. This includes the approach Exercise alone.
The important implication is that engagement in supervised physical activity that results in

improved physical capacity to establish an active lifestyle, is necessary but not enough.

Exercise-based programmes have been found in several reviews to have positive short-term
effects on hospitalisation and HRQoL (Davies et al., 2010; Lewinter et al., 2015; Sagar et al., 2015;
Taylor et al., 2014). These reviews have reported that exercise programmes are effective in the
short-term (Davies et al., 2010; Lewinter et al., 2015; Sagar et al., 2015; Taylor et al., 2014), but
their effects diminish 12 months after the programmes cease (Sagar et al., 2015). One explanation
is that physical activity is not sustained after the programme is discontinued. This leads to
deconditioning of the heart (Pifia, 2003).

Improved exercise capacity achieved by exercise programmes is often expected to be enough
to promote an active lifestyle. However, this is not the case. For instance, exercise programmes in
this review elicited significant improvements in exercise capacity but failed to initiate an active
lifestyle (Van den Berg-Emons et al., 2004: Willenheimer et al., 1998). Although these exercise
programmes provided participants with the physical capacity to become more active, individuals

with HF did not change their physical activity behaviour outside the intervention.

However, substantial risk of bias is present across included trials as will be discussed in

detail below. High quality evidence on the efficacy of Exercise and Behaviour Change, Remote
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Communication & Feedback, and Exercise in promoting physical activity in older adults with HF

is needed before drawing definitive conclusions.

4.7.2 Which behaviour change theory is key in promoting physical activity in HF?

The present systematic review and meta-analysis suggests that interventions that are
informed by a theory are more likely to be efficacious. This is in line with other meta-analyses
suggesting that theory-informed interventions are more efficacious in increasing physical activity
than others (Taylor et al. 2012).

The included trials evaluated interventions informed by Social Cognitive Theory (Bandura,
1997), the Transtheoretical Model of Change (Prochaska & DiClemente, 1986), and Motivational
Interviewing (Miller & Rose, 2009). Two trials combined several theories in informing the
interventions: Social Cognitive Theory (SCT) and Transtheoretical Model of Change (TTMC)
(O’Connor et al., 2009); and a combination of SCT, Support Theory and Communication Theory
(Tomita et al., 2008). The combination of SCT and TTMC was found to be efficacious in
promoting short-term physical activity in younger (mean age = 56) adults with HF. This suggests
that the interventions that combined theories were more efficacious than single-theory
interventions. While focusing on asingle theory may be the best way to develop its evidence base,
it may not be the best way to design an effective intervention. Instead, combining multiple theories

may be a more promising approach.

Although it was found that the extent to which interventions were informed by theory was
associated with greater efficacy, the trials included in the present review are limited in the ways
theory was applied. First, there was a lack of theory-informed interventions across the reviewed
trials. Only in 7 out of 18 interventions a theory was used to inform the intervention. The use of
theory in the design of these seven interventions was also limited, meaning that the content of
these interventions identified as theory-informed, was often poorly guided by a theory, as reflected
by the TCS score. Interventions did not clarify the link between the applied BCTs, and the
theoretical components being targeted. In addition, there are many theories (Davis, Campbell,
Hildon, Hobbs, & Michie, 2015) that could form the basis to an efficacious physical activity
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intervention, yet only three theories (SCT; TTMC; Motivational interviewing) were assessed

across the included trials.

The method of choosing these theories for improving physical activity in HF was not clear.
The trials included in the present review did not report in full what barriers and enablers the
interventions under investigation were attempting to address and did not clarify how these barriers
were addressed. This is a persistent problem in behaviour change research (Lippke & Ziegelmann,
2008). It is necessary to explore what must change before designing a physical activity
intervention, and based on that, to form a theoretical foundation on which to choose intervention

content (described in Chapter 3).

4.7.3 What intervention characteristics are promising in promoting physical activity
in HF?

Intervention setting, facilitator, and mode of delivery did not have an impact on the efficacy
of the reviewed interventions. It has also been previously supported by a meta-analysis that home-
based cardiac rehabilitation is more efficacious than usual care in terms of improving the clinical
outcomes of the condition, and therefore can serve as an alternative to centre-based cardiac
rehabilitation in aiding HF management (Zwisler et al., 2016). On the other hand, three meta-
analysis of rehabilitation settings found that home-based and centre-based cardiac rehabilitation
programmes are equally effective in improving survival, quality of life, and exercise capacity for
individuals with angina, myocardial infarction, and HF (Taylor et al., 2015; Anderson et al., 2017;
Dalal, Zawada, Jolly, Moxham, & Taylor, 2010). Authors also concluded that this finding, together
with the absence of evidence of differences in healthcare costs between the two approaches
suggests that the choice of participating in a more traditional and supervised centre-based
programme or a home-based programme should reflect the preference of the individual patient
(Taylor et al., 2015). The findings of the present meta-analysis suggest that both settings are
equally ineffective in promoting physical activity. Therefore, CR and exercise programmes are
efficacious in improving clinical outcomes in HF, but an additional intervention content is
required to improve physical activity in HF and to maintain these clinical benefits once CR is

ceased.
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Contact time was not found to be crucial to intervention efficacy. This has implications for
cost-effectiveness of the existing interventions, as this review suggests it might be more important
to offer the appropriate content of an intervention (BCTs, general approach) rather than resource-
intensive and lengthy interventions. However, these findings are tentative, given the small number

trials and the reviews’ other limitations described below.

The findings of the present meta-analysis suggest that the majority of existing BCTs were
not reported to be included in the intervention content. A small number of BCTs were suggested
to be associated with efficacy. ‘Adding objects to the environment’, ‘Credible source’ and
‘Monitoring of behaviour by others without feedback’ were more efficacious than interventions
that did not include these BCTs. The findings on each of these characteristics are discussed

separately below.

‘Credible source’, defined as ‘Presenting verbal or visual communication from a credible
source (health professional) in favour of engaging in physical activity’, was included in two
interventions (Koelling et al., 2005; O’Connor et al., 2009). Credible source was only coded as
present in the intervention when there was a description of an explicit advice being provided to
individuals with HF.

For instance, in an intervention evaluated in the HF-ACTION trial, the ‘Credible source’
BCT was delivered in a form of a formal prescription for physical activity by a healthcare
professional, based on the guidelines provided in Exercise Standards For cardiac patients (Fletcher,
Froelicher, Hartley, Haskell, & Pollock, 1990). It included explicit rationale for engaging in
physical activity, and advice on adjusting the intensity according to environmental conditions
(weather), physical capability and symptoms, as well as reassurance that breathing is elevated
during exercise, however, should not cause discomfort. In one-to-one education sessions delivered
by a nurse targeting several self-care behaviours and symptom monitoring evaluated by Koelling
et al.,(2005), the ‘Credible source’ strategy entailed an explicit advice and rationale for engaging
in physical activity provided in a one-to-one session with a nurse. In addition, a leaflet

summarising guideline on HF treatment in lay terms was handed out to the participants. Therefore,
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advice to engage in physical activity is efficacious when provided rigorously and explicitly, as

suggested by the present meta-analysis.

‘Credible source’ has been grouped by the expert panel into the ‘Comparison of outcomes’,
which has been linked to Beliefs about Consequences and Attitudes toward the behaviour (Conell
et al., 2018). Thus, it could be the case that receiving explicit advice from a trusted source such as
a health professional may strengthen belief in the positive outcome of engaging in physical activity

and encourage an individual with HF to be more active.

‘Monitoring by others without feedback’ has been categorised as ‘Feedback and monitoring’
and is deemed by an expert panel (Connel et al., 2018) to target Behavioural Regulation domain.
Itis possible that BCTs that have been isolated as efficacious promote physical activity by bringing
about a positive change in Behavioural Regulation. The efficacy of both Credible source and
‘Monitoring of the behaviour by others without feedback’ are in line with a suggestion that
improved patient-clinician communication through means of telemonitoring may be empowering
and lead to better outcomes in terms of QoL, hospitalisation, and mortality (Anker et al. 2011). It
was previously found that intensive management of patients with HF improves the quality of care,
has a positive impact on quality of life, and reduces readmissions through frequent monitoring,
detailed assessment, optimization of medications, and education (Rich et al., 1995). Another
systematic review in the literature also suggested that provision of disease management
programme by a multidisciplinary team where an emphasis is placed on patient education and
importance of self-management is associated with improved survival and reduced hospitalisation
(McAlister, Stewart, Ferrua, & McMurray, 2004). Likewise, the present review supports the

importance of patient-clinician communication in promoting physical activity.

‘Adding objects to the environment’ was identified as a promising strategy for increasing
physical activity levels. The objects that were provided were a treadmill or a stationary bike. These
findings suggest that altering the environment and providing physical resources that encourage
physical activity is potentially efficacious in the short-term. ‘Adding objects to the environment’
may effectively target the Environmental Context and Resources domain (Conell et al., 2018).

Specifically, it promotes physical activity through providing resources and an opportunity to
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exercise. It involves identifying which environmental resources are important for promoting a
physically active lifestyle. However, this strategy is expensive and might not be feasible to
implement in everyday life for many patients with HF. Furthermore, it must be borne in mind that

the evidence supporting the efficacy of this BCT is weak, as it was only present in two trials.

One BCT that was present in significantly less efficacious interventions is ‘Problem solving .
A recent large review and expert panel study did not link this BCT to any of the theoretical domains
(Conell et al., 2018). One assumption that needs further investigation is that focusing attention on
potential barriers may discourage physical activity in people with HF who already face many
difficulties.

Overall, this review identified a lack of breadth of research into strategies to promote
physical activity. Currently, there are 93 known BCTs that can be potentially applied to promoting
physical activity, and only 20 BCTs were encountered in the reviewed trials, three of which were
found to improve efficacy and one was found to have a negative impact. Given the small number
of BCTs being assessed, there is a lack of breadth of evidence on what BCTs might be efficacious

in improving physical activity.

The small number of BCTs being assessed for its efficacy in promoting physical activity in
older or chronically ill adults in general. As such 23 BCTs were used in interventions to increase
physical activity in older adults (French et al., 2014), 13 in people with dementia (Nyman,
Adamczewska, & Howlett, 2017), 26 in relatively young (mean age was 59 years old) cardiac
patients (Ferrier, Blanchard, Vallis, & Giacomantonio, 2011), While 40 BCTs were used in
physical activity interventions for younger adults (Samdal, Eide, Barth, Williams, & Meland,
2017) and 36 for adolescents (Hynynen et al., 2016). This trend suggests a smaller number of
BCTs being applied in interventions for the chronically ill and old population compared to other

segments of the population.
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4.7.4 Interventions’ target group

Age, gender, NYHA class, and LVEF (%) were tested as predictors of intervention success
in improving physical activity. The efficacy of the interventions was negatively correlated with
the mean age of the participant sample, whereas gender, NYHA class and LVEF were not. The
currently existing interventions, therefore, seem to be especially ill-fitted for promoting physical
activity in older adults (>70) living with HF. The identified trials have tested the efficacy of
interventions in a younger HF population (the mean age was 67 years old). Individuals younger
than 70 years old were recruited in eleven out of 16 trials and constituted 82.2% of the total sample

of the present meta-analysis.

Older adults with HF constitute most of the HF population, and their numbers are continually
increasing as outlined in Chapter 2. The clinical profiles of older adults differ from younger adults,
including a significantly worse prognosis and a larger number of comorbidities (Butrous and
Hummel 2016). Older adults with HF are especially at risk of sedentary behaviour (Evangelista et
al., 2003; Gonzalez et al., 2004; Chien et al., 2014) and therefore, are the risk group that should be
targeted by behaviour change interventions. Finally, a previous review of physical activity
interventions found that strategies known to be efficacious in the general population (Carver and
Scheier 2012); Greaves et al., 2011; McEwan et al., 2016; Williams & French, 2011) are not
suitable for a non-clinical older population (> 70 years old; French, Olander, Chisholm, &
McSharry, 2014). These include strategies that improve self-regulation, such as setting behavioural
goals, prompting self-monitoring of behaviour, planning for relapses, providing normative
information, and providing feedback on physical activity. Therefore, older adults may also differ
in their beliefs about physical activity and experience barriers and enablers distinctly differently

to those experienced by the younger population.

Older adults are under-represented in the trials included in this review. Therefore, future
research is recommended to focus on tailoring interventions to older adults with HF and to include

them in trials evaluating physical activity interventions.
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4.7.5 HF-ACTION

The findings of the present review should be considered in light of the large influence of the
HF-ACTION trial (O’Connor et al., 2009; Whellan et al., 2007). A large proportion (37%) of the
meta-analysis sample was drawn from this trial. This trial is also an outlier in the set of included

trials in that it reported larger effects than the rest.

This could be due to a number of reasons: 1) a large participant sample provided enough
statistical power to detect an effect; 2) the trial was better funded, which may have improved both
the delivery of the intervention and its fidelity; 3) considerably younger people with HF were
included in the trial (the mean age of the sample was 59 years calling its representativeness into
question; 4) a great amount of tailoring and flexibility was present in the design of the intervention
Participants, for example, were trained in performing a modality of activity of their choice
(walking; cycling; running), at an intensity matching their physical capacity; 5) it used an intensive
facility-base, access to ergometers; rowing machines; cycling; and treadmills was provided to

participants.

The HF-ACTION trial suggested that Exercise and Behaviour Change, theory use and a few
other BCTs improve physical activity. The physical activity effect was also maintained at 12
months. However, the trial included young adults (mean age=59 years old). Therefore, it suggests
that the intervention is likely to be efficacious only for this particularly unrepresentative
demographic group. It might not be efficacious for older adults. Therefore, it is critically important
to investigate barriers and enablers to physical activity faced by older adults diagnosed with HF.
In addition, given that participants were recruited to take part in an exercise programme, it is likely
that the trial included adults willing to exercise in the first place potentially introducing a selection
bias. It is not known whether the intervention would be equally efficacious for adults lacking an

intention to exercise.

Sensitivity analysis indicated that exclusion of the trial diminishes the importance of
strategies other than exercise training, the gradual increase in exercise intensity and group- and
centre-based delivery by the physiotherapist. The trial also contributed to the estimate of the effects

achieved by Exercise and Behaviour Change approach. The observed greater efficacy of HF-
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ACTION could be due to the likely true effect of the intervention and associated intervention
characteristics. On the other hand, HF-ACTION was a well-funded trial, which may have
improved the delivery of the intervention and intervention fidelity. The trial also included a
considerably younger sample (56 years old) than the general population (80 years old, National
HF Audit, 2018) and utilised an intensive facility (ergometers; rowing machine; cycling;
treadmills). These properties may jeopardise the ecological validity of the findings of this meta-
analysis, as well as bias the evaluation and overestimate the efficacy of several identified

characteristics.

4.7.6 Limitations of the included trials

A large proportion of the screened trials satisfied the first two criteria for inclusion in the
present review but did not report levels of physical activity as the study outcome. Future trials
evaluating exercise programmes are encouraged to measure physical activity that takes place
outside an intervention to build an evidence base for the approaches and strategies effective in

promoting a physically active lifestyle.

The trials included in this review were evaluated in terms of risk of bias using a standardised
and validated risk of bias tool (Higgins et al., 2011a). A moderate risk of bias was identified across
the included trials. This may compromise the intrinsic validity of the findings. The physical
activity outcome was evaluated using self-reports in most trials. Self-reports overestimate actual
physical activity levels (Kowalski, Rhodes, Naylor, Tuokko, & MacDonald, 2012). The strength
of evidence would be improved if trials included objective assessment of physical activity levels
using pedometers and accelerometers as they are a more accurate measure of physical activity
levels (Kowalski et al., 2012).

Trials did not report for how long the participants had been diagnosed with HF when the
interventions took place. People with newly diagnosed HF experience higher levels of fatigue
(Williams, 2017), and are more likely to be hospitalised (Greene et al., 2017), and experience

alterations to their pharmaceutical treatment (Johansson, Wallander, Ruigdmez, & Rodriguez,
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2002). The impact of this possibility should be considered when deciding on the timing of a
physical activity intervention. On the other hand, implementing an intervention at a later point
after diagnosis, when habitual sedentary behaviour might have already been established, could be

challenging.

The reviewed trials did not assess the relationship between physical activity levels and health
outcomes., This makes it difficult to interpret the obtained changes in physical activity in terms of
their clinical significance (Shoemaker, Curtis, Vangsnes, & Dickinson, 2013). Such interpretation
would require one to estimate the impact the positive change in physical activity has on

hospitalisation, QoL and mortality. But these additional outcomes were not assessed.

Participants across trials were diagnosed with HF with reduced ejection fraction (HFrEF)
and were male and younger than the general HF population, limiting the generalisability of the
findings. Older adults (>70) remain underrepresented in trials evaluating interventions to promote
physical activity in HF even though the mean age when one is diagnosed with HF is 80 years old
(British Heart Failure Audit, 2018). Future research should focus on optimising physical activity
in older adults living with HF. Hence, the remainder of this project is concerned with producing

an evidence base for improving physical activity in people with HF of 70 years and older.

4.7.7 Strengths of the review

AMSTAR 2 (Appendix B; Shea et al., 2017) was used to evaluate biases that may have been
introduced during the conduct of this review. Several measures were taken to improve the
methodological rigour of this review and to strengthen the validity of the findings. Firstly, the
review followed the PRISMA guidelines (Panic et al., 2013). Secondly, to overcome reporting
bias, the design and procedure for the review were described a priori and published in an online
protocol. The research questions and inclusion criteria were defined before the initiation of the
review and published online. This review identified a lack of uniformity across trials in physical

activity assessment. It was overcome by producing standardised mean differences estimates.
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A comprehensive literature search across nine databases was performed. The search strategy
was discussed with a professor of cardiology who specialises in HF and included MESH terms
and keywords used in the search strategy of past reviews that were commenced to produce NICE
guidelines on HF management (2010). Secondly, the bibliography of the included trials was also
screened for further potentially relevant trials. Thirdly, grey literature was also searched. Finally,

the researchers searched for reports regardless of their publication type.

The utilisation of the Behaviour Change Techniques Taxonomy (Michie, 2013b) ensured
that the content of the reviewed interventions was systematically documented. The use of the
coding system helped classify the interventions and facilitated the analysis of which of their

characteristics were associated with greater intervention efficacy.

The included trials operationalised diverse definitions and measures of physical activity (i.e.
steps; accelerometer counts; self-reports; number of exercise sessions). The use of standardised
mean differences mitigated this limitation. Only a small number of trials evaluated some of the
individual intervention characteristics. The recommendation to adjust for uncertainty introduced

by a small number of studies was followed (Debray et al. 2017).

A sensitivity analysis was performed to mitigate the following limitations. A risk of bias was
observed in one trial (Tomita et al., 2008). The sensitivity analysis indicates that the inclusion of
these trials may underestimate the efficacy of the Remote Monitoring and Treatment. The
comparator treatments also included an active intervention in five RCTs. The trials compared the
main intervention to a range of treatments, such as usual care, education, HF specialist care, and
an aerobic exercise programme without a theory-based behaviour change intervention, which may
have confounded the observed efficacy. A sensitivity analysis was performed to test whether the
differences in the comparator treatment across trials influenced findings. It indicated that this bias
results in underestimation of the effect; however, the difference in the derived effect size was not

significant.
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4.7.8 Limitations of the review

Before drawing any conclusions about the efficacy of behavioural interventions in increasing
physical activity in HF, the following limitations should be considered. Markedly different
interventions were combined in the overall meta-analysis, which may be inappropriate given the
considerable heterogeneity in their efficacy. For this reason, the overall efficacy should be
interpreted with caution. To overcome this inherent limitation, the heterogeneity in intervention
efficacy was explored. More specifically, groups of similar interventions — general approaches —
were evaluated first, and then the characteristics of each intervention that contribute to its efficacy

were investigated.

An exploratory meta-analysis like this one may make tentative suggestions on what could
constitute an efficacious physical activity intervention. However, by no means does it make causal
claims. Meta-analysis probes associations between each characteristic and the observed effect.
The efficacy of each intervention characteristic needs to be assessed in an RCT, to be able to

identify causal effects.

Each intervention characteristic was evaluated in isolation. This helped pint-point which
contributed to efficacy to a greater extent than others. However, this presents a limitation. None
of the intervention strategies were applied in isolation. For example, ‘Action planning', 'Goal
setting (behaviour)' and 'Self-monitoring of behaviour' were often used conjointly, While
'‘Demonstration of the behaviour' was a component of exercise programmes without an
accompanying behaviour change intervention 5 out of 7 times. Given the small number of RCTs
evaluating any single included characteristics, the multiple comparisons were not feasible. It is not
possible to conclude from the present meta-analysis whether each characteristic was sufficient for
producing the effect on its own, or if it acted synergistically with other characteristics to produce
additive or interactive effects. The one-at-a-time evaluation of a single strategy approach can be

considered in future RCTs.

Only the reported descriptions of the interventions were annotated. However, limited

descriptions of the interventions were provided within the reports. The description of an
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intervention was often narrow (Hoffmann et al., 2014). Therefore, coding of the interventions in

the present review may not reflect the actual content of interventions and thus introduce a bias.

4.7.9 Recommendations for future research

To the best of the author’s knowledge, this is the only meta-analysis of trials that examined
interventions’ impact on physical activity in HF. For this reason, the results are discussed in
comparison to published reviews of the impact of physical activity interventions on other outcomes
besides physical activity. Reviews on outcomes such as HRQoL, mortality and hospitalisation
included a larger number of trials than the present review, n=33, 33 and 46, respectively (Davies
et al., 2010; Lewinter et al., 2015; Taylor et al., 2014; Sagar et al., 2015). There was not a great
deal of overlap between the present review and reviews investigating different outcomes because
trials included in the reviews on HRQoL, mortality and hospitalisation did not report physical
activity outcome and therefore did not meet the inclusion criteria of the present review. Therefore,
it is recommended for trials evaluating the effects of physical activity on health outcomes to also

include physical activity assessment.

The present review suggests that use of a behaviour change theory in designing a behaviour
change intervention is key to ensuring its success in improving physical activity in adults with HF.
However, there is both lack of clarity and lack of breadth in theoretically based understanding of
the underlying mechanism of the interventions, i.e. the factors that may influence physical activity
in HF. A comprehensive understanding of these factors may prove useful in optimising the content

of the interventions. Exploration of these factors is the primary focus of this thesis.

The findings of the present systematic review and meta-analysis indicate that existing
interventions targeting promotion of physical activity in HF are not efficacious in the long-term.
Therefore, it is important to investigate how a sustained positive change in physical activity can

be established to secure the benefits of physical activity over longer periods of time.

An understanding of why and how BClIs produce their effects is impeded by the lack of
appropriate methods. A meta-analysis offers claims about association not causality. Currently, an
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ontology is being developed (Michie et. al., 2017; West et al., 2019; Hale et al., 2020). The
ontology summarises causal assumptions about BCls (West et al., 2019) that can be expressed
graphically and mathematically. The use of such a structured knowledge system of evidence, and
its representation in a computable format facilitates inference about causality. Such ontology in-
built into a meta-analysis as a set of assumptions, helps to formulate causal claims and seek
evidence supporting them (Michie & Johnston, 2017; West et al., 2019). Furthermore, a detailed
knowledge representation helps to gain statistical precision and power (Leeuw et al., 1998; Sterne
Higgins et al., 2011; Pearl 2009) for both causal inference and the evaluation of the BCIs’ effects.
With the help of Machine Learning it might be possible to support or dispute the causal
assumptions embedded in this ontology However, a large set of trials would be required for such
data hungry methods as Machine Learning.

Many of the BCTs are simultaneously related to several behaviour change theories.
Therefore, identifying why a BCT is exhibiting an effect is problematic. BCTs were mapped onto
the mechanism of action (i.e the causal chain of events and changes that give rise to the change in
the behaviour) in a large review (Carey et al., 2018). The studies reported in Chapter 6 and 7
pursue the exploration of how physical activity in HF is enacted (i.e. mechanism of action) using
empirical research and computational modelling. Then a recommendation for what BCTs may be

relevant given the identified mechanism of action is made in Chapter 8.

4.8 Conclusion

Overall, the existing physical activity interventions are not efficacious in increasing physical
activity in HF. The present review explored intervention complexity and identified some
characteristics of potentially promising physical activity interventions designed for people with
HF. However, older adults are under-represented by the trials included in this review. Therefore,
future research should focus on investigating the barriers and enablers to physical activity
experienced by a representative sample as well as on tailoring interventions to older adults with
HF.

The present review indicated that applying behaviour change theories is potentially a

promising way of designing efficacious interventions. However, the use of theory across the
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evaluated trials was limited. It remains unclear as to what theory is the most relevant to
understanding how physical activity is enacted in HF. To design a successful physical activity
intervention, it is necessary to first explore barriers and enablers to physical activity in HF, identify
factors influencing the behaviour, the mechanism via which they realise increased physical

activity, and the theory descriptive of these processes.

4.9 Addendum

To ensure that the meta-analysis was up to date at the point of submission of this thesis the
search was updated on 20 February 2020. The full report is attached in Appendix A. Over 4400
new research articles were identified during screening. A total of seven new randomised controlled
trials met the inclusion criteria (Ajiboye et al., 2015; Bernocchi et al., 2018; Dalal et al., 2018;
Freedland et al., 2015; Meng et al., 2018; Pozehl et al., 2018; Yong et al., 2016). Accordingly, the

studies piloting these interventions were excluded from the updated meta-analysis.

Interventions (n=22) had a significant overall effect (SMD=0.54,95% CI. [0.16;
0.93],p<0.005) as assessed immediately after the intervention. However, high heterogeneity in the
effects was present, warning against the interpretation of an overall effect, 1°=95.79%,
Q=1531.74,p<0.001).

The additional trials evaluated Cognitive-Behavioural Therapy (n=1; Freedland et al., 2015)
Remote Monitoring and Feedback (n =1; Bernocchi et al., 2018), Self-management Programme
(n=1; Young et al., 2016), and Exercise and Behaviour Change (n=2; Dalal et al., 2018; Pozehl et
al., 2018) at post-completion. CBT (Freedland, 2018) and Self-management Programme (Young

et al., 2018) were not suggested to be efficacious in increasing physical activity in HF.

One additional trial evaluated the long-term effect of the Self-management Patient
Education Programme but not as assessed post-intervention (Meng et al., 2018). Authors did not
find a sustained effect. The inclusion of the study did not change the results of the initial meta-

analysis assessing the long-term efficacy of interventions.
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The addition of one trial evaluating Exercise programme changed the findings regarding the
overall efficacy of exercise approach (Ajiboye et al., 2015). However, a large risk of bias was

present, including lack of blind assessment and a registered protocol.

Similarly, to the meta-analysis presented in this chapter, ‘Credible source’, ‘Adding objects
to the environment’, ‘Monitoring of Behaviour by others without feedback’ were suggested
efficacious in increasing physical activity in HF. The presence of six BCTs in newly identified
interventions were significantly associated with efficacy: ‘Prompts/Cues’, ‘Generalisation of
target behaviour’, ‘Self-monitoring outcomes of behaviour’, ‘Graded tasks’, ‘Behavioural
practice/rehearsal’, ‘Action planning’, and ‘Goal setting’ (SMD and 95% CI are reported in
Appendix A).

Basing on the recent research outlining the link between BCTs and mechanism of action
(Connell et al. 2018; and Bohlen et al., 2018), it is proposed that the BCTs that were identified to
be associated with the efficacy promote physical activity by the means of Behavioural Cueing
through restructuring the environment (Adding Objects to the environment), physical activity skills
acquisition through repetition of the behaviour (Behavioural practice/rehearsal), yield formation
of positive Attitude Toward the Behaviour (Credible source), improved Self-regulation (Goal
setting and Self-Monitoring).

Similarly, to the findings of the exploratory meta-analysis of the trials identified in the initial
search, only Exercise and Behaviour Change was found to be efficacious (SMD=1.22, 95%
Cl:[0.04; 2.39]. The newly identified trials evaluating this approach were REACH-HF trial (Dalal
etal., 2018) and HEART Camp trial (Pozehl et al., 2018).

The REACH-HF intervention was based on Self-determination Theory, Control Theory and
Common-sense Model produced a non-significant effect. The HEART Camp intervention was
based on Social Cognitive Theory (SCT) and produced a significant medium sized effect.

However, besides being based on a different set of theories, these interventions were evaluated in
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trials with individuals of different ages. The REACH-HF trial recruited older individuals (mean
age = 70) than HEART Camp (mean age =60). The HF-ACTION trial and the newly identified
HEART Camp support the efficacy of SCT (with or without TTMC) for increasing physical
activity in younger individuals with HF (56 and 60 years old). These trials will be discussed in
Chapter 8. It remains unclear how to change physical activity in older adults with HF, who

constitute a majority of this clinical population.
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5 Barriers and Enablers to Physical Activity in HF: A Bayesian

Meta-analysis.

5.1 Introduction

Chapter 2 reported that HF is a complex clinical syndrome of symptoms and signs that
suggest reduced efficiency with which the heart pumps blood around the body (National Institute
for Healthcare and Excellence, 2018). HF is a prevalent condition worldwide (Vos, Allen, &
Arora, 2016) and in the UK (National Institute for Health and Care Excellence, 2018). The clinical
outcomes of HF include mortality, morbidity, and reduced quality of life (Hobbs et al., 2002;
Taylor, Roalfe, lles, & Hobbs, 2012).

Physical activity is associated with improved quality of life (Davies et al., 2010; Lewinter
etal., 2015; Sagar et al., 2015; Taylor et al., 2019), reduced hospitalisation (Sagar et al., 2015) and
increased longevity (Belardinelli, Georgiou, Cianci, & Purcaro, 2012; ExTraMATCH
Collaborative, 2004). Physically active lifestyle, therefore, is a component of the recommended
treatment (NICE). Exercise is included in cardiac rehabilitation (CR) offered to newly diagnosed
HF patients (Jenni et al., 2012).

The uptake of CR programmes among those diagnosed with HF, however, is dramatically
low. Less than 1% of the HF population in the UK initiated the programme in 2017-2018 (National
Audit of Cardiac Rehabilitation, 2018). Levels of everyday physical activity in HF are low
(Jaarsma et al., 2013). This is partially due to the many challenges the individuals with HF face in
initiating and maintaining a physically active lifestyle as proposed in the statement by European
Society of Cardiology (Conraad et al., 2012).
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Chapter 4 reported a meta-analysis of trials evaluating interventions designed to enhance
physical activity for people with HF. Overall, identified trials do not inform about how exactly
physical activity in HF can be improved. Especially in older adults (>70) with HF who make up

the majority of this population.

It is recognised by frameworks for developing behaviour change interventions (Araujo-
Soares et al., 2019; Craig et al., 2008; Hankonen & Hardeman, 2020; Kok et al., 2016; S Michie
et al., 2014; O’Cathain, Croot, Sworn, et al., 2019) that first the modifiable as well as contextual
determinants need to be systematically identified and described before an intervention can be
developed. This helps to increase the chances for the intervention to be effective and helps and
conserves research effort and resources. However, the determinants of physical activity in HF are
not well understood. As such, a systematic review of qualitative studies found a lack of research
on individual accounts of barriers and enablers to physical activity (Tierney, Mamas, et al., 2011).

The evidence on the factors influencing physical activity in HF is sparse.

Therefore, the evidence-base concerning potential determinants of physical activity is
systematically reviewed in this chapter. Bayesian meta-analysis is used for this purpose in line
with the recommendation by Dixon-Woods and colleagues (Dixon-Woods et al., 2005, 2006;
Roberts et al., 2002). This framework helps in synthesising qualitative and quantitative research.
It also helps summarise evidence in a way that is useful for decision-making on what are the

relevant barriers and enablers to physical activity in HF.

The determinants of the behaviour are often described inconsistently, especially across
epistemologically diverse studies. In the present review, the barriers and enablers to physical
activity in HF are identified and categorised in accord with the Theoretical Domains Framework
(TDF) (Cane et al., 2012). TDF is described in Chapter 3.

5.2 Rationale for the methodology
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Following the call for adaptation of Bayesian statistics in Health Psychology research made
by Depaoli and colleagues (Depaoli, Rus, Clifton, van de Schoot, & Tiemensma, 2017) and
endorsed by health psychology scientists (Beard & West, 2017; Hamilton, Marques, & Johnson,
2017; Heino, Vuorre, & Hankonen, 2018), this chapter applies Bayesian statistics in secondary
research synthesis. While previously this methodology was applied in a randomised control trial
evaluating a behaviour change intervention designed to improve physical activity in adolescents
(Heino et al., 2018), this meta-analysis implements Bayesian update in synthesising evidence on
modifiable determinants to physical activity in HF. Bayesian meta-analysis is carried out in line
with the recommendation by Dixon-Woods and colleagues (Dixon-Woods et al., 2005, 2006;
Roberts et al., 2002). This framework helps in synthesising qualitative and quantitative research.
It also helps summarise evidence in a way that is useful for decision-making on what are the

relevant barriers and enablers to physical activity in HF.

Bayesian methods are especially useful when evidence from diverse sources must be
integrated (Spiegelhalter et al., 2004). Qualitative research is often easily available from research
studies on health and health management; however, its findings are often not utilised in updating
the pool of evidence, health-care decision making and policy development (Roberts et al., 2002).
The difficulty in integrating qualitative evidence in a meta-analysis lies in the lack of capacity of
the traditional frequentist methods to evaluate qualitative evidence. It is hazardous and is not
recommended to quantify any qualitative evidence (Giacomini 2001). Yet, in research on
healthcare or treatment development, as recommended by Spiegelhalter (2004), the beliefs of all
stakeholders should be included in the decision making. This includes subjective beliefs about the
utility of the treatment, the credibility, the relevance, and implementation issues that are concealed
in the “objective” evaluations, but apparent to clinicians and patients. These may jeopardise the
effectiveness of otherwise efficacious intervention. The qualitative research provides rich data that
cannot be easily utilised in decision-making as formal evaluation pf such evidence cannot be
achieved by a narrative review alone (Roberts et al., 2002). It is also highly recommended to
account for the needs of stakeholders — people living with HF in this thesis — in research concerning
intervention development (Yardley et al., 2017). Bayesian methods provide an opportunity to

integrate the qualitative evidence in making predictions about physical activity.
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Degrees of belief about the probability of an event or an outcome are integrated into a
Bayesian prediction model in the form of a prior distribution (Savage, 1951). Bayesian methods
interpret prior distribution as an initial belief. Bayesian updating is the process by which the
prior changes upon consideration of new evidence. The result is a new probability distribution
representing the updated belief. It is called posterior probability distribution (Spiegelhalter et al.,
2004).

In a Bayesian meta-analysis (Roberts et al., 2002) qualitative evidence was appraised by
experts and described as a formal prior. This method is called expert prior elicitation task
(Spiegelhalter et al., 2001). The idea is to determine a probability distribution that is consistent
with a belief shared by a panel of experts (Spiegelhalter et al., 2001). Expert elicitation is often
challenging and requires the design of a task that suits the phenomenon under investigation (i.e.
the class of the probability mode (continuous vs binary, Gaussian vs Bernoulli probability
distribution). It also must accurately describe the distribution to avoid shortcomings of performing
any cognitive tasks (i.e. cognitive biases, bounded rationality and reasoning in humans. Roberts et
al., (2002) in a study of vaccination uptake elicited a prior from experts' beliefs after they appraised
the qualitative evidence. They then updated the prior with quantitative evidence. The resulting
posterior probabilities represented predictions for the probability of vaccination uptake
conditioned on each factor (Roberts et al., 2002). They found that lay beliefs about immunisation
had the highest posterior probability of influencing vaccination uptake and thus were ranked above
advice from health professionals, child’s health, and logistics of travelling to receive the vaccine.
Roberts et al (2002) were able to combine quantitative and qualitative evidence through Bayesian
updating. The present meta-analysis is inspired by the work and methods used by Roberts et al.
(2002).

However, this meta-analysis faces an additional challenge. There is prior evidence that
physical activity is low in HF relative to the general population (Jaarsma et al., 2013). The
predictive value for the probability of physical activity conditioned on a barrier or an enabler
should be relative to the low probability of physical activity in HF in general. Thus, in this meta-
analysis, Bayesian updating was performed twice. First, a “hyperprior” belief about physical
activity in the general HF population was updated with qualitative evidence obtained by elicitation

from experts. The resulting posterior distribution was then used as the prior for the second step,
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incorporating evidence from the reviewed quantitative studies. In a separate procedure the
hyperprior obtained from Jaarsma (2013) was updated with quantitative evidence only. This was

done to compare the evidence obtained from these two different sources.

Overall, Bayesian meta-analysis has three crucial advantages in reasoning about and
inferring the barriers and enablers to physical activity in HF. (1) It ensures that the predictive
distributions for each barrier or enabler are situated in the context of physical activity in HF. (2)
It facilitates comparison of the barriers and enablers. (3) It allows integration of all relevant
evidence despite inconsistency in epistemological stance or research design adopted in the

evidence generation process.

5.3 Aim

The aim of this review is to systematically integrate qualitative and quantitative evidence
concerning the clinical, environmental and psychosocial barriers and enablers influencing physical

activity in HF.

5.4 Objectives
e systematically explore the evidence-base on barriers and enablers of physical activity in HF

including qualitative and quantitative studies;

e identify, describe and compare clinical, demographic, psychosocial barriers and enablers to
physical activity in HF

5.5 Research questions

e What are the barriers and enablers to physical activity in HF?
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5.6 Methods

The meta-analysis was implemented and reported adhering to the Meta-analysis of
Observational Studies in Epidemiology guidelines (Dekkers et al., 2019; Stroup et al., 2000).
COSMOS-E (Dekkers et al., 2019), Cochrane handbook, and GDARE were consulted in planning

the statistical analysis and the risk of bias evaluation.

5.6.1 Eligibility criteria

The phenomena of interest for this review were any clinical environmental, social or
psychological barriers and enablers (Phenomenon of Interest) to physical activity
(Evaluation/Outcome) that adults diagnosed with HF (Population) may face. The inclusion criteria
were described in SPIDER and PI(E)COS format, for qualitative and quantitative studies

respectively, and are presented in Table 5.1

The scope of interest for this review is large: barriers and enablers of physical activity in
HF. Therefore, Design and Research type are unrestricted. The RCTs, however, are not included

in this review as they are separately reviewed in Chapter 4.
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Table 5.1.

The scope of the review: PI(E)COS and SPiDER.

Qualitative study

Quantitative study

Sample:

Adults diagnosed with chronic HF

Population:

Adults diagnosed with chronic HF

Phenomenon of interest:

Any beliefs or personal accounts on
what clinical, environmental or
psychosocial aspects of living with HF
hinder or enable physical activity.

Intervention/Exposure:

Any clinical, environmental or
psychosocial variable, formulated as
a correlate/predictor of physical
activity in HF;

Design:

Semi-structured interviews, focus
groups, think-aloud studies; narrative
reviews of qualitative studies.

Control group:

For dichotomous variables of
exposure, the comparator group is the
group of individuals living with HF
not presenting with the clinical,
environmental or psychosocial
variable (e.g. lack of comorbidity).
NA for continuous variables.

Evaluation:

Physical activity, defined as any bodily
movement that requires metabolic
energy expenditure (WHO, 2010).

Outcome:

Physical activity, defined as any
bodily movement that requires
metabolic energy expenditure (WHO,
2010), of any mode (e.g. walking);
any intensity (e.g. MVPA); in any
setting (as exercise prescription or
otherwise).

Research type:

Any qualitative methods (e.g.
Phenomenological, ethnographic, or
ground theory research studies)

Type of study design:

Cohort studies, cross-sectional
observational studies, case-control
studies.
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5.6.2 Information sources

A total of 14 online databases were searched from inception to 05 January 2020
(Embase, Global Health, HMIC Health Management Information Consortium, MEDLINE;
PsychINFO; CINAHL; Health policy reference centre; PsychARITCLES; PubMed; The
Cochrane Library; Academic search complete, Pedro). The reference lists of the obtained
articles included at full-text screening were hand searched for relevant studies meeting the
inclusion criteria. ClinicalTrial.gov was searched for observational studies but yielded no

results.

5.6.3 Search strategy

The terms describing the Population of interest (i.e. HF and nine synonyms combined
using a Boolean operator ‘OR’) and terms describing the Outcome of interest (i.e. physical
activity and 21 synonyms combined using a Boolean operator ‘OR”) were combined using a
Boolean operator ‘AND’. The searches were run across all article fields. The search strategy
is identical to the terms describing ‘Population” and ‘Outcome’ components for the meta-
analysis of RCTs. However, the ‘Intervention’ and ‘Control’ components were omitted for
this review. The search yielded a high number of hits (11,678) due to the lack of restriction
on the Intervention/Exposure search component within PIECOT. The ‘Exposure’ component
could not be restricted due to the research question. For practical reasons the search was

restricted to articles that were peer-reviewed and written in English, respectively.

5.6.4 Study selection

The studies meeting the eligibility criteria (Table 5.1 ) were included in the review.
The narrative review included qualitative and quantitative studies. A pairwise meta-analysis
combined quantitative findings on physical activity per construct. The qualitative studies’
findings were presented in the form of an informative prior elicited from the expert panel. A
Bayesian meta-analysis combined the informative prior and the results of the quantitative

studies.
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5.6.5 Data collection process and data items

The details of interest were extracted using a data extraction form that was piloted on
one cohort study and one qualitative study. The Strengthening the Reporting of Observational
Studies in Epidemiology items list (STROBE; (von EIm et al., 2007) was utilised in the design
of the data extraction form. The Consolidated Criteria for Reporting Qualitative Research
(COREQ; Tang et al., 2017) recommendations for the qualitative studies item list were

implemented as an ad hoc to the data extraction sheet for the qualitative studies.

The findings of the quantitative studies were tabulated in the following format: baseline
physical activity levels, numbers of events (exercise compliant vs exercise non-compliant).
For cohort and cross-sectional studies assessing continuous variables the mean and standard
deviation (SD), and the association statistic (r, rho, beta coefficients, unadjusted estimates,
and, if applicable, confounder-adjusted estimates and their precision: 95% confidence
interval); the list of confounds that the summary statistic was adjusted for as well as the
reasons for including this confound was extracted. When categorised/dichotomised physical
activity outcome or the determinant were reported, the category boundaries were detailed

accordingly.

5.6.6 Risk of bias in individual studies

Risk of bias was systematically described at study-level. The biases introduced by
research design, methods, implementation, as well as confounds that may have contributed to
the findings of the individual quantitative studies were considered. This included the
following sources of biases: selective reporting bias, participant selection bias, missing data
bias (including non-respondents and dropouts), confounding bias (measured and unmeasured
confounds; time-varying confounds in cohort studies), outcome definition and measurement
biases described as information bias (Dekkers et al., 2019) as recommended by (Page,
McKenzie, & Higgins, 2018) and (Dekkers et al., 2019).
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Due to the lack of a comprehensive risk of bias tool designed for observational studies
(Page et al. 2018), three tools were used jointly: the Appraisal tool for Cross-Sectional Studies
(AXIS), Working Group Item Bank (WGIB), and Risk Of Bias In Non-randomised Studies -
of Interventions (ROBIN-I; (Page et al., 2018; Sanderson, Tatt, & Higgins, 2007;
Viswanathan, Berkman, Dryden, & Hartling, 2013). These tools together provide a
comprehensive reporting of the sources of biases as detailed in Table 5.2 . The ROBIN-I
item concerning the randomisation procedure was omitted, an "intervention™ was substituted

with "exposure™.

The quality of the included qualitative research was appraised being guided by COREQ
based on the recommendations made by Majid & Vanstone (2018). COREQ was chosen
because it was developed having systematic consideration in mind. Other existing tools
developed for the appraisal of qualitative research (see review in Majid & Vanstone, 2018)
were not suited for the following two reasons. Some alternative tools were not applicable
because they were designed to inform clinical decision making (e.g. CASP) and are, therefore,
too brief and do not provide an insight into biases that may arise from methods being used.
While others were concerned with underlying philosophy (e.g. constructivism) and therefore
were not suitable for the present review. Since this study is positivist and pragmatic in its
epistemological stance, It is only concerned with identifying perceived barriers and enablers

without regard for ontological differences.
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Table 5.2. Tools used for the risk of bias assessment

Bias domain

Question to consider

Selection bias

‘Was selection into the study unrelated to both the exposure and outcomes?’ (Dekker
etal. 2019 p.4). ROBIN-I

‘Were the reasons for missing data unrelated to the exposure and outcomes?’ (Dekker
etal. 2019). ROBIN-I

‘Were the controls sampled from the population that gave rise to the cases?’ (Dekker
et al. 2019). WGIB; AXIS.

Missing data bias

‘Were the reasons for the missing data related to the predictor being assessed?’
(Dekker et al. 2019). ROBIN-I; AXIS; WGIB

‘Were the reasons for missing data related to case/exposure status?* (Dekker et al.
2019). ROBIN-I

Confounding

Time-varying
confounding
(if applicable)

‘What are the important variables that might confound the effect of the
exposure?’(Dekker et al. 2019, p4). Included in ROBIN-1, WGIB, AXIS

Is there evidence that controlling for this variable was unnecessary? (ROBIN-I)

We're confounding variables measured at appropriate points in time. (Dekker et al.
2019). Included in ROBIN-I

Did the authors use an appropriate analysis method or design that adjusted for all of
the important confounding variables? (Dekker et al. 2019 p4). Included in ROBIN-I

Was the confounding variable measured using appropriate measurement? (ROBIN-I)

Were time-varying confounding variables assessed'?6 (ROBIN-I)
Was the follow-up/time lag appropriate (and balanced across groups?)? (WGIB)

Any attempt to balance the allocation between the groups or match groups (e.g.,
through stratification, matching, propensity score?’ (WGIB)

Information
bias/Measurement bias

‘Were outcome assessors unaware of the exposure status of study participants?”’
(Dekker et al. 2019). ROBIN-I; AXIS; WGIB

Were the methods of outcome assessment comparable across exposure groups?
(Dekker et al. 2019). ROBIN-I.

‘Was the definition of case status applied without knowledge of exposure status?’
(Dekker et al. 2019). ROBIN-I

‘Was data collection on exposure status unaffected by knowledge of the outcome or
risk of the outcome? (Dekker et al. 2019; and ROBIN-I)

Results summary
bias/Statistical analysis

Was the sample size justified? (AXIS)

Were results adequately described? (AXIS; WGIB)

Were the precision and significance estimates clear (AXIS; WGIB)
Were results internally consistent (AXIS; WGIB)?

Selective reporting

Were all outcomes reported? Is there evidence that not all outcomes were reported
(ROBIN-I; AXIS; WGIB)

6 Cohort studies

7 Case-control studies
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5.6.7 Synthesis of findings

5.6.7.1 Synthesis of the findings using the Theoretical Domains Framework

The result sections of the qualitative studies were coded line-by-line using the
Theoretical Domains Framework (TDF) independently by three reviewers (the author of the
thesis: AA, AC, BV). The descriptions of the important influences on physical activity in HF
provided by the authors were coded into the domains and will be referred to as ‘parses’. The
primary participant quotes included in the review were also coded. A domain was listed as
relevant if it was mentioned to influence the behaviour at least once. The strength of the
explanatory role of each domain in physical activity behaviour was judged from the normative
phrasing and language used by the authors of the included papers in narrating qualitative
summaries of the results. If coders perceived that parse could be classified as more than one
domain, it was classified as all relevant domains. The coding agreement was high (AA vs AC:
87%); AA vs BV: 76%; BV vs AC: 86%.

Each parse was reduced to a shorter description of the barriers and enablers to physical
activity in HF. These parses were compared to the definitions of a variety of psychosocial
constructs. The reviewer (AA) was guided by the TDF list of constructs and the APA
dictionary in this assessment. Also, common clinical terms (comorbidity, functioning) were
utilised. The list of constructs produced from this content analysis was then mapped onto the
exact description of the factors under investigation across the included quantitative studies.

The precise definitions and constructs were used for quantitative analysis.

5.6.7.2 Summary measures

Standardised mean differences (SMD) were estimated to describe the impact of exposure
on the levels of physical activity as follows (a) cross-sectional assessment of the differences

in a between the group presenting with a characteristic and the group not presenting with a
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characteristic (e.g. female = 1; male = 0); (b) pre- post-assessment of physical activity in a
cohort study before and after an event of interest (e.g. SMD between physical activity outcome
before CRT and after CRT); cross-sectional assessment of differences between exercise
compliant and non-compliant participants on a range of continuous variables (e.g. SMD in
self-efficacy between compilers and non-compliers). The cut-off points used to define
exercise compliance were noted for each study. In studies reporting categorical variables, the
between the two upper bound categories and one lower bound category was used as an effect
size estimate and integrated into pairwise meta-analysis. The r-z transformation was applied
in the pairwise meta-analysis of coefficients to mitigate heterogeneity in measurements across
studies. The Hartung-Knapp (Sidik-Jonkman) adjustment was made for the evaluation to

mitigate small sample size bias (van Aert & Jackson, 2019).

For the Bayesian meta-analysis, the maximum a posteriori probability (MAP) estimate,
and credible Intervals were calculated as a summary statistic for the probability distribution

of physical activity conditioned on each determinant, Pr(PA|X).

5.6.7.3 Statistical analysis

Methods developed for conducting Bayesian meta-analysis (Spiegelhalter, Abrams, &
Myles, 2003) were used to assess the associations between physical activity in HF and a total
of 37 identified clinical, demographic, and psychosocial characteristics. This included:
Pairwise meta-analysis, Expert elicitation task, and Bayesian updating. To obtain the
probability of physical activity conditioned on a construct identified in the literature, Bayesian
updating was performed as follows. First, the hyperprior described in Jaarsma (2013) was
updated with the distribution elicited from experts after appraising qualitative evidence.
Second, the resulting distribution was updated with quantitative evidence (Procedure Il
below). When only qualitative evidence was present only the first step was completed
(Procedure I). When a construct was assessed in gquantitative studies only, the second step

omitting the first step was performed (Procedure I11).
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Hyperprior Prior Likelihood Posterior

I PI’(PA|HF) Pr(PAlHE Xqualitative)

I1. Pr(PAJHF) Pr(PAIHF, Xqualitative) Pr(PAIHF, Xquantitative) med PT(PAJHF, Xaii evidence)

Pr(PAlH Fv Xquantitative) —— Pr(PAIH Fv Xquamitative)

1. Pr(PAHF)

5.6.7.3.1 Pairwise meta-analysis

The association between physical activity and factors assessed in quantitative studies
were summarised in pairwise meta-analysis using a random-effect model with maximum
likelihood estimation (REML). The bivariate correlation (Pearson’s r coefficient, unadjusted)
between physical activity and an associated variable and the standardised mean differences
(SMD) between groups in dichotomised assessment were summarised in a pooled estimate,
separately. The meta-analyses were implemented in R using the metafor library
(Viechtbauer, 2010). To facilitate pooling of the estimates across studies employing
heterogeneous measurement methods, two standardisation procedures were applied. The
sampling distribution variance was standardised using an r-z transformation. This was done
to mitigate heterogeneity in measurement of the outcome. SMD between exposure and control

was estimated for the same reason.

5.6.7.3.2 Empirical hyperprior

A hyperprior was obtained from the secondary analysis of studies across 15 countries
reported by Jaarsma et al. (2013). The total sample comprised 7625 adults diagnosed with HF
(Appendix J). Empirical counts (Npa) of people who engage in physical activity more than
never, rarely or only sometimes was reported for each country (Jaarsma et al., 2013). A Beta
distribution (with e and B shape parameters) was obtained as its conjugate prior distribution
following the methods described by Spiegelhalter et al. (2003). The shape parameters @ and
R are estimated to be 5.43 and 7.19, respectively. The MAP was estimated to be 0.32, Credible
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Interval = [0.2; 0.66]. This probability distribution was described as the hyperprior for the

subsequent steps in the Bayesian updating.

5.6.7.3.3 Expert elicitation task

Second, the prior beta distribution was elicited from the qualitative evidence using
expert elicitation task (i.e. informative prior). The experts included one professor of health
psychology with extensive expertise in physical activity research; one lecturer of health
psychology to medical students, with expertise in research on psychosocial outcomes in
cardiovascular disease; three health psychology PhD students with experience in TDF
qualitative research in the context of health and health care implementation (including the
author of the thesis), and one Clinical Health Psychology Doctorate Trainee specialising in
physical activity. The experts were asked to appraise the qualitative evidence and share their
belief about the probability of physical activity under 30 scenarios. The scenarios illustrated
hypothetical HF patients. The 30 hypothetical HF patients were described to either display a
construct or not in three sets of combinations of the constructs identified in qualitative studies
(Appendix K).

5.6.7.3.4 Bayesian updating

The likelihood (log Odds Ratio) of physical activity in the presence of a construct was
obtained from the included quantitative studies (n = 24). From the pooled log OR, the
empirical counts of physical activity conditioned on a construct (i.e. the number of physically
active individuals who display a construct, for example physically active individuals with
comorbidity, denoted as Np4x) Were estimated using Markov chain Monte Carlo (MCMC)
stochastic approximation with rejection sampling. Then, using stochastic methods of
approximation, i.e. MCMC with Gibbs sampling, the parameters for the binomial probability
distribution for physical activity conditioned on a construct — Pr (PA| X) — were obtained from

the sampled Np4x inan R function.
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The results were based on 50 000 iterations produced after the initial period of another
50 000 iterations. This was sufficient to achieve convergence. The convergence diagnostics
were performed on the 50 000 monitored iterations. For the Markov chain Monte Carlo with
a single chain, convergence was assessed graphically with trace plots (Appendix D). The

convergence was assessed using Brooks—Gelman—Rubin statistic (Brooks and Gelman, 1998).

As the final fourth step, the posterior beta distribution was obtained by updating the
prior with the likelihood for each construct separately using Bayesian updating. The methods
detailed by Spiegelhalter et al. (2003, p.60) were implemented as follows:

Posterior = Beta(a + Npa=1,x=1: 8+ N = Npa=1.x=1

where the posterior probability distribution for physical activity conditioned on the

construct is a beta distribution with two parameters:

@+ Npp=1,x=1
B+N-Npgog;x=1

5.7 Results

5.7.1 Search results

The search results and the reasons for the study exclusion are summarised in Figure
5.1(PRISMA,; Panic et al., 2013). A total of 9027 titles and abstracts and 82 full-text articles

were screened.
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Screening
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Eligibility

Records identified through
database searching
(n=9282)

Additional records identified
through other sources
(n=10)

Records after duplicates removed

(n = 9027)

l

Records screened

(n=9027)

\4

Full-text articles assessed
for eligibility

\ 4

Records excluded
(n =8945)

(n=282)

\4

|

|

Included

|

Studies included in
qualitative synthesis
(n=3)

l

Studies included in
guantitative synthesis
(meta-analysis)
(n= 25)

Studies included in
Bayesian meta-analysis
(n= 28)

v

Full-text articles
excluded (n=54)

Not HF =3

Did not assess physical
activity = 28

wrong publication type:

conference abstract,

erratum, commentary =
14

Wrong study design = 4

Does not specify a
determinant =4

Recruited depressed
individuals with HF only =
1

Figure 5.1. Meta-analysis of barriers and enablers of physical activity in HF: PRISMA diagram

108




The studies were excluded for the following reasons: a HF sample was not included (n
= 3); physical activity levels were not assessed — the physical activity was not mentioned in a
qualitative study — (n = 28); publication type did not satisfy the inclusion criteria (n = 14); and
no particular clinical, demographic, environmental or psychosocial characteristic or a
construct of interest was postulated/proposed as a predictor of physical activity in a
quantitative study or identified as an important aspect of living with HF shaping physical
activity behaviour in a qualitative study (n = 4). A total of four systematic reviews assessing
exercise capacity outcome in HF that did not include a behavioural outcome were identified

during search (n = 4).

Three qualitative studies were synthesised narratively; and 24 studies were synthesised
in a quantitative analysis. Quantitative analysis consisted of multiple pairwise meta-analyses
of univariate relationship between each variable and physical activity. A total of 27 studies

were included in the Bayesian meta-analysis.

5.7.2 Characteristics of the included studies

5.7.2.1 Study design

A total of 28 were summarised in a narrative analysis. Ten studies were conducted in
the United States of America; nine in Europe; three in the UK; two in Australia; one in
Canada, one in South Korea, one in Taiwan. The majority of the included studies were of a
cross-sectional design (n = 16) (Klompstra et al. 2018; Alosco et al. 2012; Evangelista et al.
2001; Gallagher et al., 2011; Garet et al. 2005; Gonzalez et al. 2004; Haedtke et al. 2017;
Jaarsma et al. 2000; Klompstra et al. 2015; Dontje et al. 2014; Lee et al. 2016; Oka et al. 1996;
Pozehl, Mcguire, et al. 2018; Snipelisky et al. 2017; van der Wal et al. 2006; van der Wal et
al. 2010; Witham et al. 2006). This included the baseline assessment from six RCTSs.

One study (n=1) (Ho, Caughey, & Shakib, 2014) included a retrospective evaluation of
physical activity and its association with clinical and demographic characteristics extracted

from a clinical audit. The remaining were:
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1. cohort studies, n=6 (Andreae, Arestedt, Evangelista, & Strémberg, 2019; Chien,
Chen, Garet, & Wang, 2014; Corvera-Tindel, Doering, Gomez, et al., 2004; Gad et al., 2018;
Kramer, Jones, Rogers, Mitchell, & Reynolds, 2017; Werhahn et al., 2019);

2. case-controlled, n=2 (Evangelista et al., 2003; Moreno-Suarez, Liew, Dembo,
Larbalestier, & Maiorana, 2020);

3. empirical qualitative studies, n=2 (Pihl, Fridlund, & Martensson, 2011; Tierney,
Elwers, et al., 2011);

4. and a narrative review, n=1(Tierney, Mamas, et al., 2011).

The qualitative studies adopted phenomenological and semi-structured interview
methods. One identified systematic review focused on sparse summaries about physical
activity from the studies that elucidated beliefs and personal accounts of living with HF in
general including physical activity only as one of many themes. It was chosen to include the
review in this synthesis because it provides all available qualitative data prior to the first two

qualitative studies that focused on physical activity in HF specifically.

5.7.2.2 Sample characteristics

The average sample size for quantitative and empirical qualitative studies were 110 and
17, respectively. One of the studies (Kramer et al., 2017) included 26,509 participants in a
cohort study evaluating the effects of a prescribed implantable device. This study therefore

constitutes 85.73% of the total sample included in this review.

All studies recruited (a) stable adult individuals with HF within various NYHA classes,
(b) receiving outpatient care, (c) without a clinical diagnosis or clinical recommendation that
impedes physical activity engagement. One study recruited and administered the baseline
questionnaire to inpatient HF followed the cohort three months from discharge and conducted
the second time point assessment in the outpatient settings. Only one study purposefully
recruited adults older than 70 years (Witham et al., 2006). Haedtke et al. (2017) recruited
clinically depressed HF patients. Three studies recruited — newly diagnosed (Werhahn et al.,
2019), diagnosed for at least a year (Evangelista et al., 2003) or 23 months (Oka et al., 1996).
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One study recruited HFpEF patients only, who also attributed inactivity to HF-related

symptoms as assessed using an unspecified screening questionnaire (Snipelisky, 2017).

5.7.2.3 Physical activity assessment

Physical activity was assessed pre- and post-exposure to a predefined studied predictor
(n = 2); overtime (n = 4); cross-sectionally (n = 17; including cross-sectional baseline

assessment within an RCT, n = 6) and retrospectively (n = 1).

Physical activity outcome was measured as total triaxial movement (accelerometry
units; n =3); total steps a day (n =5), energy expenditure (METSs; categorised: n =1;
summarised as a daily average (n=3); over seven days: n =9) time spent exercising (in hours:
n=1; or minutes: n =4) or time spent sedentary (n=1). Two studies employed International
Physical Activity Questionnaire (n=2; Craig et al., 2003). The total steps/day were categorised
into moderate physical activity, low physical activity, and high physical activity levels.
Likewise, energy expenditure was classified as: high, low, moderate. Binary compliance with
a prescribed physical activity was assessed in two studies (n=6) and compliance rate was
assessed in two studies (n=2). The pairwise meta-analysis was stratified by the physical
activity outcome. Association between reported physical activity outcome and a construct

was pooled after r-z transformation was performed (5.6.7.3) .
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Table 5.3. Study Characteristics.

Author,
year

Study
aims/objectives

Additional inclusion
criteria

The summary of the main findings

Sample
size

Alosco et al.,
2012

Andreae et al.,
2019

Country Study design
USA A cross-sectional
study
A
Sweden prospective

observation
al study

To examine
the role of
depression in
physical
activity in HF
as assessed
using
accelerometer
S.

To determine
if low physical
activity is
associated
with death and
hospitalisation

To assess the
relationship
between
physical
activity,
functional
capacity and
appetite in
HF.

Age: 50-85 years old;

NYHA class: Il and I1I;
without any history of
serious neurological
disease, injury, sleep
apnoea, renal failure
and substance abuse

Adults within NYHA
class: I1-1V, without
kidney disease,
dialysis, or short life
expectancy due to
cancer

The number of years of education was significantly
associated with a greater number of steps (b = 0.21,
p<0.05) in a simple linear regression. Age, gender,
and comorbidities were not identified as significant
individual predictors of step count. When adjusted
for comorbidity, age was identified a significant
predictor of the daily step count. Comorbidities
were not suggested to be associated with the
96 outcome, when adjusting for age, gender and
education. When adjusting for age, gender,
comorbidities and education, the increased
depression (BDI-11) was associated with the
decreased daily count.

The high levels of appetite were significantly
associated with high levels of total energy
expenditure (b=0.150, p=0.041), active energy
expenditure (b=0.175, p=0.017), number of steps
186 (b=0.254, p<0.001), METs daily average (b=0.199,
p=0.007).
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Chien et al.,
2014

Corvera-Tindel
etal., 2014b

Dontje et al.,
2014

A
prospective
observation

al study

Taiwan

A
prospective
observation

al study

USA

A Cross-
sectional
study

Netherlands

To explore
physical
activity

predictors (as
assessed at

discharge) one
month after
discharge.

To evaluate
clinical and
psychosocial
characteristics
among
exercise
complaint and
non-compliant
HF patients.

75 years old or

younger ; NYHA class:

NYHA class: | and IlI;
with 1-year survival
prognosis; without any
implantable devices;

who have not

undergone any surgical
interventions; without
AF and arrhythmia;

without a recent
embolism.

19.12% of daily energy expenditure (DEE) was
within low intensity (<three METS), 7.20% within
high (3-5 METS), and only 1.42% was intensive
(>five METSs). BMI, age, self-efficacy for
11 instrumental activities of daily living, and
educational level were predictors of total DEE one
month after discharge. Self-efficacy for instrumental
activities of daily living, gender, and BMI were
predictors of high DEE. Age, BMI, and symptom
distress were predictors of intensive DEE.

Compliance with recommendation to walk weekly
was associated with higher HF duration, higher
comorbidity, lower BMI, and lower hostility

39

Sig. difference in steps/day between patients within
NYHA |-l (median=6113) and patients within NYHA
Il (median=3150) (p<0.001); between patients with
EF <40 (median= 5854) and patients with EF
>40(median=3246) (p<0.05); no significant
difference in steps/day between men and women
68 (p=0.389). Steps/day was only significantly
correlated to age (Spearman’s rho=-.43) and self-
efficacy (Spearman’s rho=.40), but not to other
characteristics. NYHA classification, EF, age, and
self-efficacy explained 42% of the variance in
steps/day (F=8.69; p<0.001) in linear regression
model.
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Evangelista et
al., 2001

Evangelista et
al., 2003

Gad et al., 2018

Garet et al.,
2005

A Cross-
USA sectional
study

A case-
controlled
study well-
USA matched
(younger<7
0; vs
older>70)

A
prospective
observation

al study

Canada

A Cross-
sectional
study

France

To identify
precipitating
factors of self-
care non-
compliance.

to describe
physical
activity
differences in
older (>70
years old) and
younger (<70)
individuals
diagnosed
with HF

To evaluate
Cardiac
Resynchronisa
tion Therapy
(CRT)

to evaluate the
influence of
daily physical
activity on
established
HRV
prognostic
indices in
patients with
varying
severity of
CHF.

Diagnosis duration for
over a year

Patient older than 50
years old scheduled to
receive CRT (in
hospital)

Nr

82

140

25

39

Significant correlates of exercise compliance
included higher physical (r =0.507) and mental
health (r =0.468) and health satisfaction (r = 0.435)
lower neuroticism scores (r =—0.317).Age, race,
education, and marital status were not sig. associated
with physical activity levels.

The mean compliance score was significantly
different between older (>70 y. old) and younger
(<70vy. old) adults, 67.14 + 32.28 and 55.00 +
29.05, respectively, p=0.021.

The steps/day decreased from baseline (405 + 2334)
to post-CRT (2553 + 1692). No sig. change was
observed in other physical activity modes.

The difference in duration of physical activity
(measured in minutes/week and energy expenditure
(PAEE: 871.3 +79.5; PA low: 683.7+139.8; PA
high: 152:0+105.4; PA intensive: 3.2+8.2) across
NYHA classes was non-significant
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To determine The extent of regular exercise (‘I exercise regularly’:

the types and 5-point Likert scale) between groups with low social
level of social support (no partner), medium, and high was
support in HF significantly different, mean = 2.95 (SD=1.28), mean
RCT; only provided by = 2.81 (SD=1.27), mean = 2.41 (SD=1.29),
the results partners; to respectively. The authors concluded not having a
of the evaluate the partner did not significantly change physical activity
baseline impact of the Not scheduled for or levels in people with HF. However, the perception of
Gallagher et al., USA assessment partner’s underwent any surgical 333 low social support vs high social support did.
2011 were social support interventions in the
included in levels on self- past 6 months
this review care

behaviours in
comparison to

individual
without
partners on
HF.
A Younger patients, men and patients referred from the
Cross- . i - .
Gonzalez et al., Spai : cardiology outpatient clinic performed more physical
2004 pain sectional 324 activities, compared to older patients, women and
study = P P '
patients referred from other departments.
To describe NYHA class and age were not associated with total
physical duration of physical activity. Age and NYHA class
activity levels Age: >55 years old,; significantly predicted the time spent sitting. For
Haedtke et al. A cross- in depressed Beck Depression every year increase in age, the odds of being the
g ' USA sectional individuals Inventory Score >10; 61 higher sitting time group increased by 18%
2017 study diagnosed physical functioning controlling for NYHA class and total time spent
with HF; to score (RAND)< 70 axercising (see all). Participants who were in NYHA
describe the class 1-1V had 20 times higher odds of being in the

relationships

8 The study by Haedtke et al. (2017) was excluded from the meta-analysis because the study inclusion criteria listed diagnosis with depression.
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Ho etal., 2014

Jaarsma et al.,
2000

A
retrospectiv
e hospital
clinical
audit

Australia

RCT; only
the results
of the
baseline
assessment
were
included in
this review

Netherlands

between pain,
depression
and physical
activity

To describe
the role of
common
comorbid
conditions
(atrial
fibrillation,
ischemic heart
disease and
diabetes) and
other
demographic
and clinical
factors on the
compliance
with
clinician’s
self-care
advice.

To evaluate
the role of
education and
support on
self-care
behaviours in
HF.

higher sitting time group than those in the NYHA
class Il.

Participants compliant with the exercise
recommendation were significantly different from
non-compliant counterparts in their age (79 (71-84),
enrolment in HF programmes, 33 (47%) vs 25 (20%)
and Number of appointments (Median = 6 (IQR: 4-
11) vs Median = 3 (IQR: 2-7)).

Presence of multiple
comorbidities 255
(unspecified).

A total of 59 (46%) participants did not follow
exercise recommendations for HF patients. One
listed the lack of Knowledge, six the lack of Decision
(Intention), 37 the lack of Skill as the limitation to
128  the behaviour. The remaining 15 stated that the
limitation is ‘not known’.

Not scheduled for or
underwent any surgical
interventions in the
past 3 months and
admitted to the hospital
for the first time.
NYHA class: lI-1V;
older than 50 years old.
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Klompstra et al.,
2015°

Klompstra et al.,
2018

Kramer et al.,
2017

A Cross-
sectional
study

Sweden

A Cross-
sectional
study

Sweden

A
prospective
pre-post
study

USA

To describe
gender-
specific

barriers and

enablers to
physical
activity in HF.

To evaluate the
mediating role of
exercise self-efficacy
on the relationship
between motivation
and physical activity.

To describe the
change overtime in
physical activity after
receiving a CRT

9 Not included in the analysis due to lack of reported summary statistic

nr

With life expectancy
not shorter than 6
months

Recipients of CRT

154

100

26509

The low level of the physical activity group (<3000
METS) had a higher number of participants who
were educated to the primary school level only, than
the high physical activity group (>3000 METS),
55% vs 36% respectively, p=004. Similarly, high
level physical activity group were significantly more
self-efficacious (mean score 2+1 vs 1.1) and
motivated (mean score 4+2 vs 3+2) to exercise than
the low-level physical activity group, p<0.01. No
difference in proportion of male/female and NYHA
class, as well as number of comorbidities were found
between two physical activity groups.

Exercise motivation significantly predicted
physical activity in a bivariate linear regression
(b =0.58, P =.02). . After controlling for
exercise self-efficacy, the effect of exercise
motivation on physical activity was zero (b =
0.76, P =.06). Authors concluded that self-
efficacy fully mediated the effect of motivation
on physical activity. Age (b =-0.03, P =.22),
and NYHA class (b = -0.41, P = .46) did not
predict the amount of physical activity

The average physical activity levels for the
cohort was 66.2 (SD=47.7) min/day at baseline,
99.7(SD= 60.9 min/day) at short-term follow-
up after the CRT (30-60 days), and 103.2+ 65.6
min/day at (180-210 days). 15.5% of patients
did not improve or worsened at 6 months.
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Leeetal., 2017

Moreno-Soarez et
al., 2020

Oka et al., 1996

A Cross-
sectional
study

South Korea

A case-
controlled
study(well-
matched
patients
with LVAD
versus well-
matched
patients
with CHF,
but no
LVAD)

Australia

A cross-
USA sectional
study

To describe the
relationships between
physical functioning,

physical activity,
exercise self-efficacy,
and QOL in
individuals with
CHF.

to describe daily PA
levels in patients with
LVVAD support
compared with well-
matched participants
with advanced CHF
without LVAD
support.

To describe the
relation between
knowledge, attitudes
and beliefs, and
physical activity
levels in patients with
HF.

Without hypertension

Diagnosis duration for
at least 23 months;
without obstructive

valvular disease;
congenital hearl
disease; and
tachycardia
pacemakers; severe
pulmonary
hypertension

116

32

43

Correlations between physical activity and self-
afficacy, quality of life, age, income, education,
and LVEF were assessed. Physical activity
significantly and negatively correlated with age
(r =-0.194, p<0.01)

In a matched for age (5 yr.), sex, and New
York Heart Association (NYHA) class, cohort
study, participants with a fitted L\VAD had
higher levels of energy expenditure than
individuals with HF who were not fitted with
the device, 404.1 £ 169.1 kcal/d ay and 222.5 +
163.4 kcal/day, respectively.

The association between physical activity and
physical fitness (peak VO2,); knowledge,
attitudes, and beliefs including self-efficacy for
general activity, and rating of perceived
axertion during daily activity; and marital
status) was assessed. Self-efficacy (p= 0.015)
was the strongest predictor of physical activity.
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Pihl et al., 2011

Pozehl et al. 2018

Snipelisky et al.,
2017

Phenomeno
logical
Sweden analysis of
qualitative
interviews

RCT; only
the results
of the
baseline
assessment
were
included in
this review

USA

RCT; only
the results
of the
baseline
assessment
were
included in
this review

USA

To describe
qualitatively how
individuals with HF
conceived their
limitations in daily
life activities.

To describe physical
activity levels (using
accelerometry),
operationalised as
MVPA or EE; to
determine the
proportion meeting
the recommended
levels of physical
activity; to describe
factors associated
with physical
activity.

To describe the
relationships between
daily activity with
clinical features and
standard HF
assessments (NYHA
class, MWD, HF
QOL scores and NT-
proBNP) at baseline

Stratified recruitment
strategy to obtain
variation in the sample
in terms of gender, age
place of residence,
education, and NYHA
class.

Coronary artery bypass
surgery, or biventricula
pacemaker less than 6
weeks prior;
participation in 3 times
per week aerobic
exercise in the past 8
weeks; plans to move
more than 50 miles
from the exercise site
within the next year;
peak oxygen uptake
(pVO?2) in females > 2:
ml/kg/min and in male:
> 24 ml/kg/min; and
pregnancy planned or
current.

Patients were
eligible for study
participation if
they had NYHA
class -1V least
50 years of age,
had preserved
(>50%) EF who
attributed

15

204

110

The study supported the relevance of the
following domains to physical activity in HF:
Knowledge, Social/Professional Role and
Identity, Beliefs about Capabilities, Beliefs
about Consequences, Goals (low relevance),
Memory, attention and decision processes (low
relevance), Social Influences, Emotion, and

Behavioural Regulation.

all).

The MVPA (mins/day) was significantly higher
in males ( than females p < 0.01), Caucasians
than non-Caucasian (p < 0.05), those within
NYHA class 1l compared to those within
NYHA class Ill. The higher Charlson
comorbidity index and PROMIS anxiety score
was significantly associated with the higher
level of MVPA. Ejection fraction was not
significantly correlated with MVPA.

Participants in the group with the lower daily
accelerometer units were more likely to have
had HF hospitalization, orthopnea, diabetes
and anemia, be treated with beta blockers, have
higher EF, relative wall thickness and left atrial
volume and worse NYHA class, HF specific
quality of life (QOL) scores, six minute walk
distance (6MWD) and NT-proBNP (p<0.05 for
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Tierney et al.
2011a

Tierney et al.,
2011b

van der Wal et
al., 2006; 2010

UK

UK

Netherlands

A
qualitative
semi-
structured
interview
study

A narrative

review of

qualitative
studies

A Cross-
sectional
study

and the relationship
between changes in
activity and changes
in standard HF
assessments with
ISMN relative to
baseline (controlling
for sex, age, and
body size).

To explore why
individuals with HF
do and do not engage
in regular physical
activity.

To summarise the
findings of interview
studies on living with

HF that concern
beliefs about physical
activity.

To investigate the
association between
compliance with non-
pharmacological
recommendations

inactivity to HF
related symptoms
as assessed using
a screening
questionnaire.

Qualitative studies
(n=20) aiming to 306
describe HF beliefs anc  (average
accounts of living witr =15)
HF

2006: 501
2010: 830

Changing Soma The reported beliefs were
coded into the following domains:
Knowledge, Social/Professional Role and
Identity, Beliefs about Capabilities and Having
realistic expectations about the future was
coded into Beliefs about Consequences, Also,
Mental outlook theme was coded as
Optimism/Emotion (medium relevance), Goals
(low relevance), Environmental context and
resources, Social influences, Intention (low
relevance).

The reported beliefs supported the relevance of
the following domains: Knowledge,
Social/professional role and identity, Beliefs
about capabilities, Beliefs about Consequences,
Goals (medium relevance), Environmental
context and resources, Social influences,
Emotion.

Participants who did not adhere to the exercise
recommendation were older, more likely to be

female and to have comorbid Atrial fibrillation,
diabetes, stroke, and previous HF admission.
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Werhahn et al.,
2019

Witham et al.,
2006

Germany

UK

A
prospective
observation

al study
evaluating

an

intervention

; only the

results of
the baseline
assessment

were

included in
this review

RCT; only
the results of
the baseline
assessment

were
included in
this review

(diet, fluid restriction,
weighing, exercise)
and outcome in
patients with heart
failure (HF).

To evaluate
feasibility and
usability of A mobile
application designed
to enhance self-
management.

Newly diagnosed HF 10

Older adults (>70)

without ventricular

fibrillation, aortic

stenosis with peak 82
gradient >30 mm Hg,
atrial fibrillation with
ventricular rate of >10

Depressive symptoms and knowledge was
negatively associated with compliance to
exercise recommendation.

Everyday physical activity (the MDSC
captured by built-in pedometer functions of
smartphone and smartwatch)averaged over 14
days was low following hospital discharge
(3612 + 3311), increased significantly to the
first follow-up (6927 + 4871; P < 0.0001) and
to the end of study (7069 + 5006; P < 0.0001)
the MDSC correlated significantly with
parameters of exercise capacity — the distance
in the conventional 6BMWT and peak VOZ2 in
CPET. A strong association with patient-
reported outcomes in the MLHFQ and KCCQ,
especially with the sub-scores representing
health-related QoL, HF symptoms, and PA,
was observed.

Daily physical activity (accelerometer) was
significantly associated with the 6-minute
Walking Test (distance in meters).

Total number of
studies: 28

16 cross-sectional

(57%;

five of which are baseline
assessment from an RCT); 1
retrospective study; 6 cohort

Total N: 30921
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studies; 2 case-controlled; 2
empirical qualitative studies;
1 narrative review
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5.7.3 Risk of bias identified across quantitative studies

The risk of bias is reported Figure 5.2. Participant selection bias was present in 8% of
the included studies (n = 2; Garet et al., 2005; Klompastra et al., 2018). A total 12% reported
high level of missing data (n = 3; Andreae et al., 2019; Klompstra et al., 2018; Haedke et al.,
2017). The measurement bias caused by the dichotomisation of the age variable was present
in 4% of the studies (n = 2; Gonzalez et al., 2004 and Evangelista et al., 2003). Three studies
had high risk of reporting bias, as only positive results were reported (n = 3; Garet et al.,
2005; Evangelista et al. 2003; Evangelista et al 2001). The justified adjustment for

confounding variables was made in four studies (16% low risk of confounding bias).

5.7.3.1 Studies excluded from meta-analysis due to high risk of bias

Haedtke et al., (2017) purposefully recruited depressed individuals only and assessed
correlates of physical activity such as age and NYHA class within this sample. Therefore,
this study was excluded from the meta-analysis to avoid the confounding effect of depression

on levels of physical activity. A summary of the findings is presented in Table 5.3

As percentage

Selective reporting bias I

Results summary bias (Statistical analysis)
Measurement bias

Mising data

Participant selection bias

Confounding: time-varying

Confounding

M Low risk © Some concerns M High risk

Figure 5.2. The overall risk of bias at study level: Based on WIB, ROBIN-I, and AXIS items combined into
six categories proposed by Page et al., 2018 with an addition of the confounding bias described in ROBIN-I
and a reflection on biases introduced while carrying out statistical analysis (WIB).
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Note: *time-varying confounding applicable to prospective studies; NA for Cross-sectional

Alosco et al., 2012
Andreaeet al., 2019
Chienetal. 2014
Corvera-Tindel et. al., 2004
Dontjieetal., 2014
Evangelistaetal., 2003
Evangelistaetal., 2001
Gadetal., 2018

Garet et al., 2005
Gallagheretal., 2011
Gonzalezet al., 2004
Haedtkeet al., 2017
Hoetal., 2014

Okaetal., 1996

Jaarsmaet al., 2000
Klompstraetal., 2018
Krameretal., 2017
Leeetal., 2017
Moreno-Soarezet al., 2019
Pozehl et al. 2018

Snipelisky et al., 2017

van der Wal et al., 2006; 2010

Werhahnetal., 2019

Witham et al., 2006

Confounding

Confounding: time-
varying*

Participant selection
bias

Mising data bias

OJOICICIOLJOIOLIOLIC] JOOICICCIOIOCOL 1O

O

2
>

2
>

OO,

NA

NA

NA

NA

NA

NA

NA

NA

QOO * *0e
00000000-000000-00000000

00000000-,000-,00000000000

NA

0000000000000 -,0000-00000 ... . ..

00000000000000000-000000 ...
000000000000, 00000000000

Figure 5.3 The sources of risk of biases reported for individual studies.

Low risk .

Some concerns @
High risk .
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5.7.4 Participant characteristics

The mean age of the participants of the included studies was 65.88 years (SD = 7.82,
median =67, 1QR:[60.8;67]). Participants were diagnosed with HF for 5.34 years on average
(median). The LVEF (Left Ventricular Ejection Fraction, %) was moderately low (mean =
34.82 %). Overall, the majority of samples of the included studies were homogeneous (n =

22). The sample characteristics for individual studies are reported in Appendix L.

Six studies included samples that were different to the rest of the studies. One of these
samples was exceptionally young (mean age = 46.3) with a mean diagnosis duration of less
than three months (Werhahn et al., 2019). Haedtke et al. (2017) recruited clinically depressed
individuals only. An older sample (>70 years old) was included in four studies (Klompstra et
al., 2018; Ho et al., 2014; , Andreae et al., 2019; and van der Wal et al., 2010).

5.7.5 Constructs identified across literature

Constructs that were identified as relevant in qualitative studies were: Outcome
Expectancies, Self-identity/ social role, Social support (barrier), Social pressure, General
social and environmental factors: Credible advice, Reassurance from a health professional that
physical activity is safe, Local environment, Problem solving, Action planning,

Pharmaceutical treatment.

The relevance of the following constructs were assessed in quantitative studies only:
Ethnicity (non-Caucasian), Income (high), Education, being employed, Six-minute Walking
Test (meters), HFpEF diagnosis, Peak V02, The Doppler Test, High levels of Pro BNP, Body
Mass Index, Left Ventricular Ejection fraction (<40%), implantable devices (LVAD, LVR,
and CRT), HF duration, living with a Partner (vs no Partner), QoL, Smoking, Depression,
Dysphoria. These clinical and demographic characteristics were assessed in a pairwise meta-

analysis.

Constructs such as age, comorbidity, social support, symptom severity, functioning, and
self-efficacy, negative attitude and positive attitude toward physical activity were suggested

to be relevant determinants of the behaviour in the qualitative studies and are also assessed in
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quantitative studies. Therefore, the association between these constructs and physical activity

stratified by the outcome were assessed in Bayesians analysis.

5.7.6 Summary of qualitative evidence

The direct participant quotes and themes suggested by authors of the included studies
were coded into TDF domains (Table 5.4). The qualitative findings from three studies
(Tierney et al., 2011a, 2011b, Pihl et al. 2011) suggest a high relevance of the following
domains: Beliefs about Capabilities, Social Influences, Beliefs about Consequences, Social,
Professional Role and Identity, Environmental Context and Resources, Behavioural
Regulation. In one study three domains were collectively listed under the umbrella term
“External Factors”. They were: Environmental Context & Resources, Social Influences,
Knowledge.
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Table 5.4. Barriers and enablers to physical activity in HF identified relevant by qualitative studies.

TDF domain

Constructs

Themes as identified by authors and exemplar quotes

Barriers and enablers that were identified relevant by the qualitative evidence and were assessed in qualitative studies

Beliefs about
Capabilities

Age (years)

Changing Soma

‘Changing soma refers to a decline in physical and mental abilities, which many participants thought was related t
aging. An altered body was perceived to be a natural part of getting older by some of those participating in
reviewed studies, who mentioned feeling too old to amend their behaviours. But the body could also be experienced
as failing’(Tierney et al., 2011a)

‘because of increasing age, the future itself would be marked by a change in physical functioning '(Tierney et al.,
2011a). There were participants who perceived that their age and not only their chronic HF had an impact on thei
physical capacity. (Tierney et al., 2011a)

These individuals seemed more adaptive to physical limitations, as they accepted them as a natural part of the
process of ageing and were thus more likely to try to attempt activities and test their functions, as they did not
consider strain on the heart a problem.” (Pihl et al., 2011).

Medium
Barrier

Beliefs about
Capabilities

Decline in
Functioning/Functioning

Not believing in one’s own ability (Decline in Functioning)

‘There were participants that considered their limited physical capacity and need of support as a burden because
they experienced that they inconvenienced the helpers, while others found it natural that friends and family
members helped them: ‘There’s a lot that needs to be done. I make a list of things that I can’t manage myself. For
example, I can’t carry a whole basket of laundry from the basement.// But my children take care of that when they
come home.’ (Tierney et al., 2011b)

Medium
Barrier

Beliefs about
Capabilities

Comorbidity

Changing Soma

Medium
Barrier
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‘They hoped to return to being active but felt limited at present because of other conditions (e.g. arthritis) and/or
HF symptoms (e.g. fatigue and breathlessness).” (Tierney et al., 2011a)

Beliefs about
Capabilities

Perceived symptoms

Fluctuating health

‘I’'m breathless and tired, that’s what I am, but I never think about that, I'm quite well. (Ekman, Ehnfors, &
Norberg, 2000, p. 133)

They hoped to return to being active but felt limited at present because of other conditions (e.g. arthritis) and/or HF
symptoms (e.g. fatigue and breathlessness).” (Tierney et al., 2011a)

Important
Barrier

Beliefs about
Capabilities

Self-efficacy*

Not believing in one’s own ability

‘There were participants that considered their limited physical capacity and need of support as a burden because
they experienced that they inconvenienced the helpers, while others found it natural that friends and family
members helped them: ‘There’s a lot that needs to be done. I make a list of things that I can’t manage myself. For
example, I can’t carry a whole basket of laundry from the basement.// But my children take care of that when they
come home.’ (Tierney et al., 2011a)

Important
Enabler

Social Influences

Social support (enabler)

Interpersonal influence of family and others

‘Exercising with others in these classes was said to help maintain motivation, several people enjoyed attending
because they met peers who were “‘in the same boat’” (Pt 12)’ (Pihl et al., 2011).

Important
Enabler

Emotion/Optimisn

Negative attitude

Negative emotional response

‘Negative emotional response (e.g., low mood, frustration) to changed physical status was described in several
papers. Pessimistic reactions to physical changes could have a deleterious impact on willingness to exercise as a
consequence. Not knowing when they would experience deterioration in health made certain patients feel helpless:
. we don’t go anywhere, we 've got a wedding invitation and hope to God that things are a wee bit better so that wi
can go, just to get us out somewhere, you know. (Pattenden et al., 2007, p. 276)° (Tierney et al., 2011a)

Important
Barrier

Emotion/Optimish

Positive attitude

Mental outlook

‘[] patients expressed a more positive outlook; they tended to speak optimistically about the future (e.g. they
mentioned getting on with life, receiving the best care possible); even though it may have been a shock at the time
of diagnosis, the sense of fear described by those not undertaking regular exercise was missing from
interviews... (Tierney et al., 2011a)

Important
Enabler
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Barriers and enablers that were identified relevant in qualitative studies but were not assessed in quantitative studies

Beliefs about | Outcome Expectancies Having realistic expectations about the future Important
Consequences . . . , ) ) ) _ . . . Enabler
(positive) ‘Focus on the participants’ expectations of their future life. Aspects derived: Assuming a need for change in daily
life, striving to maintain the quality of daily life and continuously making progress in daily life.” (Tierney et al.,
2011a)
Social Self-identity/ social role Losing one’s social role in daily life Important
professional Role ) . . . o o el
and Identity The participants described losing their social network as well as their position in society’(Tierney et al., 2011b)
Social Influenceg Social support (barrier) Interpersonal influences of family and others lrgpor_tant
arrier
Interpersonal influences of family and others shaped activity levels. Physical limitations called for patients to
accept help. This was difficult, seeing family members doing housework and not being able to assist as they wished
Individuals could be left feeling dependent, which contributed to the frustration and low mood (Tierney et al.,
2011b):
Social Influences Social pressure Others’ expectations lgpot::ant
nabler
“ Interactions with relatives and professionals could prompt or impede decisions to be active.’ (Tierney et al.,
2011a)
Environmental General social and External factors Important
Context/Resource . i Enabler
: environmental factors: | . . . . . .
, Social . - Uncertainty was raised about how much exercise could be carried out safely. Some interviewees also wanted
Credible advice, . : P
Influences, further advice about how to target parts of their body through exercise’(Tierney et al., 2011a)
reassurance :
Knowledge
Environmental Local environment Environmental influences Mixed
ntext an
CF\? extand ‘Participants generally felt more energetic when the spring came, While winter was reported to be a difficult seaso
esources oS . - : ) . :
for them in this respect. Given that most people defined walking as their main form of exercise, weather could have
a significant impact on behaviours; ice, rain and cold temperatures deterred them from undertaking this activity, a
did very hot weather.’ (Tierney et al., 2011a)
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Behavioural Problem solving Need of finding practical solutions in daily life lrgpot::ant
; nabler
Regulation Action planning There’s a lot that needs to be done. I make a list of things that I can’t manage myself. For example, I can’t carry a
whole basket of laundry from the basement.// But my children take care of that when they come home.’ (Tierney et
al., 2011b)
Environmental Pharmaceutical treatmen Pharmaceutical treatment lmpot::ant
Enabler

Context and
Resources

A well-managed unspecified pharmaceutical treatment was perceived to improve physical activity and listed as an
important enabler (Tierney et al., 2011b)
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5.7.6.1 Environmental Context and Resources

Environmental Context and Resources included environmental influences such as
medication (unspecified), environment (e.g. garden), seasonal changes, hills/incline. The
property of the environment defined whether it imposed a barrier or an enabler. Overall,
medication caused side effects and led to a decline in activities. On another hand, well-
managed pharmaceutical treatment (unspecified) promoted a physically active lifestyle.
Having local environments such as gardens was an important enabler. Seasonal changes
guided the seasonal fluctuation in physical activity. Participants reported to be more active

during summer and spring and less so during winter.

5.7.6.2 Beliefs about Capabilities

Beliefs about Capabilities consisted of themes such as ‘Changing soma’ and ‘Self-
efficacy’ or ‘Not believing in one’s ability’. ‘Changing soma’ included both reported
physical functioning (due to age or otherwise) and perceived ability (self-efficacy). The
former was categorised as either symptoms or general decline in functioning. Self-efficacy,
being identified as a theme in its own right, was coded as an important enabler. Comorbidity,
ageing, and functioning were components of the theme ‘Changing soma’ or ‘Not believing

in one’s ability’, and therefore are described as medium barriers.

5.7.6.3 Knowledge

Knowledge domain comprised of a theme described by the authors as “External
factors” whereabout the advice to engage in physical activity was or was not reiterated or

clarified by the healthcare team.
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5.7.6.4 Behavioural Regulation

Behavioural Regulation included a theme such as “Need of finding practical solutions
in daily life” as well as a direct quote which was coded within another theme, described as
“Changing soma’, which referred to the decline in the ability to plan activities, associated
with general decline in functioning: “For example, unpredictability of symptoms made it

hard to plan activities, with a lack of energy sometimes interfering with scheduled events.

5.7.6.5 Beliefs about Consequences

The theme coded within Beliefs about Consequences was ‘Fluctuating health’
(Tierney et al 2011b) and covered rapid onset and unpredictable course of symptom severity
such as breathlessness and fatigue. This was coded as an important barrier. The Beliefs about
Consequences included beliefs about the improvement in cardiac health: “Some individuals
re-evaluated life following diagnosis and became more active because they thought this was
good for their heart.” (Pihl et al. 2011).  In addition, avoidance of independence was
another outcome expectancy associated with physical activity: ‘You just have to struggle
and get up . . . you have to practice that . . . because I know how things go if you get too

dependent on your bed; people have to come in and help you more often.” (Pihl et al. 2011).

5.7.6.6 Social Professional Role and Identity

Social Professional Role and Identity was described as a theme entitled: “Losing one’s
social role in daily life. The included description provided by the authors: ‘A lack of
important issues, mental as well as physical, occurred when they lost the physical capacity

to perform activities of daily life.’
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5.7.6.7 Social Influences

Social support (Social Influences) was of two kind. The first involved quotes
describing significant others or family carrying out activities on the behalf of the participants
which was coded as Social support (barrier). Social support (enabler) included quotes
describing the provision of support that enabled individuals to engage in physical activity,
such as emotional support and reassurance: I have a friend, and we kind of team up and help
each other stay on the straight and narrow. It’s a lot easier when you have someone to share
it with. (Pihl et al., 2011). These were aggregated into ‘Social and interpersonal influences’

theme and were coded as both an important barrier and an important enabler.

5.7.6.8 Emotion and Optimism

A theme ‘Mental outlook’, coded as an important enabler, spanned across three
domains and included: positive attitude toward physical activity (Emotion) and Optimistic

beliefs (Optimism).

Similarly, coders agreed that the theme identified by the authors of included study:
‘Negative emotional responses’ can be described in terms of Emotion domain (i.e. emotional
response toward physical activity that impacted willingness to engage in physical activity)
and Optimism (‘Not knowing when they would experience deterioration in health made

certain patients feel helpless’).

5.7.7 Frequentist pairwise meta-analysis results

In a meta-analysis including univariate associations (r-z coefficient, 95% CI), the

following factors were significantly and negatively correlated with physical activity: age,
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comorbidity, depression, and HF-diagnosis duration (Table 5.5). Positive attitude toward
physical activity, functioning, 6-minute walking test, perceived symptoms, and self-efficacy

were significantly and positively correlated with physical activity (Table 5.5).

In a meta-analysis of differences (SMD, 95% CI), the following barriers to physical
activity were identified: being employed, having undergone LAV surgery, perceiving higher
social support in managing HF, and living with a partner (Table 5.5). Exercise compliant
individuals with HF had significantly lower mean HF diagnosis duration (years),
comorbidity score (Charlson Comorbidity Index, CCl), renal function, and significantly
higher doppler estimated filling pressure, and Quality of Life (QoL score), (Table 5.5).
PeakVV02 was significantly different between exercise-compliant and non-compliant
individuals living with HF, where exercise compliant individuals had a significantly larger
mean PeakV02 than their counterparts. Individuals who had an LVAD implanted had
significantly higher physical activity levels than those who did not have an LVAD (Table
5.5). The number of studies assessing the identified constructs, as well as the method of

assessment of both physical activity and the construct, are reported in (Table 5.5).
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Table 5.5. Summary of the quantitative evidence, probability of physical activity conditioned on each identified

quantitative evidence alone and qualitative and quantitative evidence combined.

construct according to

Num. Frequentist meta-analysis results Likelihood Posterior: quantitative Posterior: quantitative evidence and
studies evidence only qualitative evidence
(k)
Estimate 95%CT Log 95%CI MAP 95%Crl MAFP 95%Crl
(SMD or r-z) OR
Age, years 3 SMD 0.49 [-1.01;1.99] | -0.41 [-1.44;0.62] | 0.221 | [0.217;0.225] 0.243 [ 0.239; 0.247]
12 r-z -0.28* [-0.38; -0.18]
Comorbidity SMD -0.76* [-1.22;-0.30 ]
-094 | [-1.65;-0.24] | 0.291 | [0.245;0.339 ] 0.232 [0.194;0.273 ]
1 r-z -0.18* [-0.31;-0.04 ]
Social Support SMD -0.42* [-0.15;-0.68 ]
0.76 [0.26;1.26] 0.105 | [ 0.080;0.134 0.366 [ 0.327 ; 0.406 ]
-- r-z - -
Negative SMD
Attitude -0.51 [-1.01;-0.01] | 0.219 | [0.174;0.266 ] 0.222 [0.178 ;0.268 ]
1 r-z -0.14 [ -0.27; 0.00]
Positive Attitude | -- SMD - -
1.02 [0.06;1.98] 0.266 [ 0.225; 0.309 ] 0.330 [ 0.287; 0.374]
1 r-Z 0.27* [0.02;0.49 ]
6MWT 1 SMD 1.00* [ 0.49; 1.50]
6 r-z 0.42* [0.35;0.49] | 1.77 [1.33;2.21] 0.347 | [0.321;0.374] 0.352 [0.326;0.378 ]
Functioning 3 SMD 0.67* [ 0.40; 0.94] [0.287;0.359 ]
0.90 [0.54;1.26] 0.340 | [0.303;0.379] 0.322
(self-report)
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r-z 0.25* [ 0.03; 0.45]
Symptoms SMD - -
0.48 [0.11;0.84] | 0.260 | [0.236;0.284 ] 0.316 [0.292;0.341
r-z 0.13* [ 0.03; 0.23]
LVEF, % SMD -0.08 [-0.17;0.02]
0.16 [-0.48;0.80] | 0.202 | [0.185;0.220] 0.273 [0.254;0.292 ]
r-Z 0.12 [ -0.15; 0.38]
Self-Efficacy SMD - -
0.84 [026;1.41] | 0313 | [0.294;0.332] 0.317 [0.299; 0.336 ]
r-z 0.22* [ 0.07; 0.36]
Depression SMD 0.00 [-0.44;0.44 ] 0.54 [0.121;0.159 ]
r-z -0.20* [-0.37;-0.02 ] ' [-1.13;0.05] | 0.140 - -
Digoxin SMD - = | -1.06 | [-1.85;-027] | 0.216 | [0.150;0.288 ]
Pprescription - -
r-z -0.28* | [-0.47;-0.07]
Doppler SMD 039" [ [-0.66;-0.12]
: : -0.71 | [-1.21;-021] | 0.403 | [0.331;0.477 ]
estimated filling
pressure
r-z - -
Dysphoria SMD 0.21 [-0.24;0.65] | 0.38 [-0.41;1.17] | 0.241 | [0.150;0.343 ]
r-z -- --
Education SMD 0.06 [-0.15;027] | 0.17 [-0.15;0.49] | 0.288 | [0.266;0.310]
r-z -0.06 [-0.24;0.12 ]
Employment SMD -0.43* [ [-0.82;-0.05] | -0.21 | [-1.33;0.91] | 0.215 | [0.179;0.253 ]
r-z -- --
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Ethnicity SMD 0.22 [-0.10;0.54 ]
0.34 [-0.07;0.75] | 0.280 | [0.248;0.312]
r-z == == N N
HF Duration SMD -0.66* [-1.11;-0.20 ]
-0.95 | [-1.48;-042] | 0.283 | [0.227;0.341 ]
r-z 020" | [-037;-0.02] N -
HFrEF (Yes) SMD 0.00 [-0.19;0.19] | -0.22 | [-1.01;057] | 0.399 | [0.345;0.454] -
r-Z - - -
Pro-BNP SMD -1.16 | [-1.52;-0.80] | 0.142 | [0.094;0.197 ]
r-z 0.37 [-0.34;0.81 ] - -
Hostility SMD 0.43 [-0.02;0.88] | 0.79 [0.00;1.58] | 0.241 | [0.150;0.343 ]
r-z - - - -
Income SMD - -1 018 [-0.44;0.80] | 0252 | [0.192;0.317]
r-z 0.05 [-0.13;0.23 ] - -
LAV SMD -0.61* [-0.88;-034] | -1.12 | [-1.62;-0.62] | 0.150 | [0.101;0.206 ]
r-z - - - -
LVAD SMD 1.08 [055;1.60] | 1.98 [1.04;292] | 0.385 | [0.325;0.446 ]
r-z - == - ==
LVR SMD -0.11 [-0.37;0.16] | -020 | [-0.70;0.30] | 0.313 | [0.246;0.384]
r-z -- -- -- --
Partner SMD -0.50" [-0.92;-0.08] | -0.46 [-1.36;0.44] | 0.297 | [0.273;0.322] -
r-Z - - -
PeakVO2 SMD 0.79* [0.33;1.25]
1.54 [0.71;2.37] | 0.283 | [0.193;0.380 ] -
r-z 0.57 [-0.09;0.88 ]
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Perceived - SMD -- --
Exertion -0.98 [-2.10;0.14 ] 0.313 [0.216;0.419 ]
1 r-z -0.26 [-0.52;0.04]
QoL 1 SMD 0.47* [0.33;0.60 ]
bi r-z 0.01 [-0.17;0.18 ] 0.51 [0.11;0.92] 0.243 [0.221;0.266 ]
Renal Function 1 SMD 0.59* [0.32;0.86] | 1.07 [0.57;1.57] 0.216 [0.157;0.279 ] --
- r-z - - -
Smoking -- SMD - -
7 r-z 0.18 [-0.01;0.35] 0.66 [-0.05;1.37] 0.307 [0.242;0.375 ]
Symptoms - SMD - -
. -0.46 [-0.82;-0.10] | 0.211 [0.181;0.243 ] - -
distress
1 r-z -0.13* [-0.22;-0.03 ]

Note 1. Construct definitions are from the om APA dictionary, NICE (HF), TDF. 2. MAP —Maximum a posteriori probability estimate. 3. The
expert-elicited prior distribution is summarised as MAP (Credible Interval), the Beta distribution's shape parameters (B3, ce). 4. The difference in
MAP between physical activity in HF (general) and when it is updated with the probability of physical activity conditioned on each construct
as informed by the prior elicitation task. Probability of physical activity in HF in general: Pr(PA/HF) = 0.32. 5. The likelihood summarises
quantitative evidence as SMD in physical activity (95 % CI) between the exposure and control groups; or SMD (95 % CI) in physical activity
for two categories (e.g. Age>70 vs Age<70), or SMD (95 % CI) in the construct between those meeting the exercise recommendation
(compliant) and those not (non-compliant); or/and r-z coefficient (95 % CI) for the association between PA and the construct. 6. MAP
summarising the posterior distribution elicited by updating the probability of physical activity in the general HF population (Pr(PA/HF) = 0.32)
with quantitative evidence only. 7. MAP" summarising the posterior distribution elicited by updating the probability of physical activity in

general HF population (Pr(PA|HF) = 0.32) with quantitative and qualitative evidence.
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5.7.8 Bayesian meta-analysis results

According to the Bayesian meta-analysis, age (Beliefs about Capability, Capability) is
identified as a negative barrier with a relatively low uncertainty reflected in concentrated
probability distribution for physical activity, Figure 5.4. Older age (>70) reduced the
probability for physical activity in HF (MAP = 0.221). The probability distribution for
physical activity conditioned on other barriers and enablers identified in quantitative
evidence is highly uncertain as reflected in the dispersed distribution (Figure 5.4).
Depression (Emotion, measured using HADS-D; CES-D; PROMIS-29) reduced the
probability for physical activity in HF by twofold (MAP = 0.140) and instrumental social
support in performing daily activities (Social influences) by threefold (MAP =0.105). High
pro-BNP (Beliefs about Capability, Capability) and LAV (Beliefs about Capability,
Capability) reduced the probability for physical activity by twofold, MAP =0.142 and MAP
= 0.150, respectively.

Having an implantable device (LVAD, Environmental context and resources, MAP =
0.395), high doppler estimated filling pressure (MAP=0.403), and high 6-minute walking
test result (meters, MAP = 0.347), as well as a diagnosis of HFrEF (vs HFpEF, MAP =
0.399) are identified as enablers (Beliefs about Capability, Capability) of physical activity

in HF. However, evidence is highly uncertain, Figure 5.4.
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Figure 5.4. The posterior probability distribution for physical activity conditioned on identified factors as suggested by the quantitative studies.
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5.7.9 An informative prior elicited from experts

The findings of the identified qualitative studies (Tierney et al., 2011a, 2011b, Pihl et
al. 2011) were appraised by six experts as described in Methods. A prior elicitation task was
developed to capture experts’ beliefs about the probability distribution for the constructs that
are present in both qualitative and quantitative evidence, after they have appraised this
evidence. These included: Age, Functioning, and Comorbidity, which, in qualitative studies,
were described as ‘Changing Soma’. Other constructs included: Perceived Symptoms of HF
(‘Fluctuating health’), Positive Attitude (‘Mental Outlook’), Negative Attitude (‘Negative
emotional responses’),  Social Support (enabler only, described as ‘Interpersonal

Influences’); and Self-efficacy (‘Not believing in one’s ability’).

The prior probability distributions for these constructs elicited from expert (N=6) are
described in Figure 5.5. The summary statistics (MAP and Credible Interval) are reported
Table 5.5. The general physical activity in HF summarised in empirical prior, Pr(PA|HF) =
0.32 (Jaarsma et al., 2013) was updated with the elicited from experts conditional
probabilities. The differences in probability for physical activity (MAP) for physical activity
in the general HF population (Jaarsma et al., 2013) and conditional on each construct

probabilities are summarised in  Table 5.5.



Expert Beliefon Age:

Probabilty for PA | Age,,,,

Expert Belief on Comorbidity:

Probability for PA | COMOrbidity,sser

Expert Belief on Positive Attitute:

Probability for PA | Positive Attitute,,,,

Expert Belief on Social Support:

Probability for PA | Social Support, ,

vt sy

Expert Belief on Symptoms:

Expert Belief on Negative Attitute:

et oty

PR —

Expert Belief on Functioning:

Expert Belief on Self-efficacy:

l
\

Probability for PA | Functioning,,

Probability for PA | Symptoms_,,,,

Probability for PA | Negative Attitute,.,,,

Probability for PA | Self-efficacy,,,

Figure 5.5. The posterior probability distribution for physical activity conditioned on identified factors as
suggested by the qualitative studies (i.e., expert elicitation task results). Note: dashed lines in yellow define the

Credible Interval for the MAP for the probability of physical activity in general HF population (Jaarsma et al., 2013). The

probability of physical activity conditioned on each construct is in grey).
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The posterior probability distributions for physical activity conditioned on each
construct as suggested by either qualitative evidence alone or by quantitative and qualitative
evidence combined are presented in (Figure 5.6). No important deviations are observed
between two types of evidence for age, comorbidity, functioning (Beliefs about
Capability/Capability), negative attitude and positive attitude toward physical activity
(Emotion, Optimism), and self-efficacy (Beliefs about Capability) (Figure 5.6).

Qualitative and quantitative evidence concerning the probability of physical activity
conditioned on social support (Social Influences) contradict each other (Figure 5.6). While
social support (Social Influences) in managing HF was elicited as an enabler in qualitative
evidence (i.e., expert elicitation task), it was found to reduce the probability for physical
activity in a quantitative study (Gallagher et al., 2011), where it was measured using social
support index (high support vs low support) developed as part of the carried out study
(Gallagher et al., 2011).
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Table 5.6. A summary of evidence across qualitative and quantitative findings

Qualitative evidence Quantitative evidence Degree of uncertainty in the
evidence®®

CONTEXTUAL DETERMINANTS

Age Older age shaped Beliefs about capabilities Older age (>65) reduced the probability for low
that can be described as “changing soma”. An | physical activity in HF by twofold.
acceptance of the decline in physical capacity
attributed to ageing process. Older adults with HF is a target group for physical
activity interventions.

Older age may have a confounding effect in trials
evaluating physical activity interventions for
general HF population.

Depression - Depression reduced the probability for physical moderate
activity in HF by a factor of four. Depression may
have confounding effects on physical activity and
need to be considered separately by interventions
designed for individuals living with HF.

Comorbidity Perceived limitations in daily life activities Charlson Comorbidity Index higher than 5 was high
attributed to comorbid conditions. associated with reduced probability for physical
activity in HF (twofold).

10 judged from the credible interval.




Functioning

Perceived limited capacity and functioning.

Probability of physical activity conditioned on
functioning was equivalent to physical activity in
general HF population.

high

Income (high) - Probability of physical activity conditioned on high
income (high) was equivalent to physical activity in
general HF population.

Education - High level of education (University degree) high
marginally decreased the probability of physical
activity in HF

The Doppler test - Conditioning on the doppler test result did not high
change probability estimate (i.e., MAP).

High levels of Pro BNP - Conditioning on the High levels of Pro BNP blood | high
test result did not change probability estimate.

Body Mass Index - High BMI (>28) marginally decreased the high
probability of physical activity in HF

LVEF - Lower LVEF (<20%) marginally decreased the moderate
probability of physical activity in HF

Implantable device - CRT marginally decreased the probability for high

physical activity as measured within one months of
operation (no differences when the follow-up
assessments were used check number of months).
The probability distribution for physical activity did

146




not change when conditioned on other
implantable devices (LVAD).

Symptom severity

Perceived symptoms (breathlessness and
fatigue).

High symptom severity decreased the probability
of physical activity in HF (0.43 compared to 0.38)

high

Ethnicity (non-Caucasian)

Being from a minority background (non-white,
USA) reduced the probability for physical activity
in HF by twofold.

high

Being employed

The probability of physical activity among
employed individuals living with HF was lower
than in those unemployed.

high

Six-minute walking test (meters)

Probability of physical activity conditioned on
6MWT>100 meters was equivalent to physical
activity in general HF population.

high

HFrEF

Being diagnosed with HFrEF reduced the
probability of physical activity by twofold,
compared to those diagnosed with HFpEF.

high

Peak VO2

High exercise capacity (Peak V02) increased the
probability for physical activity from 0.43 to 0.57
(Maximum aposteriori probability estimate).

high

HF duration

The probability for physical activity conditioned on
longer diagnosis duration (>10 years) is twice as
lower than the marginal probability

high
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Living with a partner - The probability for physical activity conditioned on |high
living with a partner was marginally reduced
compared to living alone
QoL - Conditioning on QoL did not change probability high
estimate.
Dysphoria The probability of physical activity among those high
with symptoms of dysphoria is twice as low than
those without.
Local environment Weather and seasonal changes, environment |- -
(e.g. garden).
Pharmaceutical treatment Unspecified medication — enabler and barrier |- -
(side effects).
MODIFIABLE DETERMINANTS
Self-efficacy (Beliefs about Perceived lack of ability to engage in physical |The probability of physical activity conditioned on |high
capabilities) activity. Theme: ‘Not believing in one’s self-efficacy is lower to marginal probability.
ability.’
Emotion and Optimism:
Positive attitude Positive attitude toward physical activity and | The probability of physical activity conditioned on |high

optimistic beliefs about physical activity

positive attitude is lower compared to marginal
probability.
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Negative attitude

‘Negative emotional responses’ theme
included:

emotional response toward physical activity
that impacted willingness to engage in
physical activity

optimistic beliefs (‘Not knowing when they
would experience deterioration in health
made certain patients feel helpless’).

The probability of physical activity conditioned on
positive attitude is lower compared to marginal
probability.

high

Social Influences:

Social support (enabler)

Social influence (barrier)

Social pressure

Credible source

Perceived peer support (exercising with
others); emotional support (exercising with a
friend).

Perceived interpersonal influences of family
and others (barrier). Receiving help in
activities (loss of independence).

Others’ expectations about physical activity
levels performed by someone with HF.

Perceived reassurance from a health
professional about safety physical activity
(type such as resistance training, amount,
intensity).

The probability of physical activity conditioned on
social support is equivalent to marginal
probability.

high

Outcome expectancies (positive,
Beliefs about consequences)

Beliefs about cardiac health, quality of life
improvements contingent on physical activity

149




Behavioural regulation:

Problem solving Troubleshooting to overcome unpredictability
of fluctuating symptoms and plan physical
activity in the face of this barrier.

Action planning “Need of finding practical solutions in daily
life”

Self-identity/social role (Social |Perceived change in self-concept (following
professional role and identity) HF diagnosis) and perceptions about oneself
attributed to ageing and lack of physical
capacity. Theme: ‘Losing one’s social role in
daily life’
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Table 5.7. A summary of evidence across qualitative and quantitative findings.

TDF domain Type of Degree of uncertainty Proposed behaviour change techniques (Michie et al., 2013, BCT COM-B
suggested by the evidence (based on the credible vl)
findings of the interval)
systematic review
Environmental Context | QUAL and High Adding objects to the environment, Prompts/cues, Physical Opportunity
and Resources guant Avoidance/changing exposure to cues for the behaviour
Sacial Influences QUAL and High (more research is Social support (unspecified), Social support (emotional) Opportunity
guant required)
Beliefs about QUAL High (more research is Information about consequences, Salience of consequences, Reflective Motivation
Consequences required) Feedback on behaviour, Feedback on the outcome of behaviour,
Pros and cons, Emotional consequences, Covert sensitisation,
Anticipated regret, Comparative imagining of future outcomes,
Vicarious reinforcement
Beliefs about QUAL and Low for older age Behavioural practice and Rehearsal, Graded tasks, Social Psychological Capability
Capabilities guant High for other constructs comparison, Focus on past success, Verbal persuasion about
(more research is required) Capability
Behavioural QUAL High (more research is Action planning, Self-monitoring behaviour, Problem-solving, Goal Psychological Capability
Regulation required) setting outcome, Self-monitoring, Feedback on behaviour, Habit
formation
Emotion/optimism QUAL High (more research is Reduce negative emotions, Information about health consequences, Automatic Motivation

required)

Information about emotional consequences




5.8 Discussion

The aim of this systematic review was to identify, describe and compare clinical,
demographic, and psychosocial barriers/enablers to physical activity in HF. Both, qualitative
and quantitative studies were included in the review. A total of 28 peer-reviewed studies
were included in the review. A total of 27 of which were included in the Bayesian meta-
analysis. The evidence was drawn from cross-section studies (57%), case-controlled studies
(7.1%), and cohort studies (21.4%). 10.71% of the identified studies were qualitative and
were, therefore, described in an informative prior using established methods of prior
elicitation, namely an expert elicitation task. The evidence in support of each of the identified
determinants, either increasing the probability of physical activity (enabler) or decreasing

(barrier) was summarised for each univariate relationship with physical activity.

The following constructs were assessed quantitatively and identified in qualitative
evidence. Age and the beliefs surrounding the process of ageing. Self-reported levels of
functioning and beliefs about functioning limitations. Self-reported extent of comorbidity
(described below) and personal accounts of how comorbidity limits physical activity. Levels
of perceived symptom severity and reports about symptom experience and its impact on
physical activity. Social support, self-efficacy, positive and negative attitudes were described

in both qualitative and quantitative studies.

The following domains were identified as relevant in qualitative evidence Behavioural
Regulation, Environmental Context and Resources, Beliefs about Capabilities, Beliefs about
Consequences, Social Influences, Social Professional Role and Identity (change in self-

concept and perceptions about oneself attributed to ageing), and Emotion.

Quantitative evidence assessed domains such as Beliefs about Capabilities (self-
efficacy, comorbidity, functioning), Beliefs about Consequences (perceived symptoms and
symptoms distress), Social Influences (partner and social support), Social, Professional Role

and Identity (employed vs unemployed), Emotion (positive attitude, negative attitude,



depression, dysphoria). The factors that were assessed quantitatively were described in terms
of the precise definitions provided by the authors. Therefore, to preserve the specificity of

constructs in the meta-analysis they were not aggregated into domains.

581 Contextual barriers

Clinical and demographic factors provide a contextualised understanding of how best
to improve physical activity in HF population subgroups. This review identified the
following contextual barriers: age, employment, living with a partner, depression, recent

surgery, comorbidity, HF diagnosis duration.

This meta-analysis suggests with high certainty that older age is a significant barrier
to physical activity in HF. This result further reiterated the finding of a meta-analysis of
RCTs evaluating physical activity interventions (Amirova, Fteropoulli, Williams, & Haddad,
2021) that older adults living with HF need more support in attaining higher levels of
physical activity. It is important to explore beliefs about physical activity that are associated

with older age.

The findings of the review concerning employment are in accord with the findings of a
qualitative semi-structured interview study with a non-clinical sample of adults transitioning
to retirement (McDonald, O’Brien, White, & Sniehotta, 2015), which found that retirement
is perceived as providing opportunities to become physically active. On the other hand,
authors also reported that this was not always the case, and an individualised approach may
be required (McDonald et al., 2015). Context, social norms surrounding physical activity in
older age may impact how physical activity is enacted in older adults who transitioned to
retirement (Koeneman, Chorus, Hopman-Rock, & Chinapaw, 2017; McPhee et al., 2016).
Country-hosts for the included studies may vary in terms of cultural contexts or other higher

organisational and contextual characteristics, which are not within the scope of this review.
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Depression lowered the probability of physical activity as identified by the quantitative
evidence. Depression is a considerable burden in HF. It is associated with poor adherence
to pharmaceutical treatment (Goldstein, Gathright, & Garcia, 2017). Depression is an
independent predictor of morbidity (Moudgil & Haddad, 2013). The physiological factors
perpetuating depression in HF include inflammation, blood cell abnormalities, CNS changes
and changes in health-protective behaviours (Huffman, Celano, Beach, Motiwala, & Januzzi,
2013). The association between depression, HF, and lack of physical activity is complex.
HF, like any cardiovascular disease, is a consequence of low physical activity in clinically
depressed individuals (Gold et al., 2020). More research investigating the mechanism via

which depression impacts physical activity in HF, as well and how to mitigate it, is needed.

Non-cardiovascular comorbidities in HF include Diabetes Meletus (type 2), chronic
obstructive pulmonary disease (COPD), and renal dysfunction (Rushton, Satchithananda,
Jones, & Kadam, 2015). These comorbidities increase both morbidity and mortality in HF
(Rushton et al., 2015). A frequent cardiovascular condition that accompanies HF is atrial
fibrillation (AF) (Ling, Kistler, Kalman, Schilling, & Hunter, 2016). Another clinical barrier
identified by the present review is longer HF duration which is likely to result in deterioration
of functionating. The diagnosis of HFrEF, as well as its duration, may engender a higher risk
of physical inactivity than the diagnosis of HFpEF. However, the available evidence is

uncertain, and more evidence is needed before drawing any definitive conclusions.

5.8.2 Contextual enablers

Clinical enablers include HFrEF (vs HFpEF), exercise capacity, functioning, 6-minute
walking test, doppler estimated pressure, Peak V02, and LVAD implant.

These contextual barriers and enablers need to be carefully considered in both future

cross-sectional studies and in randomised-controlled trials evaluating the mechanism of
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change. Understanding the contextual factors influencing behaviour is useful in informing
the design of a quantitative research study investigating modifiable factors influencing
physical activity (Rothman, Lash, & Greenland, 2008). However, contextual understanding
does not provide insights into what can and needs to be changed in order for these
demographic and clinical subgroups of HF population to engage in physical activity. This
provides a strong rationale for_research on psychosocial (i.e., modifiable) correlates of

physical activity in HF.

5.8.3 Modifiable barriers

The review informs the intervention development by identifying relevant barriers and
enablers, the level of uncertainty in the evidence and proposed strategies that target the

relevant modifiable barriers and enablers (Table 5.8).

A quantitative study assessed differences in physical activity in people with high vs
low perceived social support and identified social support as a barrier (Ghalagher et al.,
2011). On the other hand, qualitative evidence uncovered both positive and negative
influences of social support on levels of physical activity (Pihl et al., 2011). This included
caregivers shielding individuals with HF from any physical activity by overtaking their daily
responsibilities. Activities of daily living, including stairs, climbing, walking, and
housekeeping, degrade with loss of function and independence (Norberg et al. 2008). The
qualitative studies identified by this review suggest that these activities are vital to people
living with HF in preserving their independent functioning. Albeit, their social support
system (e.g. family and friends) may limit their independence in carrying out these activities
(Pihl et al., 2011). There are two likely explanations for this divergence. Either quantitative
studies are subject to a measurement error and require a finer and more nuanced
understanding of social influences on physical activity in HF. Alternatively, qualitative
research overestimates the impact of social influences. Both possibilities should be explored
in future research. If two qualitatively different aspects of social influence are aggregated in

guantitative assessment, it might reduce the accuracy of the quantitative prediction.
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5.8.4 Modifiable enablers

The qualitative studies provided the perspective and views on physical activity shared
by individuals with HF. An identified overarching theme in one of the qualitative studies
was 'Having realistic expectations about the future', which was annotated as outcome
expectancies, Beliefs about Consequences. Environmental Context and Resources domain
summarised all external to the individual factors that may impact physical activity levels.
This included weather, pollution and transport, and pharmaceutical treatment; and was
summarised as a broad theme of 'General social and environmental factors'. Social influences
were collectively described within that theme. Behavioural Regulation included a theme
such as the 'need of finding practical solutions in daily life, which in this review is described
as problem solving. Overall, three domains were identified uniquely in qualitative research.
However, these were not followed up with a quantitative study to confirm their relevance in
a larger sample. These insights from qualitative studies should be further confirmed in future
quantitative research. After observing the qualitative evidence, this review suggests
exploring and confirming the role of social support (barrier and enabler) and self-efficacy in

a quantitative study.

Overall, while there is substantial evidence for the contextual barriers and enablers,
less is known about modifiable barriers and enablers. The latter needs further research as
this will improve the understanding of how best to improve physical activity in behaviour

change interventions.

5.8.5 A discrepancy between qualitative and quantitative evidence

A discrepancy was identified between the evidence on social support provided only
from quantitative studies, and the evidence from qualitative and quantitative studies
combined, as indicated by Bayesian updating. The discrepancy and its implications are

described below.
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While quantitative studies assessed social support as the potential covariate of
physical activity and found no association, qualitative evidence uncovered both positive and
negative influences of social support on levels of physical activity (Pihl et al., 2011). This
included caregivers shielding individuals with HF from any physical activity by overtaking
their daily responsibilities. Activities of daily living including stairs, climbing, walking, and
housekeeping degrade with loss of function and independence (Norberg et al. 2008). The
qualitative studies identified by this review suggest that these activities are vital to people
living with HF in preserving their independent functioning. Albeit, their social support
system (e.g. family and friends) may limit their independence in carrying out these activities
(Pihl et al., 2011).

Thus, it is likely that there are two explanations for this divergence. Either quantitative
studies are subject to a measurement error and require finer and more nuanced understanding
of social influences on physical activity in HF. Or alternatively, qualitative research
overestimates the impact of social influences. Both possibilities should be explored in future
research. If two qualitatively different aspects of social influence are aggregated in
quantitative assessment, it might reduce the accuracy of the quantitative prediction. After
observing the qualitative evidence this review suggests exploring and confirming the role of

social support (barrier and enabler) and self-efficacy in a quantitative study.

5.8.6 Limitations of the review

The AMSTAR 2 (Shea et al., 2017) is attached in Appendix M. Currently, there is no
standardised risk of bias assessment for observational studies (Page et al., 2018). Therefore,
this review included the evolution of the categories of bias sources that are traditionally
proposed for the assessment of study-level biases. These include confounding bias, selection
bias, measurement bias, missing data bias, and reporting bias. The Working group for the
Bank of Items for Risk of Bias (Viswanathan et al. 2013) proposed biases introduced by

inappropriate statistical analysis. These collectively formed the criteria for evaluating the
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risk of bias across the included studies. Overall the study level bias was low for the majority
of the included studies (69.23%) and moderate for 19.23% of the included studies.

The choice of hyperprior may impose some limitations on the review. All Bayesian
priors are assumptions. The choice of a prior is defined by the objectives and research
questions of a study (Lemoine, 2019; Lewis & Nair, 2015; Newman, Jacobs, & Bartram,
2007). In this review, the objective was to compare barriers and enablers in the context of
low physical activity in HF. A non-informative prior is much too conservative to be useful
for this (Chen, Ibrahim, & Kim, 2008). A non-informative prior would assume that people
with HF engage in physical activity as much as any population group, which is known to not
be a valid assumption (O’Donnell et al., 2020). There should be lower prior probability for
events like "100% of HF patients engage in physical activity" than for events like "10% of
HF patients engage in physical activity™. Thus, an empirical hyperprior was elicited from a
large study on the engagement of physical activity in HF (Jaarsma et al., 2013). The use of
this informative hyperprior should be seen as an attempt to improve upon what would
otherwise be an even less valid assumption, generating an even greater bias. However, large-
scale evidence on the general levels of physical activity in HF exists in a binary form only
(Jaarsma et al., 2013). The choice of this hyperprior while being well-fitted for the objective
resulted in the dichotomisation of physical activity outcome. Dichotomisation of a
continuous variable generates a high risk of bias. To overcome this bias, it is advised to
obtain a distribution of physical activity in a large representative sample. For example,
Biobank studies investigating physical activity may provide large data sets on detailed
physical activity behaviour. If possible, physical activity in HF should be assessed as a
continuous variable measured using an accelerometer. As always, changes in the findings

resulting from using a different informative prior may be assessed in a sensitivity analysis.

It is likely that the relationship between physical activity and the identified barriers
and enablers are bidirectional. On the other hand, the attribution of causes of physical

activity in qualitative studies (Tierney et al., 2011) indicates that people with HF list social
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support and self-efficacy as causes of physical activity and not vice versa. However, this
meta-analysis offers claims about association not causality. Therefore, it is still not known
why and how exactly the identified determinants cause or prevent physical activity
enactment. Currently, an ontology is being developed to help in formulating causal claims
and seek evidence supporting them (Michie & Johnston, 2017; West et al., 2019). In helping
to inform physical activity interventions, this framework can be potentially applied to assess
relevant causal assumptions against evidence present in this chapter in combination with
other evidence on physical activity (Michie & Johnston, 2017; West et al., 2019) . Likewise,
but on a much smaller scale, the evidence provided in this chapter will inform computational

modelling reported in Chapter 7.

A challenge faced by the experts who appraised qualitative evidence was as follows.
When responding to the elicitation task it was challenging to describe functioning and
comorbidity in HF in terms of TDF domains. This often resulted in aggregation of these
factors with a perceived ability (i.e. self-efficacy). Functioning and comorbidity otherwise
could have been defined in terms physical functioning and comorbid illnesses in HF (as
measured with precision in quantitative research), Capability within the COM-B model
(Susan Michie, van Stralen, & West, 2011) or Common Sense Model, CSM (Leventhal,
Meyer, & Nerenz, 1980; Leventhal, Phillips, & Burns, 2016). A more structured description
of both comorbidity-related Beliefs about Capabilities and self-efficacy-related beliefs

about capability are of interest to future research.

The probability of physical activity conditioned on self-efficacy as supported by
qualitative evidence was larger than its probability when both quantitative and qualitative
evidence were considered. On the other hand, functioning and comorbidity are supported as
relevant barriers by quantitative research to a greater extent than qualitative research. One
theme identified by Tierney et al. (2011) was “not believing in one’s own ability” and it
included descriptions of comorbidity and other beliefs collectively. This suggests the

potential relevance of the comorbidity-related beliefs to the perceived ability to engage in
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physical activity. This is a valuable insight. However, comorbidity, self-efficacy and
functioning should be explored further to seek detailed understanding of beliefs about self-
efficacy, functioning, and comorbidity as separate influences on physical activity, as well as

influences that jointly result in the lack of physical activity.

A prior summarising qualitative evidence was elicited using a prior elicitation task
administered to a panel of experts. It may have elicited cognitive biases. It is important to
note that the experts were health psychology researchers and therefore the implications of
psychosocial determinants (e.g. self-efficacy) were more salient to them than clinical
determinants (e.g. functioning, symptom severity). One of the researchers had expertise in
cardiovascular conditions research. Another member of the panel — the author of the thesis
—is also aware of the extent to which symptoms and functioning limit physical activity HF.
These two coders appraised the clinical factors to be more salient than the psychologists
specialising in other conditions and physical activity. However, they too appraised social
support and self-efficacy as more influential on physical activity than comorbidity, but not
symptom distress. Therefore, it is recommended to seek appraisal of the qualitative evidence
by a multidisciplinary team including cardiologists and HF nurses. This might shed light on
whether the probabilities conditioned on social support and self-efficacy are relevant
reflections of the qualitative findings or more due to cognitive biases caused by the

speciality of the experts.

5.8.7 Strengths of the review

Reasoning about the determinants of complex behaviour is highly uncertain due to the
complexity of the underlying processes (Craig et al., 2008). On the other hand, the choice of
intervention is guided by the trade-off between the costs and benefits to be obtained.
Reasoning about evidence on behaviour change can be informed by answering the following
three questions: a) ‘How likely is the behaviour in the general population conditioned on a

behavioural determinant?’ b) ‘Are there differences between qualitative and quantitative
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evidence?” c¢) ‘How much does one determinant increase or decrease the probability of
physical enactment?” and ‘How certain is this evidence’? A Bayesian approach
(Spiegelhalter 2004) is equipped for considering these questions. This will be outlined

below.

5.8.7.1 How likely is the behaviour in the general population conditioned on a
behavioural determinant?

The Bayesian framework enabled the researcher to integrate contextual evidence. In
this study general physical activity levels in HF were used to provide this context. Probability
of mild-moderate-vigorous physical activity in HF is only 43% based on the evidence drawn
from individual data meta-analysis (Jaarsma et al., 2013). This method also facilitates
situating the evidence regarding barriers or enablers to behaviour in the context of prior
evidence. In this study, the predictive distributions for physical activity given each barrier

or enabler are situated in the context of low levels of physical activity in HF.

5.8.7.2 Are there differences between qualitative and quantitative evidence?

This review was able to integrate relevant evidence despite inconsistencies in
epistemological stance and research design adopted by the evidence-generating process. This
was facilitated using the prior elicitation task, which then could be combined with the
quantitative evidence. Such Bayesian updating of the probability of physical activity in HF
conditioned on each construct reflects both qualitative and quantitative evidence. This
approach was first implemented by Dixon-Woods et al. (2003) and their methods were
closely followed for the analysis of this review. Dixon-Woods et al. (2003) advocate for
integration of qualitative research in healthcare decision making because it provides valuable
insights and places the patient in the heart of care by bringing their perspective into account.
An interesting result along these lines of the present review is the importance of
investigating what makes social support a barrier and what makes it an enabler of physical
activity in HF. The method also highlighted inconsistent conclusions concerning self-

efficacy and social support between qualitative and quantitative evidence.
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5.8.7.3 How much does the probability of physical activity enactment increase or
decrease when conditioned on a determinant? How certain is this
evidence?

The present review draws comparative predictions about physical activity conditioned
on a barrier or an enabler. This was done by comparing marginal probabilities to probabilities
conditioned on a barrier or an enabler (Spiegelhalter et al., 2003). The extent of certainty in
the evidence and the associated likelihood of physical activity provide the measure of the
strength of relevance of each barrier or an enabler. This helped to conclude that age,
comorbidity, negative attitude and depression are considerable barriers. The influences of
other identified factors, for which the evidence is uncertain (i.e. wide credible intervals), are
left as tentative hypotheses to be further tested. Such a procedure helps researchers make
conclusions based on the relevant importance of one barrier or enabler to physical activity

in comparison to other barriers and enablers.

5.9 Conclusion

To summarise, the evidence drawn from both qualitative and quantitative studies
identifies the following barriers to physical activity: age, comorbidity (Beliefs about
Capabilities), and negative attitude (Emotion). While there is a low degree of uncertainty in
evidence on the influence of older age on physical activity, more research into the impact of

comorbidity and negative attitude is required.

The quantitative evidence alone suggests that the physical activity probability is
reduced in the presence of depression (Emotion). The quantitative evidence on physical
activity probability conditioned on other clinical, demographic, and psychosocial barriers

and enablers is uncertain. Research is required to understand the mechanism via which
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depression impacts physical activity in HF as well as study a broad range of clinical,

demographic, and psychosocial barriers and enablers.

Social support and self-efficacy were identified  as enablers in qualitative studies.
However, this was not supported by quantitative studies. Thus, it is necessary to further
investigate under what conditions social support and self-efficacy influence physical activity
in HF. Qualitative evidence suggests that social influences (e.g. family and friends) may
limit people living with HF in performing physical activity. This suggests that the attributes

that define how social support affect physical activity should be further studied.

Finally, less is known about other psychosocial (i.e., modifiable) determinants of
physical activity in HF. Physical activity is a complex behaviour and is subject to a myriad
of factors, and relationships among them are complex. Therefore, a detailed understanding
of modifiable factors, such as needs and beliefs, is required. The present thesis, therefore, is
set out to fill the gap in knowledge by building broad and detailed understanding of

modifiable factors influencing physical activity in HF in the next chapters.
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6 Perceived Barriers and Enablers of Physical Activity in

HF: A Qualitative Semi-Structured Interview Study
6.1 Introduction

The systematic review (Chapter 4) identified that only a small number of theories were
applied in the development of existing interventions aimed at changing physical activity in
HF. Social Cognitive Theory (Barnason et al., 2003; Duncan & Pozehl, 2003; Smeulders et
al., 2010), Motivational Interviewing (Brodie et al., 2008) and the Transtheoretical Model
of Change (O’Connor et al., 2009) were evaluated on the subject of its relevance to physical
activity in HF. The systematic review and meta-analysis (Chapter 4) indicated that
application of behaviour change theories is potentially promising in designing efficacious

interventions, however, the use of theory across the evaluated trials was limited.

An explicit understanding of how a behaviour is enacted is recommended by the
Medical Research Council Guidelines (Craig et al., 2008; O’Cathain et al., 2019) for the
development of complex interventions. As reported in Chapter 3, an understanding of the
potential factors and relations among them (mechanism) can guide the choice of theory, thus

informing development and delivery of future interventions.

Physical activity in HF is complex and is subject to many clinical and psychosocial
factors specific to this population. However, little is known about what they might be
(Tierney et al., 2011). Tierney and colleagues ( 2011a) recommend further investigation of
these factors. The systematic review of factors influencing physical activity in HF (Chapter

5) suggests that LVEF (<20%), age and depression are key barriers to physical activity in
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HF. It is however unclear what are the modifiable factors. It is also unclear how exactly
depression results in low levels of physical activity and what can be done to mitigate that.
Thus, the mechanism via which these non-modifiable and difficult to change factors result

in reduced physical activity is under-defined.

To further investigate these factors and the mechanism via which they influence
physical activity in HF, an exploratory sequential mixed-methods study was designed to
identify and describe barriers and enablers of physical activity in HF (Background to mixed-

methods is reported in Appendix L).

As reported in Chapter 4 the very few (n=>5) trials that evaluated the efficacy of existing
interventions for a representative sample (age 70 and above) consistently found a lack of
efficacy. Age is a substantial barrier to physical activity as identified by the systematic
review and meta-analysis reported in Chapter 5. Therefore, this study focuses on

understanding barriers and enablers in older adults in HF.

Barriers and enablers to being physically active are subjectively experienced by an
individual with HF. Therefore, it is first required to explore a broad set of barriers and
enablers as perceived by people with HF, before defining the variables of the quantitative
study. This ensures that the perspective of people with HF is accounted for in the design of
the quantitative study. The present chapter reports the first phase of this study — the
qualitative study using semi-structured interviews. The first phase systematically explores
perceived clinical, environmental, and psychosocial barriers and enablers using Theoretical

Domains Framework (Cane et al., 2012).
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6.2 Aims

e To gain an understanding of the perceived barriers to and enablers to physical activity in
older adults with HF;
e To generate hypothesis that can be tested in the subsequent quantitative study.

6.3 Objectives

e To identify and describe perceived barriers to and enablers of physical activity in older
adults with HF. This includes:

Identifying relevant theoretical domains;

Generating domain-specific belief statements that play an explanatory role in physical
activity in HF;

Formulating these beliefs statements as corresponding theoretical constructs;

Eliciting domains that are relevant to physical activity in HF using Theoretical Domains
Framework.

6.4 Research questions

e RQI1. What are the perceived barriers to and enablers of physical activity in older adults
with HF?

e RQ2. How are these barriers and enablers causally related as perceived by older adults with
HF?

6.5 Methods

6.5.1 Epistemological stance of the project

The main epistemological stances that have been traditionally juxtaposed in research

are positivism/post-positivism and constructivism/interpretivism (Creswell & Plano Clark,
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2011). The positivists suggest a singular reality that can be investigated using objective and
value-free inquiry underpinning quantitative research methods. This is contrasted with the
constructivists’ standpoint suggesting a concept of subjective reality, which is most
appropriately investigated using qualitative research methods (Creswell & Plano Clark,
2011). This study does not take either a positivist or constructivist stance and chooses
pragmatism (Rossmann & Wilson, 1985) as an epistemological stance for the following

reasons.

Firstly, this approach strives to employ multiple world views in order to address a
research problem in a useful and comprehensive way (Rossman & Wilson, 1985) which sits
well with the objective of this project (i.e., to provide a comprehensive account of factors
that may influence physical activity in HF). Pragmatism enables the researcher to provide
the participants’ perspective using methods of investigation offered by the health psychology
discipline and allows the combination of qualitative and quantitative methods effectively
(Creswell & Plano Clark, 2011). This will help in producing a more comprehensive

understanding of factors that may influence physical activity in HF.

Secondly, pragmatism is a problem-centred and practice-oriented approach to research
(Creswell & Plano Clark, 2011), making it the most suited stance in addressing this project’s
pragmatic purpose, namely, to inform the development of a physical activity intervention for
individuals with HF. By adopting this approach, the focus is placed on future applications of

this research, namely, to inform the development of a physical activity intervention.

6.5.2 Design

Semi-structured interviews guided by a TDF-based interview schedule were carried out.
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6.5.3 Inclusion criteria

Individuals diagnosed with HF according to the current diagnosis criteria outlined by
the European Society of Cardiology (Ponikowski et al. 2016) were recruited to take part in
this study. Only clinically stable HF patients were recruited. Clinically stable HF patient was
defined as someone who has not experienced a change in their condition’s severity (NYHA
class) or medical regimen in the past three months. The clinical assessment of the stable
condition was carried out by a health professional at the recruitment site (Royal Brompton
and Harefield Hospital NHS trust). It was chosen to limit the inclusion criteria to older adults
(>70 years old). This decision was made based on the systematic review and meta-analysis
reported in Chapter 4, which identified that older adults are under-represented in research
studies. Meanwhile, the older population group is most at risk of a sedentary lifestyle
(Evangelista et al., 2003; Gonzalez et al., 2004; Chien et al., 2014). To take part in the study
participants were required to be able to provide informed consent and to converse in English.
If a participant did not wish to read the information sheet, but still expressed an interest, the

consent form and information sheet were read to them outload.

6.5.4 Exclusion criteria

Individuals with uncontrolled angina or severe HF (New York Heart Association class
IV) were not recruited, due to their experiencing severe physical limitation in performing
physical activity and safety consideration. In addition, anyone who was recommended to
avoid exercise or any moderate or strenuous physical activity by a healthcare professional,

was not invited to take part in the study.

6.5.5 Setting and recruitment

Participants were recruited from outpatient cardiology clinics at the Royal Brompton
& Harefield NHS Foundation Trust. Individuals with HF who meet the inclusion criteria

were identified by a member of the clinical team and asked if they were interested in the

168



study. The author of the thesis attended weekly clinics and waited outside the appointment
room. She was called by the clinical team member if the patient expressed an interest in
taking part in the study. Those who expressed an interest were introduced to the author of
the thesis. Each participant was provided with a participant information sheet (PIS) and
informed consent form (ICF). The researcher described the study aims, objectives, and
procedure in more detail and answered participants’ questions about the study. Individuals
who expressed an interest in taking part in the study, were given an option to consider their

participation over 24 hours. Those who decided to take part were asked to sign the ICF.

6.5.6 Sampling strategy

Individuals aged 70 years and over were purposefully recruited. The criterion sampling
strategy has been designed to reflect the diversity and breadth of this population (Ritchie &
Lewis, 2003) within pragmatic limits. Given the evidence suggesting that NYHA class limits
physical activity, as supported by the literature review (Chapter 5) these clinical and
demographic characteristics were chosen as criteria for the sampling strategy. Individuals

within different NYHA classes (I, I1, I11) and both genders were purposely recruited.

6.5.7 Sample size

Purposive sampling strategy, described by Sandelowski et al., (1995), was employed
to calculate the minimum sample size. The sample is homogeneous in terms of age (>70
years). To have maximum demographic variation (both genders), and to have maximum
phenomenal variation (severity of HF as indicated by NYHA class: I, I1, I1I) we accounted
for these criteria. It was planned to have two participants of each gender within each of the
NYHA classes (2x3 NYHA classes x 2 genders). Using this purposive sampling strategy,
the minimum sample size for initial analysis was 12 participants. The purposeful sample was
aimed to be expanded only if the data obtained from the participants already sampled was

deemed insufficient, in the case when the data saturation has not been reached. In line with
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the guidelines for reaching saturation we employed a method outlined by Francis et al.
(2010). This included the following decision making. Initially, a total of 12 participants were
recruited. Then, three consecutive interviews were conducted. If no new beliefs emerged as
the result of the additional three interviews the study recruitment was stopped. Therefore,
the total sample is estimated to be 15 people. If saturation was not reached by the point of
having recruited 15 interviews, up to 18 interviews were recruited. The initial analysis was
conducted concurrently to recruitment. At this stage only a single coder performed the

analysis.

6.5.8 Data extraction

Age, sex, level of education, ethnicity, marital and occupational status were recorded
using self-reports. Information on the duration of HF diagnosis, comorbidities, NYHA class,
LVEF (%) at the most recent clinical assessment, medication, and the frequency of
hospitalisation in the past year was extracted from clinical records immediately after or the
following week. Comorbidities were additionally assessed using a standard self-report
checklist (Elixhauser, Steiner, Harris, & Coffey, 1998). The medical records data extracts

were matched to the participant identification number and entered into an Excel file.

6.5.9 Procedure

After providing an informed consent, participants took part in a single semi-structured
interview. The researcher arranged for the interview to be conducted at a convenient time
and place suited to the participant. Participants were offered an option to be interviewed at
City, University of London premises, in a suitable room at the clinic (e.g. vacant consultancy
room), research rooms available at the clinic, at the participants’ home, or via telephone. All
participants opted in for a research room, clinic consultation room or telephone. The
interviews were conducted by the author of the thesis, who has been trained in conducting
qualitative interviews and practiced with colleagues. The author asked participants to
describe their physical activity levels and explored potential barriers and enablers to

performing physical activity.
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6.5.10 Interview schedule

A flexible interview schedule was developed (Appendix O). The schedule was
designed to elicit the description of everyday physical activity. It then explored how physical
activity has changed since HF diagnosis, to assist the participant in expressing beliefs that
are relevant to HF. The schedule then followed with TDF-informed prompts. The prompts

did not need to be presented in any order and could be a part of a natural conversation instead.

6.5.11 Development of the interview schedule

TDF was applied in the design of the semi-structured interview schedule. It has been
suggested that TDF-based semi-structured interview helps in eliciting a greater number of
relevant barriers and enablers, whereas unstructured interviews or less structured interviews
result in identification of only some, usually the most salient, barriers and enablers (Francis
et al., 2009). Thus, TDF-based semi-structured interviews are expected to facilitate the
search for a broader range of domains that are perceived as relevant to physical activity by

individuals living with HF.

The author of the thesis designed interview prompts with an aim to elicit both broad
and specific responses. The interview schedule was discussed with the team of supervisors,
who have expertise in implementing the TDF as a topic guide as well as expertise in
behaviour change theories. Then the interview schedule was presented to another six health
services researchers with expertise in TDF-informed research and/or health research

management.

The feedback on the content and structure of the interview schedule was received from

a cardiologist, a HF-specialist nurse, and two individuals diagnosed with HF, who are
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members of the Patient-Participant Committee at the ‘Public Involvement in Research
Forum, Cardiovascular Biomedical Research Unit, Royal Brompton and Harefield, NHS
Foundation Trust. The interview schedule was amended following this feedback. One
individual with HF participated in a pilot interview and provided their feedback on the

structure of the interview and length.

6.5.12 Reflection and reflexivity

The author of the thesis engaged in reflection and reflexivity throughout the study. The
recommendations for conducting qualitative research outlined by Symon and Cassell (2012)
was followed. A research diary was kept, where reflective notes on the data and analysis
process (reflection) were recorded in detail. The researcher’s theoretical assumptions about
physical activity in HF were acknowledged before the start of the interviews. These
assumptions and how they might have shaped the research question of the project were
considered throughout the study (reflexivity). Notes were taken on the researcher’s
interaction with the participants and the effect the researcher had on the research process and
the findings. These notes were discussed with one of the members of the research team
(reflexivity).

6.5.13 Data analysis

With the participants’ consent, interviews were audio-recorded and transcribed
verbatim. The audio-recordings and the transcripts were pseudonymised by assigning a
participant identification number to each interview. Interviews were collected and analysed
concurrently to enable an on-going check of saturation. The analysis was facilitated using

NVivo 12 software.
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6.5.13.1 Analysis based on the Theoretical Domains Framework (TDF)

The five steps recommended for conducting TDF-based interviews (Atkins et al., 2017); Islam et

al., 2012) were followed as described below.

6.5.13.1.1.1 Coding the interview transcripts

A line-by-line analysis of each transcript involved categorising monothematic parses
of text referred to as ‘quotes’ (e.g. phrase, sentence, a collection of sentences conveying a
single meaning) into TDF domains. For each domain, the quotes with a shared underlying

meaning were then summarised into belief statements.

6.5.13.1.1.2 Inter-rater reliability of coding and coding scheme

Some argue that inter-coder agreement does not have a place in qualitative research
because coders are not expected to perceive data in the exact same way (Armstrong et al.,
1997). Others recommend that the verification strategies, including multiple coding, as well
as self-correction, is recommended for the conduct of any qualitative inquiry (Morse et al.,
2002) and especially when conducting TDF-informed qualitative research (Atkins et al.,
2017). In this study to improve the rigour of finings, the multiple independent coding was

carried out and as a result a coding scheme was developed.

The use of a coding scheme has been suggested as an essential step in ensuring
consistency in coding across transcripts (Thompson, McCaughan, Cullum, Sheldon, &
Raynor, 2004). The primary purpose of the coding scheme in this study was to refine the
interpretation of the TDF-based coding framework. This was done to produce an inclusive,
systematic, consistent, and accurate analysis of transcripts. A general method for reaching
agreement about coding data using TDF was followed (Atkins et al., 2017).
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The inter-rater reliability of coding was assessed. The inter-rater reliability
(Krippendorff alpha) was estimated using methods developed by Hayes & Krippendorf
(2007). A Krippendorff alpha of a > 0.80 is considered as an indication of high inter-rater
agreement and data whose agreement falls below o < 0.667 is usually discarded. It was
planned that, if sufficient level of agreement (>80%) for each pair of coders (3 pairs: AA-
KM, AA-SH, KM-SH) is not reached, to then code another two interviews.

A total of 162 (21.4%) coded quotes from the first two interviews were independently
coded into 14 TDF domains by three coders —the author of the thesis (AA) and two academic
supervisors (KM and SH). The proportion of the quotes that the coders agreed were as
follows: AA & KM (50.90%); AA & SH (30.43%); KM & SH (32.30%). The Krippendorff
alpha measure of inter-rater reliability was 0.69, 95% CI: [0.63; 0.75], with 61% chance of
the alpha falling below 0.70 if an entire sample of the interviews would be coded. Since the
coders did not reach an inter-rater reliability of 0.70, the disagreements in codes among AA,
KM, SH were discussed over three meetings. The coding scheme was developed as the result

of the meetings (Appendix P).

Another interview transcript (comprising 60 coded quotes in total) was chosen at
random and independently coded into the TDF domains. The proportion of quotes that the
coders agreed on was increased as follows: AA & KM improved to 81.67%; AA & SH
improved to 71.67%; KM & SH improved to 63.33%. The Krippendorff alpha was 0.797
[CI: 0.72; 0.87], with a 0.5% chance of alpha falling below 0.70 if it was tested on the entire
sample. Any new disagreements were discussed and integrated into the coding scheme. The

remaining 13 interviews (755 quotes in total) were coded by AA using this scheme.

6.5.13.1.1.3 Generating specific belief statements

Specific belief statements about the barriers and enablers of physical activity were

generated from the quotes. Specific belief statements are defined as a collection of responses
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with a similar underlying theme that suggest a problem and/or influence of the belief on the
target behaviour (Francis et al., 2009). Strong evidence for a belief affecting the behaviour
had to be present in each interview transcript, for it to be coded as a quote. The frequencies
of quotes supporting a belief statement (number of quotes, k) and the number of participants

(n) were calculated.

6.5.13.1.1.4 Generating causal belief statements

Each transcript was assessed on the presence of lexico-syntactic patterns used to infer
causality in natural language. The TDF domains and constructs that were linked by these

patterns were noted as being related to one another.

The following types of lexico-syntactic patterns inferring causality were extracted from the

transcripts:

1. A causal statement about the event/experience/state
indicated by the phrases such as ‘because’, ‘since’, ‘as a
result of’, ‘this led to’, ‘due to’, etc (syntactic causal

structures; Comrie, 1976);

2. A causal statement indicated by the use of causal verbs
(e.g. ‘resulted in’, ‘decreased’, ‘increased’, ‘caused’,

‘made’);

3. A conditioning statement indicated by semantic
structure such as if-then and when-then. For example,
‘when I had a surgery, I became more confident in
exercising’; or ‘if I have ICD implanted, I would be less

breathless’;
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4. A counterfactual statement (Roese & Olson, 1995),
which include statements supporting reasoning about
consequences of hypothetical but feasible situations or
events that are contrary to the actual situation or event.
This may involve imagining alternative (contrary to the
facts) scenarios and their antecedents. For example: ‘If
| did not have friends who push me, | would not
schedule going to the gym, I would stay home and
vegetate.” Or social counterfactual: ‘I know a person
who never was reassured by his/her health professional
in the safety of exercise after their heart attack and they
do not have any motivation and do not exercise. It is the
opposite for me. My doctor is very keen on me being
physically active and I need his/her reassurance.’
Counterfactual explanation is widely supported as a
tendency in human reasoning to formulate and express
perceived links between cause and effect (Tversky &
Kahneman, 1974) Pearl 2003; Mandel 2005).

The descriptions of perceived cause-effect relationships between TDF domains and
physical activity were extracted from the transcripts and used in building a graph that

represents this causal structure.

6.5.13.1.1.5 Identifying relevant theoretical domains

The belief statements were categorised according to TDF. The relevance of the
domains was evaluated by four researchers — the author of the thesis and three experts (SN;
KM; SH) as follows.
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Quantification: Domains were judged as likely to be relevant for changing physical
activity in HF if a high relative frequency of the specific beliefs underlying the domain is

present i.e. number of quotes (k) and number of participants (n).

Pervasiveness: For a belief to be considered relevant, it had to be expressed by more
than two participants at least. If a specific belief has low frequency (number of quotes, k)

but was mentioned by all participants it was identified as relevant to physical activity.

Differences between transcripts: The beliefs that were shared by all physically active

individuals but not shared by sedentary individuals was judged as relevant.

6.5.13.1.1.6  Mapping specific beliefs onto theoretical constructs

The essence of the content to each code (i.e. quote or a parse) is recommended to be
named in qualitative research (Cummingham et al., 2007). This is ought to improve the
specification in the description of the qualitative findings. In this study, the individual code
— belief statement — was expressed as a theoretical construct. Theoretical construct is a notion
of a factor that influences behaviour and can be classified into a domain. For example, self-
efficacy is a theoretical construct that has been previously discussed in Chapter 4, which
may influence physical activity, and which falls into the Beliefs about Capabilities domain.
Belief statements were mapped onto theoretical constructs. The constructs were chosen if
they described each belief statement most accurately in a single term. Standardised
definitions of the constructs as described by TDF (Cane et al., 2012), the APA Psychology
Dictionary (American Psychological Association, 2007) were adopted. Environmental
Context and Resources constructs were adopted from HF guidelines (NICE, 2018). This has
been done to situate the findings of this study in the vast body of literature on behaviour

change and HF.
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6.6 Results

6.6.1 Recruitment rate

Not approached (n=7):
Met inclusion s  Clinical team
criteria (n=40) advised to not
overburden the
patients
Refused to take part
(n=17). Approached
e  Social obligations (n=33)
(n=7)
e Did not provide a
reason (n=10)
Recruited
(n=16)

Figure 6.1. Study flow chart.

A total of 40 patients who were screened for inclusion met the inclusion criteria; of
these, seven (17.5%) were not approached, because of the recommendation of their clinical
team, who had concerns about their current health status and ability to participate. Thus, 33

(82.5%) were approached and invited to take part in the study.
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Seven of those approached (21%) refused to take part due to social obligation (e.g.
parking ticket, meeting a relative). Ten (30.3%) did not provide a reason. A total of 16
participants took part in the study. Semi-structured interviews were conducted face-to-face
in a research room available at RBHT (n=6) a vacant consultancy room (n=6) and via phone
(n=4).

All interviews were audio-recorded and transcribed verbatim. Interviews’ duration
ranged between 15.04 to 85.01 minutes (mean = 41.24, SD = 20.97). The researcher
attempted to recruit as diverse (in regard to gender and ethnicity) of a sample as possible.
However, fewer women attended clinical appointments, therefore fewer women were
approached (33 men vs 9 women) in the first place. In addition, fewer women expressed an
interest in taking part in the study - a total of five out of nine approached women refused to

take part. A few individuals were from a minority ethnic background (n=4, 25%).

6.6.2 Participant characteristics

Participants’ characteristics are reported in Table 6.1 . The final sample included 16
participants of a mean age of 79.19 (SD=5.15) years old, four of whom were women and 12
were men. The majority of the participants were within NYHA class 11l (n=10). The mean
EF of the sample was 33.87 % (14.09%) . Participants were diagnosed with HF, on average,
for 10.16 (SD=9.40) years and experienced 4.88 (SD=2.39) comorbidities. The most
frequently reported comorbidities were: Atrial fibrillation (n=6); Arthritis (n=6); Myocardial
infarction (4); Aortic stenosis (n=3); Pulmonary hypertension (n=3); and Mitral regurgitation
(n=3). The total of four participants had an implantable device (i.e
an implantable cardioverter-defibrillator). One participant (Participant 3) was diagnosed
with clinical depression. Depression is a considerable barrier to physical activity in HF
(reported in Chapter 4). Therefore, the transcript of the semi-structured interview with this
participant will be contrasted to the rest of the sample in order to identify any patterns that

differentiate the narrative provided by Participant 4 and others.
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The participants were noticeably less frequently hospitalised (zero to three times in the
past year) and have spent fewer days (mean=5, SD=6.74; median = 3 days) in hospital than

the general HF population (median hospitalisation = 9 days; National HF Audit, 2018
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Table 6.1. Participant Characteristics

Demographic Characteristics Clinical Characteristics
Age (mean, SD) 79.19 (5.15) Number of comorbidities (sample mean, SD) 4.88 (2.39)
Gender, n (%) Implantable device, n (%) 4 (25%)
Male 12 (75 %) HF aetiology: Non-ischemic 8 (50%)
Female 4 (25 %) HF duration, years (mean, SD) 10.16 (9.40)
Education LVEF, % (mean, SD) 33.87 (14.09)
Graduate, n (%) 1 (6.25%) NYHA Class | 1 (6.25%)
Undergraduate, , n (%) 3 (6.25%) NYHA Class Il 10 (62.5%)
GCSE/A-levels equivalent, , n (%) 10 (56.25%) NYHA Class Il 5 (31.25%)
No formal education, , n (%) 2 (12.50%) Hospitalisation frequency in past year
Ethnicity Never, , n (%) 7 (43.75%)
British — White, n (%) 11 (68.75%) Once, , n (%) 7 (43.75%)
British — Pakistani, n (%) 1 (6.25 %) Twice, , n (%) 1 (6.25%)
White — Irish, n (%) 1(6.25 %) Three times, , n (%) 1 (6.25%)
White Other, n (%) 1 (6.25%) Hospitalisation duration, days (mean, SD) 5 (SD=6.74)
Asian Other, n(%) 2(12.50%)
Most frequently taken medications Ramipril (n =14);
Bisoprolol (n=11);
Valsartan (n =6)
Medication (mean, SD) 6.94 (SD=2.17)

Note: NYHA class as assessed by a cardiology consultant or a HF-specialist nurse at the clinical assessment preceding the recruitment by 2-7 days; LVEF
(%) the most recent recording in the medical notes (varied from one week up to six months)
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6.6.3 The nature of physical activity behaviour

Sedentary behaviour (n=1): Participant 5 was mostly sedentary but used an exercise

step and walked indoors.

Moderate physical activity (n=15): All but Participant 5 walked daily either for daily

tasks or for leisure. Two participants walked for daily tasks only (Participant 3 and 4).

Vigorous physical activity (n=8): Three participants had an exercise routine
(Participant 7, 11, 8); two attended a gym (Participant 2 and 1), one — a sports club (bawls;
Participant 15), one — an aqua-aerobics class (Participant 1), and one participant exercised

regularly using a rowing machine (Participant 16).

Habitual physical activity behaviour (n=5): Three participants never engaged in
physical activity other than walking and did not change their physical activity behaviour
after the first cardiac decompensation/heart attack (Participant 4, 6, 12). Two have always
been physically active at vigorous-moderate level (Participant 7 and 11) and remained to be

so after being diagnosed with HF. Both had an established exercise routine.

Change in physical activity because of HF (n=11): Five initiated vigorous physical
activity (Participant 1, 2, 8, 15, 16) after the first cardiac decompensation/heart attack
following some advice from a health professional. Five stopped engaging in any physical
activity other than walking (Participant 3, 9, 10, 13, 14) after the first cardiac event (i.e.
surgery, heart attack, cardiac. decompensation), which took place 10.15 (SD=9.40) years
prior to the interview. One participant became sedentary (Participant 5) over an unspecified

period of time after HF diagnosis.
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6.6.4 Results of the TDF-based analysis

A total of 78 belief statements were produced from 16 transcripts. The corresponding
constructs and the TDF domains, number of quotes supporting them, and the number of

participants expressing these beliefs are described in Table 6.2.
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Table 6.2. The TDF domains, constituting belief statements, corresponding constructs and their relevance to physical activity in HF

Theoretical Domains Framework . Number of Number of quotes
and constituting belief statements S B e Enakic participants (N) (K)
Environmental Context and Resources 15
Equipment (bike; treadmill) helps me in being active Equipment* 5
Facilities (e.g. local council) help me in being physically active Facilities* 4
Group programmes help me in being physically active Exercise-based group programmes* 5

Implantable device

Having an implantable device reassures me when engaging in physical activity ~ Implantable device* (enabler)

99
5
8
« 2
9
4
3
4

My implantable device can harm me if | engage in physical activity Implantable device* (barrier) 2
My physical activity levels decreased since a major life event Major life events? (barrier) 3
My physical activity levels decreased since health-related event Health-related event? (barrier) 7
My physical activity levels increased since health-related event Health-related event?(enabler) 2
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Number of Number of quotes

Theoretical Domains Framework Construct Barrier/Enabler
and constituting belief statements participants (N) (k)
My physical activity levels increased since a major life event Major life event? (enabler) 1
Treatment HF treatment* 7
My HF treatment (e.g. medication) helps me in engaging in physical activity HF treatment* 4
My HF treatment prevents me from engaging in physical activity HF treatment* 3
My local environment limits me |n. enga_gllng in p_hy5|cal activity (incline (hills) Local environment: 8
crowds; traffic; pollution)
Beliefs about Consequences Domain 15
Negative outcome expectancy! 10
Physical activity brings on my symptoms (e. g. breathlessness) Negative outcome expectancy* 10
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Theoretical Domains Framework Number of Number of quotes

and constituting belief statements St BTGSeIl Er participants (N) (k)

Physical activities bring on my symptoms (e.g. tight chest; swollen legs;

. Negative outcome expectancy*
extreme fatigue) g P y

Physical activity Is dangerous because it puts my heart under strain Risk perception! Concerns

Positive outcome expectancy?

I engage in physical activity because it makes me feel more cheerful Positive outcome expectancy?
Physical activity improves my general health Positive outcome expectancy?
Physical activity improves the condition of my heart Positive outcome expectancy?
Goal Domain
Engaging in physical activity is a priority for me Goal priority?
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Theoretical Domains Framework Construct Barrier/Enabler Number of Number of quotes
and constituting belief statements participants (N) (k)

Engaging in physical activity is (not) a priority for me Goal priority?/Goal conflict 5
Physical activity is important to me Goal (behavioural)? 11
. . . e Outcome goal? (extrinsic
| engage in physical activity to be able to get on with life without help from motivation®: functional 9
others - :
independence)
Behavioural goal?: capability-
| already engage in as much physical activity as | am able to corresponding goal* (lack of 2

intrinsic motivation')
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Theoretical Domains Framework Number of

. Number of quotes
and constituting belief statements St BTGSeIl Er

participants (N) (k)

| have integrated an adequate amount of physical activity into my life Behavioural goal?: Goal attainment

7
Social Influences Domain 11
| engage in physical activity because a health professional (e.g. GP, consultant ~ Health professional’s advice* 7
nurse, physiotherapist) has advised me to do so (enabler)
) ) . Health professional’s advice*
Having a reassurance from a health profe§5|onal that PA is safe encourage me Reassurance (Social support to 3
to exercise ; .
reduce risk perception)*
I limit my physical activity because a health professional (e.g. GP, nurse, Health professional’s advice® 2
physiotherapist) has advised me to not overdo it (barrier)
. . . . . Social Support
I would engage in physical activity if it involved being with others (practical)/Companionship* 5
I rely on other people to perform physical activity Social support® (practical) 4
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Theoretical Domains Framework Construct Barrier/Enabler Number of Number of quotes
and constituting belief statements participants (N) (k)

People who are important to me discourage me from engaging in physical

. 3 . .
activity Social support® (emotional, barrier) 5
People who are important to me encourage me to be physically active Social support® (emotional, enabler 7
I would engage in physical activity with others if their level matched my Social comparison'(linked to self- 2 4

capability efficacy)
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Theoretical Domains Framework Construct Barrier/Enabler Number of Number of quotes

and constituting belief statements participants (N) (k)
. . . . - Social support (practical)® linked to
Making plans with others encourages me to engage in physical activity behavioural regulation 4 7
Other people are role models Social modeling! 3 4
Beliefs about Capabilities Domain 16

I lack confidence in engaging in physical activity because of my heart conditior ~Self-efficacy® (Heart Condition)

Self-efficacy® (Comorbid Chronic

Ilinesses other than HF limit my ability to engage in physical activity Conditions)
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Theoretical Domains Framework Construct Barrier/Enabler Number of Number of quotes
and constituting belief statements participants (N) (k)

My limitations to engaging in physical activity is part of getting older Self-efficacy® (Aging)

Bymptoms of my HF (e.g. breathlessness; tight chest; fatigue; swollen legs) limi

_effi 1
my ability to engage in physical activity Self-efficacy” (HF Symptoms)

Behavioural Regulation Domain

I have a physical activity routine | follow Habit

I know when and where | will engage in physical activity over the next week Planning*

monitor intensity and or duration of physical activity to make sure I do enougl  Self-monitoring® (attainment)*

| monitor the intensity and or duration of physical activity to make sure | do no' Self-monitoring?® ( downregulation
overdo it driven by risk perception) *
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Theoretical Domains Framework
and constituting belief statements

I pace my physical activity to match my physical ability

When weather is bad, | engage in physical activity indoors

Construct

Implementation intention®

Implementation Intention®

Emotion Domain
| enjoy engaging in physical activity
I have to be in a mood to exercise
I only engage in physical activity when | am bored
| feel compelled to engage in physical activity

When | think about engaging in physical activity, | start to worry

| am too worried about the consequences of being active

Enjoyment®
Mood?
Mood*

Impulse?

Worry!

Fear of consequences!

Social Professional Role and Identity Domain

Number of Number of quotes
participants (N) (k)

Barrier/Enabler

10

13

10

12
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Number of Number of quotes

Theoretical Domains Framework Construct Barrier/Enabler un
participants (N) (k)

and constituting belief statements

Being physically active is a big part of my life Congruence of behaviour with self* 8
| am not an athletic person Self-concept! 3
| have always been an active person Past behaviour? 9
Memory, Attention, Decision Making Processes Domain 12
Engaging in physical activity is something | do automatically Habit* 5
Engaging in physical activity requires a lot of thought and planning Cognitive load* 12
| often forget to follow my physical activity routine Memory? 5
| get distracted from being active Attention® 2
Optimism Domain 10 30
2 2

I am optimistic about my ability to engage in physical activity Optimism (self-efficacy)*
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Theoretical Domains Framework Number of Number of quotes

and constituting belief statements St BTGSeIl Er participants (N) (k)

I am optimistic by nature Optimism (trait)* 6 8

I am optimistic that engaging in ph)f/(sjlrcre:]leactlwty will have positive outcomes Optimism (consequences)* 5 13

I am optimistic that | will engage in physical activity in the near future Optimism (intention)* 4 5

I hope to remain physically active Hope?! 2 2

Reinforcement Domain 9 25

I engage in physical activity because my doctor or other health professionals Social reward? 1 1
are pleased with me when | do

I keep engaging in physical activity because it makes me feel better Reinforcement! 6
Negative consequences of PA (pain; getting out of breath) discourage me Punishment * 2 3
‘1 engage in physical activity because people close to me are pleased with me Social reward? 4 5
when [ do’
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Theoretical Domains Framework Construct Barrier/Enabler Number of Number of quotes

and constituting belief statements participants (N) (k)
Intention Domain 8 22
| try to engage in some form of physical activity every week Intention (stability)?
I will try and engage in some strenuous physical activity in the next week Intention?
I do not intend to be active for the sake of being active Intention (lack)?

Knowledge Domain

I don't know whether physical activity is good for me Knowledge?
I have learnt what physical activi_ty is appropriate for me to engage in given my Knowledge?
diagnosis of HF
I know how much physical activity | can safely do Knowledge?
I know how much physical activity | should be engaging in Knowledge?
Skills Domain
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Theoretical Domains Framework
and constituting belief statements

After | have been hospitalized, | had to get used to walking again (I had to
relearn walking)

Being shown how to perform a form of physical activity helped me to become
more physically active

I have been shown what physical activity to do since | was diagnosed with HF

| require training to be able to perform physical activity

Construct

Learnt skill

Demonstration of the behavior®

Demonstration of the behavior®

Learnt skill* (physical)

Barrier/Enabler

Barrier

Enabler

Enabler

Barrier

Number of Number of quotes

participants (N) (K)
1 2
2 3
2 2
5 6

Note  1:red — barrier; green — enabler; colour intensity(i.e. gradient) — the importance/relevance of the belief to the behaviour; 1. The definition and the construct term is adapted from APA
dictionary; 2. The definition and the construct term is adapted from the TDF framework (Davies et al., 2012); 3.The definition and the term is adapted from BCTTv1; 4.The definition and the term
is adapted from NICE guidelines; *The construct definition and term is not widely used and not empirically supported. The preliminary names are noted to preserve the specificity of the belief

statement content.

196




6.6.4.1 Environmental Context and Resources

Most of the participants (n'!=15;k= 129) expressed that Environmental Context &

Resources played a salient role in hindering or enabling their physical activity.

The following belief statements were formulated from direct quotes:

‘Having an implantable device reassures me when engaging in physical activity’ (n
=4; k=9)

‘My physical activity has decreased since a recent major life event (e.g. retirement, death
in the family, moving house)’ (n=3; k=3);

‘My physical activity has increased since a recent major life event (e.g. retirement, death in
the family, moving house)’ (n=1; k=2);

‘My physical activity has decreased since a recent health-related major event (e.g.
hospitalisation, surgery, heart attack)’ (n=7; k=11);

‘My physical activity has increased since a recent health-related major event (e.g.
hospitalization, surgery, heart attack)’ (n=1; k=2);

‘My HF treatment (e.g. medication) helps me in engaging in physical activity’ (n=4; k=8);

‘My HF treatment prevents me from engaging in physical activity’ (n=3; k=9);

‘My local environment limits me in engaging in physical activity (incline (hills); crowds;
traffic; pollution)’ (n=8; k = 20).

These were mapped on to the following Environmental Context & Resources

constructs:

Local environment;

HF treatment (medication and implantable devices);
Facilities & equipment (e.g. exercise programmes, pool);
Major life events.

Hownhe

1 n — number of participants; k — number of quotes (used throughout the Chapter to indicate relevance and
pervasiveness of the belief).

The belief statements are listed in italic (n and k are noted).
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Examples of the quotes from which the belief statements were produced are

summarised below, in the corresponding sections.

6.6.4.1.1 Local environment

A total of eight participants (n=8) expressed that the Local Environment influenced
how active they were. Depending on several properties of the environment, it was either
enabling or limiting them. Participant 4 (80 years old, female), for example, was affected

by the quality of the air (pollution) in London*?:

T was walking in the countryside where the air is cleaner. When
you get Po]]ution in the atm ospbere, it becomes very hard’

Participants, being frail and lacking balance, often expressed concerns about the

safety of the environment to illustrate Participant 4:

‘Once you are in the fields, and away from traffic it is easier [to
walk], cause if you do fall down, it is usually fairly soft, you might
geta bit mua’a’)/, but you would not break an)/t]zing necessan])/. ’

Some participants (n=3) talked about crowds as a major barrier to walking.
Participant 6 (77 years old, female):

or I may have a gic{d)/ turn and I have to stop, so it is OK (to
walk) where I live but when you are in London and there are people

pushing and shoving all the while, it is not the ideal place to be.’
Having a space to walk or engage in physical activity prompted higher levels.

Participant 15 (75 years old, male):

‘There is nowhere to get busy (1'11 Lona’on), well apart from the
garden and the park, where I go whenever I can.’

Participant 11 (83 years old, male): 7\/[)/ main recreational activity
is gardem'ng. [ have a ]arge garden, About a third of an acre...which
I basically look after myself. There is always something to do
there...[...] the roses’

Thus, lack of safety, polluted air and crowds limited physical activity. These

properties of the environment raise concerns about safety, increase perceived risk of

12 Quotes are reported in quotation marks in smaller font; the triple dot — long pause; double
dot — short pause; [...] — omitted text; [comment] — author’s comment.
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falling, and limit breathing. This nudged participants away from engaging in physical
activity. Properties of the environment that provided safe space and enabled easy

breathing, on the other hand, were appreciated and enabled an active lifestyle.
6.6.4.1.2 Facilities & equipment

A total of five participants (n=5) owned an exercise equipment at home. Three of
them found having equipment helpful in promoting their physical activity. Participant 1
(80 years old, male) spoke about the benefits of an electric bike. An opportunity to tailor
the setting of intensity in accordance with perceived ability setting seemed to help the

participant to use it and therefore promoted physical activity:

Tt is an electric bike, but it is not ...not... like a moped. Where you
just sit on and let it drive you...you have to pea’a], So  you are getting
exercise...and you set the amount of effort you need to put in to
iz‘...e]ectronica]/y...ana’ it works’ ...if I put a little bit of... erm...
support...which is what this bike gives you...you know, then I can
pedal up the hill easily [optimistic voice; smiles] and then we are
ta/{ing conventional C)/c]mg...not a Prob]em at all... now that

movement the exercise from that that’s rea]]y...[ find very, very
helpful.’

[HF-specialist nurse] has advised I exercise. She showed them to
me, and suggestea’ we get a step... .you know...You sort of step on

it and step down. I do that three times a week.
Participant 5 (76 years old, male) was given a step by a HF-nurse and found it

helpful:
[HF-specialist nurse] has advised I exercise. She showed them to

me, and suggested we get a step... .you know...You sort of step on
it and step down. I do that three times a week.

Participant 16 (83 years old, male) owned a rowing machine and cared about the
aesthetics and convenience:

[ have this rowing machine in the corner, it's Just the way it looks,
a very small plece of furniture. It looks good and it's very

convenient to use.
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Others did not find having exercise equipment a helpful long-term strategy for

maintaining a physically active lifestyle. Participant 6 for example disclosed:

‘Or maybe the treadmill, you know people I know who are doing
these things? I would, as a friend, I would join them, but I am not
very gooa’ at going somewhere and getting on a treadmill and doing
that for 10 or 15 minutes or whatever...and getting off and coming

back home.’
Two shared that it was not a useful long-term strategy for maintaining physical

activity. Participant 13 (87 years old, female):

7 have an exercise bike, but I must say I haven't been using it

lately.”
Overall, aesthetically pleasing, convenient, in-house equipment that has an inbuilt

mechanism to regulate the intensity at which it can be used is a useful strategy according
to the participants. This is consistent with the line of work that resulted in the Typology
of Interventions in Proximal Physical Micro-environments to change behaviour
(TIPPME; (Hollands et al., 2017, 2013). TIPPME prescribes that the availability of an
object, as well as tailoring of functionality, and presentation are key in how effectively

an object can be used to change behaviour.

6.6.4.1.3 Group exercise programmes

Participants reported that being able to attend group exercise programmes and local
sports clubs was an important resource in initiating an active lifestyle (n=5; k=8). In
addition, having completed a group exercise programme promoted self-efficacy (Beliefs
about Capabilities). To illustrate, Participant 1 (80 years old, male) highlighted:

‘Actually, one hlu'ng that I did was going to cardiac rehab. To be
honest, that was...it was like ..."Oh God! I am too weak to do this’,
and they would say: ‘No, you are not, you can walk up that 5 yards
there, can’t you?’... Ok, I can do that’.

Group programmes helped to establish a social network and provided emotional
social support (Social Influences) as well as the support in forming plans (Behavioural

Regulation), as Participant 15 (75 years old, male) reported:

Being part of the club /! bowls club IV know what days we p]a)/ and

when to come we Just do it twice a week. Sometimes a bit more.
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Others expressed that the level of intensity of the group did not match their ability
and therefore, was not of any use to them. For example, Participant 16 (83 years old,

male) expressed:

‘Classes are fine. As you start, as you go, you have to go at the
lowest ...lowest pace as the slowest member... and I don't find
classes work. pre[er to take instruction and then carry it out,
demonstrate that I can do it and then do it by myself.’

Therefore, group programmes improved Behavioural Regulation, resulting in the
formation of positive Beliefs about Capabilities. However, this was achieved only when

the activities were performed at a preferred intensity.

6.6.4.1.4 Implantable devices

Four participants had the following implantable devices fitted: implantable
cardioverter defibrillator (n=1), conventional pacemaker (n=2), and biventricular
pacemaker (n=1). An implantable device was seen as a barrier for some (n = 2) and an
enabler for others (n = 4). The devices were very salient to these participants and had a
large influence on their physical activity as reflected in the length to which they were

described in each interview (n=4; k=12).

Counterintuitively, two participants expressed their concern about implantable
devices and reported these as a barrier to engaging in physical activity. The devices were
out of the participants’ control and, therefore, they worried about an unexpected fault
with a device that could happen during physical exertion. As Participant 15 (75 years

old, male) reported:

Also, with my pacemaker...I have to be careful. I have to make
sure I do not overdo it [physical activity]. You know? ...they tell
me...the more you do you use up the battery. This is my second
one I had it for six years. The first one I had for Just over 3 years...I
think you have to be careful about how much you do t]u'ngs. 7
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While others reported that having a device was a source of reassurance, which
protected them from adverse events and boosted their confidence in engaging in physical

activity, Participant 12 (81 years old, male):

T]zey have tweaked my pacema/{er several times and that has
improved t]u'ngs (gardem'ng and Wa]]{ing mentioned earlier in the
interview).

One participant expressed that the reassurance provided by the device both enabled

and hindered his physical activity. Participant 1 (80 years old, male):

‘ And of course, since I had the ICD imp/anted it became much
more relaxed. Because tbey know that these devices will recover
you whatever the situation you are presentea’ with. It Is a
reassurance factor; it is quite astounding. That psychological bit,
you know that you are not doing yourself any harm [by
exercising].’

Participant 1, however, later in the interview reported that having the ‘failsafe’
device and knowing that this will prevent negative outcomes of HF discouraged physical
activity. The participant expressed perceived lack of necessity to exercise, given that the

device is there to improve cardiac performance:

The device that I got in there is going to work regardless of
whether I do any exercise or not...let’s say I didn't do any exercise...
if I've decided to become a cabbage and lay in front of a
te]evision...)/ou know and eating fat... the chances are...well,
chances, it wouldn't be doing me any good right? but the implanted
defibrillator is going to rescue me from death... it is almost bad
]mow/ea’ge to have that... I have this failsafe t]u'ng lth/anted in

me.

Participants held a perception that the device will ‘keep the heart going’ in case of
any failure of their heart at exertion. Two participants reported that since they were given
the device, they feel sufficiently more physically fit and, therefore, are confident in

engaging in physical activity.

It appears that there are individual differences in the beliefs about the implantable

devices and the safety of physical activity when having one surgically fitted. For some,
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it was a large source of concern about the safety of the heart and for others, it was a
source of reassurance in physical activity not being harmful to the heart, when knowing

that the device will optimise cardiac performance.

6.6.4.1.5 Major event

Cardiac events (heart attack, acute HF, HF decompensation, cardiac surgery) resulted in an

overall lifestyle change in the long-term for most participants (n=9; 14).

Participants were divided in their perception of the major event’s influence on
physical activity. Some participants reported that the event encouraged them to lead a
physically active lifestyle (physical activity). Others reduced their levels of physical

activity.

When looking at what may have contributed to this polar impact of a major health-
related event, it was overall evident from the interviews that an optimistic outlook on life
and having resources and social support readily available would encourage the
perception of the major life event as promoting their physical activity levels, for example:

Participant 1 (80 years old, male): ‘So, the heart attack was a

trigger, the catalyst for change [in participant’s lifestyle which

participant described earlier in the interview]’

Participant 8 (70 years old, male): When | had the surgery [bypass surgery] | became fit.

When asked about when the participant started rowing, Participant 16 (83 years old, male)
replied:

‘On/)/ recent]y...but it was not Possjb]e... I do it when...at the
moment...it took a 1011g time... more than a week after | got out

[out of hospital after the decompensation of HF]..]

T wasn 't physically active before I had my heart attack. This is new.
It 011])/ came about, reall) , as a consequence of a heart attack in
2001

In summary, a cardiac event and the following hospitalisation, presented a threat
to participants health and initiated behaviour change, including physical activity, by

triggering a reflection on the status quo — the current state of health management and
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heath. Participants referred to heart attack as ‘a catalyst for change’ and a ‘trigger to

change’ when talking about their lifestyle.

Participant 9 Had a pessimistic outlook and lacked social support and reported

negative emotional changes (depression).

Other participants reported that a major cardiac event forced them to limit physical

activity:

Participant 9 (74 years old, male): ‘I was walking one mile every
day. When I was...before the bypass... 18 years ago I had bypass...
but when I do, I walk very s]ow]y. I don’t do an 1y exercise, Wa]]ﬂ'ng
for the past five..four years, not]]ing. Because: bospita], bospita/,
hospital...sometimes heart is not working properly, sometimes

bypass not working.’
Participant 10 (91 years old, male) also shared that he abolished moderate and vigorous

activity after a heart operation:

‘When the pain started. Affer my first heart operation it lasted
nearly 20 years... the last year 7 probab/y had a heart attack. I had
an attack of some kind'.... ’Wb)/ did I stop [ Wa/]a'ng ]ong distances
mentioned earlier in the interview [? Hm...oh, cause of an operation
I had... one of the heart operation,..tfze)/ said to be careful the first
month...and fundamentall , when you stop you don’t start
again...at my age’.
For another participant a surgery resulted in a short-term pause in activities, but participant

intended to restart a more active lifestyles once she recovers:

Participant 13 (87 years old, female): ‘I mean it is on]y a matter
of weeks since I had this major surgezy...[ had an operation three
years before that. But when this treatment is done and over with, 1
should be down to being monitored. So, then I can really think
about it [joining a local council sports club and walking more]”

Participants are medically advised to reduce activities during the first months after
the surgery or other cardiac operations. This seems to initiate habitual sedentary
behaviour, especially in older age, as perceived by participants. Undergoing a major
invasive procedure also seems to lead to the formation of concerns about the safety of
physical activity. Whereby, the participants would consider physical activity, only when

they are closely monitored by the clinical team.
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Major life-related events also were mentioned as a trigger to physical activity
change. Some participants increased their activity (n=1; k=2). To illustrate, for example,
Participant 11 (83 years old, male) shared that they started having an exercise routine

since they have retired:

‘Certain/y, since I have retired, Getting up in the morning to go to
work, I didn't have time to do it, when I was a commuter. It is

certainly since I have been retired.’
Retirement provided an opportunity and time for integrating an exercise routine for

Participant 11. Other participants reduced their physical activity since a major life event
(n=3; k=3). Participant 4, for example (80 years old, female) shared:

7 worked for 20 or 30 years, [ think. I used to get pretty busy...[
used to have a little office in a new building and there will be a
walk rail..all the way around..Quite a big square, which is
undercover, and periodically, I would get up and walk around the
corridors (laugbs). And now I don't have that. It was a long time

ago.’
A shift in lifestyle associated with retirement lead to settling into a habit either of

sedentary behaviour, like described by Participant 4, or a habit of performing structured
exercise in the mornings, like reported by Participant 11. The perception of the major life
event seems to vary among participants between either being a strong enabler of physical

activity or an equally strong barrier.

Overall, participants formulated physical activity beliefs about local environment,
facilities, implantable devices, group programmes, and major events. These beliefs acted

as both, a barrier or an enabler. The differences are explored in Appendix Q.

6.6.4.2 Goal

A total of 15 participants pervasively (number of quotes, k=109) expressed beliefs

that can be classified as Goal. These beliefs included:

‘Engaging in physical activity is a priority for me’ expressed by 14 participants (n=14) in 30
quotes (k=30);
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)

T engage in physical activity to be able to get on with life without help from others
expressed by nine participants (n=9) in 23 quotes (k=23);

Talready engage in as much physical activity as I am able to’ expressed by two participants
(n=2) in eight quotes (k=8);

Thave integrated an adequate amount of physical activity into my life’. expressed by seven
participants (n=7) in eighteen quotes (k=18).

These belief statements were conceptualised as the following constructs, respectively:

goal priority;

outcome goal (extrinsic motivation);

behavioural goal: capability-corresponding goal (lack of intrinsic motivation);
behavioural goal: goal attainment (intrinsic motivation).

As can be judged from parses below, these four types of goal beliefs are the
instances of intrinsic and extrinsic motivation to engage in physical activity. Participants
often listed a personal outcome goal of engaging in physical activity — remaining self-
sufficient. This outcome goal was a strong enabler of the behaviour even in the absence

of perceived ability.

On the other hand, those who perceived a lack of ability to engage in physical
activity, may have not held a strong intrinsic motivation to do so, and, also, did not
prioritise physical activity over other hobbies. Whereas those who pushed themselves

and prioritised exercising formed strong intrinsic motivation.

6.6.4.2.1 Goal priority

Participants prioritised physical activity to a varied degree. Participant 1, 4, and 6
lacked an intrinsic motivation to engage in physical activity. They preferred to only
engage in activities like walking and avoid other types of physical activity:

Participant 1 ( 80 years o]d male ) ‘0}1 rea]/y I can’t be bothered

to go out’ [chuckles] and it is raining, and I wasn't going ...erm...
I would rather paint a picture.
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Participant 4 (80 years old, female): ‘If I get the opportunity I will
go for a walk, if I got duties that need attena’ing to, then I will try
to do them in times which don 't matter, in the afternoon or evening

and to settle down’.

Participant 6 (77 years old, female): ‘Well...I know Wa]]ﬂ'ng is a
so]itazy experience, I/ spent a lot of time on my own...So, sz)/
would I go outside? This is how I look at it, why would I go outside
on my own to walk around, when I am far happier being on my

own in doors with a book.”

The goal priority seems to be affected by participants’ self-identity. This is further
explored in the Appendix Q.

6.6.4.2.2 Outcome goal

A total of nine participants (n=9) also consistently (number of quotes, k = 23)
shared an extrinsic goal for being physically active (Outcome Goal). This goal involved
remaining or regaining functional independence, characterised as ‘enabling life’,
something that is done ‘to be independent’ (Participant 11, 83 years old, male). For

example, Participant 2 (76 years old, male):

[ want to be self-sufficient sti]], [ don’t want to re])f on other peop]e.
So, stayzhg fit is Important to me...

Another participant, when asked about how his family influences his physical activity,

Participant 10 (91 years old, Male) shared:

They are helpful... I suppose yes they are very helpful...four
grandchildren, who I see very often and my daughter who I see
often... they are being helptul...but after all these years I'm trying
to avoid getting be]p...a’ependent is a terrible tbing to be...So, I sa y:
No, I will do it myself’ [grumpy voice]... to stay independent.’

Thus, functional independence served as an extrinsic motivation to engage in
physical activity by being an appealing and important outcome goal of physical activity.
Extrinsic motivation, in the context of behaviour change theories, is conceptualised as
part of self-determination theory (Deci & Ryan, 1981) and is defined as: an externally
sources of incentive to perform a behaviour, based on the expected reward or punishment

(American Psychological Association Dictionary, 2018).
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6.6.4.2.3 Behavioural goal

Seven participants mentioned the amount, duration or intensity of physical activity
they aim to engage in (k =25). Participants gravitated to two opposite beliefs about their
behavioural goals: 1) the importance of pushing one’s limits (n =7; k = 18); and ensuring

they do not exceed their limits, beyond their ability(n = 2; k = 8).

Participants felt they already do as much as they should and are physically able to:

Participant 1 (80 years old, male): T don’t do it quic](]y, but it is
enoug]z. ’

Participant 4 (80 years old, female): ‘At the moment I am alright,
as long as I keep within recommendations.. or more or less...”

Participant 8 (70 years old, male): ‘So, this is what I do

/: summarising bowls, wa]]dng and exercise routine] and I think it
suits me and I'm happy to do that I can't do more than that. ’
While some shared a goal to engage in maximally possible physical activity, that

they physically can perform (Goal Attainment). For example. Participant 16 expressed:

‘Now I will do it every a’a)/ and if I can twice a day, to the point it
feels good. I'm going to build up with it to the point where it feels
good. [...] You take everything to the edge until it ...and you know
all exercise should begin to hurt and that's when you stop... 7

Behavioural goal was guided by perceived capability, intrinsic motivation to push
oneself and how important physical activity is to them in comparison to other activities
and hobbies (goal priority). Participant’s’ physical activity was driven by two types of
goals: outcome goal and behavioural goal. An outcome goal is a desired target outcome
(Davies et al., 2012). Outcome goal described by participants of this study was a desired

functional independence.

6.6.4.3 Social Influences

Social influences were described by 11 participants (n=11; k = 99) and grouped

into the following beliefs:
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‘I engage in physical activity because a health professional (e.g. GP, consultant, nurse,
physiotherapist) has advised me to do so’ (n = 7; k = 26);

‘Having a reassurance from a health professional that PA is safe, encourages me to
exercise’ (n=3;k=9);

I limit my physical activity because a health professional’ (e.g. GP, consultant, nurse,
physiotherapist) has advised me to not overdo it’ (n = 2; k = 5);

‘I would engage in physical activity if it involved being with others’ (n = 5; k = 12);

I rely on other people to perform physical activity’ (n =2; k=3)

‘People who are important to me encourage me to be physically active’ (n = 7; k = 15)

‘I would exercise with others if their level matched my capability’ (n=2; k=4);

‘People who are important to me discourage me from engaging in physical activity’ (n = 3;
k=9)

‘Others are role models’ (n=3; k=4)

These were summarised into the following constructs:

Health professional advice;

Companionship — Loneliness;

Social comparison;

Emotional and practical social support (enabler);

Social support (barrier);

o g ~ w Do

Social modelling.

6.6.4.3.1 Clinical advice

Seven (n = 7; k = 26) participants engaged in physical activity because a health
professional advised them to do so. To illustrate, Participant 5 was supported in

performing an exercise that was prescribed to him by HF specialist nurse:

(HF-specialist nurse) check on me, and reminds I have to do this
exercise and my wife makes sure I do them. See, my consultant
**** told me I have to walk and move as much as I can. So, he told
me I should stand up now and then and walk around the flat, so I
do that. I get up occasiona]]y several times a a'ay and walk to the

kitchen and back and around the house.
Similarly, Participant 7 was advised by the cardiology consultant:

Participant 7: And have you received any advice on how much you

should do from this ]zospita]. Participant7: Well I think you know
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when I first saw Dr *** we discussed t]zings and he said to ]{eep
active.
Clinical advice also was a great source of reassurance that mitigated the perceived

risks associated with physical activity:

Participant 1: You look up to proz‘éssiona/ and you need that
reassurance to say: ‘what [ am a’oing now, is not going to impact
on my /ong»term health’: s it the r1g]1t t]u'ng to do?’ and if the
answer comes back from a professional you trust, and I have
I'mp/icit trust, eXp/icit trust as well, in my consultant...then if she

says: ‘that’s a gooa’ t]u'ng to do’, then I will do it
Only two participants reported that they were advised to curb their physical

activity level.

6.6.4.3.2 Social support (enabler)

Five participants would engage in physical activity only when with others because

it increased their sense of safety and reduced perceived risks:

Participant 13: When I am with my a’augﬁter, I am less nervous
and I am able to walk further... because she was there...and I
walked very slowly but I did walk all the way and I was very pleased
with myself; because I felt I have achieved something.

Or for a company, which was coded as social support

What would ]1640 you to do more? Partcipant6: Probab/y Wa]](ing
with somebody else, when you are walking on your own or
me...when i am walking on my own, you have to be motivated to
get yourse]f out of the chair but if I know a friend was coming
around then yes. I would then go and I wouldn't think twice about
it.

Interviewer: What is it about company that makes you want to..?
Partcipant6: I spent a lot of time on my own, I live alone...So, being
in someboa’y else’s company for a while is very reﬁesbing.
Interviewer: And that would be{p you to be active? Partcipant6:
Yes, yes! You know I've been on to a thing called the UTA which
is the University of the Third Age where you know for people over
about 55 where you get toget]zer and you do activities and a
]earning program, rig}z t? Yes. So, you 've got to /(eep in contact with
people as well, I think
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Participant 8 engaged in physical activity and enjoyed engaging in physical activity
in a social context that was provided by a Fitbit, including comparison and
encouragement:

Participant 8: I had Fitbit... it is five of us (who got Fitbit together),
my friend and I‘émi]y... I was the third to have this. My a’aug]zter

and son gat it later... so when [ first heard about tbis, [ was very
happy to have one once they explained to me what this does.

6.6.4.3.3 Capability and social comparison

However, an additional condition was needed for another two participants. They
preferred for people to walk at the same pace as them, and if a group (i.e. a walking
group) had a greater physical capacity than them, they felt discouraged from attending
it:

Participant 2: and I used to run a wa/king group[ ...] And now I
don’t really do walking with the guys, unless they do flat walks,

you ]mow, a]ong the coast.

Partcipant 6: Well let me say there is no one I could walk with,
who would be a at my pzzce...ana’ wouldn 't be interested in Wa]]ﬂ'ng
half a mile...they DO do walk but they would be interested in
walking further and quicker than I do. So, I would be a liability to
them.

In other cases, participants needed reminders from their social circle:

Participant 2: I think if I didnt have friends and didn’t schedule...]
mIgln‘ have Vegetated and sit a bit too much...it is important to
have friends you can do things with... It [the stationary bike at
home] would help me I am sure, but there is no motivation for me
to use it [the stationary bike at home], but if my friends came
around and said oh we will do this each da)/, that would be fine.
A]n('gbt?

6.6.4.3.4 Social support (barrier)

Five participants reported that friends and family discouraged physical activity.
The family members of Participant 1, 4, 12, 2 were very protective and attempted to

shield participants from engaging in daily tasks because they felt it was unsafe:

Participant 1: Well I am not doing as much as I'd hoped to be

]10H€St, ]arge]y because my WI'I% is Vé‘Iy nervous about me gOIhg on
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the road/... [for God sake, it is on]y three miles into a local town
but (imitating wife): ‘Oh God it is on the road, you will get knocked
off’. Interviewer: Does she stop you from going then? Participant1:
Well, stop isa wrong Wora’..,)/ou know what I mean, but ...it is the
give and take of a marriage. So, you say: ‘ok Love, I will not do it

this time.’

Participant 4: [Your fami]y, do t}zey talk about how much you
should move around?] No, I don't think z‘bey do. Actually, tfze)/ try

to persuaa’e me to sit down more.

Participant 13: No, my daughter always tells me that I do too much.
She was very annoyea’ when she came. [and saw] When I cut the
grass and tided the garden.

Most of these participants (Participant 1, 2, 12) resisted whenever they could. To

illustrate:

Participant 2: My daughter says ‘dad, you shouldn’t be doing this
and that’. I say: go away’ (laughs). She says I am getting old and I
shouldn’t be a’oing this, and I should get somebody in. No (i 1augbs).
She thinks I am mad.

6.6.4.3.5 Social modelling

Participant 7 who established a physical activity habit, including an exercise

routine, reported that her parent engaged in physical activity too. She perceived her

family as active people which had an impact on her behaviour, when asked what helps

her lead an active lifestyle she said:

Participant 7: You know as I said m 1y parents were active, we were
active my daughter is now active and granddaughter. Oh, we've
always been an active family..

Participant 2 followed a positive example of his friends:

Participant 2: [You said you go to the gym...w]mt motivates you
to go?] Some of . my mates go...and Erm...So...[pause; Interviewer:
Is it a social thing then? | Yeah it is really, I copy after them
(smiles)...

Participant 15 was guided by social examples as follows:

Participant 15: [...]my friend next door, he has dementia, he
doesn’t remember things as much... [...] And he had hip
replacement. Some people like that they gave up. I have other
friends who did not give up, and they have a lot of medical
prob]ems. So, [ learnt from them — you got to try and do your best,
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no

as much as you can. [Interviewer: I see, so other people are a
positive examp/e for you? ] Yes. Older friends t]]ey are marvellous
in so many ways and they had to get on with life. When I got to
their age, I learnt from them you got to do your best.

6.6.4.4 Beliefs about Consequences

Beliefs about Consequences shaped physical activity in a total of 15 participants
(n=15), who have highlighted the relevance of this domain in a total of 89 quotes (k=89).

These quotes were summarised into the following belief statements:

‘Physical activity brings on my symptoms, e.g. breathlessness (n = 10; k = 29);

‘Physical activity brings on my symptoms e.g. tight-chest; swollen legs; extreme fatigue’
(n=2; k=2);

‘Physical activity Is dangerous because it puts my heart under strain’ (n = 4; k= 6);

‘I engage in physical activity because it makes me feel more cheerful’ (n = 6; k =12);

‘Physical activity improves my general health’ (n =13; k= 36);

‘Physical activity improves the condition of my heart’ (n = 3; k = 4).

These have been mapped to on the following existing behaviour change theory

constructs:

Negative outcome expectancy (n=10; k = 37);
Risk perception (n = 4; k =6);
Positive outcome expectancy (n =11; k =52).

Participants engaged in physical activity to a greater extent when they held strong
positive expectations of what would happen if they engage in physical activity. On the
other hand, these participants who held negative expectations about physical activity and

those who perceived physical activity to be a risk, were hesitant to engage in physical

activity.
6.6.4.4.1 Negative outcome expectancies

Participants avoided engaging in physical activity to avoid an onset of
breathlessness (n=7; k=20), tight chest (n=2; k=4), swollen legs (n=1; k=1), pain (n=1;
k=3) and fatigue (n=3; k=4).
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Getting out of breath was a negative expectancy that was most frequently shared
by the participant (n = 10; k = 29). This expectation resulted in an attempt to reduce the

intensity of physical activity, as illustrated by a quote from Participant 7 (71, female):

7... sometimes if I burzy too much or going up a ]11]/, I will get a
bit short of breath. But [ a]ways...[ pace myse]f more at home,
which means if I'm in the middle of; say, cleaning or hoovering the
house, I may have to sit down a bit more.’

Participant 11 avoided prolonged physical activity: °...any persistent walking or if
| ought to go up and down the stairs several times..several times in succession | would

become breathless and tired.’

Breathlessness could also result in complete cessation of physical activity, as
Participant 13 expressed: ‘When I get out of breath, I try to rest’. Similarly, Participant
6 avoided any physical activity that involved more effort due to breathlessness: ‘Because
it is more of an effort, I get breathless more, not as quickly, but I do get breathless.’
Participant 8, when asked what stops him said: ‘Oh, breathing! Then I shouldn’t do it

then...’

However, some participants differentiated the degrees of breathlessness and not all
degrees were perceived as a dangerous symptom. This helped their initial engagement in
physical activity. Participant 1, for example, carried on an activity despite the expectation
of getting out of breath: / don’t feel as nearly as breathless or in pain as I thought |
would be... that just builds on and I just carry on.” Participant 1, shared that he does
experience the uncomfortable somatic sensation of being out of breath, but added that he

recognises that it gets better over time:

id you start immediate]y running... Oh, Gosh! (imitates
breathlessness, p[aces a hand on the Clzest) you get out of breath
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but affer a minute or so and you just pu]] back a bit ...I'm Just
going to take easier for a minute or so...You are walking, climbing
up the hill and if you are not up to the speed yet, it becomes a
prob]em. Once you get tfzrougﬁ that you don't get out of breath’
(Participant 1).

Participant 1 therefore had a chance to increase his exercise capacity which reduced

breathlessness in the future.

Other symptoms were often mentioned in parsing when talking about
breathlessness. Participants also described that they symptoms of swollen legs pain, and

fatigue, For example:

Participant 10: fventua/])/ I would probab])/ co]/apse...but.,.it gets
bad enougb for me [ have to sit down... and do some beavy puﬁ?ng
for a while...and it aches and your ]egs...ana’ then it stops, and you

start again.’

Participant 9: T know there are some advantages....but I can’t, the

shortness of | breat/], very Wee]{, [am fee]ing. ’

Participant 10: ‘Well, as I said, there is no point in giving yourse/[
pain... it you start doing somet/uhg...and it Is palhﬁz]...ana’ you
stop and you start again and stop and start again and you have
done what you wanted to do b)/ that time.’

Also, the perception of symptoms of tight chest was poorly discriminated from

getting out of breath and overtook the participant both at once. For example:

Participant 10: I get breathless...not exactly...but it tightens up
(demonstrates tightening with a fist around his chest), and your
]egs get heavier...and tngten up and my chest...and puﬁr for two

or three minutes’.

6.6.4.4.2 Risk perception

Two sedentary participants believed that too much activity puts their heart under
strain and avoided engaging in activities. However, it was not expressed as a negative

outcome but rather as a perceived risk given the nature of physical activity.
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One participant (Participant 4, 80 years old, female) perceived individual risk

susceptibility due to the comorbidity they had - asthma:

T think if you...the asthma gets worse, partially because you are
doing more, and causes you, I think that must cause a strain on the
heart. So, l'fyou work backwards and tzy to Stop the strain on the
heart by not being SO quite active, you will feel better asthma-wise,
and that m1g]1t have a beneficial effect on the heart.’

Participant 10, similarly expressed a perceived risk of physical activity —

hospitalisation:

I want to go on...but w]zy should [give m)/se]fa lot ofpain...and
put myse]f in danger, when stopping that would stop as well...if it
](ept on going I/ suppose I would be ringfng 999 and would be taken
off to a hospital...once you get to a hospital, they want to keep you

there often

6.6.4.4.3 Positive outcome expectancies

1 like to be happy and I only found ...it is... if I do this [exercise]

[ remain ﬁapp)// and you know 1t gives me...you know. Cheers me
up.’
Positive outcome expectancies included an anticipation that physical activity will

bring about better mood; general health or improve the condition of the heart. A total of
twelve participants emphasised the benefits of physical activity for their general health
and reported that as one of the major outcome expectancies that encourages them to

engage in physical activity. Participant 4 for example, put it as follows:

‘We would walk around beaches and do guite a lot of wa/]ﬂ'ng. 7
used to come home after three Wee](s, abso]ute]y g]owing and was

feeling on top of the world and could conquer anything, you know.’
Six participants reported that their mood improved following physical activity and

that this belief also was a strong driver of the behaviour. For example, Participant 16

described the uplifting effect of exercise:

Participant 16: ‘This exercise, like all exercise has a very pleasant
and nice after-effect...it invigorates you...’

Participant 4 spoke about the improvement in mood she used to experience earlier

in life:
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So, when you walk it makes you feel better? Participant4: Yes, it
does it helps me to breathe better. It helps your blood to circulate
better, which carries oxygen...I think it gives you a better feeling of
well-being generally.”

However, did not discuss the outcome expectancies she has in present time and

shared the above more as a memory than present enabler.

A belief that physical activity improves the condition of their heart was expressed

by three participants. To illustrate, Participant 1 expressed:

‘As it turns out it [cycling] is also damn good for the heart.’

Similarly, Participant 4 stated:

T am not showing any symptoms of my heart condition and I
think it is because I have been doing all these things [cycling using
e-bike, aqua»aerobics and Wa/]ﬂ'ng], When [ walk more, I feel better,

my circulation im 1proves. ’

Those participants who held more positive outcome expectancies listed fewer
negative outcomes. In addition, they would often talk about the lack of negative outcome
expectancies. Participant 1, for example, described the very first instance where he
overcame his negative predictions by engaging in physical activity despite the negative

expectancies he might have had before:

Participant 1: ‘ah! I have done some exercise — good'...it is because
you actually physically feel good, ‘oh that’s quite good'..I don't feel
as nearly as breathless or in pain as | tboug]zt I would be...’

Participant 8 when prompted to describe advantages and disadvantages of physical

activity responded with a list of several advantages, While adding that he does not seem

to hold any negative expectancies:

‘Aa’vantages — Yes/ Man)/ advantages, makes me lzapp)/ makes me
it makes me fit and makes you... to... look forward to tomorrow,
the a’ay after tomorrow, and I have lots of p]ans in my calendar to
reach those goals, to see what I have in my calendar. But no

disadvantages.’

In summary, the participants formed a number of Beliefs about Consequences
about physical activity. This concerned their health, mood and heart condition, as well

as symptom onset, and hospitalisation due to cardiac condition. There were between-

217



participant differences that may have given rise to whether positive or negative

expectancies were formed. These differences are described in Appendix Q.

6.6.4.5 Beliefs about Capabilities

All participants (n=16, k=73) expressed a low perceived capability to engage in
physical activity. This was concerning the performance of physical activity, either at
certain modes (e.g. running, gym), high intensity, or in large amounts. Some have said

they confined the mode of physical activity they engage in:

Twalk. Now, this is my abi/it)/. I cannot do more than this. I cannot
go to the gym and I can't run... even when I started to run a bit.. I

can't run because of m 1y heart.’

Others reported they limit the intensity:

Participant 14 (77 years old, male): Today when I was on the flat,
if it is completely flat and I walk slowly, I have to walk half-pace,
half speed. I am restricted at the moment in being. I am

inactive...and restricted in what I can do.

And some reduced the amount of physical activity

Participant 5 (76 years old, male): I do not rea]]y move around that
much. [ can't rea]])/ do that much...

The Beliefs about Capabilities elicited from the quotes provided by the participants

are summarised in the following belief statements:

T lack confidence in engaging in physical activity because of my heart condition’ expressed
by four participants (n = 5) in six quotes (k = 8);

‘Illnesses other than HF limit my ability to engage in physical activity’ (n = 12; k = 25);

‘My limitations to engaging in physical activity is part of getting older’ (n = 11; k = 23).

‘Symptoms of my HF (e.g. breathlessness; tight chest; fatigue; swollen legs) limit my ability
to engage in physical activity’ (n=5 ; k =17).

Self-efficacy was hindered by actual (NYHA class reported in medical notes and
judged from visual assessment by the consultant) and perceived limitations reported by

the participants throughout the interviews. These perceived limitations include:
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Awbhe

Comorbid chronic conditions (n = 12; k = 25)
Aging (n=11; k =23)

HF symptoms (n=5 ; k =17)

Heart condition (n=5; k = 8)

The examples and illustrative quotes are provided below in the corresponding subsections.

6.6.4.5.1 Comorbidity-related self-efficacy

All participants experienced multi-morbidity, as evident from their medical
records. A total of twelve participants reported that a particular comorbidity limited their
physical activity. Self-efficacy was hampered by comorbidities such as Atrial
Fibrillation (n = 6), Arthritis (n=3), COPD (n=2), Asthma (n= 2) Infection (n=1),
Polymyalgia Rheumatica (n=1) and Hip Replacement (n=1). Atrial Fibrillation and
hypertension reduced perceived ability to engage in physical activity as a result of
uncertainty about the condition and symptoms experienced during physical activity that

worried the participants. To illustrate, Participant 2 (male, 77 yrs.) expressed:

Yes! I don't feel capab]e of doing [ exercising that was discussed

preVious]y]...] don’t know what is going on inside my body.
Especia/])/ with atrial fibrillation... I don’t know...it is alwa s a little
worry in the background.’

Arthritis, Asthma, COPD discouraged participants in being physically active due
to experienced symptoms of pain and breathlessness, which resulted in lack of perceived

ability to exercise. Participant 1 (80 years old, male) for example:

..a lot of it is geared around this blooming arthritis... I need to find
ways in which I can move limbs but without putting too much

pressure on my /zl'p.

Participant 10 (91 years old, male), when asked about his confidence to walk:

No, my knees ...well, I got arthritis...so it is painﬁz]... Wa]]ﬂ'ng.

Participant 4 (80 years old, female) also expressed their concerns about the onset
of symptoms, triggered by physical activity:
I tzy to protect astbma, I learnt when it is not a good a’ay to pus/z

myse]f hard, and ease off; da)/s [ feel fit, then I do more... I look
forward to it. So, I have learnt to live by my sbon‘comings, [ think.
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Participant 4 also, as can be seen in the quote above, seems to have ‘learnt’ not ‘to
push’ herself on some days; and ‘learned’ her physical limits. This indicates learnt
behaviour — physical activity avoidance — because of repeated symptom onset following
any form of physical activity. The comorbidity symptoms also lead to a ‘learnt’ lack of
self-efficacy, as a result of the experienced symptoms. In summary, self-efficacy was
reduced because of experienced symptoms of comorbid conditions, as well as concerns
about the safety of physical activity given the comorbidity (e.g. Atrial Fibrillation). Lack

of perceived self-efficacy has been learned through repeated experience of symptoms.

6.6.4.5.2 Aging and age-related self-efficacy

An overwhelming majority (11 out of 16), when prompted about the barriers to
physical activity, listed age-related physiological changes and their debilitating role in
physical activity self-efficacy and performance. For example, when asked what would
help him to walk more, Participant 3 (80 years old, male) shared:

I don't think at my age you can think about that.
The expected physical activity engagement given the old age counteracted the

lifestyle advice received from a health professionals (Knowledge):

Tt is all very nice to give instructions to your patients... but this is

not the doctor’s idea... because the guy of 26 or 27 can do an hour.
They are fit...but they can’t expect me I am 80... they can't expect
me to do that... I know and they know my possibilities.’

Often, age-related Beliefs about Capabilities did not completely eradicate a
physically active lifestyle, however, did limit the intensity and amount of physical
activity:

Participant 4 (80 years old, female): ‘So, age is catching up with
this in some respect...and I am 80 years old now...But I don't feel
that I have lost any of my ability to be active. But perhaps I am not

active when I get the opportunity and not at the speed 1 used to be.
I have to slow down a little bit.”

Thus, age was reported to have a negative influence on self-efficacy, where it
reduced Intention, counteracted clinical advice on the benefits of physical activity (Social

Influences, Knowledge) and also gave rise to the lack of participants’ identification of
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physical activity as appropriate given their age (Social Professional Role and Identity:
self-identity).

Participants 7, 2, 11, 15, and 16, reported age-related limitations to perceived
ability to be physically active. However, they also described a set of attitudes, goals and
strategies that counteracted the influence of age-related limitations. Participant 7 (71,
female) for example, while admitting that there are types of activities she cannot perform
(aerobics), she still engaged in activities that were compatible with physiological changes

due to age — swimming and walking:

Participant 7 (71, female): [what stopped you?]. Age. Aerobics is
really for younger people [...].

Similarly, Participant 2 avoided walking uphill, however, still would engage in

gardening and walking on flat surfaces. Participant 2:

I am still very active. Yesterday, I was actually climbing trees, and
Iam 77 years old. And doing hedges and you know gardening. [...]
I walk for miles on the flat but any incline starts giving me

prob]ems.
Participant 11, who habitually performed an exercise routine every morning,

curtailed his activities to suit the change in the age-related capacity. He may not have
been engaging in long walks, but would still remain active otherwise ‘within the

limitations of old age’:

Things that I am too old to do, reluctantly, I get someone else to
do for me. Well, I rather do it myself. [... ] [Would you say physical
actiVity isa bfg part of your life? 7 Participant]]: Oh yes, within the
limitations of old age. C/ear])/ at 83 I can’t do what I could at 43 or
63...for that matter. [..]I no longer go for very long walks. I still ..
I still do but most of the time I walk, rather than use the car. But
my days of doing ]ong walks like walk ..trac]{ing in New Zealand

are over but one would expect that at 83.

Participant 15 acknowledged the limitations of his older age, but adapted a strategy

to pace his activities to meet this limitation:
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Participant 15: Yes, as I said older peop]e like me with heart
problems.. sometimes you get tired and I know when to...I think:
‘Oh, ok...now I got to stop and have a rest’. And then maybe two
hours later ...to carry on...sometimes three hours, depena’s on what
I am a’oing, either gara’ening, DIY or exercise. [...Jas people get
o]a'er, tﬁey know how far t]]ey can go and that’s what I do.

Participant 165 and Participant 16, had a strong belief, that can be described as

‘carrying on’ despite the limitations of old age:

Participant 15: Well, obVious/y, in my opinion, when peop]e get
older it all slows down a little bit, which is a]ngbt you have to face
the facts...and carry on c{oing z‘]zings you can as much as you can...

Similarly, Participant 16 expressed a strong intention to do ‘the best you can’:

Participant 16: There's a big difference between 18 and 83, and then
you don't have... you have to save resources, and you have to build
them up graa’ua]/y. Do the best you can manage at this time. [ don't
propose to get back to [where I was] when I was 18. I would if I
could but un]i](e])/...

In summary, age-related limitations hampered self-efficacy to be physically active
for eleven participants. For some this lack of self-efficacy manifested in complete
avoidance of physical activities. For others, it resulted in adjustment of the mode or type
of physical activity. pacing strategies (Behavioural Regulation). It was counteracted by
a Goal to carry on despite this age-related lack of self-efficacy. The underlying individual
differences in beliefs about age and its impact on physical activity are described in

section: Appendix Q.

6.6.4.5.3 Self-efficacy related to HF symptoms

Five participants provided quotes in support of the following belief statement:

‘Symptoms of my HF limit my ability to engage in physical activity’ (n=5; k=17).

This belief was also present in those with mild decline in physical capacity (NYHA
I-11). Thus, physical capacity does not always enable the behaviour. Perceived experience
of symptoms does define physical activity. Breathlessness was the most salient symptom
experienced by the participants that reduced capability to keep physically active and

reduced confidence in being physically active. To illustrate:
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Participant 14 (77 years old, male): I can’t do a lot of it. I just don’t
have the breath /eﬁ, unfortunate[)/.

Breathlessness, for Participant 9 resulted in avoidance of walking:

Participant 9: but I can’t [walk], shortness of breath, very week, 1
am feeling. If it was not for breathlessness, I would walk more than
I do. I used to walk more than I do now. Since I got this extreme
breathlessness I cant In fact, how far I can walk controls

evezyt]]ing I do and where I go.
On the other hand, people with a positive outlook, although lacking the capability

to engage in physical activity, developed strategies to regulate their activity and were
more self-efficacious despite ‘lacking the breath’ to engage in activities (Participant 7,
71, female):

All right. I don't get any breathless at night. I can't do at times
c{uring the day. IfIifl burzy too much. So, I've learned how to
pace myse/[ ’

It is important to note that shortness of breath prevents participants from pursuing
health benefits that can be brought about by physical activity. Participant 9 (male, 74
years old) for example shared that he cannot walk due to the experienced breathlessness:
‘I know there are some advantages [to physical activity]....but I can’t, the shortness of

breath’.

Overall, low physical activity self-efficacy was present in all participants, however,
some participants avoided physical activity of any form. While others accommodated a
low intensity ‘paced’ activity, where possible. These individual differences are described

in section: Appendix Q.

6.6.4.5.4 Self-efficacy related to the condition of the heart

A total of five participants (n=5; k =8) described their heart condition and reported

that it limited their physical activity to varying degrees. Participant 9 for example shared:
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Participant 9: Before then my heart was very poor. I had to stop
every 2 steps. At the bospita] tbe)/ said, we can’t do anyt]zing about
it...but one side of your heart is not walking properly. Then I lost
this wez{'gfzt, my heart is better, but I am very weak...and my blood
pressure is very low. Doctor said that I have to c/zange tablets for
my blood pressure, so now [ take 33 tablets a day.

Overall, self-efficacy was affected by perceived impact of comorbidities, age, HF
symptoms, and the perception and sense-making of one’s heart condition. These beliefs
and perceptions acted as a barrier to engagement in physical activity. For this was
counteracted by Behavioural Regulation strategies like pacing which will be discussed

below.

6.6.4.6 Behavioural Regulation

The following belief statements were identified:

‘I monitor the intensity and/or duration of physical activity to make sure I do not overdo
it’ (n=2; k=6)

‘I monitor intensity and or duration of physical activity to make sure I do enough’ (n=3;
k=4)

‘I know when and where I will engage in physical activity over the next week’ (n =3; k =4)

I have a physical activity routine I follow’ (n=3; k =9)

I pace my physical activity to match my physical ability’

‘When the weather is bad, I engage in physical activity indoors’ (n=3; k=4)

Behavioural Regulation influenced physical activity in14 participants (n=14).
They described its influence on their levels of physical activity in 57 quotes (k = 57).

These quotes could reflect three types of behavioural regulation processes:

monitoring;

planning;

habit;

implementation intention.

Two participants monitored the intensity and duration of physical activity to a)

either not ‘overdo it’ (Goal), when lacking physical ability (Beliefs about Capabilities);
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b) to attain a behavioural goal (Goal). A lot of planning went into ensuring pacing the
activities in accord with perceived ability (Beliefs about Capabilities). Implementation
intentions in the face of barriers were in place in order to meet a behavioural goal (Goal).
Implementation intentions are strategies to execute a goal-directed behaviour (Gollwitzer
& Brandstatter, 1997; Gollwitzer & Sheeran, 2006).

6.6.4.6.1 Beliefs about Capabilities and monitoring

Two participants monitored their physical activity to avoid high-intensity physical
activity due to their perceived lack of physical ability. For example, Participant 2 (76

years old, male) shared:

When I go to the gym, a lot of machines have this heart monitor
thing. And sometimes when something goes off the sky...ooouh
[hesitation sound and gesture to indicate uncertainty and concern],
Shall I be a’oing that?” So, I Just slow down a little bit and start
again. I try to keep my heart rate under 130.

Similarly, Participant 3 (80 years old, male): attempted to limit the amount they

walk and aimed to not do more that they have been recommended:

But I don't look at it (pedometer) until I feel I have done enoug[].
"Let’s have a look at this.. oh well, it is over half an hour'..and then
I stop. It is never more than 22°.

6.6.4.6.2 Goal attainment and monitoring

On the other hand, others monitored the amount of physical activity to ensure they have
reached their behavioural goal. Participant 5 (76 years old, male) for example shared:
If there are other arrangements. I then try to do it another time. I
/{eep a schedule...I write down how much I am ougfzt to do this
week, and then I tick it off...and when I see I have not done it
today, I try to do it another time

Some participants used wearable devices to monitor daily activity. For example,

Participant 8 used Fitbit to monitor their daily activity:

Yeah, I have my Fitbit, you can see how man 1y steps [ do. [...] Fithit
encourages me to do more. [...] Because I have this information.
[...] OK, 145 minutes... [...] This is last week...Altogether, 30013
steps, look! It is in green and you know how much...you see. [...]
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I think this one [refers to Fithit] encourages me ...by going: j/a 1y,
carry on carry on!!!’ [Clapping].
Participant 8 also clarified later in the interview when asked if he engaged in

physical activity before acquiring the Fitbit:

And before you got Fitbit did you do as much as you do now?
Participant8: No...I did less... I still was a’oing it, but less. Especia]]y
I didn’t have the record to see the results.

Monitoring the attainment of the behavioural goal (Goal) was a useful strategy to
drive motivation and reinforce physical activity further. It is important to note that
Participant 8 also holds positive beliefs about their capability (self-efficacy). Monitoring,

thus, was an enabler in participants who perceived themselves as self-efficacious.

6.6.4.6.3 Beliefs about Capabilities and planning

Participants planned their engagement in physical activity. For example,

Participant 7 shared:

Participant 7: Most a’ays I walk a lot, evezyw]zere. And when the
schools come back I will start swimming again once or twice a week

[..]
Participant 5 was mostly sedentary and very unwell. To be able to preserve his

functioning, as advised by his health professional he engaged in an exercise according

his schedule:

Participant 5: Or there are other arrangements. | then try to do it
another time. I /(eep a schedule...I write down how much I am
oug]]t to do this week, and then I tick it off..and when I see I have
not done it today, 7 try to do it another time

6.6.4.6.4 Habit

Another strategy used by some participants (Participant 2, 8, 15) included planning
their engagement in physical activity when faced with barriers, like forgetfulness

(Memory, Attention, and Decision-making Processes).

Participant 11, for example engaged in an exercise routine automatically (83,

male):
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I/ just wake up put my dressing gown on, go down the stairs, take
my medication and do my exercises. It is just a routine. [...]But as
a normal routine I just get up in the morning and do my exercises

automatically.

Participant 7 (71, female), similarly, had a routine in place that she performed as

everyday as part of a habit:

Participant 7 ‘when I wake up 1 do a series of exercises, my own
exercises that last about 10 minutes. Those are the ones I do
upstairs and then go downstairs put the kettle on. Then. I do my
arm exercises, and I have got two lots of tbat, and then have a cup

of tea in bed and then I get up. [...]

So, so with these exercises you 've taken me through. You do this

as a routine? Participant7: It's a routine. I do it every single day, every day

Participant 7 It's [morning exercise] a routine. | do it every s1'11g]e
day, every day./...[Like when I wake up in the morning I think:
right, get up and spend a penny...erm...the, do My first lot of
exercise upstairs which are mainly my legs and things. And then
go downstairs and put the kettle on t]]ey do. The first lot of arm
exercises make my pot of tea and then do the second lot of
exercises. It's.. it's like... you know like...I take a cup of tea upstairs

and then I get up and then I have a shower..I just do it. It is a
habit.’

6.6.4.6.5 Implementation intentions

Implementation intentions are strategies that are executed to regulate a goal-
directed behaviour, such as if-then rules that help in attaining a goal (Gollwitzer &
Brandstatter, 1997; Gollwitzer & Sheeran, 2006). Implementation intentions shared by
the participants were in place to regulate safe engagement in physical activity. Ten
participants (n=10) planned their schedule for the day and activities. They thought about
how much they can walk on any given day; and before engaging in any activities, would
consider whether there will be an opportunity to stop for a break before they walk for
longer than they can physically. They had many strategies for ensuring that their activity
was safe. These quotes were summarised into the following belief statements (n=10,
k=30):

I pace my physical activity to match my physical ability (n=10; k = 30);

When weather is bad, I engage in physical activity indoors (n=3; k=4)
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Participant 4 (80 years old, female), for example, described her behavioural

regulation strategy as follows:

7 find it quicker and better to sit down and rest until it settles
down, take my inhalers and then start again gent]y. ’

Similarly, Participant 7 (71, female) planned ahead and balanced activities with

breaks:

1... sometimes if I hurry too much or going up a hill, I will get a
bit short of breath. But I always...I pace myself more at home,
which means if I'm in the middle of say, c/eauing or booven'ng the

house. 1 may have to sit down a bit more.’

Participant14, on the other hand, regulated their activities by planning ahead, in

order to ensure they do not exceed their ability:

The thing that goes through my mind most of all, is how far I got
to walk, it control a lot of the t/zings I do, even if T go to a restaurant
I would have to par]{ nearby because if it is too far to walk, I will
be white grim by the time I get to the restaurant...’

Thus, planning and strategizing to mitigate the shortcomings of physical capability
is a pervasive experience shared by the participants. As can be seen from the quotes
above, a fair amount of effort went into pacing their activities throughout the day in

accordance with their perceived ability.

Overall, participants engaged in Behavioural Regulation strategies, like
monitoring and planning, having two behavioural goals (Goal) in mind: a capability
corresponding goal, and goal attainment. They also had strategies in place (e.g. pacing)
to attain a goal in the face of barriers (i.e. lack of self-efficacy, weather) suggest the

relevance of the implementation intentions to physical activity in HF.

6.6.4.7 Optimism

Optimism domain was reflected in quotes from 10 participants:

‘I am an optimistic person by nature’ (n=6; k=8)
‘I am optimistic about my ability to engage in physical activity (n=2; k=2)’
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‘I am optimistic that engaging in physical activity will have positive outcomes for me’ (n=5

k=13)
‘I am optimistic that I will engage in physical activity in the near future’ (n=n=4; k=5)

The following constructs were chosen to reflect the belief statements and

corresponding quotes, respectively:

1) dispositional optimism;

2) Hope (hopeful about physical ability); or self-esteem

3) Hope (Hopeful about outcomes of physical activity, expectancy outcome
model);

4) Situational optimism — the expectations that more positive outcomes than
negative will happen in particular situations.

The relevant domains described so far were perceived either as a barrier or an
enabler. This was also influenced by whether a participant perceived themselves as an
optimistic person or not (Table 6.3). The following participants considered themselves
as ‘an optimistic person by nature’: Participant 2, Participant 7 (71, female), Participant

8, Participant 11, Participant 14, Participant 16.
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Table 6.3. The differences in the number of quotes across the relevant TDF domains between those who self-identified as optimistic and those who did not identify as
optimistic grouped by whether the quote suggested that the domain is a barrier or an enabler

Domain Did not self-identify as Did not self-identify as ‘optimistic’, Self-identified as I Self-identified as "optimistic’,
‘optimistic’, number of quotes average number of quotes per person ‘optimistic’, number of average number of quotes per
quotes person
Behavioural Regulation 28 2.8 21 3.50
Barrier 21 2.1 4 0.67
Enabler 7 0.7 17 2.83
Beliefs about 38 3.8 20 3.33
Capabilities
Barrier 37 3.7 15 2.50
Enabler 1 0.1 5 0.83
Beliefs About 54 5.4 28 4.67
Consequences
Barrier 35 3.5 10 1.67
Enabler 19 19 18 3.00
Environmental Context 59 5.9 23 3.83
and Resources
Barrier 37 3.7 6 1.00
Enabler 22 2.2 17 2.83
Goal 38 3.8 31 5.17
Barrier 25 25 9 1.50
Enabler 13 1.3 22 3.67
Social Influences 39 3.9 12 2
Barrier 12 1.2 1 0.17
Enabler 27 2.7 11 1.83
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Participant 8, for example, when asked about what encourages him to exercise

responded:

Interviewer: ‘And what does encourage you to do these exercises?
Participant8: I am a positive man [...[ I am a positive man!’

Participant 14 also when describing his struggle with breathlessness, expressed:

‘But I am an optimist by nature...and that that helps to keep going

as well.’

Participant 7 (71, female) defined herself as a positive person and formulated that
in comparison with all humans who get older, adding that it is a matter for each individual

to focus on wellbeing and that what she believes:

Participant 7 (71, female): ‘We all get old, but If you can ]{eep up l
t]lin](...activizj/; seeing peop[e joining t/zings, being involved with
peop/e. [ think that's, that's a very positive t/ling to do. And a lot
of it is up to an individual. But this is what I believe. Yes.’

Participant 11 expressed his positive attitude as follows:

Participant 11: The last thing to be to sit in a chair and tell yourself
you are ill. You got carry on /iVing. Seize the c{ay.

Another belief statement that reflect the Optimism domain is: ‘I am optimistic

about my ability to engage in physical activity’, The exemplar quotes are reported below:

Participant1: ok, I can do that’ ...and to say: I am going to walk
all the way around. I can do that, I can hang from here’...and you
grac{ua/] . well in my case, within a coup]e of weeks, T suppose...

actually, I am now determined to go all the way around now.’

Particg)ant 10: Do you p]an to do an)/thing diz%rent]y in future?
Participant10: I would like to improve, but I do not suppose there
is much /10pe for that.

Yes! And how confident are you in being pbysica]]y active?
Participant8: Very confident! I am a positive man! You know I
don't judge straight away....and when I judge I have to be careful
to be fair..I don't know..wait, what was your question?
Interviewer: So how confident are you in Wa/]ﬂ'ng from 1 to 107

Participant8: Yes, I am 10.
Participants who self-identified as an optimistic person by nature (n = 6), expressed

negative outcome expectancies (Beliefs about Consequences) less frequently (k = 9) than
those who did not (n = 10, k =26). Only two participants (Participant 8 and participant

14) talked about negative outcome expectancies. Participant 8 talked about a negative
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outcome — breathlessness — only in the context of regulating his physical activity to

prevent this symptom:

Participant 8: And what happens when you try to run what stops
you? Participant8: Oh, breathing! Then I shouldnt do it then...

Participant 14: I am out of breath a lot of the time. If I go down
the studio... it is in the vast distance, it is on]y about 100 feet. | just
got off the freewa)/. But when I work, I stand when I paint...[ don’t
like painting seated. When you paint you walk around an awful lot.
So, I get out of breat]z, that’s the trouble Interviewer: when you get
out of breath do you feel you have to stop whatever you re doing
Participanti4: Yes.

Participant 14: I am aware that I should keep a certain amount of
activity going but it is makes me out of breath so much. I really
don't do it, I can't do it. [ mean I have a chair lift installed to g0
upstairs, because going upstairs is too much for me.And /'ust the
act of having to struggle to get out of the car made me very, very
breathless.

Participant 14: Well, I mean whatever I am a’oing and triggers off
the breathlessness. I offen have to comp/ete]y stop whatever [ am
doing, just sit down for a couple of minutes or so...and then it
slowly goes and then I can resume working again.... It can come
on very sua’a’en])/. And I never know what is it that is going to
trigger it off... whether it is getting out of the chair. Even
sﬁaving...if [ wash my hair. Drying my hair...

Participant 14: know exercise is good for me, but frankly it causes
more...any kind of exhaustion causes prob]ems, so I tg/ to avoid
it...

Participant 14: 1 find I am Just unable to. I find I get too out of
breath and that makes me feel more ill than the lack of exercise.

Participant 14: So, you tried to avoid it because it makes you feel...?
Participant14: Well T try to avoid I%e]ing more breathless than I
need to...if I can avoid fee/ing breathless then I will, I don’t enjoy
it, it makes me feel ill, and I don’t see any point in it...

Participant 14: I am not exercising at the moment purely because
It is ma]ﬂ'ng me out of breadth.

Participant 15, when asked about what would happen if he increased his physical

activity level, replied:

I can'’t do it. Because it will make me not do anything. And I will
end up in the hospital.
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Similarly, participant 12 expressed a strong negative expectancy of physical
activity:
any persistent Wa]/a'ng or if I oug/n‘ to go up and down the stairs

several times. several times in succession I would become breathless
and tired.

On the contrary, the individuals who self-identified as optimistic, held more

positive expectations. Participant 8, for example shared:

Interviewer: And what does encourage you to do these exercises?
Participant8: I am a positive man, I like to be happy and I only
found it if I do this I remain happy and you know it gives me...you
know. Cheers me up, I don't have to have to be sad, jobless or
workless or ill in front of my children. When I do this I can remain
happy and smiley and things like that. Interviewer: Why did this
Cﬁangea’ since you got the heart prob/em? What was going t]zroug]z
your]zead when you decided to... Participant8: I just carried on with
lite. Well, 1 get worried sometimes when I have pain. When the
pain goes away ... you know... I'm back with my same feeling:
‘positive man, happy man’ and talking to the people.

Similarly in regards to other domains, participants who did not self-identify as
optimistic perceived more Environmental Context and Resources barriers than those who
did. They shared a belief statement characteristic of perceived goal conflict and felt that
they already engaged in enough physical activity (Goal). Contrary to other relevant
domains participants who did not self-identify as optimistic relied on social support
(Social Influences) from others to engage in physical activity. Overall, Optimism

modulated how other relevant barriers and enablers influence physical activity.
6.6.5 Causal belief statements

The causal belief statements summarising the perceived links (i.e. cause-effect
relationships) between domains that were shared by at least three participants are

presented in Table 6.4. These were summarised into a causal graph Figure 6.2
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Overall,  Dbreathlessness (Dyspnoea) limited perceived ability (Beliefs about
Capabilities) among many participants and four (Participant 6, 8, 13, 14 ) expressed this

in an explicit causal statement.

Environmental Context and Resources were causally linked to both Goal and
Behavioural Regulation (Table 6.4). A health-related event was described by Participant
10 to cause the lack of physical activity goal priority. Whereas Participant 15 described
curtailing his physical activity goal because of an implantable device. Two participants
(Participant 10 and 16) described the causal role the major health-related event had in
their habit breaking. A monitoring device (Fitbit) helped one participant to engage in

physical activity and attain his goal.

The lexico-syntactic patterns suggest that Social Influences were explicitly
causally linked to Intention and Behavioural Regulation. Three participants (Participant
2, 7, 15) who self-identified as active were inspired by a positive example set by
individuals they viewed as role models. Participant 6 who did not self-identify as active,
were affected by Social Influences in a different way. They intended to exercise

(Intention) only when supported (practically and emotionally) by others (Table 6.4).

Beliefs about Capabilities was causally linked to Beliefs about Consequences and
Behavioural Regulation (Table 6.4). Comorbid illnesses such as asthma (Participant 4)
and atrial fibrillation (Participant 2) resulted in negative outcome expectancies
associated with physical activity. Perceived lack of ability (Beliefs about Capabilities)
also dictated the pace at which Participant 4 and 7 performed physical activities

(Behavioural Regulation).
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Negative Beliefs about Consequences negatively influenced behavioural goal
(Goal). Participant 8, on the other hand, formulated a positive outcome goal as the result

of positive outcome expectancies. These are described in detail in Table 6.4.

A negative Goal to avoid overdoing physical activity resulted in monitoring and
action planning (Behavioural Regulation) aimed at reducing physical activity
(Participant 2 and 3). Behavioural Regulation was driven by a positive Goal (outcome

goal): to remain functionally independent in one Participant (Participant 1).
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Figure 6.2. The graph summarising causal links as supported by the lexico-syntactic patterns analysis.
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Table 6.4. The causal links described by at least three participants expressed in a belief statement.

The causal link and a belief statement

Participants

Illustrative quotes

I. Dyspnoea [ Beliefs about Capabilities
I cannot engage in physical activity because I get out of
breath.

I should not engage in physical activity if | experience
dyspnoea (severe breathlessness).

Since | started experiencing breathlessness, | feel less able
to walk.

Participant 6, 8, 13,
14

Participant 6: ‘Because I get breathless very quick and...We said about my blood
pressure...there are lots of things, few things that I can’t do now, some are related to
age and some are related to blood pressure.’

Participant 8: ‘Oh, breathing! Then I shouldn’t do it then. [...] I feel tightness
(points at chest), and I feel that I'm not fit for running, so I shouldn’t run, then I go
fast walking and I found it difficult as well. So, no running; no fast walking...just
normal walking’

Participant 14: ‘No, it is breathlessness. If it was not for breathlessness, | would
walk more than I do. I used to walk more than I do now. Since | got this extreme
breathlessness I can’t.’

1. Environmental Context and Resources [ ] Goal

Group exercise programmes helped me to set suitable
physical activity goals for myself.

Participant 1, 10, 15

Participant 1: “...and in those days, they probably still do, you had you know
rehab... and it involves doing exercise... in a gym...erm For half an hour or so, you
know... structured exercise... and it was there [when] I first learnt: ‘do as much as
you feel comfortable with.’

I11. Environmental Context and Resources [ Behavioural
Regulation

Monitoring devices (e.g. Fitbit) help me to monitor and
regulate how much I engage in physical activity.

A major health-related event resulted in physical activity
habit-breaking

Participant 8, 10, 16

Participant 8: ‘Interviewer: And before you got Fitbit did you do as much as you do
now? Participant8: No...I did less...I still was doing it, but less. Especially I didn’t
have the record to see the results.’

Participant 10: ‘I don’t remember what it was, pacemaker probably. I don’t
remember. | remember being told to be careful [after a surgery] for a few months
and not to do exercises as such. Once you get out of the habit, you ...it is hard to
start again...it is difficult to start again, because you forget.’
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Participant 16: ‘I tried to keep it going, because you must have some sort of
discipline to keep it going, otherwise you just stop. | don't have a plan but I try to
make sure that I don't miss too many’

IV. Social Influences [7 Behavioural Regulation

Making plans with others encourage me to engage in
physical activity.

I rely on others to plan and engage in physical activity.

Participant 2, 4,5, 6

Participant 2: ‘Yes, I do...I think...when I have decided to go out or scheduled to
go somewhere...it normally takes me, as I said up to 10:30 to get ready but if
somebody says | am going to pick you up at nine. I actually can be ready by nine.’

Participant 4: ‘Does planning your activities help you do more? Participant4: It
would probably help me to do more, we certainly used to plan more, because we did
it in conjunction with friends...and you have to plan if you are organising, but
otherwise...’

Participant 5: “My wife helps me to keep up with the schedule. Interviewer:
Amazing! What does your wife say about these exercises or your activity in
general? Participant5: she is the driving force of me doing all these, really. (laughs)
She makes sure I do the exercise and the rest of it...’

Participant 6: ‘As [ am on my own, I would not make a plan...but if I was with other
people, a friend and they exercised regularly, every Tuesday morning, and they
asked me to join them’

V. Social Influences [ Intention
I intend to engage in physical activity only if I am with

others

| intent to engage in physical activity being guided by the
example of the people who are role models in my life.

Participant 2, 6, 7, 15

Participant 2: ‘Yeah it is really, I copy after them (smiles)...Erm...I try to control
my weight a bit...but...I have lost some recently. I should I should...again it is in
the head, I got machines at home I could exercise on....but when I am by myself, |
don’t really have the motivation to do it.”

Participant 6: “...if I had people, who were...going around on...erm...on...just
walking really...or maybe the treadmill, you know people I know who are doing
these things? | would, as a friend, | would join them, but I am not very good at
going somewhere and getting on a treadmill and doing that for 10 or 15 minutes or
whatever...and getting off and coming back home.’
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Participant 7: ‘[...]JAnd I've always been active. My parents have always.. especially
my mother, stressed the importance of being active, and to get out and do walking
and everything. Yes. And I did it with my daughter... and my oldest, she does it
with her daughter.’

Participant 15: ‘Older friends. They are marvellous in so many ways, and they had
to get on with life. When | got to their age....I learnt from them: you got to do your
best.’

VI. Beliefs about Capabilities [1 Beliefs about
Consequences

I am aware of negative outcomes of physical activity (i.e.
hospitalisation) that are part of having a comorbid
condition.

Participant 2, 3, 4

Participant 2: ‘I have my Heart...heart problem, I have atrial fibrillation [...] And
Erm...when I go to the gym, a lot of machines have this heart monitor thing. And
sometimes when something goes off the sky...ooouh [tone of uncertainty], Shall |
be doing that?’

Participant 3: ‘If I did more when I was quite asthmatic, by which I mean difficult
to breathe, it would make it worse.’

VII. Beliefs about Capabilities [ Behavioural regulation

I pace my physical activities accordingly to how capable
and fit | fill at any given movement.

Participant 4, 6, 7

Participant 4: ‘I find it quicker and better to sit down and rest until it settles down
[breathing], take my inhalers and then start again gently. | am guided by my body
rather than to force my body to do things.’

Participant 7: ‘I can do (get out of breath) at times during the day. If. [ if I hurry too
much. So, I've learned how to pace myself.’

VIII. Beliefs about Consequences 1 Goal

I reduce the intensity and amount of physical activity | aim
to engage in order to avoid negative outcomes, such as
hospitalisation and worsening of my condition.

Participant 2 ,3, 8

Participant 3: ‘Because, you know... today I have done a bit of walking, and that’s
enough, you cannot overdo it. You tell your doctor that... they tell you off... they
get upset if [ don’t do 22 minutes per day, and they get upset if you say I walked 45
minutes, Because they think some things might happen.’
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Participant 2: ‘And sometimes when something goes off the sky...ooouh [tone of
uncertainty]. I [then] just slow down a little bit and start again...I try to keep my
heart rate under 130.’

Participant 8: ‘[...] I found ... If I do this [walking and meeting goals on Fitbit],
[then] I remain happy; and, you know, it gives me...you know, cheers me up, |
don't have to..don't have to be sad, jobless or workless or (f+ ) ill in front of my
children. When I do this I [then] can remain happy and smiley and things like that.’

IX. Goal [1 Behavioural Regulation Participant 1, 2, 3 Participant 3: ‘I bought this wristwatch; it is like a watch but it tells you how many
steps you have done. Interviewer: Ah right! Does that help you to do more?

I monitor my physical activity to make sure | do not Participant3: Well, no, it helps me to stop, cause if | have overdone 22 minutes. But

overdo it. I don’t look at it until I feel I have done enough. 'Let’s have a look at this.. oh well,

it is over half an hour'...and then | stop. It is never more than 22.

The goal to remain functionally independent pushes me to

make plans for being physically active despite setbacks. Participant 2: ‘No, because I know I got to do it to stay where I am. I know it is
going to give me a problem ... I could use the station’s lift...but It is important that
I don’t... but, you know, with what I got, and the atrial fibrillation as well, I mean,
it could have been acceptable for me to sit in a chair in a nursing home, basically...
OK? But I dread the thought of that... so, I keep going.’

Participant 1: “Well, I was trying not to be, I was dependent on my wife carrying me
up... and daughter...carrying me up to the gym to do the aqua-aerobics... (and of
course part of the boredom factor, if you like...that’s engendered.) That’s why I
bought the e-bike... I was... at least I could get around independently, without
having to depend on my wife or daughter.’

Note 1: The quotes in green — the lexico-syntactic patterns supporting the causal links.
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6.6.6 Summary of the results

The largest proportion of belief statements were coded as Environmental Context and
Resources. The following domains were also judged to be relevant to physical activity based
on the number of quotes: Social Professional Role and ldentity, Behavioural Regulation,
Beliefs about Capabilities, Beliefs about Consequences, Emotion, Social Influences, and
Goal. Participants who self-identified as optimistic (Optimism) and those who did not
differed considerably in the number of quotes identifying each domain either as a barrier or
an enabler. Finally, Breathlessness reduced ability and damaged confidence (Beliefs about
Capabilities). It led to persistent anticipation of negative outcomes of physical activity
(Beliefs about Consequences). It caused negative somatic (i.e. uncomfortable sensation of
being out of breath) and emotional experiences (i.e. anxiety; Emotion). Due to this
multifaceted influence of breathlessness on physical activity, it is identified as a major barrier
to physical activity in HF. The causal representation of barriers and enablers was also

formulated in this chapter.

6.7 Discussion

The aim of this study was to identify and describe perceived barriers and enablers to
physical activity in older adults living with HF. The following TDF domains were identified
as relevant: Environmental Context and Resources, Beliefs about Capabilities, Goal,
Behavioural Regulation, Beliefs about Consequences, and Social Influences. Considerable
differences were observed in the perceived barriers and enablers between individuals who
self-identified as active in comparison to those who self-identified as inactive persons and

those who did not specify.

The theoretical domains that are suggested as key to physical activity in HF overlap
with those identified to be relevant to the maintenance of behaviour change by a systematic
review (Kwasnicka, Dombrowski, White, & Sniehotta, 2016). Kwasnicka and colleagues
(2016) identified that Social and Environmental Resources, maintaining motives
(congruence of the behaviour with self, enjoyment of the behaviour), psychosocial resources

(e.g. depleted ego, reflective resource intensive processes or automatic processing of less

241



effortful or near-effortless behaviours), habit, and behavioural regulation (monitoring and
troubleshooting). The individuals included in this study acquired habitual physical activity
behaviour long before the interviews took place. The last point at which the habit was
disrupted was the major health event, taking place, on average, ten years before the
interviews were conducted. Therefore, the behaviour and its influences described in this

study are explained by the established nature of the behaviour.

Some similarities exist between the findings of this qualitative study and systematic
review reported in Chapter 4. The following domains were identified as relevant in both:
Behavioural Regulation, Environmental Context and Resources, Beliefs about Capabilities,

Beliefs about Consequences, and Social Influences.

Social Professional Role and Identity domain was annotated from one study (Tierney
et al., 2011a) identified in the review (Chapter 4). It was described as ‘the change in the
perception about oneself because of ageing’. In this study ageing was descriptive of changes
that influence perceived capability rather than a self-concept. Another domain that was
identified in two studies (Tierney et al., 2011a; Pihl et al. 2011) was Emotion. The studies
included in the review reported an unstructured account of influences. Therefore, most
salient beliefs were likely to have been reported as been shown by previous research (Francis
etal., 2009).

6.7.1 Perceived barriers and enablers to physical activity in HF

The specific beliefs summarising the barriers and enablers to physical activity are
myriad (n = 78). In this section the constructs representative of these beliefs will be discussed
in the context of available typologies, theories, and evidence. The lack of self-efficacy
(Beliefs about Capabilities) influenced by the heart condition, comorbidities, and HF
symptoms was a pervasive barrier to physical activity in HF. This finding is convergent with
the findings of the meta-analysis of observational studies reported in this thesis. Previous
qualitative evidence suggests that ‘Changing Soma’ (Tierney et al., 2011) due to age,

comorbidities and HF causes lack of perceived ability (i.e. ‘negative beliefs about perceived
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ability’ (Pihl et al., 2011). In this study, the extent to which self-efficacy determined the
engagement in physical activity was defined by the degree of breathlessness as well as
comorbidity. Self-efficacy also promoted resourcefulness in Behavioural Regulation (i.e.
pacing oneself in accordance with perceived ability) as indicated by the causal belief

statements.

The local environment, and exercise equipment and facilities (Environmental Context
and Resources) were reported as both barriers and enablers. It was identified as an enabler
if it has the following attributes: available at home, flexible settings (e.g. exertion levels to
accommodate all levels of physical capacity), safe, and aesthetically pleasing in its
appearance. An intervention typology (Hollands et al., 2017, 2013) describes these features
as essential for a successful nudging of the behaviour as: functionality, availability and
presentation, respectively. In HF, some tailoring to individual needs might be required (level

of exertion being closely matched to their physical capacity and perceived ability).

The implantable device (Environmental Context and Resources) was a source of both
— reassurance in, and worry about, physical activity. The NICE and European guidelines
permit low to moderate levels of activities in this population. This category includes walking
and daily activities, as well as low-impact aqua-aerobics activities. Only sports of bodily
collision and highly vigorous competitive sports are not recommended to this population
group. Therefore, rightly so, participants regulated the type of activities they engaged in.
However, several misconceptions surrounding their implantable device were still present.
This included battery usage and wires imposing risk on the heart. As suggested by the review
of the perceptions about cardiac implantable devices, education on the safety of the device

would be helpful to individuals living with HF who were fitted with an implantable device.

Major health-related events, such as cardiac surgery, cancer surgery, heart attack, the
first HF decompensation and subsequent hospitalisation had a negative impact on physical
activity for most of the participants (n = 7). These events were suggested to cause habit
breaking as indicated by the causal lexico-syntactic patterns’ analysis. The habit breaking

follows a short period of clinically recommended rest (approx. three months). To put it in
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the words of Participant 10: “I remember being told to be careful. Once you get out of the
habit [post-surgery], it is hard to start again...it is difficult to start again, because you
forget.’. In addition, such events in HF are associated with drastic reduction in physical

capacity.

A strong self-concept of an active person played a protective role for physical activity
maintenance. The initiation of a physically active lifestyle was determined by the
availability of an exercise programme shortly after the health event. This was supported by
the lexico-syntactic patterns analysis. In addition, a significant life event — a crisis — is
theorised to cause a shift in an individual’s identity (process of reinvention theory —
Epiphaniou & Ogden, 2010; Ogden & Hills, 2008). The salience of the event may result in
a radical shift in beliefs (Epiphaniou & Ogden, 2010). This is especially likely given the

associated risks of sedentary behaviour in HF, including reliving the crisis all over again.

A number of constructs from the Behavioural Regulation domain determined physical
activity in HF. These included implementation intentions — strategies to execute a goal-
directed behaviour in the face of barriers (Gollwitzer and Sheeran 2006; Gollwitzer and
Brandstatter 1997) such as bad weather, forgetfulness (i.e. routine), fluctuation of perceived
ability (i.e. pacing of physical activities during the fluctuation of the perceived ability/
symptoms). The following strategies that require focus and effort were also useful: action
planning; and self-monitoring. These are consistent with: Self-regulation theory (Kanfer &
Gaelick, 1991) Relapse prevention theory (Marlatt & George, 1984), and Dual process
model of self-control (Hofmann et al., 2008). Behavioural Regulation implies prolonged
effortful control of behaviour and restriction, which may result in ego depletion — the loss of
motivation, cognitive resources, and the focus on the behaviour (Kwasinska et al., 2016).
Thus, making it an inconsistent enabler of the behaviour. Social and environmental resources
such as social support and companionship (Social Influences) and monitoring devices
(Environmental Context and Resources) were utilised to support Behavioural Regulation as
indicated by the lexico-syntactic patterns’ analysis. Beliefs about Capabilities were causally

linked to Behavioural Regulation constructs such as implementation intentions. The latter is
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consistent with the HAPA approach since it postulates that self-efficacy enables an

individual to be resourceful in action planning and coping.

Clinical advice (enabler) and reassurance, Companionship, Social support (practical),
Social support (emotional, barrier), Social support (emotional, enabler), Social comparison,
Social support (practical), and Social modelling were all suggested to influence physical
activity in HF. These Social Influences were explicitly causally linked to Intention and
Behavioural Regulation as evident by the lexico-syntactic patterns. Three participants who
self-identified as active were inspired by the positive example set by individuals they viewed
as role models. Participants who did not self-identify as active intended to exercise only

when provided with social support (practical and emotional) by others.

Negative Beliefs about Consequences, such as negative outcome expectancies (i.e.
symptom onset and hospitalisation) were causally linked to the reduction in behavioural goal
(Goal). Action planning was motivated by the positive outcome goal (Goal): to remain
functionally independent. A negative goal targeted at avoiding overdoing physical activity,
resulted in monitoring physical activity with an aim to reduce physical activity (please see
section: 3.6.4).

6.7.2 Breathlessness

Breathlessness is an overarching theme spanning two TDF domains: Beliefs about
Capabilities and Beliefs about Consequences. Breathlessness also has a somatic and an
emotional facet. In cardiac disease, when cardiac output and oxygenation is suboptimal
(Chapter 1), breathing is increased to provide appropriate oxygenation (Weber et al. 1982).
Due to this, the physical capacity to engage in physical activity is reduced and it places a
burden on the cardiopulmonary system. This results in Dyspnoea — a clinical symptom of
shortness of breath (Chapter 1). Breathlessness in HF is a threatening and aversive
experience. Beside imposing physical restrictions in HF, breathlessness also directly
punishes physical activity behaviour (Reinforcement: punishment). On the other hand,

breathlessness is a fear-inducing somatic experience of HF and can be considered within the
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fear-avoidance model (Vlaeyen, Crombez, & Linton, 2016) and Common Sense Model,
CSM (Leventhal et al., 1980). In this context, illness perceptions and perceived threat
associated with breathlessness influence coping with HF and subsequently engagement in
physical activity. Therefore, three interpretations of the impact of breathlessness on physical
activity in stable HF exist: (a) Pavlovian conditioning and (b) operant conditioning (Skinner,
1974), and (c) cognitive-behavioural response to symptoms. While the former two are
concerned with habit breaking (i.e., model-free processes), the latter is concerned with the
underlying cognitive and behavioural response to somatic experience (i.e., beliefs about

symptoms, catastrophising and dyspnoea-related fear-avoidance beliefs).

6.7.2.1 Breathlessness: Pavlovian and operant conditioning

Breathlessness in HF, as with any aversive stimulus, may elicit freezing (Dayan, 2012).
The neutral stimulus — the somatic state of getting out of breath upon physical exertion — is
paired with Dyspnoea in HF. This process is known as Pavlovian conditioning. In acute HF,
getting out of breath often co-occurs with an immediate and threatening tightness in the

chest. In the worst-case scenario it may require hospitalisation.

Because breathlessness acquires negative valence after the association with heart
attack, physical activity becomes punishing because it induces breathlessness (Skinner,
1974). Such conditioning can be extinguished through repeated performance of physical
activity. During this performance, the somatic state of being out of breath is not followed by

pain or hospitalisation, so the pairing is unlearned.

Anticipation of punishments has been suggested to lead to discounting of future
rewards potentially leading to suboptimal model-based evaluation of distal rewards (Estes
& Skinner, 1941; Killcross, Robbins, & Everitt, 1997; Dayan & Huys, 2008; Huys et al.,
2012). The distal rewards and gains of functional independence are discounted when

experiencing immediate aversive stimulus such as breathlessness In HF.
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Not only punishment following physical activity needs to be lifted, getting out of
breath upon physical exertion needs to be paired with a positive reward. This happens in
habitual physical activity over time when physical activity becomes intrinsically rewarding
(Ryan & Deci, 2000). However, for habitual physical activity to be established, an individual
needs to practice and repeat the behaviour (Lally and Gardner 2013). Individuals with HF
find the experience of getting out of breath aversive enough that they do not engage in the
behaviour at all in the first place. When they do persist, over time their exercise capacity
improves (defined in Chapter 1) and permits them to engage in physical activity without

limitations (Conraads et al., 2012).

Given stable condition and pharmaceutical treatment control, a previously aversive
stimulus (i.e. ‘breathlessness’) is no longer followed by the negative outcome. The stimulus
needs to acquire a new meaning, where it is paired to a desired outcome. This would
extinguish not only the cue-outcome pairing such as ‘breathlessness leads to hospitalisation’,
but also will give rise to a belief like ‘getting out of breath at physical exertion improves
health in future’. This can be described as a learned new identity of the stimulus in the new

state.

6.7.2.2 Breathlessness: cognitive and behavioural response to somatic
experience

The Common Sense Model (CSM) explicates behavioural and cognitive processes
involved in the individuals self-management of perceived health threats (Leventhal et al.,
1980; Leventhal et al., 2016). It is a model used to predict treatment adherence and lifestyle
changes in response to a health threat ( Leventhal et al., 2016). IlIness beliefs such as illness
identity, controllability of the condition, perceived consequences and cause of the illness,
and timeline have been previously documented in a variety of health conditions (Chilcot,
Norton, Wellsted, & Farrington, 2012; Hagger, Koch, Chatzisarantis, & Orbell, 2017;
Hagger & Orbell, 2005), including cardiac disease (Aalto, Heijmans, Weinman, & Aro,
2005; Cooper, Weinman, Hankins, Jackson, & Horne, 2007; French, Marteau, Senior, &
Weinman, 2002; Santos et al., 2020) and also was found relevant in explaining parental
illness (Bogosian, 2012; Bogosian, Moss-Morris, Bishop, & Hadwin, 2014). The model
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predicted treatment adherence in a HF sample (Maclnnes, 2014). The CSM also predicted
cardiac rehabilitation attendance (Cooper, Weinman, Hankins, Jackson, & Horne, 2007). It
has not been previously explored whether the model is relevant to physical activity in HF.
In the present study, while illness identity (i.e., perceptions of the symptoms associated with

HF) was found to influence physical activity in HF, other the CSM components were not.

In the context of the CSM, once an individual has acquired HF, they form beliefs about
their illness. This includes perceived onset, rates, and duration of their HF (i.e., timeline).
For example, an individual can perceive their HF as cyclical (i..e., something that comes and
goes), acute (i.e., sudden onset and termination of ill-health) or chronic ( i.e., a long-term
condition). The present study did not identify that this belief influenced whether an
individual engaged in physical activity. The CSM also includes anticipated consequences of
having HF that affect the physical state, functioning and social life. The present study
identified that the perceived consequences of having a HF manifested in a lack of self-
efficacy to engage in physical activity (i.e., belief statement: “I lack confidence in engaging
in physical activity because of my heart condition”). Participants equally attributed their lack
of self-efficacy to other comorbid conditions such as COPD, atrial fibrillation and arthritis.
Thus, rather perceived confidence to engage in physical activity is a key force on the
behaviour. Finally, the extent to which one can control the course of their condition was also

not found to influence physical activity.

On the other hand, beliefs about symptoms that characterise the illness (i.e., identity)
influence treatment and engagement in physical activity. Participants perceived
breathlessness as the key symptom characterising their HF. Furthermore, they associated this
symptom with adverse outcomes such as heart attack and hospitalisation. This identity belief
resulted in the avoidance of behaviours that induce breathlessness (i.e., physical activity). It
is well documented that in chronic conditions, including HF, symptom-related fear impacts
and shapes illness-related behaviours (e.g., treatment adherence, following exercise
recommendation) (Ahlund, Back, & Sernert, 2013; Hagger & Orbell, 2003; Janssens et al.,
2011, 2018; Leupoldt et al., 2017; Maclnnes, 2014; Nelson & Churilla, 2015; Riegel et al.,
2018; Santos et al., 2020; Yohannes, Junkes-Cunha, Smith, & Vestbo, 2017) Similarly, in
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this study catastrophising about breathlessness, which was strongly linked to having HF and
indicated worsening of the condition, resulted in reduced physical activity. This cognitive
response induced fear and avoidance of physical activity and further deconditioning (loss of
capacity to exercise). In its turn, the deconditioning perpetuated the vicious circle of fearful
avoidance of physical activity. This is consistent with the fear-avoidance model (Liu, Ng,
Kwong, & Ng, 2015; Vlaeyen et al., 2016). Furthermore, it has been previously documented
in COPD that fear-avoidance beliefs about breathlessness (dyspnoea) resulted in greater
anticipation of getting out of breath and a negative emotional response to this somatic
experience (Janssens, 2016), which is also consistent with the fear-avoidance model, which
predicts that individuals who engage in fearful avoidance are hypervigilant to their somatic
experiences and sensations. Overall, the firm belief that breathlessness is a somatic cue of
having a HF (illness identity belief) together with a maladaptive coping with the condition,
catastrophising, hypervigilance to symptoms, and fearful avoidance have a negative

influence on physical activity engagement, which was observed in this study.

Overall, this study found that breathlessness is a somatic and emotional experience as
well as a cue to physical activity disengagement. The implications of this for future physical
activity interventions are discussed below. In addition, the finding of the multifaceted role
of breathlessness in physical activity is explored in the quantitative phase of this research
(Chapter 7).

6.7.3 Strengths and limitations

The participants recruited for this study are representative of the general population in
terms of their age, and clinical and demographic characteristics. However, they may have a
better clinical outcome prognosis. As such, this sample was hospitalised three times fewer

days (five days) a year than the general population (British National Audit, 2018).

Semi-structured interviews were conducted. First, the participants were asked about
their everyday physical activity and whether it changed since they got diagnosed with HF.

In addition, an interview schedule was used (Appendix O). The researcher implemented the
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schedule flexibly (i.e., following a conversation and using the schedule’s prompts in a
flexible order). This may have helped in achieving a semi-structured interview. However,
prompts may have resulted in suggestive answers from the participants. For example, while
the participants shared the most salient barriers and enablers when asked an open question,
they might have provided a forced answer following the prompt. Thus, the extent to which

the interviews were truly semi-structured is limited.

Advantages of the approach include systematicity in describing narrated causal links.
The systematicity was facilitated by clearly defined criteria for inferring causality — lexico-
syntactic patterns. However, this also resulted in omission of the links that are drawn
implicitly without apparent lexico-syntactic patterns. Therefore, this may impose a limitation

since non-perceived causal links are not outlined within the presented causal structure.

The assessment of the validity of the qualitative findings proposed by Creswell et. al
(2003) was carried out (Appendix S). Reflexivity and reflection were ensured throughout the
study. Reliability of the coding was ensured through the development of the coding scheme
as well as the inter-rater reliability analysis. The ecological validity of the findings was
ensured through the recruitment of a representative sample and rich and thick verbatim
analysis. The consistency of the findings was ensured through discussions with a panel of

experts.

6.7.4 Clinical implications

According to the findings of this study, clinical advice and reassurance that reduces
negative expectancies surrounding physical activity (e.g., secondary heart attack) is the first

necessary means to physical activity change in HF.

The findings of this study also recognise that, in order to improve physical activity
engagement in HF, one should address the detrimental effect of breathlessness on the
behaviour. It is essential to engage an individual in physical activity, gradually increasing
the intensity and duration. It is hoped that once an individual has built the physical capacity

to engage in physical activity, has repeatedly been engaging in physical activity, and
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experienced exercised induced breathlessness without negative outcomes, they are more
likely to build a new associations with breathlessness However, for a habit to be established,
it is recommended to also pair the action (i.e., physical activity) to a cue that is placed in the
everyday environment ( e.g., a step or a treadmill) (i.e., Rhodes, Rebar, Gardner 2018;
Woods 2003).

Furthermore, an education programme differentiating HF-related dyspnoea from the
expected exercise-induced breathlessness is needed (i.e., reassurance in the safety of
physical activity even when it induces getting out of breath. In addition to this, it is vital to
address the fearful avoidance of physical activity and cognitive response associated with
breathlessness. The common approaches to this include: Cognitive Behavioural Therapy
(CBT) and Acceptance and Commitment Therapy, ACT (Al-Hammouri, Rababah, &
Aldalaykeh, 2020; Ivanova, Jensen, Cassoff, Gu, & Knauper, 2015; Powers, Zum Vorde
Sive Vording, & Emmelkamp, 2009). While CBT can address the maladaptive cognitions
and beliefs about breathlessness and its link to negative emotional response (i.e., anxiety,
fear), the elements practised by ACT, such as acceptance of current avoidant behaviour
maladaptive coping with breathlessness. Both approaches can be used in formulating
behavioural strategies in response to breathlessness and fostering reproaching. Overall, a
cognitive behavioural intervention that addresses the fear-avoidance response to

breathlessness is deemed vital in engaging people living with HF in physical activity.

In addition, based on this study, it is recommended to engage individuals living with
HF in a gradual increase in physical activity intensity, foster their skill mastery and use
verbal persuasion which may help in improving physical activity self-efficacy (i.e., Bandura
2002). Simultaneously, it is important to set specific, measurable, achievable, relevant, time-
bound physical activity goals and explicit action plans, including implementation intentions
(i.e., if it rains, I will walk around the house). This study in particular, found that goal setting
and behavioural regulation benefits from instrumental and emotional social support. For
example, it is recommended to set goals and make plans with others who have a similar level

of physical capacity to engage in physical activity as those affected by HF. Therefore, people

251



living with HF might benefit from a walking group, where participants support each other in

making explicit goals and action plans as well as social contracts to act on them.

The findings indicate a clear need for a behaviour change intervention that addresses
the following perceived barriers: maladaptive beliefs about the major health-related event
that preceded HF (e.g., heart attack, acute decompensation) as well as maladaptive beliefs
about implantable devices that lead to fearful avoidance of physical activity. It is
recommended to explore these beliefs in a non-judgemental and open manner, ensuring

patient-driven change.

While it is not recommended to commence the exercise programme until an individual
has not fully recovered and HF is stable (Chapter 1), the findings of this study recognise the
need for explicit clinical advice and reassurance in the safety of physical activity (three
months after a major health-related event), educational programme, CBT and ART to take

place as soon as possible after the major event.

6.8 Conclusion

The present semi-structured interview study elicited 78 belief statements about barriers
and enablers to physical activity in older adults (>70) living with HF. These belief statements
and their pervasiveness across transcripts (i.e. number of quotes) suggest that breathlessness
(i.e. Dyspnoea), Beliefs about Capabilities, Environmental Context and Resources, Goal,
Behavioural Regulation, Beliefs about Consequences, and Social Influences are most
relevant to physical activity in HF. Participants who self-identified as optimistic (Optimism)
perceived more enablers and fewer barriers than their counterparts. Belief statements provide
the basis for the content development of a scale designed to assess physical activity barriers
and enablers in HF. The identified TDF domains suggest key constructs and domains that
need to be investigated in a quantitative study. Causal belief statements were formulated to

describe the causal links among the relevant TDF domains as perceived by the participants.
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These links alongside the meta-analyses results provide the basis for models that will be

formalised and assessed in Chapter 7.
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7

Barriers and Enablers to Physical Activity in HF: Modelling

and Feasibility Study

7.1 Introduction

Careful consideration of what brings about positive change in a behaviour is key to
promoting health behaviours (Michie et al. 2014; Bartholomew et al., 2016; Aruijo-Soares
et al., 2018; Hankonen and Hardeman, 2020). Therefore, to better understand how to
promote physical activity in HF, in this chapter, constructs and the mechanism via which

they bring about positive change will be considered.

The perceived causal structure of barriers and enablers to physical activity in HF
suggested by the qualitative study (Chapter 6) provided insight into the constructs and
mechanisms of action of how physical activity in HF is enacted. From an array of candidate
theories (described in (Hagger, Cameron, Hamilton, Hankonen, & Lintunen, 2020; Hale et
al., 2020)), the Health Action Process Approach (HAPA; (Schwarzer, 2016) theory was
identified to most closely describe the results of the qualitative study. However, semi-
structured interviews unearthed several constructs that matter specifically to the HF
population that are not captured by the generic models. These include breathlessness and
major health events as well as the concerns associated with physical activity. The present
chapter will describe these constructs, survey relevant literature, and develop an auxiliary

model explaining and predicting physical activity in HF.

Qualitative study (Chapter 6) delineated beliefs about barriers and enablers to physical
activity in HF. The corresponding constructs theoretical domains and the causal structure
underlying their influence on the behaviour were also identified. The identified relevant
domains as described in terms of Theoretical Domains Framework (TDF, Cane et al., 2012),

were Environmental Context and Resources, Beliefs about Consequences, Beliefs about
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Capabilities, Intention, Goal, Behavioural Regulation, and Social Influences. The
additional key domain was breathlessness. The causal structure suggested by the causal
belief statements summarised from the parses within transcripts can be described as follows.
Experienced breathlessness reduced perceived ability to engage in physical activity (Beliefs
about Capabilities). Perceived ability caused negative outcome expectancies associated
with physical activity (Beliefs about Consequences), suggesting perceived susceptibility to
undesired outcomes (risk perception associated with engaging in physical activity). Lack of
self-efficacy and actual capacity to engage in physical activity safely also caused the need to
resort to strategies such as pacing the intensity of physical activity when feeling unfit (i.e.
slowing down, stopping) and not making use of action planning (i.e. scheduled activities;
Behavioural Regulation). Recall and negative impact of a major health event (Environmental
Context and Resources) resulted in a similar downregulating of physical activity by means
of goal setting to reduce the intensity and the amount (Goal), which then caused elaborate
action planning to avoid engaging in physical activity (Behavioural Regulation). Social
support was a self-regulatory resource: making plans (Behavioural Regulation) to engage in
physical activity with friends and family (Social Influences) enabled physical activity. Being
with others (Social Influences) ensured safety and prompted physical activity engagement.
Role modelling (from the example set by physically active parents in earlier life, and friends
later) influenced Intention to engage in physical activity. Such a pattern alludes to HAPA
theory (Schwarzer, 2016) as explained in Chapter 6, as well as to the context-specific
constructs and the causal structure of their relationships. In this chapter, the qualitative

findings will be formalised using computational modelling methods (Guest & Martin, 2020).

7.1.1 Health Action Process Approach

The Health Action Process Approach (HAPA) provides a close account of the barriers
and enablers to physical activity according to the qualitative findings reported in Chapter 6.
HAPA is a dual-phase social-cognitive model of behaviour (Schwarzer, 2008). The two
phases are motivational phase and volitional phase. They are partitioned by the presence of
intention. Intention is defined as a conscious decision to perform a behaviour or a resolve to
act in a certain way (Cane et al., 2012). It is also defined as an extent to which individuals
will invest effort in enacting a given health behaviour in the future (Schwarzer, 2008; Zhang

2019; Fishbein and Ajzen, 1975). The motivational phase specifies behavioural determinants
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and processes that predict the formation of intention. The volitional phase describes the
determinants and processes responsible for the translation of intention into behaviour. Such
distinction of the phases is consistent with the intention-behaviour gap (Sheeran & Orbell,
1999), which has frequently been observed in empirical studies (Sniehotta, Scholz, &
Schwarzer, 2005). The intention-behaviour gap describes the discord of overt behaviour with
previously verbally expressed intention. In other words, intention does not always predict
behaviour. Recognition of the role of volitional processes in ensuring the enactment of
behaviour is further supported by implementation-intentions strategies (Gollwitzer &
Brandstatter, 1997; Gollwitzer & Sheeran, 2006); Please see the discussion in Chapter 6).

Distinct constructs are implicated at each phase according to HAPA. At the
motivational phase, outcome expectancy, risk perception, and phase-specific self-efficacy
predict intention formation. At volitional phase, coping planning, action planning, and
phase-specific self-efficacy predict behaviour. Self-efficacy is also phase specific. Action
self-efficacy — perceived ability to adapt behaviour — influences intention formation. While
maintenance self-efficacy — perceived ability to maintain the behaviour — and recovery self-
efficacy —perceived ability to recover during setbacks — influence the volitional strategies,

such as action and coping planning, respectively (Schwarzer 2008).

It is not surprising that HAPA stood out as the most relevant theory given the
hypothesized constructs and mechanism of action inferred from the qualitative study. That
is because HAPA is an especially good account of the enactment of physical activity
behaviour as suggested by numerous studies (Gholami, Knoll, & Schwarzer, 2014; Zhang,
Zhang, Schwarzer, & Hagger, 2019). As such, a meta-analysis of 95 observational studies
(Zhang et al., 2019) found that the effect of action self-efficacy on intention is behaviour-
specific and may play a more prominent role in physical activity than other behaviours. One
explanation for the repeatedly replicated relevance of HAPA to physical activity is that the
focal behaviour is not affected by distracting impulses as much as other behaviours such as
diet and smoking cessation. Instead, physical activity requires large motivational resources

to form an intention to act, and then execute the goal-directed behaviour (Zhang et al., 2019).
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Thus, because physical activity requires these large motivational and volitional resources it

is explained well by HAPA.

There are, however, several distinct features that are unique to physical activity in HF.
The findings of the presented qualitative study that diverged from HAPA are: (i) the role of
breathlessness and its contingency with the experienced health events; (ii) the role of
behavioural goal; iii) the importance of perceived concerns and risks associated with
physical activity in HF. These findings are formally expressed as a set of hypothesises and

form the basis for the auxiliary models to be tested in the present chapter.

7.1.2 The role of Breathlessness

As reported in Chapter 6, Breathlessness was a pervasive and persistent barrier. The
influence of the perceived symptom of breathlessness on physical activity was multifaceted.
On the one hand, breathlessness reduces perceived ability to engage in physical activity
(Beliefs about Capabilities). On the other hand, breathlessness was perceived as a negative
outcome of physical activity (Beliefs about Consequences), which often followed with an
attempt to reduce the intensity of physical activity. Therefore, the level of breathlessness,

alongside the domains its impacts, is an overarching factor.

Individuals with HF experience breathlessness (i.e. dyspnoea) during a health event —
heart attack or acute cardiac decompensation. They then associate getting out of breath
during exercise with the health event. The health event results in habit breaking. On the other
hand, having a physical activity routine has a positive influence on physical activity in HF.
The role of breathlessness, health event, and routine highlight the importance of habitual and

Pavlovian processes underlying physical activity behaviour in HF.

As has been outlined by previous reviews, the main limitation of HAPA, and other
social-cognitive models is the lack of an account of automatic (i.e. non-conscious, intuitive,

model-free, non-goal directed) processes and determinants that are not based on explicit
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cognition and belief ((Rebar, Rhodes, & Gardner, 2019; Zhang, Chung, Zhang, & Schiiz,
2019). Humans often engage in behaviour automatically (i.e. without explicit decision-
making). The importance of automatic processes is reflected in findings indicating that past
behaviour predicts future behaviour far beyond HAPA (Zhang et al, 2019) and many other
social and cognitive models (Rhodes et al., 2018). HAPA therefore describes only the
deliberate processes underlying behaviour. It omits the automatic processes. Specifically, in
HF, this is especially important in understanding what influence physical activity because of
the Pavlovian association between breathlessness and the health event, and its impact on

physical activity.

Automatic and deliberate processes are described by dual processes frameworks (i.e.
(Borland, 2017; Dayan, 2009; Shiffrin & Schneider, 1977; Tversky & Kahneman, 1974).
With variable emphases, these frameworks distinguish not only automatic processes from
deliberate, but also habitual from goal-directed, fast from slow, System 1 from System 2
(Tversky & Kahneman, 1974), data-bound (estimated from continuous repeated experience)
from prior-bound (based on a cognitive representation; Huys 2007), procedural from
declarative (Squire, 2004), and difficult to extinguish from hard to maintain behaviours
(Borland, 2017). Collectively, these dichotomies will be referred to model-free (MF) vs
model-based (MB) learning below (Dayan & Berridge, 2014; Dayan, Niv, Seymour, &
Dawa, 2006).

MF learning involves accumulation of estimates of the long-run values of
circumstances and actions from retrospective experience (Dayan & Berridge, 2014). MF
learning is automatic, bears low cognitive demand and does not involve high order beliefs
like those that were elicited in the qualitative study. MF Instrumental learning involves
making a choice provisional on the expected outcome of the choice or past experiences with
the choice. According to this theory (Dayan & Berridge, 2014), MF instrumental learning is

key to the acquisition of new behaviours and the exertion of behavioural control.

In individuals with HF, MF instrumental learning may cause the avoidance of physical

activity upon the experience of breathlessness. Consider an individual who engages in
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habitual physical activity. They are used to getting out of breath upon moderate to vigorous
physical activity. When they experience a health event, they acquire a new association
between breathlessness and the terrifying event. This newly learned negative association
may cause them to lose the physical activity habit. The new habit is learnt fast and is resistant
to change (Tversky and Kahneman, 1974). As the result, habitual physical inactivity is
established. Thus, breathlessness necessitates the description of MF/Pavlovian processes

implicated in physical activity engagement in this clinical population.

MB learning on the other hand, uses cognitive representations of the environment,
complex beliefs, beliefs about future outcomes, and subjective probability of their
occurrence, to generate goal-directed behaviour (Daw, Niv, & Dayan, 2005 ; Dickinson &
Balleine, 2002 ; Doya, 1999). These representations are used in making decisions. MB

processes are cognitively demanding (Tversky and Kahneman, 1974).

MB processes in the context of physical activity in HF involve formation of coherent
cognitive representation of the disease and consequences of physical activity. For example,
an individual with HF learns, and over time incorporates into their cognitive representation,
that physical activity improves cardiac health and facilitates the attainment of functional
independence (Chapter 6). Such cognitive representation dictates the decision to act — engage
in physical activity — given the anticipated desired outcomes and the estimated likelihood of
attaining them (Tversky and Kahneman, 1974). The individual then engages in goal-directed
behaviour (e.g. engagement of planned physical activity). This goal pursuit requires
motivational resources (Schwarzer et al., 2008) and volitional strategies such as action and

coping planning as described by HAPA.

The theory of MB-MF-Pavlovian reward learning (Dayan & Berridge, 2014) suggests
that MB and MB processes interact and produce intermediate learning. Intermediate learning
describes the process during which an individual enacts a behaviour being governed by
beliefs, and cognitive representation of the self, illness, and environment (MB) and by MF
learning resultant from the experience of physical activity in the context of HF and

physiological states that come with it (i.e breathlessness, comorbidity, age). For example,
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the MB element involves a qualitative change in the way the stimulus is perceived upon
gaining new factual knowledge (i.c. ‘getting out of breath is good for me because that is how
I train my heart’) followed by extinction of the pairing between breathlessness and health
events. A model that describes both MF/Pavlovian processes as well as MB processes

(including those in HAPA) is expected to provide a better account of physical activity in HF.

7.1.3 The role of behavioural goal and Behavioural Regulation

As indicated by the qualitative study, behavioural goal defined as — mental
representations of (behavioural) outcomes or end states that an individual wants to achieve
(Davies et al., 2012) — is key to physical activity in HF. The auxiliary hypothesis therefore
predicts that behavioural goal is a requisite for enactment of physical activity, and intention
alone does not suffice (please see Chapter 6). Furthermore, in the most recent articulation of
HAPA the authors (Schwarzer & Hamilton, 2020 in Hagger et al., 2020) highlighted two
elements of intention: goal setting and goal pursuit (Hagger et al., 2020). Here, it will be

outlined why a goal might predict behaviour to a greater extent than intention.

Behavioural goal is differentiated from intention by its specificity in terms of target
behaviour. As such, a specified conscious decision to perform a behaviour (i.e. intention) is
described at the level of specificity that corresponds to the behaviour (Ajzen and Fishstein,
1975). According to goal setting theory (Locke & Latham, 2006), setting a behavioural goal
directs individuals’ attention, resources and effort toward obtaining proficiency (i.e. fluency

and skill) and increased level (i.e. moderate physical activity) of the behaviour.

In HF, the intention to enact the behaviour can be supplemented with a detailed
behavioural goal described in terms of the target behaviour (i.e to go for a stroll, or to engage
in gardening). Indeed a meta-analysis of interventions designed to increase physical activity
across diverse samples and settings found that setting a behavioural goal has a moderate
effect on the levels of physical activity (McEwan et al., 2016). Further exploratory analysis
revealed that when goal is formulated in terms of the target behaviour (i.e walking, aerobic

exercise) rather than general physical activity it has larger positive effects on the behaviour
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(McEwan et al., 2016). The specificity in terms of duration, time, and amount did not have
implications for the behaviour enactment (McEwan et al., 2016). Especially when capacity,
i.e. self-efficacy to achieve the specified duration, intensity of physical activity is low
(McEwan et al., 2016). This is the case in HF too.

Goal pursuit (Abraham & Sheeran, 2003; Gollwitzer & Sheeran, 2006; Hagger et al.,
n.d.) also demands time and resources. When multiple goals are sought, time and resources
are split across these goals. In daily life goal attainment competes for these limited resources
(Kruglanski et al., 2018). Therefore, goal pursuit has the following attributes: goal priority
(Conner et al., 2016); goal facilitation, and goal conflict (Riediger & Freund, 2004). Goal
priority refers to the prioritisation of time and energy expenditure on one goal over other
goals (Conner et al., 2016). Goal conflict describes the extent to which the pursuit of one
goal inhibits the pursuit of another, and goal facilitation describes the extent to which the

pursuit of one goal enhances the pursuit of another (Riediger & Freund, 2004).

Observational studies show, as compared with active individuals, inactive individuals
have more goals that compete with their physical activity goal (Gebhardt & Maes, 1998).
Inactive individuals value their conflicting goals more than their engagement in physical
activity and are less self-efficacious in their simultaneous pursuit of both (Karoly et al.,
2005). Inactive individuals also perceive physical activity goals as less facilitative of other
valued goals (Jung & Brawley, 2010). In contrast to observational studies, prospective
predictive studies do not support a significant relationship between goal conflict and physical
activity levels (Li & Chan, 2008 ; Presseau, Sniehotta, Francis, & Gebhardt, 2010; Riediger
& Freund, 2004).

Goal facilitation is a construct distinct from goal conflict (Presseau et al., 2010 ;
Riediger & Freund, 2004). It is not merely the opposite end of a goal conflict spectrum.
Prospective cohort studies have shown that goal facilitation predicts self-reported physical
activity (Presseau et al., 2010). The studies on the extent to which each attribute of a goal —
facilitation, conflict, and priority — was influencing physical activity offer conflicting

findings. In a study (Presseau, Tait, Johnston, Francis, & Sniehotta, 2013) with a sample of
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103 healthy adults, goal conflict and goal facilitation were assessed as predictors of moderate
to vigorous physical activity (MVPA). Perceived goal facilitation predicted MVPA above
intention and perceived behavioural control. While goal conflict impeded MVPA (Presseau,
etal., 2013). The authors concluded that perceived goal facilitation is a significant predictor
of MVPA over and above intention. However, the time spent pursuing conflicting goals
attenuated this association (Presseau et al., 2013). Another experimental study suggests that
goal conflict did not moderate the relationships between intention and physical activity
(Conner et al., 2016). Instead, intentions were found to be a strong predictor of physical
activity when goal priority is high (Conner et al., 2016). The findings of both prospective
and experimental studies suggest that goal priority moderates the intention-behaviour
relationships (Conner et al., 2016). According to the qualitative findings of the present work
(Chapter 6), in HF, increasing physical activity is, on one hand, perceived as facilitative of
the goal to achieve functional independence, and as conflicting with this goal, on the other
hand. The conflict is due to the belief that physical activity exacerbates HF symptoms. Those

holding the latter belief, did not prioritise physical activity.

As suggested by the qualitative study findings (Chapter 6), Behavioural Regulation
was an important determinant. Behavioural Regulation, which can be defined as the
regulation of self and the goal-directed behaviour in pursuit of desired outcomes (Bandura,
1986), also is a volitional process and helps to bridge the intention-behaviour gap (Sniehotta
etal., 2015).

Behavioural regulation is a source for the enactment of physical activity among young
adults (Rovniak, Anderson, Winett, & Stephens, 2002). However, this might not be the case
for older adults as suggested by a meta-analysis (French & Olander, 2014). This study also
found that in HF a lot of self-regulatory effort is spent on avoiding physical activity as a

result of concerns associated with it.

The following manifestations of behavioural regulation exist: self-monitoring,
correctives following reflective feedback on behaviour and the achieved outcomes

(Bandura, 2002), coping planning, and action planning (Locke & Latham, 2006). All these

262



types of behavioural regulation, in HF, are implemented in the pursuit of conflicting goals
(outcomes): to increase physical activity and attain functional independence; and to avoid
physical activity and subsequent ill-health (i.e. getting out of breath, secondary heart attack,

acute decompensation).

Overall, it is expected that behavioural physical activity goal will have a positive
impact on behaviour in HF, when it is: a) described in terms of target behaviour (‘goal
specificity’; i.e. to increase walking or aerobic exercise); b) without detailed description of
specific intensity or duration; c) prioritised; d) facilitative of; and e) not in conflict with the
goal of functional independence. Furthermore, goals with these attributes are predicted to
improve behavioural regulation of physical activity. But when these attributes are not
satisfied, it may result in efforts to downregulate physical activity. Therefore, concerns that

conflict with physical activity goals in HF should be described in the model.

7.1.4 The role of risks and concerns associated with physical activity in HF

Risk perception, defined as a perceived health threat and the subjective judgement
about one’s susceptibility to it (Schwarzer & Hamilton, 2020 in (Hagger et al., n.d.)). The
risk is framed as avoidable if precautionary measures like health behaviour are in place. Risk
perception was not found to be a significant determinant of physical activity in studies
evaluating the explanatory power of HAPA according to the recent meta-analysis (Zhang et
al., 2019). Similarly, the risks imposed by HF that an individual might be susceptible to if
they do not engage in physical activity were not identified relevant in Chapter 6. This
supports the notion that individuals cannot be ‘scared into’ engaging in a health behaviour
(Hagger & Hamilton, 2020). However, concerns and negative outcomes associated with
increased engagement in physical activity in HF were relevant hindrances to the behaviour

(Chapter 6). This suggests that HF individuals can be ‘scared out’ of physical activity.

One explanation for this finding comes from conceptualising physical activity as a
treatment. Physical activity, in fact, is a treatment strategy and is routinely recommended to

HF patients by health professionals (Chapter 1). The beliefs affecting physical activity,
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therefore, share some similarities with beliefs about treatment. In a similar manner to the
causal structure outlined by the Necessity and Concern Framework (Rob Horne, 2020; Rob
Horne et al., 2013), concerns about engaging in physical activity were identified as barriers
to the adherence to physical activity as a treatment in Chapter 6. Breathlessness can be seen
as an undesired ‘side-effect’ of physical activity. There are also concerns about potential
outcomes of physical activity (i.e. decompensation). Some individuals perceived personal
susceptibility to the negative outcomes, which exacerbated their risk perception. Thus, risk
perception about physical activity engagement is a key barrier. However, it is qualitatively
different to the risk perception explicated by HAPA and instead, is more similar to the

Necessity and Concerns Framework construct ‘concerns’.

7.1.5 Small N methods and Computational modelling methods

The achieved sample size for the study reported below was extremely small (N=3). HF
patients are challenging to recruit. Additional recruitment difficulties were imposed by the
COVID-19 outbreak. Individuals living with HF are a shielding population group, as both
HF and age introduce a high risk of mortality in case of contracting COVID-19. Due to the
small sample size being achieved as the result of recruitment difficulties, alternative methods

suitable for testing hypotheses with small samples were adopted and will be reported below.

Strong assumptions are needed to assess and draw conclusions from small datasets
(van de Shoot & Miocevic, 2020). These assumptions must be expressed in a computable
format (West et al., Hale et al., 2020). Therefore, the assumptions described in this

introduction were expressed in a model and computable format.

In addition, computational modelling was motivated by the following. The barriers
and enablers to physical activity in HF and the relationships among them, as well as the
theories that most likely represent these, are usually described using natural language.
However, such description of models and theories in psychology has invoked criticism (West
et al., 2019; Hale et al., 2020). The use of natural language introduces ambiguity (Oberauer
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and Lewandowsky, 2019), which may limit model comparison, testing and development.
In order to ensure the testability of models, they should be precisely represented and
disambiguated (Hale et al., 2020; Borsboom et al., 2020; Forstmann et al., 2011; Guest &
Martin, 2020; Haslbeck et al., 2019; van Rooij & Baggio, 2020). Overall, the following
criteria for rigorous model development are generally agreed upon (Popper, 1963; Rothman
et al., 2008): plausibility, internal consistency, parsimony (i.e. stripped of arbitrary
elements), explanatory power (i.e. capturing as much variance as possible), falsifiability (i.e.

predictions detailed enough to be disconfirmed by empirical evidence).

Since physical activity is a complex behaviour, it is subject to a myriad of causes,
many of which are unknown (O’Cathain, Croot, Duncan, et al., 2019). To design
interventions, The Medical Research Council (2008) recommends first building an
understanding of what needs to change and how that change should take place. One approach
is to incorporate theoretical insights into an explicated model of complex behaviour
(Hankonen & Hardeman, 2020). The qualitative research (Chapter 6) provided the insights
into what should change. The present chapter, drawing on the existing theory and the
qualitative findings, sets out to explicate the causal chain of how physical activity can be

improved in HF.

Recently, many have issued calls to build models in psychology that are plausible,
parsimonious, predictive, and falsifiable (Guest & Martin, 2020; van Rooij & Baggio, 2020;
van Rooij & Blokpoel, 2020). This requires models to be formally (mathematically)
specified and independent of details of implementation (Guest & Martin, 2020; Marr &
Poggio, 1976; van Rooij & Baggio, 2020). This facilitates the development of models that
can be assessed, disputed, and amended (West et al., 2019; Guest & Martin, 2020; Van Rooij
et al., 2020; Hale et al. 2020). In response to this call, in this chapter, the cause-effect
relationships underlying physical activity in HF are represented mathematically,
diagrammatically, and computationally. The following steps are followed in model
development: model description, model specification, model implementation, and
hypothesis testing (Guest & Martin, 2020). It is hoped that such detailed formal description

will assist future research on physical activity in HF.
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7.2 Aim

The aim 