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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.
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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.

19



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).

20



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.
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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.
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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;
