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Abstract

Osteoarthritis (OA) is common and associated with one of the highest comorbidity rates. OA clinical
guidelines recommend physical activity (PA) as core treatment, irrespective of comorbidity. However,
no current synthesis of the effectiveness of PA for people with OA and comorbidity exists. The impact
of comorbidity on the uptake and experience of PA in this population is unknown and how to
successfully implement PA interventions within primary care for people with OA and comorbidity

remains unclear. This thesis addressed these three research gaps.

A systematic review examining the effectiveness of PA interventions in people with OA and
comorbidity found the evidence to be limited and heterogeneous (n=14 studies, of which 10 were OA
and obesity studies). Trends suggest PA interventions may improve clinical outcomes of pain and

function, although uncertainty remains.

Secondary data analysis of two large randomised controlled trials for older adults with knee (n=514)
and joint (knee, hip, hand and foot) OA (n=525) found an association between comorbidity presence
and lower PA levels. A potential dose-response relationship exists between comorbidity frequency and
lower PA levels, and the presence of specific comorbidity types (e.g. cardiovascular disease) were

associated with decreased PA levels.

Qualitative semi-structured interviews in 17 older adults with OA and comorbidity found barriers to
PA were multiple and dynamic. OA was often prioritised as more important over other health
conditions based on the disruption it caused to QOL. Participants reported; a lack of knowledge about
how best to manage their conditions, and the role of PA; negative perceptions regarding the role of PA
in managing their conditions, which appeared to impact self-efficacy for self-management of

conditions and PA. Healthcare professionals and social support were found to facilitate PA.

This multi-method thesis has contributed to a better understanding of PA in the context of OA and

comorbidity.
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Language and definitions used in this thesis

This section outlines key terminology used in the thesis as there are different ways in which language

can be used in research. For the purpose of this thesis, the following terms and definitions are used:

Multi-method

Multi-method research integrates compatible aspects of different research approaches (Bazeley,
2018). ‘Multi-method research is when different approaches or methods are used in parallel or
sequence but are not integrated until inferences are being made’ (Johnson et al., 2007). Compared with
mono-methodology, a multi-method approach can integrate compatible aspects of different research
methods (Johnson and Onwuegbuzie, 2004), to seek a deeper understanding (Maxwell, 2011). Multi-
method designs also exist where both quantitative and qualitative approaches are used, but they
remain separate and independent until the final stage of the research process. In such a type of
research, the goal is to create a dialogue between diverse perspectives, to deepen, rather than

triangulate knowledge. (Maxwell, 2011).

In contrast to the chosen multi-method approach, there is an alternative, mixed methods approach to
research, not used in the current thesis. Mixed methods research also involves the use of more than
one distinct qualitative or quantitative method throughout the research process. Bazeley

described mixed methods in comparison to multi-methods;

‘Mixed methods research involves the use of more than one approach to method of design, data
collection or data analysis within a single program of study, with integration of the different
approaches or methods occurring during the program of study, and not just at its concluding

point’ (Johnson et al., 2007).
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Osteoarthritis

Osteoarthritis (OA) is a whole-joint disease of synovial joints which occurs when damage of the
cartilage triggers repair processes leading to structural changes. OA is the most common form of
arthritis, which affects multiple structures, including; progressive loss of the protective cartilage on
joints and joint space narrowing, bone remodelling and osteophytes and synovitis (NICE, 2014). This
process can result in swelling, pain, stiffness, muscle wasting and weakness, and functional limitations
(NICE, 2014; ARUK, 2015). OA can exist in any joint but is most common in the knee, followed by the
hip, hands and feet (ARUK, 2015). OA can be diagnosed radiologically or clinically (Litwic et al., 2013).
Whether or not individuals are diagnosed with OA influences the treatments that they may seek and
receive (Healey et al., 2018); therefore, diagnosis is a pivotal point in patient care (Bedson and Croft,
2008). Radiologically, OA is most widely assessed using the Kellgren and Lawrence score (KLS), which
grades the severity related to the appearance of osteophytes, joint space loss, sclerosis and cysts
(Litwic et al., 2013). However, radiological definitions of OA are often considered to be arbitrary
(NUesch et al., 2011) as discordance exists between radiographic findings and symptoms (Bedson and
Croft, 2008; Dhalwani et al., 2016). Furthermore, the use of radiological diagnosis in isolation
disregards what symptoms of OA are important at the patient level, such as pain or disability (Bedson
and Croft, 2008). The National Institute of Health and Care Excellence (NICE) recommend a diagnosis
of OA if the person is; ‘aged 45 or over with activity-related joint pain and either no morning joint-

related stiffness or morning stiffness that lasts no longer than 30 minutes’ (NICE, 2014).

Comorbidity

It is important to acknowledge that the meaning of comorbidity in this thesis is different from other
related concepts, described below. Several terms exist to conceptualise the presence of more than
one health condition co-existing or define combinations of conditions co-occurring, including
comorbidity, complexity and multimorbidity (Smith et al., 2016; Sharfstein and Chrvala, 1999; Webster

et al., 2019; Valderas et al., 2009).
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Multimorbidity, for example, is a general term used for patients with multiple long-term conditions
(LTCs) (Ford and Ford, 2018; Watt, 2017). However, there are several problems with the concept of
multimorbidity for both healthcare services and individuals (Ford and Ford, 2018). For example, as the
prevalence of multiple LTCs is so vast and varied (Kingston et al., 2018), the patients that have
‘multimorbidity’ are heterogeneous. Without further explanation of the health conditions included
within the term multimorbidity, the practicality of what healthcare professionals (HCPs) can do with
multimorbidity as a patient diagnosis, is limited (Watt, 2017; Ford and Ford, 2018). For example, on its
own it offers limited disease-specific focus and tailored management strategies (Smith et al., 2016).
Within the House of Care model (HOC) (discussed further in section 2.7), the overarching theme of
integrated care centred around the individual and their needs is lost in the concept multimorbidity,
because it lacks detail of what the LTCs mean to the individual, or how they impact on their lives

(Webster et al., 2019; Ford and Ford, 2018; Coulter et al., 2013).

Patient complexity promotes a broader viewpoint of the whole patient by expanding beyond the
biological and clinical presentation, to incorporate the personal, social and environmental aspects that
complicate patient care (Shippee et al., 2012; Manning and Gagnon, 2017; Loeb et al., 2015). The
concept of patient complexity acknowledges that LTC burden is influenced by several dynamic
interacting characteristics, such as increased age, education level and treatment characteristics (Nardi
and Scanelli, 2007; Valderas et al., 2009). Patient complexity as a concept considers the individual with
LTCs and patient-specific concerns, including their health priorities, symptoms and well-being.
However, as a stand-alone term, it remains a little vague in its practical usefulness and ability to inform

patient management (Valderas et al., 2009).

Comorbidity is the co-existence or combination of conditions occurring simultaneously with a defined
index condition (OA) and the presence of ‘distinct additional clinical entity’ (comorbidity) (Feinstein,
1970). Comorbidity orientates toward emphasising one disease, which may be better suited than other

terms to inform patient management and care (Valderas et al., 2009). Kerr et al. (2007) have described
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comorbidities to either exist as; concordant, those which share conventional treatment approaches,
or in contrast, discordant, with unrelated pathophysiology and those that do not share treatment
approaches. Discordant comorbidity requires separate management of the distinct conditions,
avoiding conflicting strategies, polypharmacy, interactions and side-effects (Kerret al., 2007).
However, the concordant comorbidities of interest to this thesis all share physical activity as a
management option. Furthermore, comorbidity is the language used in the National Institute for
Health and Care Excellence (NICE) guidelines for OA, alongside the need for a holistic assessment (NICE,
2014; P12). Therefore, although many definitions are acknowledged that describe co-existing LTCs, for
this thesis, having a defined index condition (OA) with any additional condition(s) co-existing (e.g.

T2DM or depression) is defined as having comorbidity.

Physical activity

Physical activity (PA) has been defined by the World Health Organisation (WHQO) as "any bodily
movement produced by skeletal muscles that require energy expenditure, including activities
undertaken while working, playing, carrying out household chores, travelling, and engaging in
recreational pursuits" (WHO, 2015). PA also encompasses exercise (planned and structured PA) and
therapeutic exercise (health specific, preventative and rehabilitative) (DOH, 2009; WHO, 2015; Fransen
and McConnell, 2015). Other forms of PA exist such as occupational activity and sport which can vary
in mode and intensity, from walking to extreme sports, consisting of any energy expenditure above
resting levels (CMO, 2019; Caspersen et al., 1985; Osthoff et al., 2018). For the purpose of this thesis,
‘physical activity’ has been adopted in accordance with the language used in the NICE guidelines (NICE,

2013; Public health guideline [PH44]).

Patient and Public Involvement and Engagement

Patient and Public Involvement and Engagement (PPIE) is described as an active partnership between
the researcher and the patients and public in the research process (INVOLVE, 2018). PPIE in research

focuses on the role of the patient and public being involved with assisting research design and in
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carrying out research, rather than being the subject of a study (INVOLVE, 2018). In the current thesis,
PPIE played an important role in the design of the interview research process and forming of public-

facing documents.

Healthcare professional

Primary care in the NHS, often the first-line care point, includes a range of community clinics and health
centres. Healthcare professionals including GPs, nurses, pharmacists, and other allied health
professionals such as physiotherapists (NICE, 2012) commonly deliver care for people with OA in these
settings. However, people with OA and comorbidities also often access alternative, independent and
community-based providers of exercise and PA (Walsh et al., 2016). Patients and the participants in
the qualitative study (see chapter 6), referred to healthcare professionals broadly as someone that
engages with them, acknowledges their individuality, and lived experience of OA and comorbidity and
supports their condition self-management. This includes both more traditional NHS primary care
health professionals and extends to alternative health professions such as community and
independent health workers (e.g. exercise professionals and mind-body practitioners). Therefore, in
this thesis, the term ‘healthcare professional’ is used to refer to both traditional healthcare
professionals employed by the NHS and other people in the community who support healthcare and

advise on PA supporting OA self-management.

This inclusive term corroborates well with the House Of Care model (detailed in Chapter 2), as a whole-
system approach, with the fundamental multidisciplinary, collaborative, and informed healthcare
professionals and carers working together, to bring the optimal treatment to support self-

management and PA for people with OA and comorbidity (Coulter et al., 2016).
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Chapter 1. Thesis introduction and overview

1.1 Introduction

This chapter introduces the thesis research context with a rationale for, and a brief summary of, the
topic under study. Following this, gaps in current research are highlighted which inform the overall

thesis aim and research questions. Finally, an overview of the thesis structure is presented.

1.2 Thesis rationale

Osteoarthritis (OA) is the most common form of arthritis and a Long Term Condition (LTC). It is a whole-
joint condition that causes progressive loss of joint cartilage and joint space narrowing (NICE, 2014;
ARUK, 2015). In the United Kingdom (UK), 8.75 million people have sought treatment for OA, which
can exist in any joint but is most common in the knee, hip, hands and feet (ARUK, 2015). In adults aged
45 and over, it is estimated that one in five have knee OA and one in nine have hip OA, and this
prevalence is likely to increase because of the ageing population and rising obesity levels (ARUK, 2017).
People with OA experience symptoms such as pain and stiffness which lead to functional limitations
(NICE, 2014; ARUK, 2015). However, OA also affects many aspects of a person’s psychosocial life,

including mental health, work and social relationships (Hurley et al., 2018; ARUK, 2013).

Since there is no known cure for OA, primary care management of this condition aims to control pain
and improve function and quality of life (QOL) (Felson et al., 2000). The National Institute for Health
and Care Excellence (NICE) guidelines for OA (Clinical guideline CG177; 2014) have recommended
physical activity (PA) as a core treatment for all, inclusive of those with comorbidity, and as part of
supported self-management for OA in primary care (NICE, 2014). PA is any bodily movement, that
results in energy expenditure above resting levels (WHO, 2015; CMO, 2019), ranging from recreational
pursuits to therapeutic exercise. Common guideline-recommended types of PA for OA include muscle
strengthening and aerobic activity (NICE, 2014). However, despite PA recommendations (NICE, 2014),

PA is underused as a treatment approach for patients with OA (Healey et al., 2018) and under half
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(48.7%) of General Practitioners (GPs) prescribe PA to this population (Denoeud et al., 2005). Further,
40% of people with OA scheduled for total knee arthroplasty reported not having been recommended
non-surgical treatments including PA (King et al., 2019). Levels of PA in the OA population are lower
than those in the general population (Wallis et al., 2013; Herbolsheimer et al., 2016; Holden et al.,
2014). Barriers to PA exist at individual, social, healthcare and environmental levels (Marks, 2012;
Dobson et al., 2016; Holden et al., 2012; de Rooij et al., 2014; Haseler et al., 2019), and key barriers
include a lack of PA endorsement, low levels of self-motivation for PA, lack of social support and

problems with access to PA opportunities (Kanavaki et al., 2017; Manaf et al., 2013).

A key potential barrier to PA in people with OA, and the focus of this thesis, is comorbidity. Comorbidity
is the co-existence of an additional condition alongside a defined index condition (Kadam et al., 2004).
OA often exists alongside other LTCs such as obesity, type two diabetes mellitus (T2DM),
cardiovascular disease (CVD), respiratory conditions and depression (Smith et al., 2016; ARUK, 2015;
Wshah et al., 2018; Gleicher et al., 2011; Louati et al., 2015; Wang et al., 2016; NJR, 2018). Over the
previous decade in England, the number of people living with more than one LTC increased
momentously (Dhalwani et al., 2016) and in 2018 it was reported that 54% of people aged 65 and
above have two or more LTCs (Kingston et al., 2018). Furthermore, around a third of the population
over 45 have sought treatment for OA (ARUK, 2015; NICE, 2014), of which the proportion of people

with OA that also have comorbidity is reported to be up to 80% (ARUK, 2017; Zambon et al., 2016).

Comorbidities can have a significant impact on LTC management (Theis et al., 2016) and the presence
comorbidity alongside OA is suggested to be associated with more limitations to PA participation
compared to those without comorbidity (Ernstgard et al., 2017; Van Dijk et al., 2008; Reeuwijk et al.,
2010), for example, comorbidity could aggravate OA symptoms (Campbell et al., 2001) or cause fatigue
(Simonik et al., 2016). However, the relationship between comorbidity and PA in people with OA has
not been thoroughly investigated. For example, comorbidity has appeared as an emergent theme, in

broader PA qualitative studies and has not been thoroughly investigated (Campbell et al., 2001; Wilcox
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et al., 2006; Marks, 2012) or as a covariate within multivariable models of PA in people with OA (Quicke

et al,, 2017).

Undertaking PA may be more complicated for people with OA and comorbidity than for those with OA
alone. This is relevant to UK healthcare policy as the need for a holistic assessment of patients with OA
that takes account of comorbidity is recognised in OA specific NICE guidelines (NICE, 2014 P12).
Furthermore, supporting people with LTCs to be physically active and able to self-manage their LTCs is
a key part of the House Of Care (HOC) framework proposed by National Health Service (NHS) England
(NHS, 2019; Coulter et al., 2016). The framework highlights how people with LTCs play a key role in
managing their own health, but how effective this is, in part, depends on their level of confidence and
skill to manage tasks that are sometimes quite challenging, especially for those with comorbidities
(Coulter et al., 2016). The HOC model was designed to address the challenges of LTC care and fit
integrated care around people with LTCs (NHS, 2019). Using the HOC model as a policy backdrop, this
thesis seeks to better understand how comorbidity impacts on PA in people with LTCs, using OA as an

exemplar index condition.

1.3 Physical activity in people with osteoarthritis and comorbidity

There is a recognised requirement for research to determine the effects of comorbidity on guidelines
for care, treatment plans, clinical practice and outcomes in LTC management (Theis et al., 2016). The
prevalence and impact of OA and comorbidity has become a national and international priority (NHS,
2019; MacMahon, 2018) and there are calls for research in the field of OA that establishes the factors
associated with PA levels in this patient group (Veenhof et al.,, 2012). NICE OA guidelines (2014)
recommend PA and supported self-management as a core treatment for OA; however, how to
implement this successfully within primary care for people with OA and comorbidity remains
unclear. Thus, three gaps in the current research have been identified, and will be the focus of this

thesis:
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1. There is a lack of evidence regarding the effectiveness of PA as a treatment for OA inclusive of

comorbidity.

Few studies explicitly focus on individuals with OA and comorbidity and it remains unclear what PA
interventions are potentially successful for this patient group. Previous evidence syntheses and
systematic reviews have explored PA in people with OA (Fransen et al., 2015), but these often contain
Randomised Controlled Trials (RCTs) that exclude comorbid participants, and therefore may have

guestionable generalisability to real-world comorbid populations.

2. Increasingly, individuals with OA are living with comorbidity; however, the relationship

between comorbidity and PA has not been thoroughly investigated.

People with OA have lower levels of PA than those without the condition, which may in part be due to
the existence of comorbidities (Kraus et al., 2016; Dunlop et al., 2011; Herbolsheimer et al., 2016;
Quicke et al., 2017). Comorbidities that are prevalent in OA may influence PA levels. Furthermore,
investigating comorbidity in different ways, such as measuring comorbidity frequency in people with
OA and comparing different ways of collecting comorbidity data (e.g. self-report and Medical Record
Review (MRR)) are novel approaches and may add to the knowledge of how comorbidity influences PA

level.

3. NICE guidelines have recommended PA as a core treatment for OA, however, knowledge of
how to implement this successfully within primary care for people with OA and comorbidity

remains unclear.

Previous research suggests that the effects of PA may be improved for people with OA and comorbidity
when individualised by taking comorbidity into account (Bennell and Hinman, 2013), however, how to
do this is not well understood. Previous qualitative studies provided narratives of experiences of PA in
those with OA and chronic pain (Kanavaki et al., 2017; Hendry et al., 2006; Hurley et al., 2018), and

comorbidity has appeared as a factor affecting OA management and PA participation in a small number
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of studies (Campbell et al, 2001; Hendry et al., 2006; Paskins et al., 2014; Hurley et al., 2010; Marks,
2012). However, comorbidity has not been further explored nor been the principal research focus.
Therefore, how and why comorbidity may influence PA or compound PA effects and how to overcome

comorbidity barriers and increase PA level, is unknown.

In summary, OA is a condition which is associated with one of the highest comorbidity rates and lowest
PA levels. Therefore, there is a clear need to synthesise existing knowledge about the effectiveness of
PA for people with OA and comorbidity. An increased understanding of PA behaviour in people with
OA and comorbidity could inform future treatment strategies within primary care. To inform future
OA and comorbidity targeted interventions, there is a need to generate new knowledge about PA
behaviour, attitudes towards, and beliefs about, PA in people with OA and comorbidity. This new
knowledge could be used to make recommendations aiming to increase PA levels and improve clinical
outcomes. The Venn diagram below summarises the gaps in the current research concerning OA,

comorbidity and PA (Figure 1.1).

2. |s comorbidity associated with
PA levels in people with QAT

3. How can PA treatment be
successfully implemented for
people with ©OA and
comorbidity?

1. How effective is PA for people
with 04 inclusive of comorbidity?

Figure 1.1 The gaps in current research this thesis seeks to fill
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1.4 Thesis aim and research questions

1.4.1 Aim

The overall aim of this thesis is to investigate the impact of comorbidity on PA and clinical outcomes

in those with OA in primary care. To fulfil the research aim, there are three specific research questions.

1.4.2 Research questions
1. What is the effectiveness of PA interventions for people with OA and comorbidity?
2. Is comorbidity associated with PA levels in people with OA?

3. How do people with OA experience PA in the context of comorbidity?

By addressing these research questions, this thesis will contribute to a new understanding of how
people with OA and comorbidity can be better supported to self-manage and increase PA levels in
primary care. The use of a multi-method approach is a novel contribution to provide a more in-depth

understanding of PA in people with OA and comorbidity.

1.5 Structure of the thesis

To address the thesis research questions, three individual studies were conducted using multi-
methods. The three studies are displayed below (Figure 1.2), and the chapter structure is then

provided. Further detail of the thesis structure is presented as a conceptual map in Appendix 1.
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Study 1. Systematic review

The effectiveness of physical activity
interventions for people with osteoarthritis
and comorbidity

Study 2. Secondary data analysis study

Comorbidity and physical activity levels in S Thesis synthesis
older adults with osteoarthritis

Study 3. Qualitative investigation

The attitudes towards, and beliefs about,

physical activity in people with
osteoarthritis and comorbidity

Figure 1.2 The three studies conducted to address the research questions within this thesis

Chapter 1. Thesis introduction and overview

This chapter introduces and provides a rationale for the thesis. It then goes on to highlight gaps in

current research and presents the overarching aim, research questions, and thesis structure.

Chapter 2. Background

This chapter provides a background thesis work-up discussing literature regarding OA, comorbidity and
PA. It describes the individual, healthcare and global burden that OA presents and introduces the HOC
as a high quality framework for delivering person-centred coordinated care. Clinical guidelines
recommending PA as a core treatment for OA and general health are provided. Following this, the
current PA levels in the OA population are explored and known barriers to PA outlined. The relevance

of comorbidity to patients with OA is introduced and discussed as a potential barrier to PA.
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Chapter 3. Methodology

This chapter outlines the multi-method approach adopted within this thesis. It includes a brief
overview of research paradigms and the rationale for selecting the pragmatic paradigm. It outlines
how this approach is used, the methods, and order of the research conducted, to answer the thesis

research questions.

Chapter 4. The effectiveness of physical activity interventions for people with osteoarthritis and

comorbidity

Chapter 4 addresses the first research question, using a quantitative paradigm. It describes a
systematic review synthesising existing research of previous RCTs investigating the effectiveness of PA

interventions on clinical outcomes of; pain, function and QOL, in adults with OA and comorbidity.

Chapter 5. Comorbidity and physical activity levels in older adults with osteoarthritis

Chapter 5 addresses the second research question using quantitative methods in the form of
secondary data analyses. It examines the PA levels of those with OA with and without comorbidity.
The chapter introduces and justifies the datasets and choice of variables used, followed by the
regression analyses methods to investigate the association between comorbidity and PA levels in

people with OA.

Chapter 6. The attitudes towards, and beliefs about, physical activity in people with osteoarthritis and

comorbidity

Chapter 6 addresses the third research question using a qualitative paradigm to gain an in-depth
insight into the attitudes towards, and beliefs about, PA in people with OA and comorbidity. Face-to-
face semi-structured interviews with individuals with OA and comorbidity are used to investigate how
people with OA experience PA in the context of comorbidity and how people with OA and comorbidity

can be better supported to be physically active.
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Chapter 7. Thesis synthesis

Chapter 7 brings together the findings from the three studies. The findings are summarised, integrated,
and synthesised. This chapter evaluates the strengths and limitations of the thesis and, based on the
synthesis of the three studies, makes clinical and research recommendations for future work in the

field of PA in people with OA and comorbidity.

Chapter 8. Thesis conclusion

The thesis concludes with a synopsis of the thesis and concluding remarks.

1.6 Chapter summary

This chapter introduced the thesis and provided a concise rationale. The gaps in current research which
informed the thesis aim and research questions were stated. The thesis structure and outline of the

chapters were then provided.
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Chapter 2. Background

2.1 Introduction

This chapter provides the background of key topics relevant to this thesis. First, the UK healthcare and
policy context of the management of LTCs is outlined, as this provides a policy backdrop for the thesis
and is relevant to the management of OA in primary care. Second, OA as a LTC is described in order to
outline the global burden, symptoms and impact of this condition. Third, PA as part of supported self-
management and a core treatment in the management of OA is introduced. Previous research
investigating barriers to PA are outlined. Finally, comorbidity is discussed as an important
consideration for people with OA due to the common co-occurrence of OA and other LTCs and the
implications that this may have on recommendations for care and supporting self-management

through PA.

2.2 Management of long-term health conditions in the UK

In England, about 26 million people have at least one LTC (NHS, 2019) and one in four adults are living
with two or more health conditions (Stafford et al., 2018). By age 65, it has been estimated that 54%
of the population over 65 in England have two or more co-existing LTCs (Kingston et al., 2018; DOH,
2012) and these numbers are projected to rise significantly with the ageing population (Stafford et
al., 2018). A large cross-sectional study analysed 1,751,841 registered primary care patients from 314
general medical practices in Scotland found that 42.2% of patients had at least two LTCs and of those,
54.9% had three or more (Barnett et al., 2012). Further, by age 50, half the population had at least one
LTC and by 65, most people had comorbidity (Barnett et al., 2012). Therefore, the prevalence of LTCs

is not just a problem in England, but a UK-wide issue.

In primary care, people with multiple LTCs are routine service users; six out of 10 (58%) patients have
multimorbidity (2+ co-existing conditions) but account for eight out of 10 (78%) GP consultations

(Salisbury et al., 2011). Recent figures show LTCs account for 50% of all GP appointments and 70% of
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health and care expenditure in the UK (NHS, 2019). LTCs often require ongoing attention and

adjustments to life and interaction with the healthcare system (Goodwin et al., 2010).

The NHS Five Year Forward View (2014) and following this, the NHS Long Term Plan (2019), were
published to set out a new vision for the future of the NHS and practical plans for implementing
improvements to care (NHS, 2019). These policy documents both highlighted how LTCs are increasing
in prevalence and that providing care for LTCs is a central task of the NHS (NHS, 2014; 2019). The scale
of LTCs means that clinical practice needs to shift from a disease-focused, reactive and fragmented
model, toward a holistic, proactive and collaborative model which would place the person with LTCs
at the centre of their care (Coulter et al., 2016). The NHS vision emphasises supporting individuals with
multiple health conditions, by listening to, and involving patients, in patient-centred care (NHS, 2014;
2019). Personalised care was one of the major practical changes in the NHS long-term plan, which
promotes a new relationship and a positive shift in power to enable the patients to have a voice in
determining their own care and support needs (NHS, 2015). The HOC model is a whole-system
approach, developed to address the barriers to effective care for people with LTCs which include

(Figure 2.1);

1. Single condition services

2. Lack of care coordination

3. Emotional and psychological support

4. Fragmented care

5. Lack of informational continuity (coherent shared information between the HCP and patient)
6. Reactive, not predictive services

7. Lack of care planning consultation

The HOC model aims to build care around the patient, not make the patient fit the care. This
approach is designed to optimise healthcare through co-creation of a care plan which activates

and supports patients (Coulter et al., 2016). The HOC model is presented as building blocks of
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highly person-centred and coordinated care and typically relies on four components; 1)
commissioning, training and development (floor), 2) engaged and informed individuals (and carers)
(wall 1), 3) HCPs working in partnership (wall 2) and 4) the organisational systems and clinical
processes (structured around the needs of the individuals and HCPs, to improve identification,
appointment linking, consultations, recording systems and monitoring care plans and outcomes)

(the roof).

O

Organisational and
supporting processes

Engaged, Health and care
informed professionals
individuals and ' committed to
carers " partnership
working
L

Person-centred I!
coordinated care

e

Commissioning

Figure 2.1 The House of Care model (NHS, 2019)

2.3 Osteoarthritis: a long-term condition

The HOC provides the policy backdrop to this thesis. OA is one of the most prevalent LTCs (Theis et
al., 2016; Simdes et al., 2017), and places a huge demand on both the healthcare system and
individuals. OA as a LTC requires ongoing care and management and situates well within the HOC
model (Smith et al., 2012). OA is predominantly managed in primary care by GPs and practice nurses
(Foster et al., 2014; Healey et al., 2015). Other practitioners such as physiotherapists and pharmacists

may also be involved in decision making and treatment within primary care (Healey et al., 2015).
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2.3.1 The global burden of osteoarthritis

In the UK, 8.75 million or approximately a third of all adults aged 45 and over have sought treatment
for OA (ARUK, 2015; NICE, 2014). One in nine people have hip OA (ARUK, 2015) and over one in five
adults have knee OA (4.11 million people) which amounts to 18.2% of the population in England (ARUK,
2019; Kraus et al., 2016; Litwic et al., 2013). OA is often also multisite; a cross-sectional study of 15,083
adults aged 45 and over, found 11,928 reported peripheral joint pain (hands, hips, knees and feet), of
which, 68% reported multisite joint pain (pain in two or more of the sites) (Finney et al., 2017). OA is
associated with reduced physical and mental health (Kraus et al., 2016) which is compounded by each
additional site of joint pain in those with multisite pain (Finney et al., 2017). The prevalence of knee
OA has doubled in women and tripled in men over the last 20 years (Tsai et al.,, 2013) and this
prevalence is projected to increase aligned with the number of people living longer (Vogels et al., 2001;
Wilkie et al., 2019). These factors make OA especially important, as it not only has a considerable
impact on the population but also creates a high economic burden and puts greater demands on

healthcare (Chen et al., 2012; OARSI, 2016; Wilkie et al., 2019).

2.3.2 The symptoms and impact of osteoarthritis

OA impairs a person’s ability to perform basic daily activities and live independently (Zambon et
al., 2016). OA symptoms are associated with functional impairment and reduced general health and
QOL (Kraus et al., 2016). OA is the second largest musculoskeletal (MSK) contributor to disability-
adjusted life years (DALYs) across the world (Simbes et al., 2017) and arthritis-attributable life
limitations (limitations in any usual activities because of arthritis symptoms) are projected to increase
(Hootman et al., 2016). Immobility resulting from OA can add to a reduced lifespan by increasing risk
factors for other condition mortality (e.g. CVD) (Wilkie et al., 2019; Niesch et al., 2011). The existence
of arthritis alongside other LTCs is associated with significant and progressively worse clinical outcomes
(Qin et al., 2015). For example, in a study of adults with multiple LTCs in the United States (US) (n=
34,506), people with arthritis were shown to experience higher prevalence of adverse outcomes in

physiological, psychological and social domains, when compared with those living with multiple
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conditions but excluding arthritis (Qin et al., 2015), highlighting the importance of OA for population

health.

The symptoms experienced by people with OA can impact the individual beyond their physical health.
Limitations in mobility attributable to knee OA alone is greater than any other health condition in
people age 65 and over (Guccione et al., 1994), which impacts several areas of living, such as
independence, personal care, household management, social relations and work (Zambon et al., 2016,
DOH, 2012). The natural course of pain and function in OA patients is highly variable and individual
(Nicholls et al., 2014; de Rooij et al., 2016), but the experience and impact of OA pain can dominate
and affect many areas of life in multiple ways (e.g. physical dysfunction or psychosocial distress)

(Hurley et al., 2018).

The impaired psychosocial functioning from OA can have a hugely detrimental impact on people’s
sense of self and personal narrative (Bury, 1982). The loss of control, freedom and independence can
accumulate to biographical disruption in a person’s QOL (Bury, 1982). Knee pain is strongly associated
with depression and anxiety (Hawker, 2008), which can, in turn, significantly influence participation
restriction and physical limitation (Sharma et al., 2016). Furthermore, psychological distress and
depression have been found to worsen pain in a vicious cycle (Barnett et al., 2012). The psychological
burden of symptoms is significantly higher in individuals with multisite pain (Hoogeboom et al., 2012;
Finney et al., 2017). Taken together, a person with OA can experience life-altering physical symptoms,
impairments to psychosocial functioning, and losses in social belonging and relationships, all of which

can subsequently reduce QOL (Vitaloni et al., 2019).

2.3.3 Osteoarthritis risk factors

OA is considered a complex interplay or reciprocity of several risk factors (Silverwood et al., 2015;
ARUK, 2017; Palazzo et al., 2016). These risk factors can be split into person-level factors and joint-
level factors (Palazzo et al., 2016). The most common person-level risk factors for developing OA

include; increased age, female gender, higher BMI and genetic factors (Silverwood et al., 2015; ARUK,
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2017; Kraus et al., 2016; Suri et al., 2012). At a joint-level, patient history such as trauma or injury to
the OA joint site, joint abnormalities, surgery, occupation or lifestyle that places abnormal loading on
the joint and malalighment or repetitive movements, can all contribute to OA incidence (Suriet

al., 2012, Palazzo et al., 2016).

Obesity is one of the most important risk factors to OA development (ARUK, 2017; Palazzo et al., 2016),
initially attributed to the excessive load placed on the weight-bearing joints (hip and knee). However,
recent studies have suggested that obesity plays a further role than biomechanical mechanisms.
Increased load, inflammation, low muscle mass to body mass ratio, and aberrant biomechanics from
obesity, can contribute to increased OA risk (Holden et al., 2019). Also, other conditions that affect
blood flow or inflammation (e.g. diabetes, gout, underactive thyroid) can affect the risk of OA
development (ARUK, 2017). Hand OA pathogenesis is different from the weight-bearing joints (Qin et
al., 2017). Altered metabolic regulation and increased levels of inflammation associated with obesity
are suggested to contribute to the development of hand OA (Qin et al., 2017). Importantly, several of
the risk factors in OA and many other LTCs, are modifiable and can be altered by lifestyle behaviours

such as diet and PA (Qin et al., 2015).

2.4 Osteoarthritis care and treatment

In the absence of a current cure for OA, the goal of OA management is targeted toward reducing pain
and improving function (Felson et al., 2000; Bennell et al., 2016), reduce the overall disability from OA
and maximise QOL (Ernstgard et al., 2017; Loza et al., 2009; Kraus et al., 2016; Tsai et al., 2013; Rejeski

et al., 2002).

Core treatment of OA includes the provision of good quality written and verbal information, education
about the condition and how to manage it, and advice and interventions including PA programmes and
weight loss (NICE, 2014). Education and self-management are central to the recommendations to
enhance patient understanding of OA and its management, change misconceptions and foster positive

behaviour change (NICE, 2014). Non-pharmacological management (e.g. PA and weight loss) are
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recommended before pharmacological treatment, such as; oral analgesics and non-steroidal anti-
inflammatory drugs (NICE, 2014) because of their comparable effectiveness for pain relief and
favourable safety profile (Quicke et al., 2015; Kraus et al., 2016; Henriksen et al., 2016). Some
pharmacological therapies have significant toxicity risk (e.g. nonsteroidal anti-inflammatory drugs
(NSAID)), which limit their continual use in the long-term (Kraus et al., 2016) and fewer than 40% of
patients with chronic pain report satisfactory relief from them (Tsai et al., 2013). Joint surgery is only
recommended after the patient has been offered the core non-surgical treatment options and
experiences prolonged and established functional limitation and severe pain, prior to referral (NICE,

2014).

2.4.1 Physical activity in osteoarthritis

PA has been deemed an effective intervention for OA in primary and secondary care, and also as a
preventative method for OA and various LTCs (DOH, 2019; WHO, 2015; Felson et al., 2000; Kyu et al.,
2016) with effective activities varying from; aerobic exercise, walking, aqua-based activity, strength
training, neuromuscular education and tai chi (Kraus et al., 2016). Strengthening activities can also
include; stair climbing, using a wheelchair, carrying and lifting shopping and children (DOH, 2019).
Felson et al. (2000) suggest PA for OA can be subcategorised into; range of motion and flexibility
enhancing, muscle strengthening and conditioning, and aerobic cardiovascular exercise. However, the
optimal type of PA for treatment of this population remains under debate (Uthman et al., 2013).
Activities such as dance and tai chi are examples of PA options that encompass strengthening, balance

and flexibility (DOH, 2019).

PA, when adopted and maintained, has the potential to provide numerous health benefits, including
improved physical and psychological health and an overall enhanced QOL (Dallosso et al., 2018;
Uthman et al., 2013; Felson et al., 2000; Geneen et al., 2017; ACSM, 2009). PA is a strategy to maintain
general health, but also reduces mortality and the likelihood of increasing morbidity (DOH, 2011;

Slater et al., 2011), by both preventing the onset of over 25 LTCs and improving the general health of
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individuals living with such conditions (Keats et al., 2017). For example, PA has been proven an
effective treatment for LTCs such as OA, cancer, CVD, T2DM and respiratory diseases (DOH, 2019;
Dekker et al., 2019). Furthermore, research has indicated that merely walking and ‘getting out and

about’ more, could be protective against excessive mortality in people with OA (Wilkie et al., 2019).

Regular participation in PA is reported to reduce hip and knee OA pain by 6% (Hurley et al., 2018) and
can improve the physical status of the OA population without exacerbating further joint damage
(Quicke et al., 2015; Bricca et al., 2019; Foster et al., 2014). PA also contributes to enhanced joint
motion and elasticity of periarticular tissues and strengthens muscles which are necessary for the
normal functioning, stability and support of joint structures (Felson et al., 2000). People with OA also
benefit from the wider health benefits of PA, such as improved self-esteem, balance, sleeping, stress

management, fall prevention and social opportunity (DOH, 2019; Hurley et al., 2018).

2.4.2 Physical activity guidelines for osteoarthritis

It is recommended that people with OA should aim for the current adult PA recommendations of at
least 150 minutes of moderate-intensity or 75 minutes of vigorous-intensity PA throughout the week
alongside muscle-strengthening activities, activities to improve flexibility and balance, and to break up
long periods of sedentary time (DOH, 2019; WHO, 2015; McAlindon et al., 2013). The WHO (2015)
suggests that this level of PA is necessary to gain health benefits. Most recent evidence suggests that
the 150 minutes PA per week can be achieved in bouts of any length, such as 10 minutes, and this
could be an effective behavioural goal for people with low PA levels and may help break up long periods

of sedentary time (DOH, 2019).

International guidelines, expert committees and health institutions have all recommended PA as part
of a regimen for the treatment and management of OA (Kraus et al., 2016). Key guidelines that include
PA or exercise recommendations for people with OA and one guideline for OA and comorbidity are
outlined in Table 2.1. The OA NICE (2014) guideline recommends three core treatments for people

with OA; education and information to enhance understanding of OA and its management, advice on
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muscle strengthening and aerobic exercise, and advice on weight loss for those who are overweight or
obese (NICE, 2014). PA is recommended by NICE as a core treatment, irrespective of age, comorbidity,
pain severity or disability and should include local muscle strengthening and general aerobic fitness
training (NICE, 2014). OA Research Society International (OARSI) produced guidelines for the non-
pharmacological management of all individuals with OA, which includes PA (OARSI, 2014). The
guideline suggested that land-based exercise and weight management are the most appropriate forms

of non-pharmacological treatment for those with OA, regardless of comorbidity status (OARSI, 2014).

Other guidelines exist including those from the European League Against Rheumatism (EULAR) and the
American College of Rheumatology (ACR). These guidelines focus on lifestyle changes through
interventions such as education, support meetings, coping strategy training, self-management
programmes and psychosocial interventions, in which PA, exercise and weight reduction are
subcomponents (EULAR, 2013; ACR, 2012). These guidelines emphasise a more holistic approach
inclusive of patient preference, mixed PA programs and linking PA into daily activities to integrate them
into a lifestyle change, which could be essential for PA uptake and maintenance. The guidelines also
step away from traditional aerobic and strengthening PA and suggest alternative modes of activity,

such as tai chi programmes (EULAR, 2013; ACR, 2012), but do not provide guidance for comorbidity.

Table 2.1 Guidelines for PA in patients with OA

ACR OA, 2012 EULAR OA, 2013 NICE OA, 2014 OARSI OA and
comorbidities, 2014
PA e Aerobic e  Mixed exercise e Local muscle e Land-based
specific e Resistance e Strength strengthening e Strengthening
e land-based e Aerobic e Aerobic fitness e Water-based
e Aquatic e Water-based
e  Manual-therapy e Strengthening
e Taichi e ROM / stretching
Non PA o  Weight e Long-term lifestyle e Self-management e Weight
management e  Education programmes management
e  Psychosocial e Self-management
interventions e  Weight loss

e Self-management

OA=Osteoarthritis; PA=Physical Activity; ACR=American College of Rheumatology; EULAR=European League
Against Rheumatism; OARSI=Osteoarthritis Research Society International;, NICE=National Institute for health
and Care Excellence; ROM=Range Of Motion
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2.4.3 Supported self-management

Supported self-management is an integral aspect of disease management and has been recommended
in several OA guidelines above-mentioned (Table 2.1). Effective supported self-management can
influence the effectiveness of treatments, such as PA (Valderas et al., 2009). Effective supported self-
management empowers patients and facilitates participation in their care plan and maintenance
(Dallosso et al., 2018). Patients with LTCs and HCPs have identified three key factors which affect
engagement in self-management: capacity to manage (time, knowledge, access and energy),
responsibility (ownership over areas of disease management) and motivation (readiness to self-
manage) (Coventry et al., 2014). Subsequently, the effect of treatment is greatly enhanced when
patients are supported and taught how to independently self-manage treatment recommendations

(Coulter et al., 2016; Rejeski et al., 2002).

To achieve patient-centred care, people with LTCs need to build knowledge, skills and confidence to
self-manage and live well with their conditions (Coulter et al., 2016). For successful self-management,
patients need education, which can come in several forms, such as information on the safety and
benefits of PA. This can be supported through teaching and encouragement, collaborative HCP and
patient communication and mutual goals and treatment plans (Gay et al., 2016). Conversations
between the HCP and patient are essential if the patients are to succeed in managing their health, but
also in integrating health and well-being plans within the context of their whole personal circumstance

(including, for example, environment and family demands) (Hurley et al., 2018; Hammer et al., 2016).

Previous PA programmes for people with OA have also found that the opportunity to be in a group,
meet new people, share stories and gain peer support were beneficial to PA adoption and maintenance
(Hendry et al., 2006). Having meaningful relationships, such as friends, can contribute to a support
network that can assist both practically and emotionally in PA (Taskforce, 2018). Qualitative analysis
of patients with OA has revealed that support from family, friends, peer groups and group classes,

provided a sense of camaraderie and community (Hurley et al., 2018). Furthermore, peer support can
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foster shared and enjoyable experiences, instead of negative feelings that PA is an additional burden
(Moody et al., 2012). Thus, to change PA behaviour in people with OA, it is important to not only
consider how to introduce PA but also how to successfully implement and maintain change in the long-

term.

2.4.4 Self-management and physical activity behaviour change

It is widely recognised that a complex range of factors can influence a person’s engagement,
participation and maintenance of PA (Bennell and Hinman, 2011). Multiple previous studies have
reported the psychological, social and environmental factors including illness beliefs, PA beliefs,
knowledge and attitudes about PA that may influence the decision to engage in PA (Hurley et al., 2018;
Kanavaki et al., 2017; Bennell and Hinman, 2011). A plethora of behaviour change techniques can be
applied and may be necessary to successfully guide patients to learn to self-manage and establish new
behaviours, such as PA (Willett et al., 2019). Social cognition theories examine factors that predict
behaviour intentions and behaviour such as PA (Becker and Maiman, 1975; Hurley, 2018; Bandura,
1977). For example, the Health Belief Model (HBM) (Hochbaum et al., 1950’s; Becker and Maiman,
1975; Janz and Becker, 1984) suggests that for people to adopt and change their health behaviour, the
perceived threat of barriers must be outweighed by the perceived benefits. By targeting interventions
to build patient confidence, form positive PA health beliefs, outcome expectancies for PA and
encourage self-management, patients may be more likely to engage in their treatment actively and

sustain behaviour change, such as PA.

The COM-B model (Michie et al., 2011) is a widely used model of behaviour in health research. The
COM-B model proposes that there are three essential conditions to any behaviour change: capability
(psychological and physiological capability, e.g. strength, knowledge, skills), opportunity (external
factors, both physical, e.g. time, location, and social, e.g. cultural norms, social cues) and motivation
(internal processes of decision making, both reflective, e.g. plans, evaluation, and automatic

motivations, e.g. desires, impulses and inhibitions) (Michie et al., 2011). Furthermore, COM-B is an
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interactional model, which suggests that by changing behaviour, there is also an impact on the
determinants of behaviour, which fosters long-term behaviour change (Michie et al., 2011), especially

important for sustained PA behaviour change.

The goal of PA behaviour change can be met through several characteristics of LTC management
including the provision and development of knowledge, skills, roles, beliefs, reinforcement,
communication and environment (Willet et al., 2019). Previous research has highlighted how people
with OA need additional help not just to adopt, but also to maintain PA as part of their daily lives
(Garber etal., 2011). For example, motivation to do PA is best defined by the self-determination theory
(Deci and Ryan, 1985) which describes how intrinsic motivation (i.e. enjoyment) and extrinsic
motivation (weight loss) are enhanced by autonomy (control), relatedness (connection) and
competency (mastery). Therefore, people with OA may engage in PA if it has value to them, if they
perceive it to be important, and if they gain enjoyment from participation (Taskforce, 2018; Hurley et

al., 2018).

Furthermore, a person’s attitudes and beliefs about PA, such as having higher confidence in their ability
to successfully carry out PA, have been associated with higher levels of PA (Berry et al., 2020; Quicke
et al., 2015). Self-efficacy is best described as a person’s belief in their ability to successfully undertake
or manage a task (Bandura, 1977). Therefore, PA self-efficacy in this thesis refers to the belief and
capacity of people to undertake PA (Bandura, 1997). Self-efficacy might be enhanced by teaching the
value of PA in the management of conditions (verbal persuasion) and through the positive experience
of completing PA with the appropriate guidance (mastery) (Bandura, 1977). For example, to facilitate
PA, it may help if the advice is delivered and guided by an informed HCP, who could alleviate any
concerns regarding the safety of PA, provide awareness about the benefits and importance and correct
and realign the interpretation of PA experiences (such as muscle soreness and fatigue) (Hurley et

al., 2018; ACSM, 2018).
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Self-efficacy spans further than PA, with lower condition self-efficacy a risk factor for functional
declines in arthritis and OA (Baruth et al., 2013; Dekker et al., 2009; Marcum et al., 2014). OA and
comorbidity self-efficacy (condition self-efficacy) in this thesis refers to the capacity of people to cope
with and self-manage their conditions. Developing patient beliefs in their ability to manage their
symptoms and function normally is an essential consideration in OA self-management, as these beliefs
about their capabilities also influence their subsequent engagement in treatment, such as PA

(Bandura, 1977).

2.5 Barriers to physical activity in people with osteoarthritis

Despite the numerous benefits of PA, the activity levels of the general population are low (NHS, 2016).
The latest self-report data from the Health Survey for England revealed that less than half (44%) of the
population aged over 65 are meeting the target PA recommendations (NHS, 2016), and this reduces
further in people with OA (De Groot et al 2008; Blair, 2009; Fishman et al., 2016; Holden et al., 2014).
Physical inactivity is common in people with OA despite its documented benefits on pain, function,

general health and QOL (Fenerandes et al., 2013; Ernstgard et al., 2017; Veenhof et al., 2012).

Patients with OA experience several barriers associated with PA which are recognised as important
influences on whether people adopt, participate and maintain the behaviour (Campbell et al., 2001;
Petursdottir et al., 2010; Manaf et al., 2013). The most recognizable barriers to PA in people with OA
are the dominating pain, stiffness and functional impairment which increase disability which can make

PA more challenging (Hawker et al., 2008; Kraus et al., 2016; Sim&es et al., 2017; Kanavaki et al., 2017).

Barriers to PA can exist beyond the immediate physical symptoms, extending to psychological,
motivational and behavioural too. For example, people with OA may have negative health beliefs, such
as the perception that their age and accompanied body deterioration and ‘wear and tear’ is inevitable,
untreatable and worsening with time (Hurley et al., 2010; 2018; Wilcox et al., 2006) and thus, they feel
they may not benefit from being more physically active (Campbell et al., 2001). Furthermore, fear of

harm, worsening disease and symptoms and even fear of discrimination relating to age or disability
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(Fries, 1996; Hurley et al., 2018; Paskins et al., 2014; Hendry et al., 2006; Haseler et al., 2019), mean
that people with OA not only have doubts about the benefits they might obtain from PA participation
but also can believe it would worsen their health state (Petursdottir et al., 2010). To achieve a change
in PA behaviours, patients must also believe that the behaviour is safe and achievable (Hurley et al.,

2010; Janz and Becker, 1984).

Despite PA being one of the key recommendations for the management of OA (NICE, 2012; de Rooij et
al., 2014) and acknowledged as a safe and effective treatment for people with OA (Quicke et al., 2015),
under half (48.7%) of GPs prescribe PA, compared to 95.8% prescribing paracetamol (Denoeud et al.,
2005). As a result, some people with OA have been recommended PA, whilst others have been
discouraged (Hendry et al., 2006). HCPs have a lack of awareness and uncertainty about safety, the
benefits and what PA options are available or suitable for people with OA (Hurley et al., 2018;
Haseler et al., 2019). A lack of knowledge, time, and specific guidance on the mode, frequency and
intensity, create an obstacle for HCPs to confidently provide and endorse PA as a treatment for OA (De
Souto Barreto, 2017; Dekker et al., 2019; Wilcox et al., 2006). Mixed messages and a negative attitude
toward PA from HCPs can create patient doubts and reduce PA levels (Hendry et al., 2006; Campbell et
al., 2001; Petursdottir et al., 2010; Cuperus et al., 2013). Further, a lack of support and perceived
dismissive attitude about OA prognosis from HCPs can further exacerbate the dominating experience
of pain, coping with pain, disability and activity restriction from OA (Wallis et al., 2019) which may

reduce PA levels further.

Individuals may experience multiple other barriers to PA participation, such as previous negative PA
experiences (Petursdottir et al., 2010) and not experiencing the desired outcomes from PA
(Campbell et al., 2001; Hendry et al., 2006). In a person with OA, the participant’s intention to
participate in PA and PA behaviour could be determined an interplay of barriers across biopsychosocial

domains (Ajzen et al., 1985). Several models exist that can be used to conceptualise the multiple
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barriers and facilitators in behaviour change (Michie et al., 2005; Petursdottir et al., 2010; Kanavaki et

al., 2017; Marks, 2012).

For example, the Theoretical Domains Framework (TDF) was developed to integrate behaviour change
theories to inform the development of interventions (Michie et al., 2005). The TDF provides a platform
comprising of 14 distinct domains that are considered to influence behaviour change, such as
knowledge, goals and social influence, acting as barriers or facilitators (Michie et al., 2005), which has
informed several models of PA behaviour change. Key factors determining PA have been found in the
Attitude, Social influence and self-Efficacy (ASE) model (De Vries et al., 1988), including various
domains which can determine behaviour. Previous research has also found that readiness to do PA is
constantly fluctuating based on the complex nature of the conditions (physical impairments, mental
health challenges, uncertainty), interacting with other domains (social, perceptions, experience and

accessibility) (Simonik et al., 2016).

Kanavaki et al. (2017) describe how there is a complex interplay among dynamic physical,
intrapersonal, psychological and socio-environmental barriers and facilitators of PA, of which can be
applied to several LTCs, but some are specific to OA. In OA, facilitators and barriers are primarily
conceptualised as internal or external (Kanavaki et al., 2017; Marks, 2012; Petursdottir et al., 2010),
including; individual attributes and personal experience with PA, and social and physical environments

(Petursdottir et al., 2010) which can all exist in one person and interact and influence PA (Marks, 2012).

2.6 The challenge of osteoarthritis and comorbidity

The above sections have introduced OA and how it is managed, with a focus on supported self-
management and PA, before briefly introducing evidence about levels of PA in people with OA and
then common barriers to PA in this population. This section now switches attention to describe the
challenge of OA and comorbidity. Comorbidity as a concept corroborates with the HOC model, as it
considers the multimorbid and complex patient, but focuses on the patient perspective of how LTCs

affect their health, well-being and thus, promotes patient-centred and integrated care (Valderas et al.,
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2009). By defining a specific index disease, the perceived most important condition to the patient and
HCP can be preserved, followed by the consideration of comorbidities (Dekker et al., 2016). Buffel du

Vaure et al. (2016) summarised this well;

“We need a paradigm shift in planning research and elaborating clinical practice guidelines. We should
move from the current ‘single-condition’ approach to developing clinical practice guidelines toward a

patient-centred approach” (Buffel du Vaure et al., 2016).

MSK conditions are ubiquitous in comorbidity because of their high prevalence, shared risk factors and
links with other LTC pathogenic processes (DOH, 2012). The proportion of people with OA reporting
comorbidity ranges from 68 to 85% (depending on the definition and type of comorbidity) (Zambon et
al., 2016). Over half of all adults with OA have at least one other LTC including CVD, obesity, depression
and T2DM (Barbour et al., 2017; Hawker et al., 2011; Vos et al., 2012; Kriegsman et al., 2004; Theis et
al., 2016; Hall et al., 2016) with most recent evidence reporting that 66% of people with OA have at

least one other LTC (Swain et al., 2019).

There are possible explanations for the strong correlation of OA and comorbidities, including shared
disease aetiology and physiopathology, and the association between age-related biological decline and
the risk of LTCs (Leite et al., 2011; Slater et al., 2011). In a large population-based cohort study by
Niesch et al. (2011), radiographical diagnosis of OA of the hip or knee was found to have excess all-
cause mortality compared with the general population, and prominent predictors of excess mortality
were T2DM, CVD and cancer (reported at baseline) (Niesch et al., 2011). This burden of comorbidity
is higher in people with OA, whereby they are more likely to develop 21 different comorbidities than

non-0A controls (Swain et al., 2020).

Some LTCs can develop and exist independent from each other, such as OA and asthma (ARUK, 2015).
However, some LTCs have shared causal factors (obesity contributing to OA and T2DM), or sometimes

one condition exacerbates symptoms of another (OA and depression) (ARUK, 2015; Slater et al., 2011).
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It is also possible that OA and associated symptoms may contribute to lower levels of PA, increased
sedentary time and thus increase the risk of other LTCs (Leite et al., 2011; Kadam et al., 2004;
Parkinson et al., 2017; Slater et al., 2011). Prolonged inactivity due to OA can also result in lowered
aerobic capacity and increase the risk factors for other conditions such as CVD and obesity (Felson et

al., 2000).

2.6.1 Bringing together osteoarthritis, physical activity and comorbidity

NICE OA guidelines (2014) acknowledge that due to the ageing of the population, there is a high
incidence of comorbidities in people with OA which may influence the appropriateness of
management options. However, how to address comorbidity, when recommending PA to people with
OA, is not outlined. It has been recognised that prescription and advice regarding PA should consider
the impact of comorbidities such as cardiometabolic, respiratory and psychological conditions
(Simdes et al., 2017). However, currently, the common use of a ‘one size fits all’ approach to PA
prescription for OA does not account well for tailoring treatment to the clinical presentation including

comorbidity (Bennell et al., 2015).

Historically, the guidance for patients with more than one LTC involves combining the separate
guidance for each condition with no true coordination of management or treatment recommendations
(Dekker et al., 2016). This is problematic as one treatment might interact negatively with another
treatment or affect the natural trajectory of co-existing disease (de Rooij et al., 2014). Alternatively,

one condition may impede the applicability of treatment for another condition.

A necessary consideration when recommending PA is that comorbidity in the person is individual and
not merely the sum of conditions (Schoenberg et al., 2009). The NICE OA guidelines (2014) recommend
that comorbidities that may compound the effects of OA are taken into consideration to ensure that
self-management approaches for OA such as PA are acceptable in their nature and setting (NICE, 2014,
P14). In 2016, NICE published their multimorbidity guidelines (Clinical guideline NG56; 2016). This

guideline acknowledged that health conditions interact, and that patient care should account for
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individual needs, preferences, priorities, lifestyle and goals to improve QOL (NICE, 2016). The guideline
suggested that an improvement in the coordination of care could reduce treatment burden, adverse
events and unplanned care and improve QOL in people with multiple LTCs (NICE, 2016). However, the
guideline does not tackle PA treatment recommendations, only suggesting PA as an alternative to
some medicines and in discussing treatment burden in day-to-day life, with no further guidance (NICE,
2016). Furthermore, despite the publication of NICE multimorbidity guidelines, many services for those
with OA and other LTCs remain single disease focused (Dhalwani et al., 2016; Reuben and Tinetti, 2012)
and other existing guidelines do not provide recommendations for OA, exercise and PA when the

person also has comorbidity.

It has been acknowledged that co-existing health conditions alongside OA may bring additional
impairments which require adaptation of PA protocols (Reeuwijk et al., 2010). When OA is defined as
the index disease, it is necessary to understand which co-existing disorders are further disabling,
associated with further activity limitations and increased symptom burden (Reeuwijk et al., 2010).
Some conditions such as unstable angina may make PA unsuitable (Dekker et al., 2016), however, many

conditions such as T2DM, would necessitate adaptations to the PA treatment (Reeuwijk et al., 2010).

Recent research in secondary care settings in the Netherlands has investigated the application of
specific comorbidity adapted exercise interventions in people with OA and comorbidity and have
shown promising results, proving PA to be both safe and effective in these populations (de Rooij et al.,
2017). Further, a recent narrative review by Dekker et al. (2019) provided a four-part framework for
successful development for PA guidance for people with comorbidity or multimorbidity. However,
these PA treatment strategies tested to date are far removed from the UK setting, with diverse PA
intervention recommendations which are mostly non-generalisable to the UK or primary care

population (de Rooij et al., 2017).
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2.6.2 Comorbidity is an important consideration of physical activity in people with osteoarthritis
As seen in section 2.5, people with OA have lower levels of PA than those who do not, therefore, it is
important to consider why this is the case. Stubbs et al. (2015) suggested that in OA populations,
comorbidity along with increased age, female gender and higher BMI, were correlated with lower PA
levels. Similarly, other research from the US has reported in people with knee OA (n=2678), that
amongst other variables, older age, female gender and more comorbidities were associated with
reduced PA level (Dunlop et al., 2011). These findings concur with The English Longitudinal Study of
Ageing (ELSA), a national representative cohort of the English population aged 50 years and over,
which found an inverse dose-response association between comorbidity and PA levels in the general
population (Dhalwani et al., 2016). Therefore, comorbidity has been identified as a potential barrier

to PAin OA and it is important to consider the reasons for this.

At the individual patient level, OA and comorbidity can create additional physical, psychological and
socio-environmental barriers to PA (Haseler et al., 2019; Manaf et al., 2013). First, disability from LTCs
results in an impaired ability to perform daily activities, such as PA (Zambon et al., 2016; Haseler et
al., 2019) and a higher number of LTCs is consistently associated with a higher prevalence of functional
limitations and disability (Pisters et al., 2012; Kriegsman et al., 2004; Van Dijk et al., 2008). The
presence of comorbidity alongside OA is associated with more limitations to PA participation (e.g. pain)
than in those without comorbidity (Juhakoski et al., 2013; Reeuwijk et al., 2010; Van Dijk et al., 2008;

Caporali et al., 2005).

A study by Ettinger et al. (1994) found that knee OA was associated with lower physical function, but
when comorbid heart disease, pulmonary disease and obesity existed, the disability from knee OA
increased. Having combinations of physical barriers and limitations from OA and additional
comorbidities, such as pain, breathlessness and fatigue may lead to an inverse relationship with PA
participation (Zullig et al., 2015; Campbell et al., 2001; Hammer et al., 2016; Hendry et al., 2006). A

study by Zullig et al. (2015) found that comorbidities influenced function, fatigue and depression levels,
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in people with knee and hip OA. This created an inverse relationship between increased comorbidity

existence and decreased PA participation (Zullig et al., 2015).

The presence of comorbidity can also further reduce QOL in people with OA (Caporali et al., 2005;
Loza et al., 2009; Juhakoski et al., 2013; Reeuwijk et al., 2010) by affecting psychosocial domains,
including mental health, work and social relationships (Hurley et al., 2018; ARUK, 2013). The results
from 906,578 responders in the English General Practice Patient Survey (2012) found that patients who
had increased LTC prevalence, had a poorer QOL (Paddison et al., 2015). Furthermore, an ethnographic
study of people with two or more LTCs in England found that people mostly described their experience
of living with multiple LTCs as a loss of mobility, normal social functioning and social connectedness
(Taskforce, 2018). Psychosocial barriers resulting in limitations and restrictions in daily life could lead
to negative feelings such as mental stress and unhappiness, and thus a complex reciprocal relationship
exists between condition symptoms and disability with psychosocial functioning (Hammer et al., 2016;

Petursdottir et al., 2010; Campbell et al., 2001).

Furthermore, the presence of comorbidity may contribute to low condition self-efficacy, depressed
mood and subsequent activity limitations (Beckwee et al., 2015; Holla et al., 2013). The process of
giving up activities, inability to meet life roles, adjustment to life and associated feelings of
embarrassment, unhappiness and weakness are described by Bury (1982) as biographical disruption,
which could be a component of the OA and comorbidity experience. In OA and comorbidity, the
complexity and uncertainty (Simonik et al., 2016; Wilcox et al., 2006; Shippee et al., 2012), can create
social restriction, psychological distress and daily life limitations (Bury et al., 1982), which are often
coupled with socio-environmental barriers, such as a lack of support and encouragement from peers
and family (Petursdottir et al., 2010). Also, fear-avoidance of PA could be exaggerated in OA and
comorbidity with additional vulnerabilities, fears and perceptions of PA flaring symptoms, causing

harm and further damage (Vlaeyen et al., 2000).
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People with comorbidities experience poorer health outcomes and as a result use healthcare more
frequently (Barnett et al., 2012), which can lead to multiple appointments, with different HCPs and
being prescribed numerous treatments (Schoenberg et al., 2009; Barnett et al., 2012). The episodic
nature of diseases and fluctuating levels of well-being and health crisis can then correspond with the
ability and motivation to do PA (Simonik et al., 2016). In addition, with work and other commitments,
PA is often not prioritised and regarded as a burden (Hurley et al., 2018; Taskforce, 2018; Paskins et al,
2014). A plethora of other environmental barriers including the cost of participation, accessibility and
transport are all common barriers to PA participation (Petursdottir et al., 2010) but also, waiting lists
to receiving care are often experienced by people with any single LTC (Barnett et al., 2012), let alone

comorbidity.

In addition to the individual-level barriers to PA, there are also healthcare-level barriers. How
healthcare services are organised and delivered may be a barrier to how PA is promoted as a treatment
for people with OA and comorbidity who are inherently complex with multiple health needs. Despite
the increasing numbers of people with multiple LTCs, condition guidelines and the delivery of primary
care is often built around managing single diseases (Smith et al., 2012; Prior et al., 2012; Barnett et al.,

2012; Salisbury, 2011).

Holistic condition assessment considering comorbidity has been identified as a quality indicator of care
for people with OA (Edwards et al., 2015), however, this is challenging in current clinical practice which
is restrained by time and system pressures. Without clear guidance on comorbidity, even when people
with OA and comorbid disease are referred to physiotherapists, the intensity of PA may be reduced to
an ineffective level (Dekker et al., 2016). Furthermore, people with OA and comorbidity may be at
higher risk of adverse events such as injury whilst participating in PA, in part due to inadequate PA

dosing and specification (Tamari, 2010).

Current clinical OA guidance does not account for both the physical and subjective experience of OA

and comorbidity, which makes recommending PA for this group challenging (Kittelson et al., 2014).
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Limited guidance on how best to tailor PA to patients with OA and comorbidity could mean HCPs, as a
result, underuse PA interventions in people with OA (Healey et al., 2018; Porcheret et al., 2007).
Further, comorbid patients are often excluded from relevant clinical trials and few studies have
specifically examined the effectiveness of PA in OA and comorbid populations (de Rooij et al., 2017;
Jadad et al., 2011; Valderas et al., 2011), but even when not excluded, it is difficult to know whether
the results can be extrapolated for people with comorbidities. Thus, many questions remain
concerning the type and format of PA that should be prescribed and the predictors of response and

adherence in people with OA and comorbidity (Holden et al., 2017; Legha et al., 2020).

A lack of communication between the patient and the HCP also contributes to patient hesitancy and
amplifying comorbidity as a barrier (Paskins et al, 2014). Evidence from interviews with
physiotherapists in the Netherlands suggests that there is suboptimal HCP collaboration and a lack of
referral of patients with OA and comorbidity due to a lack of belief and knowledge about PA
effectiveness (de Rooij et al., 2020). The attitude and endorsement of PA from HCPs often creates
patient doubts as a barrier to being physically active (Cuperus et al., 2013), which opposes the
movement toward a self-management perspective (Paskins et al., 2014). Theoretically, there is a cycle;
unclear guidance for PA treatment, uninformed HCPs not confidently endorsing PA treatment, and a
subsequent lack of comparable information about the relative PA effectiveness to support people with
OA and comorbidity (Ong et al., 2019; Duguay et al., 2014; Dobson et al., 2016; Holden et al., 2012; de
Rooij et al., 2014). These barriers at healthcare level feed into the barriers at individual patient-level,
which combined, make it more likely that people with OA and comorbidity experience a block in terms
of endorsement, information or support, that they need to successfully self-manage and change their

respective PA levels (Ong et al., 2019).

Comorbidity has only been identified as a barrier to PA, as a factor impacting PA participation, and as
an emergent theme in qualitative studies, as a complication for management of conditions and reason

for patient hesitancy to take part in PA (Campbell et al., 2001; Wilcox et al., 2006; Marks, 2012;
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Petursdottir et al., 2010; Paskins et al., 2014; Hurley et al., 2010), but not explored further. In the recent
systematic review by Kanavaki et al. (2017), the findings revealed several qualitative studies
investigating the barriers to PA in people with OA, identified comorbidity generally as a barrier to the
uptake and maintenance of PA amongst people with OA. However, how comorbidity acts as a barrier

and how best to support people with OA and comorbidity to be more active, remains uncertain.

2.7 Applying the background and methodology to the House of Care context

This section brings together the background and the policy context of LTC management in UK
healthcare settings. The HOC framework has been used to provide a framework within which

investigating PA in people with OA and comorbidity can be understood.

Drawing on the HOC model, this thesis places the person with OA and comorbidity at the centre of the
model (see section 2.2, Figure 2.1). The roof represents the overarching NHS guidelines and
organizational systems in place for structuring and guiding the healthcare process for people with OA
and those for comorbidity or multimorbidity. The first pillar represents the patient with OA and
comorbidity (and carers) who take an active role in the conversation of their healthcare plans, to
understand their conditions and be empowered and supported to actively self-manage their conditions
and PA. The second pillar represents the well-structured, guided, informed and collaborative HCPs and
multidisciplinary teams working together to bring about the optimal services and treatments to
support self-management, in terms of PA for those with OA and comorbidity. The centre of the model
highlights the specific patient to this model; a person with OA and comorbidity. This is the crucial
feature of the model, bringing together the perspectives and expertise of the individual and the HCP

to tailor PA treatment with the support and competence for self-management (Coulter et al., 2016).

2.8 Chapter summary

OA is a LTC with huge global, healthcare and patient-level burden. OA is primarily managed in primary
care and guidelines recommend that core treatment should include supported self-management and
PA. However, in people with OA, PA treatment is underused, and PA levels in this population remain
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low. Furthermore, OA rarely exists in isolation and evidence suggests comorbidity may be a barrier to
PA level. The HOC model emphasises a patient-centred approach which takes a holistic view of the
whole patient and their needs, in collaboration with HCP knowledge and expertise, however current

care in OA and comorbidity management is often suboptimal.

To increase PA levels in people with OA, the impact of comorbidity needs further investigation to guide
future treatment and models of care. Although PA has been well documented to improve OA
symptoms as well as various LTCs in isolation, a dearth of evidence remains in people with OA and
comorbidity. The effectiveness of PA for people with OA and comorbidity is unclear. The relationship
between comorbidity frequency and specific types of comorbidity is also not well understood. There
is a need for further insight into how comorbidity acts as a barrier to PA level in people with OA and
what can be done to increase PA levels from the perspective of the patient with OA and comorbidity.
This information could be combined to make recommendations about how best to tailor PA for people

with OA and comorbidity which may, in turn, inform clinical guidance.

To maximise the opportunity to understand PA in OA and comorbidity, it is necessary to consider
diverse research methodologies and methods. The following chapter (Chapter 3) outlines the different

methodologies chosen to answer the research questions for this thesis.
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Chapter 3. Methodology

3.1 Introduction

This chapter outlines the methodological approach to address the research questions in this thesis. It
provides an overview of the methodology, followed by an explanation of the pragmatic paradigm
selected for the research, before describing how the chosen multi-method approach was used.
Throughout the chapter, alternative approaches and methods that were not chosen are acknowledged

and briefly described.

3.2 Methodology overview

Research can be conducted by using many different procedures and methods (Walsh and Koelsch,
2012), but it is important, throughout the research process, from methods through to write up, to
appreciate the communities, languages and traditions used (Walsh and Koelsch, 2012). Therefore,
situating in a paradigm provides a platform to guide the choices, without questioning the philosophical
commitments, in order to perform research (Sparkes, 1992). Understanding the philosophical stance
and how it impacts every feature of the research process is invaluable to provide consistently and

systematised knowledge and thus, successfully answer the research questions.

For this thesis, the term methodology refers to the overarching philosophical principles that underpin
the research design, process and interpretation. The methods refer to the tools and techniques used
to gather and analyse the data (Creswell, 2009; Bandura, 2006). The chosen methodology is
exploratory and informed by both quantitative and qualitative inquiry. Thus, a multi-method approach
has been incorporated to maximise the potential for an in-depth and rich exploration of PA in people

with OA and comorbidity.

3.3 Pragmatic paradigm

To fulfil the aim and research questions of this thesis, a pragmatic stance has been adopted.

Pragmatism was initially suggested by Pierce in 1905 and has been developed as an established
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philosophical approach for mixing research methods (Johnson and Onwuegbuzie, 2004). Embracing
both the positivist paradigm (namely quantitative and objective) and the constructivist paradigm
(qualitative and subjective), pragmatism provides a middle position for using both, to answer research
questions (Johnson and Onweugbuzie, 2004). Therefore, pragmatism does not necessarily situate
within an individual philosophical view or reality but is more concerned with the research aim and
questions and the outcomes of research (Creswell, 2009). Pragmatists believe that philosophical
facets, such as meaning and belief are all better viewed in terms of their practical application (Anguera

et al., 2018).

A pragmatic stance to methodology allows for the mixing and matching of design components that
congregate to offer optimal opportunity to answer complex research questions (O’Cathain et al., 2007;
Mason, 2006; Johnson and Onwuegbuzie, 2004). Ritchie and Lewis (2003) describe the principles of
pragmatism as a stance where the elements of both qualitative and quantitative research form part of
the researcher’s ‘toolkit’. Therefore, the pragmatism approach encompasses the ability to break down
paradigms into separate tools, which can be used independently from their independent paradigmatic
framework (Maxwell, 2011). Through my pragmatic stance, my focus is on judiciously selecting the
best methods and practicalities for addressing the thesis research questions, without being limited by

philosophical tensions between methods (Ritchie and Lewis, 2003).

‘if the only tool researchers have is a hammer, they tend to see every problem as a nail’ (Stange and

Zyzanski, 1989).

As a pragmatist, | believe that both objective analysis and measuring of numbers, as well as personal

interaction with participants, is necessary to answer the research questions set out in this thesis.

3.3.1 How pragmatism fits in healthcare research
It is essential to consider all possible ways for advancing knowledge about aspects of social life, such

as healthcare. Healthcare is complex and needs a range of methodologies to understand and evaluate

38



Chapter 3: Methodology

it effectively (O’Cathain et al., 2007). An interdisciplinary and dynamic process is, therefore required
to approach and answer complex healthcare research. An appreciation of both quantitative and
gualitative methods as complementary approaches can enhance the opportunity to answer these
complexities (Borkan, 2004; Ritchie and Lewis, 2003). Methodological diversity is a concept that fits
the heterogeneous everyday life and practices involving healthcare research to create an engaging and

coherent story of multiple views (Schwandt, 2012).

Healthcare has been globally improved by the systematic collation, synthesis and application of
research evidence (Greenhalgh et al., 2014). In the last two decades, the research, teaching and
practice of medicine and health disciplines have taken a paradigm shift from a ‘one size fits all’ toward
combining evidence from high quality RCTs and observational studies; with both clinical and patient
perspectives and needs (Greenhalgh et al., 2014). Philosophical stances act as lenses through which to
understand research questions, but the complex nature of the research questions within this thesis
requires rich and in-depth knowledge of the phenomena under study and therefore needs a pragmatic

stance with multiple lenses (Maxwell, 2011).

3.3.2 Alternative paradigms

Various alternative paradigms exist to fulfil both quantitative and qualitative research designs
independently (Creswell, 2009), which were not selected for this thesis. In contrast to the selected
pragmatic paradigm, other purist views advocate the incompatibility of paradigm combinations for
research (Johnson and Onwuegbuzie, 2004; Tarig and Woodman, 2013; Hall, 2012). This argument
distinctly separates qualitative and quantitative research paradigms and associated research methods

(Johnson and Onwuegbuzie, 2004).

For example, positivism is by nature a quantitative, and reductionist approach, which aims to confirm
the knowledge and facts of a subject (Bryman, 2006); or social constructivism, a qualitative exploration,
which emphasises the subjective, meanings and interactions (Creswell, 2009). Interpretivism is

commonly used in qualitative research focused on the participant experience, meaning of actions,
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perceptions and truths (Bryman, 2006) and rejects the objectivist view that ‘meaning resides within
the world independently of consciousness’ (Collins, 2010). Instead, interpretivism allows the researcher
to appreciate the differences between people to reflect different aspects of the research (Creswell,
2009). However, purist paradigms, which keep the social and scientific worlds separate, do not always

provide the optimal platform for answering complex research questions (Guba and Lincoln, 1994).

3.4 Multi-method research

Multi-method research is suited to situations where one independent data source is insufficient to
fulfil the aims of the research (Creswell, 2009). To gain the most from having a multi-method approach,
research design tends to be complex in nature, multifaceted and require the depth of both quantitative
and qualitative exploration (Tarig and Woodman, 2013). For example, results from the quantitative
analysis may need more qualitative explanation, or further exploration and expansion could better
generalise results (Creswell, 2009). While quantitative methods may be useful for seeing relationships
amongst variables, qualitative methods can help the understanding of what the relationships mean or

why they occur (Creswell, 2009).

Table 3.1. displays some of the advantages and disadvantages of using a multi-method approach to
research compared to a mono-method approach. The choice of using multiple sources of data,
obtained from multiple methods, has been selected within this thesis to strengthen the research and
provide greater insight and understanding regarding PA behaviour in people with OA and

comorbidity.
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Table 3.1 Potential advantages and disadvantages of a multi-method approach

Advantages

Disadvantages

It can add more meaning to results

Provides an ‘intuitive argument’ to better
reflect real life

Provides an opportunity to generate and test
a theory

Allows a broader and more complete range of
research questions to be answered
Offers a flexible approach

Ability to use the strengths of one method to
overcome weaknesses in another

The approach is time-consuming

There is a requirement of more skill and perhaps
multiple researchers due to the complex nature
Contradictions exist within the individual
underpinning research paradigms
Methodological purists contend that work
should be contained within one paradigm

The synthesis of results is complex

There is potential for inequality between the use
of research methods

A lack of understanding exists as to how to mix
paradigms or interpret conflicting results

Provides stronger evidence for conclusions
through corroboration of findings
It can add insights and understanding that
might otherwise be missed
Provides more context to research
(Gathered information from; Creswell, 2009; Tariq and Woodman, 2013; Maxwell, 2011)

3.5 The multi-method approach used in this thesis

The multi-method approach to this thesis involves three independent studies, with separate research
questions, using separate samples, designed not to be reliant on each other, with findings synthesised

after analysis of each data set.

The design of the research methods in this thesis is based on the optimal way to achieve the overall
aim of investigating the impact of comorbidity on PA and clinical outcomes in those with OA in primary
care and answer the three research questions; what is the effectiveness of PA interventions for people
with OA and comorbidity? Is comorbidity associated with PA level in people with OA? How do people

with OA experience PA in the context of comorbidity?

A multi-method approach was selected over a mixed methods approach because the goal was to create
a dialogue between diverse perspectives, to deepen, rather than triangulate knowledge (Maxwell,

2011), in order to develop a comprehensive and holistic understanding of PA in OA and comorbidity.
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All methods were given equal weighting with sufficient detail to stand alone and remain independent
until interpretation (chapter 7), to cover a bigger picture, combining the use of both quantitative and
qualitative research methods, using both measuring of numbers and personal narrative from
participants. As outlined in the ‘language and definitions’ section of the thesis (see page xxii), multi-
methods differs from mixed methods research, which integrates the different approaches or methods
during the program of study, and not just at the concluding point (Johnson et al., 2007). Employing a
pragmatic multi-method stance, focus is placed on the best way to address the research questions and
improve healthcare, concerning less with ontological and epistemological issues. The goal of applying
the multi-method approach was not to disregard or compromise on the traditional paradigms, but to
maximise the strengths and minimise the weaknesses combined in one single research practice

(Johnson and Onwuegbuzie, 2004).

3.5.1 Phases of the multi-method approach

In multi-method research, “multiphase combination timing” is appropriate, characterised by multiple
phases of individual studies completed over the project period (Johnson and Onwuegbuzie, 2004).
Multiphase timing best suits this thesis to enable each research question to be answered individually,

prior to their interpretation and integration together as a broad picture of OA, comorbidity and PA

(Figure 3.1).
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Figure 3.1 The multi-method approach used for this project
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3.5.2 Quantitative methods in this thesis

Quantitative research is praised for understanding relationships between variables and determining
the best conditions for desired outcomes (Creswell, 2009). A quantitative approach was first employed
to systematically identify and review existing evidence regarding the effectiveness of PA interventions
for people with OA and comorbidity. Quantitative methods were then used to investigate whether
comorbidity presence, frequency or type are associated with PA level in people with OA. Within the
investigation of the association between comorbidity and PA in people with OA, secondary analysis of
two previous RCTs was chosen as the method to obtain the quantitative data. These datasets provided
a large sample of adults with OA, or joint pain attributable to OA, including information on comorbidity
health status, clinical and socio-demographic characteristics and PA. Using existing cross-sectional data

was a low cost and timely solution to accessing data to answer the research question of interest.

By using quantitative methods, statistical patterns can determine whether comorbidity is significantly
associated with PA in people with OA. A benefit of the quantitative methods is that they do not involve
the participation of the researcher or participants as subjective influencers on the results. However,
quantitative research can be strengthened when partnered with qualitative methods, described

below.

3.5.3 Qualitative methods in this thesis

The use of qualitative research in healthcare brings a patient-centred approach to the study
(O’Cathain et al., 2007). Qualitative research is beneficial as it aims to explore a problem, honouring
the perspectives of participants to explain a circumstance (Creswell, 2009). Qualitative methods were
used to understand how comorbidity may act as a barrier to PA, and how to increase PA levels this

population, from the patient perspective.

For the qualitative investigation of the attitudes and beliefs of people with OA and comorbidity
regarding PA, semi-structured one-to-one interviews were used. Qualitative interviews are considered

the most direct interaction between the researcher and the participant (O’Cathain et al., 2007).
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Interviews gain the other person’s perspective and develop an in-depth description of the social world
(Kvale, 1983). The interviews aimed to elicit people’s understanding and meaning of their own

experiences of having OA and comorbidity and how this influenced their PA participation.

3.5.4 Integrating findings

The thesis methods were given equal weighing, meeting appropriate rigour to stand alone (Morse,
1991), but together capture a more comprehensive holistic portrayal of PA in OA and comorbidity
(Heale and Forbes, 2013). To evidence conclusions from the whole thesis in a valid, credible and
transparent way (Younas et al., 2020; Cohen et al., 2013), a process was used to integrate the findings,

where possible, through a joint display and accompanying narrative.

The use of a joint display offers the structure to integrate the findings from each of the studies,
providing insight beyond the independent study results (Younas et al., 2020; Creswell and Clark, 2017).
The joint display offers a visual which compares and contrasts the thesis study results side-by-side
(systematic review, secondary data analysis, qualitative interviews), with both qualitative themes and
example excerpts, and explicit quantitative statements and statistics (Fetters et al., 2013). The
demonstration of integration is through inferences presented in a separate column to describe the
findings as; ‘convergent’ (lead to the same conclusion), ‘divergent’ (different and at times
contradictory findings) and ‘expanded’ (extends findings through additional insight), in relation to
comorbidity, PA and clinical outcomes in those with OA (Fetters et al., 2013; Ostlund et al., 2011;

Creswell and Clark, 2017).

3.6 Chapter summary

This chapter first introduced methodology as a concept. It outlined why a pragmatic stance was
selected as the most appropriate approach and how it fits within the overarching healthcare context.
The multi-method approach was defined, compared to other approaches, and its practical use in this
thesis was described. The following chapters will now use this approach to address the thesis research

questions.
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Chapter 4. The effectiveness of physical activity interventions for

people with osteoarthritis and comorbidity: a systematic review

4.0 Introduction

This chapter describes the systematic review that forms study one of the thesis. The chapter begins
with the research question, overarching aim and objectives of the review. Following this, a rationale
for the chosen review methods and a description of these methods is provided. The following parts of

the chapter then present and discuss the systematic review results.

Systematic reviews efficiently integrate multiple study results by collating available evidence fitting
pre-specified eligibility criteria to answer a specific research question (Higgins and Green, 2011;
Mulrow, 1994). They provide a comprehensive, transparent and reproducible evidence synthesis and
help to establish whether previous research findings are consistent and generalizable (Mulrow, 1994).
However, the strength of conclusions and the impact of the review relies heavily on the methods used

and the identification of high-quality studies (Higgins and Green, 2011).

4.0.1 Research question

What is the effectiveness of PA interventions for people with OA and comorbidity?

4.0.2 Aim and objectives

This systematic review aimed to investigate the clinical effectiveness of PA interventions in people with

OA and comorbidity. More specifically, the individual objectives were to;

1. Identify existing RCTs investigating the clinical effectiveness of PA interventions for adults with OA
and comorbidity.

2. Critically appraise the methodological quality of the identified RCTs.

3. Examine the effectiveness of PA interventions on the primary outcomes of pain, physical function,

QOL and global health.
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4. Examine the impact of PA interventions on additional secondary outcomes; long-term follow-up

(of the primary outcomes) and adverse events in people with OA and comorbidity.

4.1 Methods

4.1.1 Study selection

The following section describes the eligibility criteria set out for this systematic review. Table 4.1.1.
summarises these criteria in an expanded PICO format (Participants, Intervention, Control and

Outcome, setting and publication type).

Table 4.1.1 Summary eligibility criteria for studies to be included in the review

Inclusion criteria Exclusion criteria
Design Randomised Control Trials (RCTs) Study designs other than RCTs
Participants  Adults with a mean age 245 years old with  Studies including mixed samples of
clinical or radiographic OA participants with OA and other index

OA at any site and at least one (or more) conditions (such as rheumatoid
of the comorbidities of interest (COPD, arthritis) without separate results
depression, CVD, hypertension, obesity*, explicitly for those with OA
T2DM)

Intervention Any PA intervention alone or in
combination with other interventions

Control Usual care, placebo, other interventions,
and waiting list control
Outcomes Primary outcomes; pain, function, QOL

and global health impact (immediately
post intervention)

Secondary outcomes; adverse events and
long-term follow-up (=6 months)

Setting All settings and countries
Publication All languages Abstract only, non-peer-reviewed
type Grey literature

OA=Osteoarthritis; COPD=Chronic Obstructive Pulmonary Disease; PA=Physical Activity; RCT=Randomised
Control Trial; T2DM=Type Two Diabetes Mellitus; QOL=Quality Of Life; *One study (Lim et al., 2010) was based
on the Korean cut-off point for obesity (=25 BMI).

4.1.1.1 Types of participants
Studies were eligible for inclusion in this review if they included adults with a mean age of 45 years old
and over with clinical or radiographic OA at any site. The ACR and NICE have two different but

commonly used definitions of clinical OA. The ACR define clinical OA through a combination of physical
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examination and patient history (Litwic et al.,, 2013; Altman et al., 1991). NICE (2014) recommend a
diagnosis of OA if a person is 45 years and over, has activity-related joint pain and has either no
morning joint-related stiffness or stiffness that lasts less than 30 minutes. Radiographically, OA is
commonly assessed using the Kellgren and Lawrence score which grades OA structural severity related

to the appearance of osteophytes, joint space loss, sclerosis and bone cysts (Litwic et al., 2013).

To maintain a review of clinical importance and generalisability, the comorbidities focused on in this
systematic review were selected based on their perceived clinical importance in relation to OA. Key
elements considered when selecting comorbidities to include were; the global burden of disease (most
deaths, premature deaths and disability), prevalence and co-existence with OA, and patient impact.
For a comorbidity to be selected, it was also deemed important that PA was recommended in NICE
clinical guidelines as part of that condition’s management and for the conditions to be routinely
managed in primary care (NICE Clinical Guidance: CG28; CG90; CG115; CG136; CG181; CG189).
Appendix 2 provides decision-making rationale informing the selection of comorbidities which, in brief,
was gathered from global burden of disease metrics (Institution for Health metrics and Health
Evaluation profile for the Global Burden of Disease, 2015), health research centres (Mayo Clinic, 2015),
disease foundations (Arthritis Foundation) and the Quality of Outcomes Framework (NICE guidelines
2016). Final selection of comorbidities was agreed by myself and the supervisory team. Participants
needed to have at least one (or more) of the comorbidities of interest alongside OA to be included.
The comorbidities included in this review were; COPD, depression, T2DM, CVD, hypertension and

obesity.

4.1.1.2 Types of intervention

All types of PA interventions (for example; aerobic PA, strengthening exercises, stretching or range of
movement exercises, functional exercises) alone or in combination with other interventions (e.g.
education, weight loss) were included in the review. Studies that did not test the effectiveness of PA

interventions were excluded.
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4.1.1.3 Type of control
Eligible study control groups included; non-PA interventions, usual care, placebo, and waiting list

controls. Also, comparisons of one PA intervention to other PA interventions were included.

4.1.1.4 Types of outcome measures

Included studies were required to contain outcome measures from at least one of the following
primary outcome domains; pain, function, QOL and global health impact (for example; The SF-36
physical functioning component and the Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC), the Hip / Knee Injury and Osteoarthritis Outcome Score (HOOS / KOOS)). Other
outcomes of interest included adverse events and long-term follow-up data of the primary outcomes

(first measure at a time-point at least six months after intervention cessation (Fransen et al., 2015)).

4.1.1.5 Settings

Studies from all healthcare settings (e.g. primary or secondary health care settings) were included in
the review. Studies from any country published in any language were also included. This reduced the
likelihood of publication bias in the form of excluding a study from the review solely due to the country
of origin and language of publication, which would potentially influence the conclusions of the review

(Higgins and Green, 2011).

4.1.1.6 Types of studies

Only RCTs were included in the review as they offer strong comparative and causal inferences of
treatment effectiveness in controlled experimental conditions, whilst minimising bias (e.g. allocation
and selection bias) and confounding factors (e.g. unequal distribution of prognostic factors) (Higgins
and Green 2011). Non-randomised trials, quasi-randomised studies and observational studies were

excluded from the review due to their potentially higher risk of bias (ROB) (Higgins and Green, 2011).
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4.1.2 Stages of the systematic review

The following section describes the four stages of the systematic review; the search strategy, data

extraction, ROB and data synthesis (summarised in Figure 4.1.1).

eElectronic database search A
*A grey literature search
e eHand search of included trial references

Strategy eDouble reviewing of titles, abstracts and full texts )
N

eExtract trial reference details, sample demographic and relevant outcome data

Data eDouble review of outcome data

Extraction J

*Double reviewer risk of bias assesment using the Cochrane Risk of Bias tool (Higgins
etal., 2011).

Risk of bias

eNarrative synthesis
eMeta-analysis
Data Synthesis eSummary and conclusion

Figure 4.1.1 Stages of the systematic review

4.1.3 Search strategy

Systematic review study identification strategies typically have three sets of search terms or filters
(Higgins and Green, 2011). These terms include those to search for the health condition of interest (OA
and comorbidity), those to search for the intervention evaluated (PA) and those to identify the study
design to be included (RCT). The filters were created by combining and adapting current Cochrane
systematic review filters, OA, PA and comorbidity filters (Fransen and McConnell, 2015; Higgins et al.,

2019) and an OA update search strategy (developed at Versus Arthritis Primary Care Centre, Keele
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University). In addition, a novel comorbidity filter was designed and integrated as described below.

The search filter comprised of four main subtopics; OA, PA, comorbidity and specific diseases (Figure

4.1.2).

-

1. Osteoarthritis

Degenerative joint disease
Joint specific limb pain

Joint space narrowing

2. Physical Activity \

Exercise
Rehabilitation
Exercise groups

Symptoms of OA Exercise types
Arthritis Sports
Search
3. Specific diseases PB4 Comorbidity

Heart disease Multimorbidity
COPD Co-existence

Hypertension Multiple diseases
T2DM Multiple conditions
Obesity Comorbidity Index measures

\ Depression /

Figure 4.1.2 Search strategy sub-topics

OA=Osteoarthritis; COPD=Chronic Obstructive Pulmonary Disease; T2DM=Type Two Diabetes Mellitus

4.1.3.1 Electronic databases

The search was run in six electronic databases; MEDLINE, EMBASE, AMED, CINAHL, SportDiscus and
CENTRAL, from their inception until March 2017 (29.03.17). The searches were carried out through the
OVID, NHS and EBSCO interfaces. MEDLINE and EMBASE are the two largest electronic medical
databases which contain many exclusive journal records allowing for the search of medical, clinical and
treatment studies. AMED (The Allied and Complementary Medical Database Database) allowed for the
potential inclusion of additional physiotherapy and rehabilitation studies since many of the journals
included in AMED are not indexed by other biomedical sources. SportDiscus and CINAHL (The
Cumulative Index to Nursing and Allied Health) were searched to potentially identify any additional

exclusive relevant journals in the context of allied health literature and sports medicine. Finally, the
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Cochrane Library (CENTRAL) database was searched to access the Cochrane register of controlled

clinical trials which also contains unique content and records.

4.1.3.2 Search filter

The term “comorbidity” has low sensitivity to capture the full range of research relating to this area.
Sensitivity in the current context is the number of relevant studies identified by the search strategy,
divided by the total number of relevant studies in existence (Higgins and Green, 2011). For example,
studies may define comorbidity differently, such as ‘multimorbidity’ or ‘co-existence’ or use specific
disease terms (e.g. obesity). To tailor the search strategy to capture comorbidities, which may not be
identified with the generic search terms, the use of multiple specific disease search terms and

synonyms were used, which can be seen in Figure 4.1.2.

The initial search strategy (section 4.1.3.3) was developed for use in MEDLINE and adapted
appropriately for each of the other databases (section 4.1.3.1). The search strategy developed for
MEDLINE was peer-reviewed (Jo Jordan (JJ): a member of the systematic review team within the Versus
Arthritis Primary Care Centre, Keele University and member of the Cochrane Collaboration) prior to
being finalised and translated into other databases. Adapting the search strategy involved searching
for the MEDLINE Subject Headings (MeSH terms) and matching them to appropriately similar database
topic-specific search terms in the other databases (Appendix 3). To increase the sensitivity of the
search, both MeSH terms and free text searching of titles and abstracts were utilised. In addition,
sensitivity was increased by adding synonyms, substitutes, plurals and different spellings to increase

the chance of capturing relevant research.

4.1.3.3 Medline search strategy

1. exp Osteoarthritis/ 5. exp Myocardial Ischemia/
2. exp Exercise/ 6. exp Pulmonary Disease, Chronic
Obstructive/

3. exp Comorbidity/

7. exp Hypertension/
4. exp Rehabilitation/
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8. exp Diabetes Mellitus/

9. exp Obesity/

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
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. exp Depressive Disorder/
exp Depression/
osteoarthri*.ti,ab.
osteo-arthriti*.ti,ab.
osteoarthros*.ti,ab.
osteoarthrotic.ti,ab.
"degenerative joint".ti,ab.
"joint pain".ti,ab.

"hand pain".ti,ab.

"hip pain".ti,ab.

arthrosis.ti,ab.

"joint space narrowing".ti,ab.
Osteophyte.ti,ab.

"knee pain".ti,ab.

"knee osteoarthritis".ti,ab.
"musculoskeletal pain".ti,ab.
arthritis.ti,ab.
coxarthrosis.ti,ab.
osteoarthr*.ti,ab.
Exercise.ti,ab.
aerobic*.ti,ab.
Hydrotherap*.ti,ab.
sports.ti,ab.
movement.ti,ab.

yoga.ti,ab.

"degenerative joint disease".ti,ab.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.
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walk*.ti,ab.

cycling.ti,ab.

treadmill.ti,ab.
aquatherap*.ti,ab.

swim* ti,ab.

"tai chi".ti,ab.

"muscle strength*".ti,ab.

"range of motion exercise".ti,ab.
"aerobic exercise prog*".ti,ab.
("aerobic" adj3 "train*").ti,ab.
"Strength train*".ti,ab.

"exercise train*".ti,ab.

"exercise movement techniques".ti,ab.
"Physical activity".ti,ab.
"Physical fitness".ti,ab.

"Physical therapy".ti,ab.
"exercise therapy".ti,ab.
"Circuit-Based Exercise".ti,ab.
"High-Intensity Interval Training".ti,ab
"Plyometric Exercise".ti,ab.
"recreat* activit*".ti,ab.
physiotherap*.ti,ab.
rehab*.ti,ab.

"resistance train*".ti,ab.
Comorbid*.ti,ab.
Co-morbid*.ti,ab.
multimorbid*.ti,ab.

multi-morbid*.ti,ab.



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

"coexist* diseas*".ti,ab.

"co-exist* diseas*".ti,ab.
"co-occur* diseas*".ti,ab.
"multiple diseas*".ti,ab.
"concurrent dis*".ti,ab.

"multiple condition*".ti,ab.
“charlson comorbidity index".ti,ab.
"heart diseas*".ti,ab.
"inflammatory heart disease".ti,ab.
"Cardiac failure".ti,ab.

"congestive heart failure".ti,ab.
coronary heart disease".ti,ab.
"ischemic heart disease".ti,ab.
angina.ti,ab.

coronary.ti,ab.

"cardiac disease".ti,ab.

chronic

"pulmonary disease,

obstructive".ti,ab.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.
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COPD.ti,ab.

"chronic bronchitis".ti,ab.

"pulmonary emphysema".ti,ab.

"chronic obstructive airway disease".ti,ab
"chronic obstructive lung disease".ti,ab.
"chronic airflow obstruction".ti,ab.
Hypertens*.ti,ab.

"high blood pressure".ti,ab.
"high systolic".ti,ab.

"high diastolic".ti,ab.
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91. diabetes.ti,ab.

92. T2DM.ti,ab.

93. Hyperglycemia.ti,ab.

94. "glucose intolerance".ti,ab.
95. "Diabetes Mellitus, type 2".ti,ab.
96. obesity.ti,ab.

97. overweight.ti,ab.

98. "morbid* obese".ti,ab.

99. depression.ti,ab.

100. depressi*.ti,ab.

101. "depressive neurosis".ti,ab.
102. "depressive syndrome".ti,ab.
103. "mood disorder".ti,ab.

104. "low mood".ti,ab.

105. "dysthymic disorder".ti,ab.

106.1or12o0or130r140orl150rl16o0or17o0r 18
or19or20or2l1or22or23or24or25o0r26
or27or28o0r29

107.2or40or300r31or32o0r33o0r34or35
or36or37o0r38o0r390r40or4lord2or43
ord44 or45or46 or47 or48 or49 or 50 or 51
or52or53or54 or55o0r56o0r57or58or59

108.3or50or6or7o0r8o0r9o0r10o0r1lor60
or 61 or 62 or 63 or 64 or 65 or 66 or 67 or 68
or69or700or71or72or730or740r750r76
or77 or78 or 79 or 80 or 81 or 82 or 83 or 84
or 85 or 86 or 87 or 88 or 89 or 90 or 91 or 92
or93 or 94 or 95 or 96 or 97 or 98 or 99 or 100
or 101 or 102 or 103 or 104 or 105

109. 106 and 107 and 108
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4.1.3.4 Search screening

The total number of reference hits from each individual database was recorded and exported into the
reference management program Refworks and subsequently Covidence for screening. Imported
references were first screened for exact duplicates which were then removed. | and a second reviewer
(JQ) screened the relevant articles in two stages using the study eligibility criteria. Double reviewer
screening was used to minimise the chance of human error on study selection and any individual
reviewer selection bias. The first stage involved title and abstract screening. Stage two involved the
screening of full texts identified from stage one, which matched the study inclusion criteria (Appendix
4). At both stages, where there was disagreement between reviewers regarding the inclusion of

articles, a consensus was reached following discussion between reviewers.

4.1.4 Data extraction

| extracted relevant data from each included RCT onto a predesigned data extraction document which
was agreed by the review team (SM, JQ, JJ) (Appendix 5). Extracted data included; reference details,

sample demographics, intervention details, control details, findings and relevant outcome data.

4.1.4.1 Population

Sample demographics extracted included; total sample size, mean age, OA site, method of OA

diagnosis (clinical / radiographic / combined) and comorbidity types.

4.1.4.2 Intervention / control descriptors

Details extracted included; study setting, PA type and intensity, control type, delivery method (e.g.
group / individualised, facility / home-based), number of sessions, providers, duration and type of

control.

4.1.4.3 Outcomes

Effectiveness results and conclusions associated with the primary outcomes; pain, function, QOL and

global health were extracted. Where RCTs provided secondary outcomes (long-term follow-up of
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primary outcomes and adverse events), these were also extracted. Baseline and immediate post
intervention (dependent on intervention duration) follow-up outcome measures were the key time
points extracted. Outcome details extracted included; outcome domain, outcome measure, scale
range, values description, follow-up time-point details, adverse events and key findings. Where studies
had multiple measures related to one of the primary outcome measures, measures were selected and
extracted in priority order according to the predetermined outcome measures list in the systematic
review protocol. This order was informed by recommendations from the Cochrane Handbook and

OMERACT OARSI recommended OA outcome measures (Smith et al., 2019) (Appendix 6).

4.1.5 Methodological risk of bias

Assessing the ROB of RCTs included in a systematic review is necessary to help to judge whether the
findings of individual included studies and subsequent aggregate findings of the review are likely to
deviate from the truth as a result of systematic errors within their methods (Popay et al., 2006; Moher
et al., 1995). Bias is known as a systematic error in results or inferences, which can lead to under or

overestimation of an intervention effect (Higgins and Green, 2011).

A pilot, exploring the strengths and weaknesses of three commonly used ROB tools (Cochrane ROB
tool, JADAD scale for reporting randomised controlled trials and the Critical Appraisal Skills Programme
(CASP) checklist), was carried out (see Appendix 7 for three ROB tools summary). The decision was
made to judge the methodological ROB of the included studies in accordance with the Cochrane ROB
tool (Higgins and Green, 2011) due to its empirically informed ROB domain structure with clear
instructions informing ROB judgement making. Table 4.1.2 shows the individual domains of

assessment for the Cochrane ROB tool for RCTs.

In many situations it is impractical or impossible to blind participants and assessors regarding the
intervention received, however, it is important to acknowledge given the well-known placebo effects
for self-reported outcomes in knee OA (Zhang, 2010). Evaluating the risk of performance bias due to

the ‘blinding of participants and personnel’ to the treatment received in trials of PA interventions has
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been handled in different ways in literature (Fransen et al, 2015; Higgins et al., 2017; Quicke et al.,
2015). In this review, all RCTs were deemed to be of ‘unclear risk of bias’, because what happened in

the study is known, but the exact risk of bias is unknown (Higgins et al., 2017).

| and two secondary reviewers (JQ, EH) first piloted the ROB assessment in three of the eligible papers
as a group. This was to ensure understanding and agreement of the Cochrane ROB tool in practice.
Individual ROB of assessment was then carried for the included studies independently with one other
reviewer (JQ). Each item was judged as being at high, low or unclear ROB as set out by the criteria
defined by Higgins and Green (2011). Justification for the judgement of each ROB item from the
included studies was provided using excerpts from the study reports. ROB assessment was not used to
exclude any studies from the review. However, it informed the evaluation and discussion of the

systematic review conclusions made based on the strengths and weaknesses of each study.

Table 4.1.2 Summary of the Cochrane Risk of Bias tool

Type of bias Domain Judgement criteria
Selection Random sequence A method suitable for producing comparable groups
generation Adequate generation of randomisation sequence
Allocation concealment Adequate concealment of group allocation
Performance Blinding of patients and Methods to blind reported and to what success
personnel Restricted knowledge of intervention prior to
engagement
Detection Blinding of outcome Methods used to ensure outcome assessors blinded
assessment No prior knowledge to which intervention was
received
Attrition Incomplete outcome Completeness of outcome data for each outcome
data Amount, nature and handling of missing data
Reporting Selective reporting Possibility of selective outcome reporting
Other Other sources of bias Problems or concerns not covered by the other

domains
Conflicts of interest and patient generalisability
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4.1.6 Data synthesis

Two approaches were used to synthesise the findings of the review: meta-analyses and narrative
synthesis. Meta-analysis has the potential to increase the precision around effect estimates for PA, by
increasing statistical power through the aggregation of multiple studies. Meta-analysis requires
methodological and statistical homogeneity of the included studies to ensure a meaningful
guantitative pooling of results from individual studies (Higgins and Green, 2011). Narrative synthesis
does not require the same homogeneity of included studies and involves the use of words, visual

displays and an exploration of the results to come to meaningful conclusions (Popay et al., 2006).

4.1.7 Registration

This systematic review was registered with the Prospective Registering of Systematic Reviews
(PROSPERO Registration: CRD42017055582). Prospective registration aims to reduce research
duplication by highlighting ongoing systematic reviews. It also allows a transparent approach to the

systematic review methods and assessment of any potential future reporting bias.
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4.2 Results

4.2.1 Introduction

This section presents the systematic review results. It describes the number of RCTs identified at each
stage of the search and the included study characteristics. The results of a sub-group meta-analysis, a
narrative synthesis of the remaining studies and the results of the ROB assessment for all the included

studies are also presented.

4.2.2 ldentification of studies

Figure 4.2.1. displays the number of studies identified within each stage of the systematic review.
There were 11,187 references identified from the electronic databases. This was reduced to 8,171 after
removing duplicates. A total of 81 references remained after double reviewer screening of titles and
abstracts, 66 studies were then excluded following full text screening and one study was excluded at
the data extraction stage. A total of 14 studies were included in the review. Reference list checking did

not yield any further studies.

4.2.2.1 Excluded studies

The reasons for excluding studies at full text screening varied and many studies were excluded for
more than one reason. Thus, a hierarchy was used to determine which exclusion reason was chosen
to be recorded (Figure 4.2.1). Of the 66 studies originally excluded, the main reason for exclusion was
the ‘wrong publication’ type (n=22) (e.g. conference abstract or non-peer-reviewed studies). 15 studies
were excluded due to being considered duplications (e.g. same study reported in different journals
with a slightly different title or a different format). Other reasons for study exclusion included; wrong
population (n=14), wrong outcomes (n=9), wrong study design (n=5) and wrong intervention (n=1). At
data extraction, although 15 studies met inclusion criteria, the review team agreed to exclude one
study (Zgibor et al., 2017) as it reported insufficient detail across several domains in the methods and

results and was deemed unsuitable to add to either meta-analysis or narrative synthesis.
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Figure 4.2.1 Study identification and selection
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4.2.3 Study characteristics

The studies included in this review were all published in English between 2002 and 2017. Two studies
(Messier et al., 2004; Rejeski et al., 2002) were secondary data analysis from the Arthritis, Diet, and
Activity Promotion Trial (ADAPT) (Miller et al., 2003). One study (Mangani et al., 2006) was secondary

data analysis of the Fitness and Arthritis in Seniors Trial (FAST) (Ettinger et al., 1997).

4.2.3.1 Population and setting

The studies included 4224 participants, with sample sizes ranging from 26 to 2203 participants. Two of
the studies were pilot studies with small sample sizes of 40 and 26 (Yeol et al., 2013; Schlenk et al,,
2011; respectively) and one other study had a small sample size of 34 (Casilda-Lopez et al., 2017). The
study settings were described as outpatient facilities (n=5), community (n=4), primary care (n=3), and
unspecified (n=2). The mean age across the included studies was 65 years. Participant mean age within

included studies ranged from 58 to 76 years old.

4.2.3.2 Participant osteoarthritis and comorbidity characteristics

All studies were focused on knee OA. OA diagnosis was made based on clinical (n=7), radiographic and
clinical (n=5) or radiographic findings (n=2). The total number of possible comorbidities identified in
each study ranged from participants having one specific comorbidity to 11 possible comorbidities.
Figure 4.2.2 displays the comorbidities identified. 10 studies investigated participants with obesity as
the selected sample comorbidity. Of these, one was based on the Korean guidelines for obesity, which
included having a BMI >25 kg/m? (Lim et al., 2010). The mean BMI of participants in 13 of the included

studies (one study did not report BMI) was 33kg/m? (ranging from 23 to 37 kg/m?).

One study sample included participants with T2DM as the comorbidity (Foy et al., 2011) and one study
sample included depression as the comorbidity (Yeol et al., 2013). Two studies included more than one
comorbidity, from this point onward, referred to as ‘multimorbidity’ group. One of these studies

examined four different comorbidities with participants having any one or more of four comorbidities
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of interest (Cardiac diseases, T2DM, COPD, obesity; de Rooij et al., 2017) and one study specifically
defined comorbidity as having at least two comorbidities alongside OA (Mangani et al., 2006) with
participants having a mean of 2.7 comorbidities out of a possible 11 (obesity, hypertension, angina,
myocardial infarction, other heart diseases, T2DM, cancer, pulmonary disease, renal disease, vascular

disease and stroke).

T2DM

Depression

Comorbidities

Multimorbidity*

o 1 2 3 4 5 6 7 8 9 10 11

Frequency of RCTs reporting comorbidities

Figure 4.2.2 Chart displaying the participant comorbidities from included studies

*Multimorbidity (OA and: at least 2 additional conditions / one or more of four conditions); T2DM=Type Two
Diabetes Mellitus; RCTs= Randomised Controlled Trials.

4.2.3.3 Physical activity interventions

The characteristics of the PA interventions are summarised in Table 4.2.1. The type of PA intervention
varied but most commonly involved land-based mixed aerobic and strengthening components (n=12).
The delivery of PA interventions included group sessions (n=5), combined group and individual sessions
(n=3) and individual sessions (n=1). The remaining studies described the intervention delivery style as
a transition from supervised moving to unsupervised home-based (n=5). The duration of PA
interventions ranged from 1 to 24 months. Frequency of contact sessions ranged from one every four
months to four sessions per week. The majority involved three sessions per week (n=9). Two studies

changed in session frequency throughout the intervention from one session per week and four
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sessions per week to one session biweekly (Schlenk et al., 2011; Somers et al., 2012; respectively).

Where included studies had both PA as a standalone arm, PA as part of a combined intervention (e.g.

PA plus diet, education, behavioural counselling) and a control arm, the PA alone intervention arm was

selected for data extraction.

Table 4.2.1 Physical activity intervention details of individual studies

Study Type Freq Session  Intensity Dur Delivery detail**  Provider
(n/wk) time (wk)
(mins)
Casilda- Aquatic 3 45 4-6 PE 8 Group (8-10 Trained PTs
Lopezetal., dance people)
2017* Supervised
Facility
*PA Aerobic, 3 45 4-6 PE 8 Group (8-10 Trained PTs
comparison ROM, people)
group stretching Supervised
Facility
Christensen  Circuit 3 60 Not 52 Group facility PTs
etal.,, 2015 training reported supervised>
unsupervised
home
de Rooij et Full lifestyle 2 30-60 Comorbidity 20 Individualized Trained PTs
al., 2017 adapted Supervised
Facility
Foy et al., Intensive 4 NR Not 52 Group and Lifestyle
2011 lifestyle reported individual counsellor
Supervised
Jenkinson et  Diet and 1/ month NR Not 104 Individual Dietitian
al., 2009 exercise reported Unsupervised
Home
Limetal., Aquatic 3 40 >65% max 8 Group PTs
2010 exercise HR Supervised
40-60% 1RM Facility
Limetal., Land 3 40 >65% max 8 Group PTs
2010 exercise HR Supervised
40-60% 1RM Facility
Mangani et Weight 3 60 Individual 72 Group Nurse
al., 2006 training tolerance Supervised
Facility
Mangani et Walking 3 60 50-70% MHR 72 Group Nurse
al., 2006 Supervised
Facility
Messier et Aerobicand 3 60 50-75% HRR 72 Group Supervised Health
al., 2004 resistance Facility 2 home educator
Messier et Aerobicand 3 60 50-75% HRR 72 Group Trained PTs
al., 2013 strength Supervised
Facility 2 home
Miller etal.,  Aerobicand 3 60 50-85% age 26 Group Physician
2006 strength predicted Supervised
HRR Facility
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Rejeski et Aerobicand 3 NR 50-75% HRR 72 Group Supervised PTs
al., resistance Facility 2>home
2002
Schlenk et Flexibility, 6weeks: 1 60 Not 26 Individual Facility PTs and
al., 2011 strengthand / week > reported Supervised & nurses
functional 9 weeks: 1 telephone
/ biweekly counselling
Somers et Behavioural 12 weeks: 4 60 55-70% HRR 26 Group Psychologists
al., 2012 weight / week 2> Facility and exercise
management 12 weeks: 1 Supervised physiologists
/ biweekly
Yeol et al., Exercise 3 30 Not 4 Facility Not
2013 gaming reported Supervised reported

PA=Physical Activity; PT=Physiotherapist; n=Number; mins=minutes; Freq=Frequency;, Dur=Duration; max
HR=maximum heart rate; 1IRM=one Maximal Repetition; HRR=Heart Rate Ratio; PE=Perceived Exertion (Borg
scale 6-20, higher scores indicate higher perceived exertion); wk(s)=Week(s); ROM=Range Of Motion; NR=not
reported; **where information was available: individual / group, supervised / unsupervised, facility / home-
based; =2 =optional transition to home-based. Lifestyle intervention involved a lifestyle counsellor teaching and
encouraging behavioural change strategies regarding nutrition and PA; Exercise gaming involved an Xbox game
for 30 minutes.

4.2.3.4 Control / comparison groups

Control / comparison group types were either usual care (n=5) (routine care for their conditions in the
study setting), healthy lifestyle (n=2) or education (n=5) including; leaflets, information, guidance and
education sessions, diet (n=1) or other forms of PA (n=1). The majority (n=13) of studies compared a
PA intervention to a non-PA control group. Of these studies, two had a control group described as a
‘healthy lifestyle group’ (Messier et al., 2004; Rejeski et al., 2002). Both of these studies reported
outcomes from the ADAPT trial (Miller et al., 2003). The healthy lifestyle control group was described
as a method to provide attention, social interaction and health education (Messier et al., 2004; Rejeski
et al., 2002). This consisted of a health educator who provided talks on topics concerning OA, obesity
(the comorbidity) and PA as well as advice to follow recommendations, such as those from EULAR,
regarding treatments for OA. The study that compared one PA intervention to another PA comparison

group compared aquatic dance to standard aquatic PA (Casilda-Lopez et al., 2017).

4.2.3.5 Outcome measures

The outcome measure most widely used was the WOMAC (pain and function sub-scales). Other
common measures included the six-minute walking test (6MWT), SF-36 and SF-8. Full characteristics

of all studies included in the review are described in Table 4.2.2.
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Author and year Sample OA Diagnosis = Comorbidity type Age Intervention Control / Follow-up
size (n) (m) comparison (mnth)
Casilda-Lopez et al., 2017* 34 Clinical Obesity 66 Aquatic dance Aquatic physical 2,3
activity
Christensen et al., 2015 128 Clinical & Obesity 62 Circuit training Usual care 12
Radiographic
de Rooij et al., 2017 126 Clinical Cardiac Disease, COPD, 63 Aerobic, strength & activity Current usual care 5,8
Obesity, T2DM
Foy et al., 2011 2203 Clinical T2DM 59 Lifestyle counselling Education 12
Jenkinson et al., 2009 267 Clinical Obesity 61 Flexibility, strengthening, Information leaflet 6,12, 24
resistance & functional
Lim et al., 2010 75 Radiographic Obesity 65 Strength, aerobic and general Physical activity 2
conditioning (1: aqua or 2: land-  guidance
based)
Mangani et al., 2006 197 Radiographic Angina, Cancer, Diabetes, 68 1: Weight training program or Health education 3,9,18
Heart Disease, Hypertension, 2: aerobic walking program program
Ml, Obesity, Pulmonary
Disease, Renal Disease, Stroke
Messier et al., 2004 234 Clinical & Obesity 69 Aerobic & resistance Healthy lifestyle 6, 18
Radiographic
Messier et al., 2013 454 Clinical & Obesity 66 Aerobic & strength Intensive diet 6,18
Radiographic
Miller et al., 2006 87 Clinical Obesity 69 Aerobic, strength & Weight stable 6
pedometers control information
Rejeski et al., 2002 234 Clinical & Obesity 68 Aerobic & resistance Healthy lifestyle Mean of 6
Radiographic & 18
Schlenk et al., 2011 26 Clinical Obesity 63 Flexibility, strengthening & Usual care 6, 12
videotape, walking encouraged
Somers et al., 2012 110 Clinical & Obesity 58 Flexibility, strengthening & Usual care 6,12
Radiographic aerobic
Yeol et al., 2013 40 NR Mild Depression 75 Aerobic gaming Usual care 1

OA=0Osteoarthritis; COPD=Chronic Obstructive Pulmonary Disease; MI=Myocardial Infarction; T2DM=Type Two Diabetes Mellitus;

mnth=months; NR=Not Reported; *PA vs PA trial
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The individual ROB domain judgements within the included studies were generally either deemed low

risk (n=48, 49% of total judgements) or unclear (n=47, 48%) due to a lack of available information.

There were only a small minority of judgements which were considered as having high ROB (n=3, 3%).

Table 4.2.3 displays the ROB summary for all included studies and Figure 4.2.3 then displays the pattern

of low, unclear and high judgements within each domain.

Table 4.2.3 Risk of bias assessments for each individual study

Author

Risk of bias domain*

112 |3 |4

Casilda-Lopez et al., 2017

5 (6 |7

Christensen et al., 2015

de Rooij et al., 2017

Foy et al., 2011

Jenkinson et al., 2009

Lim et al., 2010

Mangani et al., 2006

Messier et al., 2004

Messier et al., 2013

Miller et al., 2006

Rejeski et al., 2002

Schlenk et al., 2011

Somers et al., 2012

Yeol et al., 2013

-

Green = Low risk of bias
Orange = Unclear risk of bias

- = High risk of bias

*1, Random sequence generation; 2, Allocation concealment; 3, Blinding of participants and personnel; 4,
Blinding of outcome assessment; 5, Incomplete outcome data; 6, Selective reporting; 7, Other bias (conflicts of

interest and patient generalisability)
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Figure 4.2.3 Summary of risk of bias from the studies included in the review

Risk of selection bias due to random sequence generation was mostly low (n=11, 79%) with the
remainder unclear, due to missing information about their methods for randomising participants (n=3,
21%). Selection bias due to allocation concealment was largely unclear (n=9, 64%) as the majority of
studies did not explicitly report their methods for allocation concealment. The remaining studies (n=5,
36%) were judged as low in this domain. In contrast to this, the risk of detection bias was more often
judged as low (n=11, 79%) as the majority of studies reported that the personnel measuring the
outcome assessments were adequately blinded to the intervention group. The remainder were judged
unclear (n=3, 21%), due to unclear reporting of blinding methods. Risk of performance bias due to

participant and personnel knowledge of intervention was consistently judged as unclear (n=14, 100%).

The risk of attrition bias was commonly deemed to be low (n=7, 50%) as it was clear in these studies
how many participants dropped out, when they dropped out, and the reasons for dropout were similar
between groups. However, 36% (n=5) were judged to be unclear as it was not possible to either detect

explicit numbers of participants who dropped out or reasons for incomplete outcome data were not
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reported. Two of the studies (14%) were judged to be at high risk of attrition bias. The study by Lim et
al. (2010) had less than 20% dropout, however, the reasons for dropout between the intervention and
control groups were different and potentially linked to the intervention received (personal reason n=4,
pain n=3, time constraints n=1, heart problems n=1). The study by Somers et al. (2012) was judged at

high ROB due to the 30% dropout (n=19 intervention group; 14 control).

To determine the risk of reporting bias due to selective reporting, the a-priori published protocol for
each study was examined where available. Although most studies had protocols available, only three
(21%) were judged as having low ROB with consistency between the protocol and the published paper.
10 studies were judged as having unclear risk (71%), due to a lack of an a-priori protocol, or insufficient
protocol detail to make a judgement. One study was judged to be at high risk of reporting bias (Casilda-
Lopez et al., 2017) as the primary and secondary outcomes described in the protocol differed from

those reported in the published paper.

The ‘other sources of bias’ domain assessed components such as conflicts of interest and patient
generalisability. This domain was judged to be at low ROB in 12 studies (86%) and unclear in two (14%)
as one study did not report conflicts of interest (Rejeski et al., 2002) and one was part-funded by a
private dietary produce provider (Slim Fast), who had a potential financial interest in the outcomes of

the study (Miller et al., 2006).

4.2.5 Main findings heterogeneity and analysis choice

The participant comorbidities, PA types and outcome measures were very diverse across most studies.
An assessment of study heterogeneity determined whether it was possible or appropriate to
undertake statistical pooling. Heterogeneity was assessed in terms of clinical heterogeneity
(differences in participants and interventions), methodological heterogeneity (differences in study
design such as outcome measures) and statistical heterogeneity (differences in outcomes and direction
of findings). Studies which were sufficiently homogeneous and thus combined, needed to include the

same comorbidity, the same outcome domain and outcome measure. Four of the included studies
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were judged to be suitably homogeneous for combining in meta-analysis. A random-effects model was
used for the meta-analysis which allowed for differences in the treatment effect from study to study
(Higgins and Green, 2011). Further information on the meta-analyses selection process for these

studies can be found in Appendix 8.

Where statistical pooling through meta-analysis was not possible due to study heterogeneity, a
narrative synthesis of results was conducted by presenting primary outcomes from included studies,
organised by comorbidities (Melendez-Torres et al., 2016; Popay et al., 2006). It is important to
consider narrative synthesis as a method to develop understandings, not merely to complement meta-
analysis (Melendez-Torres et al., 2016). While narrative synthesis can involve the manipulation of
statistical data; the defining characteristic is that it adopts a textual approach to the process of

synthesis to ‘tell the story’ of the findings from the included studies (Popay et al., 2006).

The following section first presents the results of all studies split by primary outcome measures; pain
(Table 4.2.4), function (Table 4.2.5) and QOL (Table 4.2.6) for each comorbidity. Three meta-analyses
of OA and obesity on the outcomes of WOMAC pain (Figure 4.2.4), WOMAC function (Figure 4.2.5) and
6MWT (Figure 4.2.6) are presented. The remaining study results are then presented via a narrative

synthesis.
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Table 4.2.4 Summary of pain outcome findings

Study Outcome Post intervention mean 1SD or (SE) or (range) Post intervention between group Other outcome Notes
measure mean difference reporting style
. . (95% Cl), P value
Intervention Control / comparison
OA and obesity studies
Casilda-Lopez et al., 2017 WOMAC P 5.80+4.81 8.02+3.05 NA NA PA vs PA
Jenkinson et al., 2009 WOMAC P 5.701£3.96 7.04+4.21 -0.91 (95% Cl: -1.66, -0.17) P = 0.016* NA NA
Messier et al., 2004 WOMAC P 6.24+0.47 6.02+0.45 +0.48 (0.16, 0.79) NA NA
Messier et al., 2013 WOMAC P 4.4 4.8 -0.12 (-0.34, 0.11) NA NA
Miller et al., 2006 WOMAC P 4.1(0.4) 6.1(0.5) -0.67 (-1.10, -0.24) NA NA
Somers et al., 2012 WOMAC P 35.5(31.9t039.0) 38.0(34.1t041.8) NA NA NA
OA and T2DM
Foy et al., 2011 WOMAC P 3.19 3.62 NA C:-0.28 (3.57) #

I: -0.51 (3.45)
OA and multimorbidity
de Rooij et al., 2017 WOMAC P 6.913.4 8.814.2 -1.78 (-2.65, -0.55)* NA NA

OA=0Osteoarthritis; PA=Physical Activity; T2DM=Type Two Diabetes Mellitus; WOMAC P=Western Ontario and McMaster Universities Osteoarthritis Index (Pain) (Higher scores on
the WOMAC indicate worse pain, stiffness, and functional limitations); WOMAC pain scale (0-20); I=intervention group; C=control group; P=significance value; *Statistically
significant change in favour of physical activity intervention; Unless otherwise stated, reported as: post intervention between group mean difference (95% Cl=Confidence Intervals)
or post intervention results, reported as mean (SD=Standard Deviation / SE=Standard Error / range) or change (95% Cl); #=Raw mean change (standard deviation) from baseline to
follow-up for I(intervention) and C(control) groups; NA=Not Applicable

70



Table 4.2.5 Summary of function outcome findings

Chapter 4: Systematic review

Study Outcome Post intervention mean +SD or (SE) or (range) Post intervention between group Other outcome Notes

measure or mean change (low, high Cl)) mean difference reporting style
Intervention Control /comparison (95% Cl), P value

OA and obesity studies

Casilda-Lopez et al., 2017 WOMAC PF 28.50£14.03 29.25+10.04 NA NA PA vs PA
6MWT 301.99+50.17 246.22+48.43

Christensen et al., 2015 6MWT +38.48 (23.7, 53.2) +22.89 (7.9, 37.9) NA NA Hit

Jenkinson et al., 2009 WOMACPF  -3.64 (1.21) NA NA NA NA

Messier et al., 2004 6MWT 472.731£13.12 429.89+12.77 3.31(2.83, 3.80) NA NA

Messier et al., 2013 WOMAC PF 17.6 17.7 0.26 (0.04, 0.49) NA NA
6MWT 525 502 -0.01 (-0.23, 0.22)

Miller et al., 2006 WOMACPF  15.2(1.5) 23.8(2.0) 0.48 (0.05, 0.90) NA NA
6MWT 510.0 (15.0) 459.0 (17.4) -0.74 (-1.17, -0.31)

Schlenk et al., 2011 6MWT 466.1+101.3 504.4+106.6 -0.37 (-1.14, 0.41) NA NA
WOMAC PF 17.3+13.1 22.9+14.9 -0.40 (-1.18, 0.38)

Somers et al., 2012 WOMACPF  36.0(32.6t039.3) 37.5(33.9t041.2) NA NA NA

OA and T2DM

Foy et al., 2011 WOMACPF 9.0 10.77 NA C:-0.73(11.32) #

I:-2.30 (9.92)

OA and multimorbidity

de Rooij et al., 2017 WOMAC PF 26.3+12.7 31.4+13.4 -7.43 (-9.99, -4.87)* NA NA
SF-36 20.8+4.5 18.945.0
6MWT 448.0+102.5 416.5+116.9 34.16 (17.68, 50.64)*

Mangani et al., 2006 6MWT 1=+12.2% (6.9, 17.5) +2.0% (-1.4, 5.3) NA NA 1 weight ex

2=+0.7% (-2.9, 4.2) 2 aerobic ex

OA=0Osteoarthritis; PA=Physical Activity; ex=exercises; T2DM=Type Two Diabetes mellitus; WOMAC PF=Western Ontario and McMaster Universities Osteoarthritis Index (Physical
Function) (Higher scores on the WOMAC indicate worse pain, stiffness, and functional limitations); WOMAC function=0-68; 6 MWT=Six-minute walking test (distance covered over
a time of 6 minutes (meters)); SF-36=36 item questionnaire which measures physical function (Lower scores on the SF questionnaires indicate worse outcomes); *Statistically
significant change in favour of physical activity intervention. Unless otherwise stated, reported as: post intervention between group mean difference (95% Cl=Confidence Intervals)
or post intervention results, reported as mean (SD=Standard Deviation / SE=Standard Error / range) or change (95% Cl); ##tchange in outcome measures from baseline to follow-up
(mean (95% lower, upper confidence intervals); #=Raw mean change (standard deviation) from baseline to follow-up for I(intervention) and C(control) groups; NA=Not Applicable
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Study Outcome Post intervention mean +SD or (SE) or (range) or mean Post intervention between Other outcome Notes
measure change (low, high Cl)) group mean difference reporting style
Intervention Control / comparison (95% Cl), P value
OA and obesity studies
Christensen et al., 2015 SF-36 MCS +0.1(-1.7, 2.0) +1.3(-0.5, 3.2) NA NA Hi
SF-36 PCS +3.8(1.9,5.7) +4.4 (2.5, 6.4)
Lim et al., 2010 SF-36 PCS 1=38.817.7 36.919.6 NA NA 1 aqua ex
SF-36 MCS 1=54.8+8.8 48.4114.3 2 land ex
2=40.4+£7.9
2=52.9148.3
Messier et al., 2013 SF-36 PCS 42.0 42.0 NA NA
SF-36 MCS 55.4 54.9 0.23 (-1.47,1.93)
Rejeski et al., 2002 SF36 MCS 52.85 (1.26) 53.51(1.20) NA NA NA
SF36 PCS 37.14 (1.25) 34.41 (1.09)
OA and depression
Yeol et al., 2013 SF-8 24.0514.63 23.05%£3.58 NA NA NA

OA=Osteoarthritis; aqua=aquatic exercise; ex=exercises; QOL=Quality Of Life; SF-36=36 item Short Form questionnaire; SF-36 MCS=Mental Component Scale; SF-36
PCS=Physical Component Scale; SF-8=8-item Short Form questionnaire. Lower scores on the SF questionnaires indicate worse outcomes. *Statistically significant change in
favour of physical activity intervention. Unless otherwise stated, reported as: post intervention between group mean difference (95% Cl=Confidence Intervals) or post
intervention results, reported as mean (SD: Standard Deviation / SE: Standard Error / range) or change (95% Cl); ##change in outcome measures from baseline to follow-up
(mean (95% lower, upper confidence intervals); NA=Not Applicable
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4.2.6 Meta-analysis

Each primary outcome measure in the obesity comorbidity meta-analysis are presented separately; (1)

WOMAC pain, (2) WOMAC function and (3) 6MWT function.

4.2.6.1 WOMAC pain

The results of the random-effects meta-analysis for the three RCTs comparing WOMAC pain scores for
the PA intervention and the non-PA control for OA patients with obesity are displayed in Figure 4.2.4.
The pooled standardised mean difference (SMD) estimate suggests a potential small beneficial effect
of PA on pain reduction, although this finding was not statistically significant -0.21 (95% Cl -0.60, 0.17).
The pooled SMD effect estimate is non-significant because the 95% confidence interval (Cl) crosses the
line of no effect (0). The study-specific estimates were substantially heterogeneous. This finding is
supported by the |-squared test (percentage of variance attributable to study heterogeneity), which
suggested the presence of considerable heterogeneity (I-squared = 78.35%). Lower I-squared values

indicate less heterogeneity and higher values suggest substantial heterogeneity.

Treatment Control Weight
Study N Mean SD N Mean SD SMD (95% Cl) (%)
Miller 2006 44 41 265 43 6.1 3.28 + -0.67[ -1.09, -0.24] 28.35
Messier 2004 80 6.24 42 78 6.02 3.97 —-—|I— 0.05[ -0.26, 0.36] 33.8¢
Messier 2013 150 4.4 312 152 4.8 3.77 47 -0.12[ -0.34, 0.11] 37.76
Overall e -0.21[ -0.60, 0.17]

Heterogeneity: 7° = 0.09, I” = 78.35%

: :
Note: Weights are from random effects analysis -1 -5 0 5
Favours treatment Favours control

Figure 4.2.4 Forest plot of the effect of PA interventions on WOMAC pain: OA and obesity

OA=Osteoarthritis; PA=Physical Activity; SMD=Standardised Mean Difference; WOMAC=Western Ontario and
McMaster Universities Osteoarthritis Index; CI=Confidence Interval; N=Number; SD=Standard Deviation

4.2.6.2 WOMAC function

Figure 4.2.5 shows the results of a random-effects meta-analysis for the three RCTs comparing

WOMAC function scores for the PA intervention and non-PA control for OA patients with obesity. The
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pooled SMD estimate suggests a small beneficial effect of PA on physical function although this finding
was not statistically significant (SMD) of -0.34 (95% Cl -0.83, 0.14). There was substantial heterogeneity

in the meta-analysis (I-squared = 73.39%).

Treatment Control Weight
Study N Mean SD N Mean SD SMD (95% Cl) (%)
Miller 2006 44 152 995 43 238 1311 — @ -0.73[ -1.16, -0.30] 34.61
Messier 2013 150 17.6 11.25 152 17.7 12.58 | —m—  -0.01] -0.23, 0.22] 43.22
Schlenk 2011 13 17.3 131 13 229 149 = -0.39[ -1.14, 0.37] 22.17

Overall e -0.34[ -0.83, 0.14]
Heterogeneity: 7° = 0.13, I° = 73.39%, ;

Note: Weights are from random effects analysis |1 -.15 0 |5

Favours treatment Favours control

Figure 4.2.5 Forest plot of the effect of PA interventions on WOMAC function: OA and obesity

OA=Osteoarthritis; PA=Physical Activity; SMD=Standardised Mean Difference; WOMAC=Western Ontario and
McMaster Universities Osteoarthritis Index; N=Number; SD=Standard Deviation

4.2.6.3 6MWT function

The results of a random-effects meta-analysis for the four RCTs comparing 6MWT scores for the PA
intervention and non-PA control for OA patients with obesity are displayed in Figure 4.2.6. PA had a
small significant beneficial effect on 6MWT distance 0.29 (95% Cl 0.13, 0.46). The heterogeneity
between study estimates was very low (the Cls for each of the individual studies are similar and
overlap), reflected in a low degree of statistical heterogeneity (l-squared = 0%), thus there is

confidence in the precision of the results.
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Treatment Control Weight
Study N Mean SD N Mean SD SMD (95% Cl) (%)
Miller 2006 44 510 995 43 459 11441 ﬁk 0.47[ 0.05, 0.90] 15.08
Messier 2004 80 472.73 117.35 78 429.89 112.34 — 0.37[ 0.06, 0.68] 27.45
Messier 2013 150 525 87.5 152 502 88 —8— 0.26[ 0.04, 0.49] 52.69
Schlenk 2011 13  466.1 1013 13 5044 1066 — = -0.36[ -1.11, 0.39] 4.77
Overall @ 0.29[ 0.13, 0.46]

Heterogeneity: 1°=0.00, I = 0.00%

Note: Weights are from random effects analysis _‘1 é 0 :5 1I

Favours control Favours treatment

Figure 4.2.6 Forest plot of the effect of PA interventions on 6MWT function: OA and obesity

OA=0Osteoarthritis; PA=Physical Activity; SMD=Standardised Mean Difference; 6MWT=6-Minute Walking Test; N=
Number; SD=Standard Deviation

4.2.7 Narrative synthesis

The narrative synthesis is sub-grouped by comorbidity (obesity, T2DM, depression and multimorbidity)
then within each comorbidity, the results for each primary outcome domain are described (pain,
function, QOL). Finally, secondary outcome measures (long-term follow-up of primary outcomes and
adverse events) are described when available. A large amount of heterogeneity was present in the
reporting style of different studies. Most studies reported clinical outcomes as; post intervention
between group mean difference (95% Cls) or post intervention results, reported as mean (standard
deviation (SD) / standard error (SE) / range) or change from baseline (95% Cls). Also reported are
adjusted mean change generated from mediation analyses (adjusted mean change (SE) and raw mean

change (SD). Where available, P values are provided to back up statistically significant differences.

4.2.7.1 Sub-group 1: Osteoarthritis and obesity (n=10 studies)

The studies which included obesity comorbidity but where not included in the obesity meta-analyses
were excluded for reasons including; lower BMI overweight / obesity ranges (Lim et al., 2010;
Jenkinson et al., 2009); different outcome measurement scale, tool and reporting style (Somers et al.,
2012; Christensen et al., 2015; Rejeski et al., 2002) and having a PA comparison group (Casilda-Lopez

et al., 2017) (Appendix 8).
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4.2.7.1.1 WOMAC Pain (n=3)

In all studies reporting knee pain that were not included in the meta-analysis, pain was measured by
the WOMAC pain scale (Jenkinson et al., 2009; Somers et al., 2012; Casilda-Lopez et al., 2017). The
study by Jenkinson et al. (2009) was not eligible for meta-analysis because of the actual mean BMI of
the sample (>28), but there was a significant reduction in pain score from baseline over time between
groups (p<0.05). The mean difference between PA and control was -0.91 (95% Cl -1.7, -0.2) (Jenkinson

et al., 2009).

One study used the WOMAC pain visual analogue scale (VAS) (Somers et al., 2012). The range of scores
on the subscale was between 0 and 100 with higher scores indicating higher levels of pain. Both control
and intervention groups improved on pain scores, with the intervention group having a greater
improvement and lower pain post intervention (35.5 (31.9, 39.0)) compared to control (38.0 (34.1,

41.8)).

The study by Casilda-Lopez et al. (2017) reported results for WOMAC pain. The results of this study
showed an improvement in WOMAC pain in the aquatic dance-based PA group (5.8+4.8) compared

with traditional aquatic PA (8.0+3.1) at the post intervention time point.

4.2.7.1.2 Function (n=3)

The study by Somers et al. (2012) used the WOMAC function VAS to measure physical function (ranging
from 0 to 100, with higher scores indicating a worse condition), which meant it was not compatible to
include in the meta-analysis. Both control and intervention groups improved on physical function
scores between baseline and post intervention. The intervention group showed the most
improvement in function score at post treatment follow-up (36.0 (32.6, 39.3)) compared with control

(37.5(33.9, 41.2)).

One study also reported 6MWT results for physical function (Christensen et al., 2015). However, the

results reported were given as mean change in outcome measure and 95% Cls from the baseline to
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post intervention follow-up. From these results, both the intervention and control groups improved
their walking distance (metres). The intervention group improved more (+38.5 (23.7, 53.2)) compared
to control (+22.9 (7.9, 37.9)), but this between group difference was not statistically significant

(p=0.27).

The study by Casilda-Lopez et al. (2017) reported improvements in WOMAC function post intervention
for both the aquatic dance (28.5+14.0) and traditional aquatic PA groups (29.3+10.0). However,
improvements were found only in the aquatic dance group and not in the traditional aquatic PA group

for BMWT (301.9450.2; 246.2+48.4; respectively).

4.2.7.1.3 Quality of life (n=4)

Four studies reported QOL as measured by the SF-36 physical and Mental Component Scale (MCS),
each scored from 0-100, with higher scores indicating better health (Christensen et al., 2015; Lim et
al., 2010; Messier et al., 2013; Rejeski et al., 2002). Trends of improvements in mental health across
groups (measured by the SF-36 mental health component) were reported within groups in all studies,
although there was no improvement in overall QOL between groups. One study found no difference
in the SF-36 MCS between the intervention group and control group post intervention (52.9, 53.5;
respectively) (Rejeski et al., 2002). Lim et al., (2010) observed a difference on the SF-36 MCS in their
aquatic PA group post intervention (54.8+8.8) which was higher compared with the control group
(48.4+14.3) but not statistically significant. This study had a second land-based PA intervention which
was also higher in the SF-36 MCS (52.948.3) than control (48.4+14.3) (Lim et al., 2010). In the SF-36
Physical Component Scale (PCS), Lim et al. (2010) found significant differences in their intervention
groups, compared to control post intervention (38.8+7.7; 40.4+7.9; aquatic and land-based
respectively) which were both higher post intervention compared with control (36.9+9.6). Rejeski et
al. (2002) also found the SF-36 PCS to improve in favour of intervention (37.14) compared with control

(34.4) (non-significant). The remaining two studies reported no significant difference between groups

77



Chapter 4: Systematic review

on the SF-36 PCS. However, there were small improvements in both intervention and control groups

over the study period (Christensen et al., 2015; Messier et al., 2013).

4.2.7.2 Sub-group 2: Osteoarthritis and type 2 diabetes mellitus (n=1 study)

4.2.7.2.1 Pain

The results for pain as measured by the WOMAC in the study by Foy et al. (2011) were provided as
post intervention scores and adjusted mean change scores from baseline to post intervention
(provided as means and SD). However, there was no difference post intervention between intervention
and control (intervention group: 3.2 (mean change -0.5), control group: 3.6 (mean change -0.3)) (Foy

et al., 2011).

4.2.7.3 Sub-group 3: Osteoarthritis and depression (n=1 study)

4.2.7.3.1 Quality of life

QOL was measured in one study (Yeol et al., 2013) using the SF-8 (a shorter version of the SF-36
consisting of eight items; body pain, general health, mental health, physical functioning, social
functioning, role physical, role emotional and vitality). Scores range from 0 to 40, with higher scores
indicating a better QOL. The SF-8 score of the control group did not show a significant difference in pre
and post intervention (23.5+4.6, 23.1+3.6; pre and post respectively). The SF-8 score of the
intervention group was slightly higher than the control group (24.1+4.6) and higher than pre

intervention (22.5%3.5) but this change was not statistically significant (p>0.05) (Yeol et al., 2013).

4.2.7.4 Sub-group 4: Osteoarthritis and multimorbidity (n=2 studies)

4.2.7.4.1 Pain (n=1)
Knee pain was measured by one of the two OA and multimorbidity studies (de Rooij et al., 2017) using
the WOMAC pain scale. There was a statistically significant difference in the reduction in pain score

from baseline over time, between groups (p<0.05). The mean difference between PA and control was

-1.78 (95% Cl -2.7, -0.6) (de Rooij et al., 2017).
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4.2.7.4.2 Function (n=2)

The studies in this sub-group investigated physical function outcomes using the WOMAC function
subscale, the SF-36 physical function subscale and the 6MWT. In both studies, there was a statistically
significant between group difference in change in WOMAC physical function (p<0.05). One study (de
Rooij et al., 2017) found improvements from baseline to post intervention in both WOMAC score (-7.4
(95% CI-9.9, -4.9); p<0.05) and the 6MWT (34.2 (95% ClI 17.7, 50.6); p<0.05) between intervention and
control groups post intervention, without improvements in the SF-36 measure. One study measured
two different interventions against control; aerobic training and weight training, and found those in
the aerobic PA group showed significant improvement in the 6MWT (+12.2% (95% Cl: 6.9, 17.5))
compared to the control group and the weight training intervention (+0.7% (95% Cl -2.9, 4.2))
compared with control group (+2.0% (95% Cl -1.4, 5.3)) (Mangani et al., 2006). This study found aerobic

activity to provide the most consistent positive effects on study outcomes.

4.2.7.5 Adverse events (n=4 studies)

One study reported no serious adverse events (Miller et al., 2006). Otherwise, adverse events were
only explicitly reported in three obesity RCTs (Messier et al., 2004; Messier et al., 2013; Somers et al.,
2012). The reported adverse events were in the intervention groups, which all included a combination
of aerobic and strength / resistance exercise. One study specifically reported that one participant fell
off a treadmill while exercising, which caused wounding (Somers et al., 2012). One study reported one
serious event where a participant tripped while exercising and sustained a head injury (Messier et al.,
2004). Only one study reported more than one adverse event (n=2), which were both described as a

trip or fall (Messier et al., 2013).

4.2.7.6 Long-term follow-up (n=1 study)

Only one study in this review reported long term follow-up results (>6 months post intervention)
(Schlenk et al., 2011). For WOMAC function, the improvements in function at the post intervention

time point diminished slightly at long-term follow-up (post intervention: 17.3 +13.1, follow-up:
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18.9+13.2). The intervention group showed greater improvement from baseline to the end of the six
months follow-up in the mean distance (8.5% increase) compared with controls (2% increase) (Schlenk

et al., 2011).

4.2.8 Heterogeneity of the studies identified

A high amount of between study heterogeneity was found within the papers identified within this
systematic review. Few studies were identified within each different comorbidity category and the
differences between sample size, intervention and control types, duration, intensity and frequency of
interventions, delivery and follow-up, outcomes, measures and reporting statistics, made it hard to

combine studies for analysis (Table 4.2.1).

4.2.9 Summary of results

In summary, 14 studies were included in this systematic review. All studies investigated knee OA, were
mostly focused on obesity comorbidity (n=10) and included various PA interventions of which
combined strengthening and aerobic exercises were most common (n=6). Synthesising the evidence

from the included studies, the key findings were;

e In people with OA and obesity, pooled best estimates suggest PA interventions may improve pain
and function (however only the statistically significant effects were found for 6MWT)

e One trial found no difference in pain outcomes between PA intervention and control in people
with OA and T2DM

e One trial found no difference in pain outcomes between PA intervention and control in people
with OA and depression

e Inpeople with OA and multimorbidity, PA interventions improve pain scores (p<0.05) and improve

physical function (p<0.05)
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4.3 Discussion

4.3.1 Introduction

This discussion will firstly synthesise and evaluate the key findings of the review and the quality of the
evidence. Following this, a discussion of each finding in the context of existing research is provided.
The systematic review’s strengths and limitations will then be discussed, and the clinical and research
implications will be considered. Kraus et al. (2019) conducted a systematic umbrella review to evaluate
the effects of PA on pain, function, QOL, in people with lower limb OA and found no systematic review
included RCTs of participants exclusively with OA and comorbidity which highlights the novelty of this

systematic review.

4.3.2 Aim and objectives

This systematic review investigated the clinical effectiveness of PA interventions in people with OA and
comorbidity. The objectives were to (1) identify, (2) critically appraise and (3) examine the

effectiveness of PA interventions for adults with OA and comorbidity.

4.3.3 Key findings

A total of 14 studies examining knee OA and four comorbidity types (obesity, T2DM, depression and
multimorbidity) were included in the review. The most common OA comorbidity group type was
obesity (n=10), and statistical pooling of a small selection of these studies was possible. A narrative
synthesis approach was used to summarise the remaining studies as they were considered too
heterogeneous to aggregate. Overall, the findings of this review are mixed with some studies
suggesting that PA interventions have a beneficial effect on pain, function and QOL, but some showing
no benefit over control in people with OA and comorbidity. Importantly, uncertainty exists due to study
heterogeneity and meta-analysis imprecision. The overall ROB of the studies indicates that only a small
percentage (3% of all ROB judgements) were at high ROB, but there was a large percentage of unclear

judgements which is important to consider when interpreting the results.
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4.3.3.1 Quality assessment

Overall, total ROB of all domains within the included studies was largely judged ‘unclear’ (48%). A large
contributor to the unclear domains was blinding of participants to the intervention received, as this
was not possible, and this domain was judged unclear for all studies. Blinding of participants is rarely
possible in PARCTs (unless “sham” PA groups are used) and placebo effects for self-reported outcomes
in knee OA are possible (Zhang et al., 2010) which were not controlled for in the included PA studies.
The remainder of unclear judgements were due to the inadequacy of the reporting on various domains
within the study methods and results. Despite this, of those that did provide adequate detail, 49%

were judged as ‘low risk’ and just 3% of all domains being judged as having a ‘high ROB’.

Risk of attrition bias was low in approximately half of the studies within this review (47%). However,
attrition bias was unclear due to incomplete attrition data in 40% of studies. The remaining 13% of
studies were judged to have a high risk of attrition bias as the reasons for dropout were different
between groups, and often related to the intervention received (Lim et al., 2010; Somers et al., 2012).
Itisimportant to know the attrition rates in RCTs as those who drop out may be systematically different
from those who did not in terms of clinical outcomes, therefore clinical effectiveness findings may be

biased if these participants are not included in the analyses.

Reporting bias was of some concern in this review as the majority of protocols for the studies were
unpublished (n=10) and of those published (n=4), one was judged at ‘high risk’ of bias due to an
inconsistency between the protocol and the study results paper (Casilda-Lopez et al., 2017). Without
protocols, it cannot be determined whether specific outcomes were collected and not reported; thus,
the results of this review could be skewed toward the favourable outcome results only. Overall, the
ROB of the studies included in this review is relatively low with clearer methods in place for the

remaining domains.

The studies by Casilda-Lopez et al. (2017), Schlenk et al. (2011) and Yeol et al. (2013) all had small

sample sizes (n=<40) which could have affected the precision of their results.
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4.3.4 Primary outcomes

The studies included in this review all measured at least one primary outcome of interest (pain,
function, QOL). The outcomes reported and the outcome measures used varied between the studies

and are discussed below.

4.3.4.1 Pain

Pain was reported by eight studies as measured by the WOMAC. Overall, the meta-analysis (n=3
studies) best estimates suggest that PA interventions for those with OA and obesity may result in a
small mean treatment benefit for pain (SMD -0.21 (95% ClI -0.60, 0.17)) although this finding was not
statistically significant and the precision of this estimate was low as indicated by a wide Cl.
Heterogeneity in the pain effect estimate was primarily driven by one RCT (Messier et al., 2004) where

a healthy lifestyle education control arm performed similarly well to the PA intervention.

In those people with OA and T2DM, one RCT found no difference in pain outcome between PA
intervention and control, however, one RCT of participants with OA and multimorbidity, found the PA
intervention led to statistically significant improvements in pain compared to a control arm. These pain
outcome results present a mixed picture suggesting PA may be beneficial for pain in some groups of
people with OA and comorbidity but with best estimates indicating a smaller effect than estimates
from systematic reviews of PA RCTs in other people with OA irrespective of comorbidity (Kraus et al.,
2019; Fransen et al., 2015; Uthman et al., 2013; Juhl et al., 2014; Fernandes et al., 2013). For example,
the review by Fransen et al. (2015) found pooled results of 44 RCTs demonstrated a statistically
significant benefit of PA on pain, with a moderate effect size (SMD of 0.49 (95% Cl 0.39 to 0.59)). The
results of the current review were at best small in effect size across different comorbidities although
more studies could change this finding and also improve estimate precision. The comorbid populations
on average demonstrated more pain at baseline than those with general OA populations (de Rooij et
al., 2017) and this could be an important consideration when comparing the results to RCTs and

reviews in populations of OA without comorbidity.
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4.3.4.2 Function

Physical function was reported by 11 studies, using a range of measurement tools (WOMAC = 8, 6MWT
= 8, SF36 = 1). Overall, the meta-analysis best estimates suggest that PA interventions for those with
OA and obesity led to small improvements in physical function as measured by the WOMAC (n=3
studies) (SMD -0.34 (95% CI -0.83, 0.14)), however, this finding was not statistically significant due to
individual RCT outcome heterogeneity. Once more, wide Cls highlight the current imprecision and
uncertainty around this current best estimate. PA had a small significant beneficial effect on function
as measured by the 6MWT (n=4 studies) (SMD 0.29 (95%CI 0.13, 0.46)). These findings are in agreeance
with another systematic review of PA for knee OA (Fransen et al., 2015), which found pooled results
of 44 studies demonstrated a moderate benefit of PA on function (SMD 0.52 (95% ClI 0.39, 0.64))
although the magnitude of effect size appears to be smaller in those with OA and obesity compared to
those in knee OA RCTs irrespective of comorbidity selection. Fransen et al. (2015) report statistical
significance in their study, but their precision was downgraded because of the marked heterogeneity

between the studies (similar to this review).

In the studies which included people with OA and multimorbidity, PA was shown to statistically
improve function scores as measured by the WOMAC physical function and 6MWT. However, in one
study (de Rooij et al., 2017) improvements were seen in the WOMAC physical function and 6MWT
results but not in the SF-36 function sub-scale. The WOMAC measure is specifically designed to
measure physical function in people with OA, therefore may be more responsive to functional changes
in OA populations compared to the general SF-36 function sub-scale. Within each outcome domain,
the use of different outcome measures made it hard to make direct comparisons throughout various
subgroups. The within study differences in outcome domain findings highlights the need to investigate
the optimal outcome measures to accurately determine the effectiveness of interventions for this

population.
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4.3.4.3 Quality of life

QOL was measured in four RCTs of participants with OA and obesity and one study of participants with
OA and depression (SF36-MCS = 4, SF36-PCS = 4, SF-8 =1). Due to the limited number of studies
reporting QOL outcomes using the same measure, it was not feasible to perform meta-analyses for
this outcome domain. None of the four studies found statistically significant differences in QOL
between intervention and control arms. Fransen et al. (2015) found small QOL improvements in people
with knee OA in their pooled results with statistical significance (SMD 0.28 (95% Cl 0.15, 0.40)). Perhaps
PA interventions alone do not change QOL in people with OA and comorbidity. Alternatively, QOL
measures may be insufficiently responsive, or the presence of multiple LTCs could make QOL a harder
outcome to improve. Despite this, research has suggested that symptoms that impact disability, QOL
satisfaction and daily life are of more value and a high priority for patients (Muth et al., 2014; Young
et al.,, 2016). However, QOL was less routinely measured than other outcome measures such as pain
and function and global health was not measured. A possible explanation is a difficulty in any current
QOL outcome measure to adequately accommodate for all multidimensional factors considered

important to the QOL of an individual with OA and comorbidity (Goh et al., 2019).

4.3.5 Secondary outcomes

A minority of studies (n=4) included a secondary outcome of interest (long-term follow-up and adverse

events), which are discussed below.

4.3.5.1 Long-term follow-up

Only one study in the current review reported long-term follow-up results and found that the benefits
on the WOMAC function score reduced slightly but were still preferable to baseline values (Schlenk et
al., 2011). This corroborates with a previous systematic review in terms of long-term pain and function
outcomes (Fransen et al., 2015), which found both measures declined at time points past six months,
and pain benefits were not sustained. PA types, intensities and modalities are often the focus of PA

interventions (Juhl et al., 2014; Bennell and Hinman, 2013); however, the degree of adherence to the
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PA program in the long-term has been suggested as a more important focus (Bennell and Hinman,
2013). Research suggests that it is only when PA is participated long-term that the benefits of a PA
intervention can be fully realised and enhanced, particularly within comorbid populations (Mangani et
al., 2006), therefore long-term follow-up may be important to report in RCTs. In OA, the review by Goh
et al. (2019) found that the pain and function effects were reduced by at least half between two- and
six-months follow-up. They found that one of the reasons for this was poor PA adherence (Goh et al.,
2019). Previous RCTs of adults with knee OA have described better improvements in pain, function,
QOL and overall level of disability for participants who adhere to the PA intervention (Ettinger et al.,
1997; Van Gool et al., 2005). Secondary analysis of the ADAPT study by Van Gool et al. (2005), suggest
a potential dose-response relationship between the level of PA adherence and greater physical

improvements in overweight people with knee OA.

The study by Yeol et al. (2013) highlighted that PA intervention adherence rates are close to 50%;
therefore, interventions with an adherence focus are necessary, to encourage maintenance of PA.
There are several aspects which contribute to adherence, including personal beliefs, social support,
provider support and ease of access (Goh et al., 2019; Bennell and Hinman, 2013). Also, Mangani et al.
(2006) found that in the context of comorbidity, participants could need closer supervision, as common
transitions from facility-based interventions to home-based interventions could result in lower
adherence. Most patients across all LTCs require some form of monitoring or supervision to optimise
the potential of PA (Foster et al., 2014; Fransen et al., 2015) and previous systematic review trends
suggest booster sessions with a physiotherapist improve adherence to therapeutic PA in people with
OA (Nicolson et al., 2017). This was also found in the intervention by Foy et al. (2011) which found a
combination of group and individual counselling and regular feedback, encouraged progress, the
achievement of goals and problem-solving strategies (Foy et al., 2011). A therapeutic relationship and
ongoing communication between the provider and patient is likely to be important in OA and
comorbidity, and a partnership that has ongoing engagement, involvement and accountability could

improve PA adherence (Hurley et al., 2018).
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In the current review, Casilda-Lopez et al. (2017) had low dropout rates within their aqua dance
intervention for people with OA and obesity. This study found that by using an intervention that
included social interaction and was considered fun, stimulated people to be more active and created
lower rates of dropout (Casilda-Lopez et al., 2017). Similar results were found in the RCT by Lim et al.
(2010) with improvements in clinical outcomes for both intervention arms, but with fewer injuries and
less negative associated side effects, such as discomfort and pain in the aqua group, compared with
land-based activity (Lim et al., 2010). Water-based PA, with its reduced weight-bearing when
compared to land-based PA, targeted at people with OA who are overweight or obese appears to make
PA more comfortable than full weight-bearing PA, potentially promoting PA participation in the long-
term. Furthermore, previous findings have shown reductions in BMI may in part, explain adherence to
PA interventions in people with knee OA who are overweight (Van Gool et al., 2005). Therefore,
considering the prevalence of obesity in the population of OA, perhaps weight loss could be an optional

intervention component for any group of people with OA and comorbidity.

4.3.5.2 Adverse events

In the current review, adverse events were generally not reported and were only reported in three
studies. This mirrors the wider OA PA RCT literature (Quicke et al., 2015). In the studies within this
review that did report adverse events they were only evident in the subgroup of OA and obesity and
were all reported as a trip or fall (n=4), which resulted in minor injuries. A previous systematic review
including 48 RCTs found consistent evidence that therapeutic PA did not cause serious adverse events
and was safe for most older adults with knee pain, across various age groups and comorbidities
including T2DM and obesity (Quicke et al., 2015). Furthermore, Quicke et al. (2015) found that out of
22 studies reporting adverse events, serious adverse events were absent, moderate adverse events

were rarely reported and, like this study, mostly included falls (n=5).

Eleven of the RCTs within this review did not report adverse events. Although adverse events are

uncommon, this finding is unlikely a true representation, due to the risk of reporting bias as above
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discussed (section 4.3.3.1). It is important to know whether adverse events took place as this
knowledge could indicate the requirement for comorbidity adaptation, or the use of a specific type of
PA within a certain population or comorbidity. PA has many benefits in comparison to pharmacological
treatments particularly regarding the likelihood of adverse effects such as medication interactions and
side-effects (Bartels et al., 2016). Nevertheless, the importance of tailoring PA to the person with OA
and comorbidity which takes into account safety precautions related to comorbidity groups is
necessary to avoid serious adverse events (de Rooij et al., 2014). For example, those with comorbid
conditions could experience additional adverse events relating to their LTCs, such as a cardiac event in

CVD comorbidity or oxygen desaturation in people with COPD (ACSM, 2007; de Rooij et al., 2014).

4.3.6 Types of physical activity interventions

A key finding of this review was that the PA interventions identified were very heterogeneous. The PA
interventions included different components ranging from specific types of PA alone (e.g. aqua dance
or weight training) to lifestyle interventions (teaching and encouraging behavioural change strategies
regarding nutrition and PA), PA with counselling and PA with diet. The PA interventions also varied
greatly in mode, duration and supervision. This finding corroborates with previous reviews of PA
interventions in OA populations; Fransen et al. (2015) found variability in the PA types, mode, and
dosage, when specifically looking at land-based PA for OA and a recent review by Hurley and colleagues
(2018) found huge variation and heterogeneity in PA interventions in OA populations. For example,
previous RCTs on OA without comorbidity have included different forms of aerobic (Focht, 2005;
Hurley, 2007), strength (Bennell, 2014), water-based (Bartels et al., 2016) and activities such as tai chi
(Chen et al., 2016) and dance (Fransen et al., 2015). Furthermore, although effect sizes differ between
RCTs, different systematic reviews have reached different conclusions as to whether categories of PA
intervention type leads to different clinical outcomes (Fransen et al., 2015; Juhl et al., 2014; Uthman

et al., 2013).
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It has been recommended that a holistic approach to the management of OA considers comorbidities
(NICE, 2014), but there is no guidance on how to adapt PA for those with OA and comorbidities (NICE,
2014; Dekker et al., 2016). The interventions in the current review were complex and included multiple
components which made it hard to distinguish whether benefits solely were gained from PA type alone
or other factors such as delivery mode, nor what elements of the PA were influencing outcomes. For
example, clinical outcomes and PA adherence may be influenced by behaviour change components or
enhanced by reinforcement from other social and therapeutic interventions (Felson et al., 2000). Also,
the differences in PA types would lead to different physiological responses and changes. For example,
aerobic PA that focused on general fitness (Miller et al.,, 2006) might result in weight loss and
improvements in cardiorespiratory fitness. In contrast, strength and flexibility PA (Jenkinson et al,,
2009) may improve physical functioning and performance of daily tasks. Although both outcomes are
desirable, whether they impact the specific outcomes of interest to this review, in the same way, is

less certain.

In the current review, one study intervention had an alternative approach of tailoring the intervention
delivered to the specific comorbid conditions to OA (de Rooij et al., 2017), which demonstrated how
diverse populations could be clustered and receive tailored, but similar interventions, to optimise
treatment. Findings from a previous meta-analysis of 4,000 patients found that focusing on one single
mode of non-individualised PA, was more efficacious in reducing pain and disability than mixing several
different modes of delivery and goals in the same intervention (Juhl et al., 2014). These results were
also found in the review by Kraus et al. (2019) which found single-type PA programs were more

efficacious than combined PA interventions for improving pain, function and QOL in people with OA.

Three of the studies did not exclusively use PA interventions. Caution is required in making inferences
from these findings since the effect of the intervention may not be solely from the PA component
alone. The three studies explicitly reported an intervention of PA and diet (Miller et al., 2006), PA plus

lifestyle intervention (Foy et al.,, 2011) or PA including counselling (Schlenk et al., 2011). Previous
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evidence has reported the effectiveness of psychosocial interventions on coping skills, and support to
aid the maintenance of self-management in those with OA (Dixon et al., 2007), which could be further
emphasised with the greater self-management demands of comorbidity. However, there is a lack of
consensus on specific components, settings or delivery for optimal outcomes. Foy et al. (2011) found
that in contrast to structured PA programs alone, interventions that combine an element of counselling
allow for a more collaborative and independent approach for patients toward their care (Foy et al,,
2011). NICE (2007, 2014: Public health guidelines [PH6, PH49]) suggests that interventions should
incorporate a range of behavioural strategies, including goal setting, self-monitoring, building self-
efficacy and support to aid intervention success. In the current review, the results from the
intervention by Schlenk et al. (2011) complement this guideline, suggesting that not only was
telephone counselling an effective addition to their intervention, but it was also a cost-effective

strategy.

Educational coaching and teaching strategies were elements of the intervention in several studies (de
Rooij et al., 2017; Somers et al., 2012; Schlenk et al.,, 2011; Foy et al., 2011). Teaching skills and
encouraging self-management in combination with PA had a synergistic effect on enhancing
participants ability to adhere with lifestyle changes in OA and comorbidity (Somers et al.,, 2012).
However, different methods, such as PA and diet combinations and increased numbers of supervised
sessions were found to be equally effective in a single RCT (Messier et al., 2004). Another review found
that a combination of patient education or self-management intervention combined with PA
intervention had a significant effect on pain, but less effect on physical function (Fernandes et al.,
2013). The results of that review also found that PA interventions often consisted of varied

combinations of components (Fernandes et al., 2013).

Other activities, such as exergaming (video game technology that tracks body movement and PA) were
also employed in this review; such as in one study for participants with OA and depression (Yeol et al.,

2013). However, they were less commonly used as the intervention compared to other forms of PA,
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such as strength training. In the current review, the findings of an exergaming intervention in people
with OA and depression showed trends of improved QOL scores but this change was not statistically
significant between groups (Yeol et al., 2013). However, the study also had the shortest intervention
duration (1 month) and had a small sample size (n=40), both of which could have influenced the results

(Yeol et al., 2013).

The findings from this review align with the previous systematic review by Fransen et al. (2015), finding
that for both pain and physical function, interventions such as tai chi or PA involving coordination,
stretching or balancing exercises, demonstrated smaller benefits and seemed to be less effective than
strengthening and aerobic PA (Fransen et al., 2015). However, other studies have found PA types

including yoga and tai chi demonstrated the largest effect on QOL (Goh et al., 2019).

4.3.7 Control and comparison group types

The RCTs included in this review used different control and comparison groups, making it difficult to
synthesise and make consistent comparisons across the studies. The control groups could be sub-
grouped into usual care, healthy lifestyle, intensive diet, education / information, or different
comparison PA intervention. It is important to consider control groups and what influence this may
have had on comparing conclusions from the RCTs. Following guidance from the Cochrane Handbook
(Higgins and Green, 2011), there is a distinction to be made between active and inactive control
groups. One study included aquatic PA as the comparison group (Casilda-Lopez et al., 2017). It was
important to consider the control groups, whether they included education, information, a health
program or usual care / current treatment. For example, individual RCT results suggest that a dietary
intervention comparison in people with OA and obesity was an effective treatment (Messier et al.,
2013), therefore, weight loss within the control group could reduce effect size of the PA intervention.
Another challenge in considering control groups is that control reporting detail was lacking in many
studies, which make it not possible to confidently evaluate between group effects (Karlsson and

Bergmark, 2015).
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4.3.8 Strengths of the review

This systematic review had a strict and clear protocol (PROSPERO Registration: CRD42017055582)
which increases the review transparency and credibility. The review had a comprehensive search
strategy to detect relevant studies and the search was performed with double reviewer screening,
from title to full text. This was followed by piloted double reviewer ROB assessment, data extraction
and result reporting, which will have minimised any individual reviewer bias in the selection of studies
and outcomes. These strategies were employed to enhance the internal validity of the systematic
review and allow accurate conclusions to be made about current evidence on the effectiveness of PA

interventions in OA and comorbidity.

4.3.9 Limitations of the review

Despite the review following a comprehensive method, it was not without limitations. Firstly, the
review was only designed to search for a limited selection of specific comorbidities and so may not
have captured individual comorbidities other than those searched. Further, the search filter may have
led to relevant RCTs being missed, due to a large number of terms and synonyms used to describe the
conditions as comorbidities. It is also possible that various comorbidities and severity of comorbidity
may have been excluded from individual RCTs due to contraindications to PA, such as those who have
recently had a stroke or other major cardiovascular event. Another limitation of the systematic review
was that the effectiveness of the PA interventions was only determined in terms of pain, function and
QOL, although regular PA has demonstrated ability to improve other aspects of health and well-being.
Therefore, this review may underestimate the overall beneficial effect of PA amongst the population

of OA and comorbidity if PA is associated with additional health benefits.

A key limitation of this review is the dearth of evidence relating to other comorbidities other than
obesity, which limits the generalisability of the findings and clinical implications, outside of OA and
obesity. Linked to this, it was only possible to carry out meta-analyses for the effect of OA and obesity.

However, this identifies a gap in the current literature. A further limitation was the small number of

92



Chapter 4: Systematic review

total included studies (n=14). Within these studies, a wide range of reporting styles, heterogeneous
condition definitions, methods, interventions, control group heterogeneity and outcome measures
were used which made it hard to make direct comparisons between studies and comorbidity

subgroups.

4.3.10 Clinical Implications

In the absence of clear and consistent evidence for the clinical benefit of PA in terms of pain, physical
function and QOL, the mixed results suggest that PA interventions for people with OA and comorbidity
should nevertheless be recommended, due to the existing extensive evidence base for PA in LTC
management and other disease-specific clinical outcomes. However, the uncertainty around the
findings, wide Cls, and within study result discrepancy, indicates more research needs to be done in
this field. Although clinical uncertainty may exist in recommending specific components of PA
interventions to populations with OA and comorbidity, some intervention results demonstrate
statistical significance, and others do not. For example, almost all RCTs incorporated some form of
aerobic PA and those in the statistically significant 6MWT test improvement all included some form of
strengthening PA. Furthermore, the most consistently significant results were seen with the approach
of heavily tailoring, and supervising the intervention delivered to specific comorbid conditions to OA

(de Rooij et al., 2017).

4.3.11 Research Implications

The findings have contributed to the knowledge of PA interventions for those with OA and comorbidity
and have identified important areas for future research such as; the need for studies on comorbidity
in OA phenotypes outside of knee OA; common comorbidities other than obesity (for example
depression and CVD); isolating intervention components (PA type or delivery mode); novel modes of
PA intervention such as exergaming, with longer follow-up and more consistent outcome
measurements and reporting styles, such as the OMERACT-OARSI recommendations for outcome

measures (Smith et al., 2019). Future studies following a checklist of systematic, homogeneous
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methods are needed to narrow down and simplify interventions to truly evaluate the impact of specific
components of PA interventions to identify the optimal mode. For example, authors could use the
existing TIDieR checklist (Template for Intervention Description and Replication) for reporting
intervention details (Hoffmann et al., 2016). In addition, many RCTs did not specifically report adverse
events. Monitoring and reporting adverse events in trials is important, and essential knowledge when
ascertaining what interventions would benefit those with comorbidities. In summary, there is still a
need to further develop and test PA interventions that can effectively improve outcomes in people

with OA and comorbidity.

The beneficial effect on 6MWT in the current review (obesity and multimorbidity groups) could suggest
that an objective measure could be more applicable to this patient group. Self-report measures such
as the WOMAC function subscale are OA focused. Therefore, they may not be able to report how
patient’s comorbidities impact their functioning overall, alongside OA. Furthermore, it could be
recommended that a standard QOL in OA and comorbidity tool is developed. Future research could
determine the optimal outcome measure for each outcome domain in people with OA and comorbidity

and then subsequent RCTs could be more consistent and comparable.

Further research should investigate the effectiveness of PA for people with OA and comorbidity that
can offer additional evidence without the need for costly, time-consuming new RCTs, such as
secondary data analysis of OA and comorbid subgroups (e.g. Mangani et al., 2006; Legha et al., 2020;
Quicke et al., 2020) as well as individual patient data meta-analysis from existing RCTs that include
both participants with and without comorbidity (Holden et al., 2017). For example, future research

could explore mediators and moderators of PA effects to establish what works for whom and why.

4.3.12 Conclusion

In comparison to the wider PA literature in OA, relatively few studies have specifically targeted OA and
comorbid populations, with 14 studies included in this review. In those studies, it is unclear to what

extent existing interventions have benefit for people with OA and comorbidity, hence there is more
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work to do in this area. The PA interventions led to mixed, mostly non-significant, small improvements
in people with OA and; obesity (pain, function and QOL), T2DM (pain and function), and depression
(QOL). PA interventions tailored to people with knee OA and multimorbidity, improved pain with
statistical significance and function as measured by the WOMAC and 6MWT, but not SF-36 within the
same study. Most of the evidence related to people with knee OA and obesity and the studies
identified were heterogeneous in terms of; intervention components, outcome measurements and

reporting, ‘usual care’ and control group types, countries, settings and populations.

More research is needed to determine the optimal PA for people with OA and comorbidity with
secondary analyses and individual participant data meta-analysis of previous RCTs able to provide
more evidence. This would then allow for a more informed analysis to determine whether certain
aspects of the interventions are more efficacious in specific groups and in turn, may offer further
insight into improving the care of people with OA and comorbidities. In conclusion, this systematic
review has highlighted a dearth of evidence for the effectiveness of PA interventions for those with OA

and comorbidities and highlighted areas for future research.

4.3.13 Chapter summary

This chapter described a systematic review that investigated the effectiveness of PA interventions on
people with OA and comorbidity. There is a relative dearth of RCT evidence relating to OA and common
comorbidity groups. It is still not certain what PA intervention components are optimal and for what
specific comorbid patient subgroups. Uncertainty remains regarding the clinical effectiveness of PA for
people with OA and comorbidity and further research focussed on OA and common comorbid
populations is indicated. The subsequent chapter investigates the association between PA level and

comorbidity in people with OA (chapter 5).

95



96

Chapter 5: Secondary data analysis study

Chapter 5

Secondary data analysis study
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Chapter 5. Comorbidity and physical activity levels in older adults with

osteoarthritis: a secondary data analysis study

5.0 Introduction

This chapter is split into four parts. It begins with the research question, aim and objectives, followed
by Part one, which describes the two trial datasets used within this second study of the thesis; The
Benefits of Effective Exercise for knee Pain (BEEP) and The Management of OsteoArthritis In
Consultations (MOSAICS) (Foster et al., 2014; Dziedzic et al., 2014). Following this, Part two of the
chapter covers the analysis methods of the current study. Then, the chapter contains the results (Part

three) and discussion (Part four).

5.0.1 Research question

Is comorbidity associated with PA levels in people with OA?

5.0.2 Aim and objectives

This secondary data analysis study aimed to examine the cross-sectional relationship between

comorbidity and PA level in older adults with OA. Specifically, there were three individual objectives;

1. Is comorbidity presence associated with PA level?
2. Is comorbidity frequency associated with PA level?

3. Are different types of comorbidity associated with PA level?

5.1 Part 1. Introducing the datasets

Part one first provides a rationale for carrying out secondary analysis on the selected datasets,
followed by an overview of the two datasets and the included participants. Key variables used to
answer the study objectives are discussed, including how the data was prepared, cleaned and recoded.

These steps are summarised in Figure 5.1.1.
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~
eAssesment of fit between the PhD research questions and datasets
J
~
eEthical considerations for using the datasets
eInternal data requests for the datasets (Appendix 9)
J
~
eData preparation: recoding new variables and handling of missing data
eDesciription of baseline characteristics from the two datasets )

Figure 5.1.1 Preliminary stages of the secondary data analysis process

5.1.1. Rationale for choosing the BEEP and MOSAICS trial datasets

The two large RCT datasets were selected for quantitative secondary data analysis within this thesis
because they contain appropriate data from the population of interest needed to address the research
objectives. The two studies recruited adults with knee (BEEP), and peripheral joint pain attributed to
OA (MOSAICS) and collected both PA and comorbidity data. In addition, the two study datasets

included similar baseline socio-demographic and clinical measures including pain and function.

The BEEP dataset contained participant comorbidities collected via self-report. To identify the
comorbidities of the participants within the MOSAICS cohort, a linked general practice Medical Record
Review (MRR) using relevant health care condition Read codes was used. Using two separate datasets
allowed for comparison of findings between different samples that include different OA phenotypes.
Having the comorbidities measured in two different ways within the two datasets also allowed for the
findings to be compared between recording methods. Also, the large number of participants in the

datasets made them suitable for multivariable model building.
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5.1.1.2 Ethical considerations
All participants signed a consent form which allowed for secondary use of the data. Following adequate
ethical consideration, a formal internal data request was completed for both datasets, followed by

approval from the study data custodians (Appendix 9).

5.1.2 BEEP trial dataset

The BEEP trial was a multicentre, pragmatic, parallel-group individually RCT of three exercise
interventions undertaken between 2009 and 2014 (Foster et al., 2014 (full RCT report to be published)
see Hay et al. (2018) for the NIHR grant report). The BEEP trial included 514 adults with pain or stiffness
attributed to OA in one or both knees. The participants were recruited from 65 general practices in
England and were identified in three ways; (1) examining medical records to identify patients
consulting for knee pain in the previous 12 months, (2) conducting a population survey for older adults
(aged 45 years and over) registered with participating GPs, which included the chronic pain grade scale
to identify participants who had a chronic pain grade of 2-4 for recruitment, to ensure those
participants had a mean level of pain and functional difficulty similar to those recruited by (3)
identifying patients referred to physiotherapy from general practice for knee pain (Hay et al., 2018).
The primary objective of the RCT was to test whether pain and function outcomes could be improved
through changing characteristics of PA programmes in comparison to usual physiotherapy (PT) care in
older adults with knee OA. The BEEP trial primary outcomes were self-report pain and physical function

(WOMAC) (Bellamy et al., 1988).

5.1.2.1 Participant inclusion / exclusion criteria

To be eligible to participate in the BEEP trial, participants were required to be 45 years and older, with
current knee pain and / or stiffness (i.e. a clinical diagnosis of OA) and chronic pain grade severity 2-4.
Exclusion criteria were serious pathology (e.g. inflammatory arthritis or malignancy), history of hip or

knee replacements or being on a waiting list for joint replacement, pain due to recent trauma, knee
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joint injection in the previous three months or being unable to access physiotherapy treatment

centres.

5.1.3 MOSAICS trial dataset

The MOSAICS study was a mixed methods study with a nested cluster RCT, undertaken between 2011
and 2013, of which this thesis used baseline data from the RCT and MRR data from Part three (Dziedzic

et al., 2014);

1. Acluster RCT
2. A population survey
3. A consultation survey and MRR

4. An evaluation of the intervention and training

The primary aim of the MOSAICS RCT was to determine the clinical and cost-effectiveness of a model
OA consultation (MOAC - implementing the core recommendations from NICE OA guidelines in
primary care). 525 participants consented to take part, had MRR data available and were used for the
current analysis. The MOSAIC trial primary outcome measure was general physical health (SF-12 PCS)

(Ware et al., 1996).

5.1.3.1 Participant inclusion / exclusion criteria

To be eligible to participate in the MOSAICS trial, participants were required to be; 45 years and older,
with current self-reported joint pain and / or stiffness (in the knee, hip, hand or foot), registered with
a MOSAICS study practice in England, and to have completed the MOSAICS patient population survey.
Exclusion criteria were screened by general practitioners including; a history of serious disease
(malignancy or terminal illness), resident in a care or nursing home, inflammatory arthritis, or those

who could not access their GP.
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5.1.4 BEEP and MOSAICS variables used in this thesis

Baseline data from those participating in the BEEP RCT and MOSAICS RCT who also completed the
consultation survey were included in this study. Table 5.1.1. displays the variables from the datasets

considered for the analyses in chapter 5 Part 2.

101



Chapter 5: Secondary data analysis study

Table 5.1.1 BEEP and MOSAICS baseline variables considered for analysis within this thesis

Variable name Data type

Additional variable detail (BEEP)

Additional variable detail (MOSAICS)

Participant demographics

Age Continuous
Gender Dichotomous
Body Mass Continuous
Index

Partner status  Categorical

Employment
status

Dichotomous

Clinical measures

Anxiety Continuous
Quality of life ~ Continuous
Physical & Continuous
mental health

OA measures

Pain Continuous
Function Continuous
PA measure

PA Continuous
Comorbidity

Comorbidity Dichotomous
type

Years

Female / male

Calculated from height (centimetres) and weight
(kilograms)

Self-reported partner category (Married
/separated /divorced /widowed /cohabiting
/single)

Employed yes / no

GAD 7 0-21 (21=worst anxiety)
EQ-5D-3L -0.59-1 (1=better QOL)
N/A

WOMAC 0-20 (20= worst pain)
WOMAC 0-68 (68=worst function)
PASE 0-400+ (400+=higher PA level)

Self-report of key comorbidities;
e High blood pressure

e Angina
e Heart failure
e Stroke

e Heart attack
o Depression
e T2DM

e Asthma

Years

Female / male

Calculated from height (centimetres) and weight
(kilograms)

Self-reported partner category

(Married /separated /divorced /widowed /cohabiting
/single)

Employed yes / no (retired /no categorised as no)

GAD 7 0-21 (21=worst anxiety)
EQ-5D-3L -0.59-1 (1=better QOL)
SF12 V2 0-100 (100=better health)

0-10 (10=worst pain) (Pain intensity numerical rating scale)
WOMAC SF-PF 0-32 (32=worst function)

PASE 0-400+ (400+=higher PA level)

MRR to identify comorbidities;

e Hypertension (including hypertension, high blood
pressure)

e CVD (including angina, heart failure, stroke, heart
attack, heart disease)

e Depression

e T2DM

e Asthma (including asthma, COPD, bronchitis)

e Osteoporosis
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e Bronchitis e Obesity
e Osteoporosis

BEEP=Benefits of Effective Exercise for knee Pain;, MOSAICS=the Management of Osteoarthritis In Consultations; OA=Osteoarthritis; PA=Physical Activity;
PASE=Physical Activity Scale for the Elderly;, T2DM=Type 2 Diabetes Mellitus; CVD=Cardiovascular Disease; COPD=Chronic Obstructive Pulmonary Disease;
WOMAC=Western Ontario and McMaster Universities Arthritis Index; WOMAC SF-PF=Western Ontario and McMaster Universities Arthritis Index Short Form

Physical Function; GAD 7=Generalized Anxiety Disorder 7; EQ-5D-3L=Euro Quality Of Life 5 Dimensions 3 Levels; SF12 V2=Short Form Version 12; PF=Physical
Function; MRR=Medical Record Review; N/A=Not Applicable.
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5.1.5. Variables used in the analysis

5.1.5.1 Comorbidity

Comorbidity was the primary independent variable of interest for this study. Comorbidity was captured
through self-report (BEEP) and MRR (MOSAICS). To have consistency across the two datasets for future
comparison, the comorbidities captured in BEEP were grouped to closely resemble those identified by

the Read codes search in MOSAICS.

MRR is a method for identifying patients through electronic screening. “Read code searches” are pre-
designed lists to most effectively capture specific comorbidities which may have synonyms or be
recorded using different terms and Read codes within medical records. Read codes are the standard
clinical terminology system that UK GPs use to identify patient’s clinical symptoms and diagnoses. The
Read code searches for the current study were derived from recent Keele University publications (e.g.
Barnett et al., 2017) and all were compiled with the consensus of at least two primary care researchers
who were also GP clinicians. Appendix 10 shows an example of the depression Read codes used in a
MRR following a consensus exercise at Keele Versus Arthritis Primary Care Centre for The Consultations

in Primary Care Archive (CiPCA) (Burton et al., 2013).

The individual comorbidities from the two datasets were originally collapsed into seven category types;
high blood pressure (hypertension, high blood pressure), CVD (angina, heart failure, stroke, heart
attack), depression, T2DM, respiratory (asthma, bronchitis, COPD) and osteoporosis. Obesity was
calculated from BMI (calculated using height and weight (Kg/M?)) and used as a dichotomous variable

(obese (BMI=30) yes / no).

5.1.5.2 Physical activity

PA level was measured by the self-report Physical Activity Scale for the Elderly (PASE) in both trial
datasets (Washburn et al., 1993) and was the outcome of interest (dependent variable) in this study.
Appendix 11 provides detail of the items included within the PASE and a description of the scale scoring

instructions. The scale measures leisure, household and occupational PA with weighting specific to the
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frequency and duration of each activity carried out over the previous week. The PASE scale gives a
continuous score (0 to 793), with higher scores indicating higher PA levels. However, the PASE scale
does not equate to minutes spent in intensity zones of PA or activity levels related to the PA guidelines
(Washburn et al.,, 1993). The PASE has shown strong validity and reliability useful for large
epidemiological and intervention studies on the general population (Washburn et al., 1993). Its use
has been validated in hip OA with a standard error of measurement (SEM) of 31, retest reliability
(ICC=0.77), and moderate correlation with other self-report PA scales such as the International Physical
Activity Questionnaire (IPAQ) (r=0.61) (Svege et al., 2012). Washburn et al. (1999) further validated the
PASE as a measure of PA suitable for use on the association between PA, health and physical function
in older adults. The PASE tool has been shown to have a moderate correlation with other PA measures
such as the 6MWT (r=0.35) and knee strength (r=0.41) in adults with knee pain (Martin et al., 1999;

Prince et al., 2008).

5.1.5.3 Socio-demographics
Both the BEEP and MOSAICS trials datasets included several socio-demographic variables of interest

to this thesis, including; age, gender and partner status (see Table 5.1.1).

5.1.5.4 Clinical variables

The clinical variables considered for the analysis included pain (as measured by the WOMAC pain
subscale: 0-20 (BEEP), 0-10 (MOSAICS)), function (WOMAC function subscale: 0-68 (BEEP), 0-32
(MOSAICS)) (Bellamy et al., 1988), anxiety (Generalised Anxiety Disorder (GAD 7) (Spitzer et al., 2006)),
QOL (Euro Quality Of Life-5 dimensions-3L (EQ-5D-3L) (EuroQol group, 1990) and general well-being
(Short Form12 (SF12)) (Vilagut et al., 2008). These measures are widely used in OA clinical research,
have shown to be reliable and valid (Spitzer et al., 2006; Salaffi et al., 2003; Bilbao et al., 2017; Hawker
et al.,, 2008) and may confound the association between comorbidity and PA (see Table 5.1.1 for
further scale detail). Confounding in this context is the effect of uncontrolled variables that could

distort or make a false result of association between comorbidity and PA (Skelly et al., 2012).
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5.1.6 Variable recoding

Comorbidity variables were recoded into new variables to answer the three research objectives for
this study. These were “comorbidity presence”, which categorised participants into either having or
not having any of the five comorbidity category types (respiratory, CVD, depression, T2DM, obesity);
“comorbidity frequency”, which counted the number of comorbidity types each individual participant
had (0, 1, 2, 3+ (the frequency of four and five comorbidities were too small to use in separate analyses,
therefore a 3+ category was formed) and “comorbidity type” (presence or not of respiratory, CVD,
depression, T2DM or obesity comorbidity). At this stage, osteoporosis and hypertension were removed
as individual comorbidity types, with five remaining comorbidity types included in analyses. Further
detail of how comorbidity was coded into variables and the data informing the selection of comorbidity

types can be found in Appendix 12.

A six-category “relationship status” variable was recoded to become a dichotomous variable. Those
who were separated, divorced, widowed or single were coded as ‘no partner’ and those married, or

cohabiting were categorised as ‘yes partner’.

5.1.7 Data preparation

This section focusses on the preparation of data for statistical analyses, including the handling of

missing data and data analyses methods for each research objective.

5.1.7.1 Data cleaning

Data cleaning involved examining the properties of the variables and the way they were coded
(nominal, ordinal, interval / ratio), including frequency distributions, e.g. histograms, frequency tables,
mean, variance), and handling outliers and unexpected data (coding as missing). Following this, the
data was prepared coding missing data and deciding on how to deal with missing values (case removed

from analysis).
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5.1.7.2 Missing data

ROB due to missing data depends on the amount of missing data as well as the reasons for the missing
data (Taris, 2000). Comparing the participants with complete data and those with any missing revealed
closely matched values for most variables (Table 5.1.2 and 5.1.3). For example, in BEEP, the mean GAD
7 was 3.3 for participants with complete data and those with incomplete data, and the mean BMI for
participants with complete data was 29.7, compared with 29.3 in those with any missing data.
However, in both datasets, the presence of any missing data was more likely in older participants,
females and those without a partner. Complete case analysis was used in this study (Sterne et al.,
2009). The level of missing data was relatively low in both datasets for other independent (<10%) and

dependent (<20%) variables.

Table 5.1.2 Missing data across independent and dependent variables

Dataset Total Age Gender Partner WOMAC GAD7 PASE
missing function
data
BEEP 124 (24%) 0 0 50 (8%) 10 (2%) 17 (3%) 51 (10%)
MOSAICS 136 (26%) 7(1%) O 2 (<1%) 9 (2%) 21 (4%) 93 (18%)

Total sample size: BEEP 514; MOSAICS 525

All values are number (% proportion of dataset sample); BEEP=Benefits of Effective Exercise for knee Pain;
MOSAICS=the Management of Osteoarthritis In Consultations; PASE=Physical Activity Scale for the Elderly;
WOMAC=Western Ontario and McMaster Universities Arthritis Index; GAD 7=Generalized Anxiety Disorder 7
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Table 5.1.3 Descriptive data comparing participants with a) complete data and b) any missing data

Variable BEEP MOSAICS

Complete data | Any missing | Complete data | Any missing

N=390 N=124 N=389 N=136
Age Mean 61.7 66.4 66.4 70.3
Female gender N% 185 (47.4) 77 (62.1) 222 (57.1) 91 (66.9)
YES partner N % 336 (86.2) 59 (79.7) 285 (73.3) 88 (65.7)
WOMAC Mean 27.7 29.4 11.8 13.5
GAD 7 Mean 3.3 33 34 3.8
BMI Mean 29.7 29.3 28.4 27.7
Comorbidity presence N % 251 (64.4) 73 (58.9) 209 (53.7) 62 (46.6)
Respiratory N%  68(17.4) 20 (16.1) 39 (10.0) 16 (11.8)
CVD N%  39(10.0) 17 (13.7) 51 (13.1) 14 (10.3)
Depression N % 85 (21.8) 29 (23.4) 28 (7.2) 10(7.4)
T2DM N%  46(11.8) 20 (16.1) 52 (13.4) 14 (10.3)
Obesity N%  142(38.2) 42 (33.9) 128 (32.9) 34 (25.4)
PASE Mean 176.9 177.2 144.0 130.7

Results are values as number (N) and percent (%) or Mean.

BEEP=Benefits of Effective Exercise for knee Pain; MOSAICS=the Management of Osteoarthritis In Consultations
Study; OA=Osteoarthritis; PA=Physical Activity; PASE=Physical Activity Scale for the Elderly: 0-400+ (higher
number=higher PA level); WOMAC=Western Ontario and McMaster Universities Arthritis Index: BEEP 0-68/
MOSAICS 0-32 (higher=worse function); GAD 7=Generalized Anxiety Disorder 7: 0-21 (21=worst anxiety);
BMI=Body Mass Index; CVD=Cardiovascular Disease; T2DM=Type Two Diabetes Mellitus; N=Number

5.1.8 Variable selection for each objective

Variables were selected to investigate the association between comorbidity (presence, frequency and
type) and PA levels in both BEEP and MOSAICS datasets. The dependent variable for all three objectives
was PA level (PASE). The independent variable of interest was different for each objective; objective
1) comorbidity presence, objective 2) comorbidity frequency (0, 1, 2, 3+) and objective 3) comorbidity
type as the independent variable. The potential confounding variables included age, gender, partner

status, pain, function, anxiety and QOL.
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5.2 Part 2. Secondary data analysis methods

This section describes the secondary analysis methods carried out separately on both the BEEP and
MOSAICS datasets (Figure 5.2.1). All data analyses for this study were carried out using SPSS version

24 (IBM Corp. Released 2016. IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY: IBM Corp).

eUnivariable analyses )
eSimple linear regression models of comorbidity* and PA

eBrief interpretation of models

eMultivariable analyses

eExploration of covariate collinearity: Pearson's correlations of variables

eMultiple linear regression models of comorbidity*, covariates** and PA

*Model checking

eRegression assumption and further collinearity checking

eModel interpretation

eRegression coefficients, 95% confidence intervals, statistical significance
eInterpretation and discussion of findings )

Figure 5.2.1 Stages of analysis

*Carried out for each of the three objectives using a different independent variable; objective: 1) comorbidity
presence, 2) comorbidity frequency and 3) comorbidity type; **demographic: age, gender, partner; clinical: GAD
7 and WOMAC physical function. PA=Physical Activity

5.2.1 Univariable analyses

Univariable analyses (unadjusted) allow an initial crude exploration of the relationship between the
independent and dependent variables to demonstrate any associations (Szklo and Nieto, 2014).
However, unadjusted analyses are at risk of confounding. By conducting unadjusted analyses, it is
possible to subsequently compare unadjusted and adjusted models to understand the impact of
confounding variables on the relationship between the independent and dependent variables (Katz,

2003). Table 5.2.1. describes the variables included in the unadjusted analyses.
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Table 5.2.1 Variables included in the unadjusted analyses

Variable Variable detail Reference category / scale
range
Independent
Comorbidity presence  Dichotomous comorbidity presence Reference: no comorbidity
(yes / no)

Comorbidity frequency Categorised comorbidity frequency: 0, Reference: no comorbidity
1, 2, 3 or more comorbidities

Comorbidity type Dichotomous comorbidity presence of Reference: no presence of the
Respiratory, CVD, T2DM, Depression, specified comorbidity
Obesity

Dependent

PASE Continuous Physical Activity Scale for 0-400+ (higher=higher PA level)
the Elderly

Socio-demographic

Age Continuous years

Gender Dichotomous (Male / female) Reference: 0 male, 1 female

Partner Dichotomous (Partner / no partner) Reference: 0 no partner

Clinical variables

GAD 7 anxiety Continuous Generalised Anxiety 0-21 (higher=worse anxiety)
Disorder

WOMAC PF Continuous Western Ontario and 0-(32/68) (higher=worse
McMaster Osteoarthritis Index function)

PA= Physical Activity;, PASE=Physical Activity Scale for the Elderly;, WOMAC=Western Ontario and McMaster
Universities Arthritis Index; PF=Physical Function; GAD 7=Generalized Anxiety Disorder 7, CVD=Cardiovascular
Disease; T2DM=Type Two Diabetes Mellitus

Simple linear regression is described as a mathematical equation (Marill, 2004);

Y=BO+B1X1+G

‘Y" is the observed dependent variable, Bo and B, are the regression coefficients, X is the independent
variable and e is the error term. From this equation, the regression coefficients and error terms are
estimated. The predicted value of Y takes the estimated value, Bo when X=0, while the estimated value

of B; shows the slope and direction of the relationship (Marill, 2004).

For this analysis, the Y value represents the increase in PASE per one unit increase in X, the
independent variable, comorbidity. For the dichotomous comorbidity variables, this was simply either
‘no comorbidity’ or one unit increase to ‘yes comorbidity’. The regression beta coefficients show the

strength and direction of the association between comorbidity and PASE score. A negative beta score
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indicates an inverse relationship per unit increase in independent X with outcome Y. The association

between the two variables was statistically significant if p<0.05.

In order to carry out linear regression modelling, the data was checked for assumptions of linear

regression (Marill, 2004);
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1. The dependent variable must be interval.

The relationship between the independent and dependent variables must be linear. This was
checked with scatter plots of the independent variables against the dependent variable, which
was also used to visually inspect outliers in the data.

The independent and dependent variables have normal distribution. This was checked through
histograms and P-P plots. Visual inspection can determine a bell-shaped curve with vertically
split symmetry.

There is little to no collinearity between independent variables. If independent variables within
a regression analysis are highly correlated with each other, they may interact and alter the
model outputs (Tu et al, 2005). This was first assessed with all independent variables
computed into a correlation matrix. Scanning the correlation matrix for any high pairwise
correlations with other independent variables (Pearson’s correlations (r>0.7) provides a
warning of collinearity. Removal of one of the variables of those pairs highly correlated was
the first step. Secondly, checking the Variance Inflation Factor (VIF) confirms low collinearity
within the analysis (with results <10).

No autocorrelation in the data to ensure the residuals are independent of one another and are
normally distributed. This was tested through the Durbin-Watson test. Durbin-Watson results
closer to a value of 2 are best (<1 or >3 may indicate autocorrelation).

The data is homoscedastic. Homoscedasticity refers to the variance of the residuals being

equal or constant. This was checked through a scatterplot of residuals against the predicted
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values. Visual inspection was used to determine randomly distributed, evenly spread residuals

(no funnel / linear relationships).

To calculate precise estimates of independent variable regression coefficients from linear regression
models, an adequate sample size is required. There is a lack of consensus in the literature regarding
the minimum number of cases (participant data) required per variable (e.g. PASE). For example, some
authors suggest a minimum of two cases per variable would still guarantee accurate and unbiased
coefficients (Austin and Steyerberg, 2015), whilst others suggest 10 (Harrell, 2015) or more (Schmidt,
1971). For this analysis, a minimum of 10 cases per independent variable (e.g. depression comorbidity)

was chosen because it would make good estimates of the associations (Babyak, 2004).

5.2.2 Multivariable (adjusted) analyses

Multiple linear regression output provides information regarding the magnitude and direction of an
association between two variables (B coefficient) and its statistical significance (p value) while
controlling for all other independent variables (Katz, 2003). Multiple linear regression was used to
investigate the association between comorbidity presence / frequency / type and PASE score while
controlling for the confounding effects of socio-demographic and clinical variables or covariates (age,

gender, partner, physical function and anxiety) (Nimon and Oswald, 2013; Field, 2013).

Multivariable (using more than one independent variable) analyses were carried out using multiple

linear regression, denoted by the equation below:

Y = Bo + BiXi+ B2Xot+ B3Xs ...+ €

‘Y’ is the dependent variable (PASE) and Bo is the intercept (if the independent variable (comorbidity),
X=0), e is the error term, and the B values indicate the regression slope and direction while also

controlling for multiple other independent variables (B:X+ B2X5 ...).
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5.2.3 Model building

Model building methods were carried out separately for both datasets and were repeated for each of
the three objectives, with different comorbidity variables as the primary independent variable (see
Table 5.2.2.). For each objective, the relevant comorbidity independent variable was first entered into
the model followed by simultaneously entering all remaining independent variables (age, gender,
partner, physical function, anxiety) which were selected a-priori. The dependent variable (outcome) in
all models was PA (PASE). Results for each objective are presented as; beta-coefficient (lower, upper

95% Cl limits).

The first step in the multivariable analyses was to explore all pairs of the independent variables for
collinearity within the model using Pearson’s correlations (Tu et al., 2005) (see Figure 5.2.1.). For
example, the EQ-5D-3L measure of QOL was highly correlated with many other variables (e.g. WOMAC
physical function r=0.664; SF12 r=0.639; SF physical r=0.591) and considered less clinically important,
hence was not included in the model. WOMAC pain and WOMAC function were highly correlated in
the BEEP dataset (r=0.798). Both measures are clinically important, however, MOSAICS only measured
WOMAC function data. Therefore, to keep similar covariates in both datasets, the EQ-5D-3L and
WOMAC pain were removed from the analyses. Further detail on this process is detailed in Appendix

13.

Table 5.2.2 An overview of the final models repeated throughout the analyses

Objective Model Variable Reference
1. Comorbidity presence 1 Yes comorbidity No comorbidity
2. Comorbidity frequency 2 1 comorbidity No comorbidity
3 2 comorbidities No comorbidity
4 3+ comorbidities No comorbidity
3. Comorbidity type 5 Yes Respiratory No Respiratory
6 Yes CVD No CVD
7 Yes T2DM No T2DM
8 Yes Depression No Depression
9 Yes Obesity No Obesity

9 univariable (unadjusted) models, executed for BEEP and MOSAICS separately (9x2) and repeated as 9
multivariable models (including the other covariates: age, gender, partner, anxiety and physical function) for BEEP
and MOSAICS separately (18x2). Total models = 36. CVD=Cardiovascular Disease; T2DM=Type Two Diabetes
Mellitus
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5.2.4 Model checking

Once the final models were built, model assumption, further collinearity and specification checks, such
as VIF (<10) were carried out (see assumptions list above) (Tu et al., 2005). Further detail and example

model assumption checking can be seen in Appendix 14.
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5.3 Results

5.3.1 Introduction

This section presents the results of the quantitative secondary data analysis of BEEP and MOSAICS
trials. First, descriptive statistics for the independent and dependent variables are provided for the
separate datasets. The results are then presented by objective split by dataset. Where possible, tables
present the results of both dataset analyses side-by-side to facilitate comparisons of associations
between datasets. Unadjusted associations between independent and dependent variables for each

of the 3 objectives are presented together with the adjusted multivariable models.

5.3.2 Participant characteristics

Descriptive statistics (frequency, percentage, mean and SD) for the independent and dependent

variables are presented in Table 5.3.1.

Table 5.3.1 Summary of participants characteristics from the BEEP and MOSAICS trials

Characteristic ‘ BEEP ‘ MOSAICS
Total number 514 525
Age (years) 62.9+9.8 67.3+10.5

Gender (male)
Partner (yes)
GAD 7 score

WOMAC Function score#

Comorbidity presence

Respiratory
CVvD
Depression
T2DM
Obesity

BMI

Underweight / normal
Overweight

Obese

One comorbidity
Two comorbidities
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252 (49.0%)
395 (76.8%)
33+4.6
28.1+12.3

324 (63%)

88 (17.2%)
56 (10.9%)
114 (22.2%)
66 (12.8%)
191 (37.2%)

29.6+5.7
97 (18.9%)
209 (40.7%)
191 (37.2%)

189 (36.8%)
98 (19.1%)

212 (40.4%)
373 (71.0%)
3.5+4.7
12.2+7.3

271 (51.6%)

55 (10.5%)
65 (12.4%)
38 (7.2%)
66 (12.6%)
162 (30.9%)

283+5.0

135 (25.7%)
206 (39.2%)
162 (30.9%)

184 (35%)
67 (12.8%)
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3+ comorbidities 37 (7.2%) 20 (3.8%)

PASE 176.9+83.5 142.7 £ 80.3

All values are mean and standard deviation (+) or number and percentage (%).

BEEP=Benefits of Effective Exercise for knee Pain; MOSAICS=the Management of Osteoarthritis In Consultations
Study; OA=Osteoarthritis; CVD=Cardiovascular Disease; T2DM= Type Two Diabetes Mellitus; PA=Physical Activity;
PASE=PA Scale for the Elderly: 0-400+ (higher number = higher PA level); WOMAC=Western Ontario and
McMaster Universities Arthritis Index: #BEEP 0-68 / MOSAICS 0-32 (higher = worse function); GAD 7=Generalized
Anxiety Disorder 7: 0-21 (21 = worst anxiety); BMI=Body Mass Index; Underweight / normal (<25), overweight
(25-29.9), obese (BMI >30)

5.3.2.1 BEEP participant characteristics

Of the 514 participants recruited for the BEEP study, there was a similar mix of gender proportions
(49% male), mean age was 62.9+9.8 and most participants were overweight or obese (41% and 37%;
in each BMI category respectively) with a mean BMI of 29.6+5.7. Most of the sample had comorbidity
(63%); 37% of the population reported having one comorbidity; 19% reported having two, and 7%
reported having three or more. The most common comorbidity type was obesity (37%) followed by
depression (22%), respiratory (17%), T2DM (13%) and CVD (11%). Mean PASE score for the sample was

176.9483.5.

5.3.2.2 MOSAICS participant characteristics

Of the 525 MOSAICS study participants, 40% were male with a mean age of 67.3£10.5 and most were
overweight or obese (39%, 31%; respectively) with a mean BMI of 28.3+4.9. Just over half the
participants (52%) had comorbidity, with 35% of participants having one comorbidity, followed by 13%
having two comorbidities and 4% having three or more. The most common comorbidity was obesity
(31%), followed by T2DM (13%), CVD (12%), respiratory (11%) and depression (7%). The mean PASE

score for the sample was 142.7+80.3.

5.3.3 Differences between the datasets

The BEEP and MOSAICS trials had a similar number of participants, with a similar mean BMI, although
MOSAICS participants were of slightly older mean age. BEEP had slightly more males and had a slightly

higher mean PASE score than MOSAICS (Table 5.3.1.). BEEP had 11% more participants reporting the
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presence of comorbidity (63% compared to 52%). The frequency of comorbidity across both datasets
can be seen in Figure 5.3.1. The most common comorbidity was obesity in both datasets. The
proportion of participants with individual comorbidity types was similar between datasets except for
depression which was reported in almost a quarter of BEEP participants (22%), compared with 7% in

MOSAICS (Figure 5.3.2).

0 comorbidity ——BEEP —— MOSAICS

>0 48.4
45

40
35
30

g~ 35 1 comorbidity

36.8

e I
3+ comorbidities 7.2 \

19.1

2 comorbidities

Figure 5.3.1 Proportion (%) of the BEEP and MOSAICS trial participants with different comorbidity
frequencies (0, 1, 2, 3+)
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Respiratory
50 ——BEEP ——MOSAICS

45
40
35
30
25
70 {/10:5

Obesity -~ 37:2 =N\ Cardiovascular
10 10.9
5

30.9 0 124

17.2

12.6 7.

8 222

Diabetes Depression

Figure 5.3.2 Proportion (%) of the BEEP and MOSAICS trial participants with different comorbidity
types
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5.3.4 Objective 1: Is comorbidity presence associated with physical activity level.

Table 5.3.2 shows both unadjusted and adjusted associations between comorbidity presence and PA.
Unadjusted comorbidity presence was significantly associated with a decrease in PASE score in BEEP

B=-27.93 (-44.10, -11.75) and MOSAICS B =-20.86 (-36.02, -5.70).

After adjusting for covariates (age, gender, partner status, WOMAC function and GAD 7), comorbidity
presence remained significantly associated with a decrease in PASE score in BEEP =-32.25 (-48.57,
-15.93) and the strength of association increased. In MOSAICS, however, the association between
comorbidity presence and PASE score attenuated after adjustment and was no longer statistically
significant f=-6.50 (-21.11, 8.11). Increasing age and female gender were significantly associated with
lower PASE score in both datasets. In the BEEP dataset having a partner was associated with an
increased PASE score. In the MOSAICS dataset, worse function (WOMAC) and worse anxiety (GAD 7)

were associated with lower PASE score.
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Table 5.3.2 Objective 1: Unadjusted and adjusted models for BEEP and MOSAICS comorbidity presence and PASE score

BEEP MOSAICS
Independent (N) B coefficient 95% ClI (N) B coefficient 95% ClI
variable
Lower Upper Lower Upper
Unadjusted Comorbidity 445 -27.93* -44.10 -11.75 429  -20.86* -36.02 -5.70
presence
Adjusted Comorbidity 390 -32.25%* -48.57 -15.93 405 -6.50 -21.11 8.11
presence
Age -2.49%* -3.36 -1.63 -2.48%* -3.20 -1.76
Gender(female) -18.59* -34.21 -2.97 -25.32% -39.57 -11.06
Partner (yes) 30.22* 7.73 52.70 14.89 -1.54 31.31
WOMAC function# -.24 -.92 43 -1.58* -2.69 -.46
GAD 7 -1.57 -3.34 21 -2.08* -3.75 -41

Unadjusted and adjusted models for objective 1 in the BEEP and MOSAICS datasets.
*denotes statistically significant at p<0.05.
Footnotes: complete case data, multiple linear regression adjusted for age, gender, partner, WOMAC function and GAD 7. 8 coefficient represents mean change in PASE score.
Higher PASE scores indicate higher levels of PA. Age (increase in one year); Gender (reference: male); Partner (reference: no partner); Higher WOMAC function indicates worse
function (one increase unit in WOMAC function score, # BEEP 0-68 / MOSAICS 0-32); Higher GAD 7 indicates worse anxiety (one increase unit in GAD 7 score, 0-21).
Abbreviations: CVD=Cardiovascular Disease; T2DM=Type Two Diabetes Mellitus; N=Number; B=unstandardized beta coefficient; Cl=Confidence Interval; WOMAC=Western
Ontario and McMaster Osteoarthritis Index; GAD 7=Generalised Anxiety Disorder Questionnaire
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5.3.5 Objective 2: Is comorbidity frequency associated with physical activity level.

Table 5.3.3 shows the unadjusted and adjusted associations between comorbidity frequency and PA.
In the unadjusted BEEP model, each additional comorbidity was significantly associated with a lower
PASE score; one comorbidity B= -19.85 (-38.11, -1.59), two comorbidities B= -32.72 (-53.91, -11.52),
and three or more comorbidities B= -52.68 (-83.42, -21.94) compared to those with no comorbidity.
After adjusting for confounding variables, comorbidity frequency remained significant and grew in
association with lower PASE scores across all frequencies of comorbidity; one comorbidity B=-24.42
(-42.45, -6.38); two comorbidities B=-34.76 (-56.05, -13.48) and three or more comorbidities B=-73.71

(-106.84, -40.58).

In the unadjusted models for MOSAICS, having one comorbidity was not significantly associated with
PASE score; B=-8.51 (-25.11, 8.08) compared to no comorbidity. However, having two comorbidities
B=-45.06 (-68.45, -21.66) and three or more comorbidities f=-52.25 (-91.39, -13.11) were significantly
associated with an incremental decrease in PASE scores compared to no comorbidity. In adjusted
analyses associations attenuated. Having one comorbidity remained non-significant B= 1.39 (-14.30,
17.08). However, the presence of two comorbidities remained significantly associated with a decrease
in PASE score B=-26.84 (-49.30, -4.38). Having three or more comorbidities was no longer significantly

associated with PASE score B=-24.70 (-62.15, 12.76).
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Table 5.3.3 Objective 2: Unadjusted and adjusted models for BEEP and MOSAICS comorbidity frequency and PASE score

BEEP MOSAICS

Independent (N) B coefficient 95% ClI (N) B coefficient 95% ClI

variable Lower Upper Lower Upper
Unadjusted 1 comorbidity 445 -19.85* -38.11 -1.59 429 -8.51 -25.11 8.08

2 comorbidities 445 -32.72* -53.91 -11.52 429  -45.06* -68.45 -21.66

3+ comorbidities 445 -52.68* -83.42 -21.94 429 -52.25%* -91.39 -13.11
Adjusted 1 comorbidity 390 -24.42% -42.45 -6.38 405 1.39 -14.30 17.08

2 comorbidities 390 -34.76* -56.05 -13.48 405 -26.84* -49.30 -4.38

3+ comorbidities 390 -73.71% -106.84 -40.58 405 -24.70 -62.15 12.76

PASE score for each comorbidity category variable (reference 0 comorbidity).

*denotes statistically significant at p<0.05.

Footnotes: complete case data, multiple linear regression adjusted models adjusted for age, gender, partner, WOMAC and GAD 7. 8 coefficient represents a change in PASE

score. Higher PASE scores indicate higher levels of PA.

Abbreviations: N=Number; 8=unstandardized beta coefficient; CI=Confidence Interval
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5.3.6 Objective 3: Is comorbidity type associated with physical activity level.

Table 5.3.4 shows the unadjusted and adjusted associations between comorbidity type and PA. In the
unadjusted BEEP model, respiratory, T2DM and obesity comorbidities were all significantly associated
with a decrease in PASE score. Respiratory comorbidity had the strongest association with lower PASE
scores B=-40.11 (-60.07, -20.14), followed by T2DM B= -26.68 (-48.82, -4.55) and obesity f= -25.78
(-41.06, -9.50). CVD comorbidity; p=-25.75 (-48.04, 0.54), and depression comorbidity; f=3.12 (-15.53,

21.76) were not significantly associated with PASE score.

Respiratory B= -40.6 (-60.5, -20.35), T2DM B= -30.19 (-54.25, -6.12) and obesity comorbidities B=
-27.72 (-44.08, -11.36) remained associated with lower PASE score in the adjusted models (Table 5.3.4)
and CVD comorbidity was now significant B=-27.15 (-53.25, -1.05). Depression comorbidity remained

non-significant f=-4.93 (-23.62, 13.76).

In MOSAICS, the unadjusted models showed CVD = -43.00 (-65.08, -20.91) and T2DM comorbidities
B=-34.42 (-56.64, -12.20) were significantly associated with a decrease in PASE score. Respiratory and
depression comorbidities were non-significantly associated with PASE scores, but estimates suggest a
negative association trend; p= -22.43 (-46.98, 2.12), B= -23.24 (-53.06, 6.58); respectively. Obesity

comorbidity had the smallest magnitude of association and was non-significant; B=-7.62 (-24.12, 8.88).

After adjusting for confounding variables, only CVD comorbidity remained significant and had the
strongest magnitude of association with PASE scores; B=-30.84 (-51.89, -9.80). Respiratory p=-11.82
(-34.95, 11.31), depression f=-10.27 (-38.45, 17.92) and T2DM B=-17.03 (-38.11, 4.05) were no longer
significantly associated with PASE scores, with a weaker magnitude but still negative association trend,

whilst obesity f=1.71 (-13.94, 17.35) was not significantly associated.

123



Table 5.3.4 Objective 3: Unadjusted and adjusted models for BEEP and MOSAICS comorbidity type and PASE score

Chapter 5: Secondary data analysis study

BEEP MOSAICS
Independent (N) B coefficient 95% Cl (N) B coefficient 95% Cl
variable Lower Upper Lower Upper
Unadjusted Respiratory 463 -40.11* -60.07 -20.14 432 -22.43 -46.98 2.12
CvD 463 -23.75 -48.04 0.54 432 -43.00* -65.08 -20.91
Depression 462 3.12 -15.53 21.76 432 -23.24 -53.06 6.58
T2DM 463 -26.68* -48.82 -4.55 432 -34.42% -56.64 -12.20
Obesity 448 -25.28%* -41.06 -9.50 430 -7.62 -24.12 8.88
Adjusted Respiratory 403 -40.60* -60.50 -20.35 408 -11.82 -34.95 11.31
CvD 403 -27.15% -53.25 -1.05 408 -30.84* -51.89 -9.80
Depression 402 -4.93 -23.62 13.76 408 -10.27 -38.45 17.92
T2DM 403 -30.19* -54.25 -6.12 408 -17.03 -38.11 4.05
Obesity 393 -27.72% -44.08 -11.36 406 1.71 -13.94 17.35

PASE score for each comorbidity *denotes statistically significant at p<0.05.
Footnotes: complete case data, multiple linear regression adjusted models adjusted for age, gender, partner, WOMAC and GAD 7. 8 coefficient represents a change in PASE

score. Higher PASE scores indicate higher levels of PA.

Abbreviations: CVD=Cardiovascular Disease; T2DM=Type Two Diabetes Mellitus; N=Number; 8=unstandardized beta coefficient; ClI=Confidence Interval; WOMAC=Western
Ontario and McMaster Osteoarthritis Index; GAD 7=Generalised Anxiety Disorder Questionnaire
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5.3.7 Summary of results

Table 5.3.5 summarises the findings which suggest comorbidity presence was associated with lower
PA level. The findings suggest a potential dose-response relationship with PA levels decreasing as the
number of comorbidities increases in people with OA. This was more pronounced in the BEEP trial than
in the MOSAICS trial. Presence of respiratory, T2DM and CVD comorbidities were most strongly and

consistently associated with lower PA levels.

Table 5.3.5 Summary Table of adjusted associations between comorbidity and PA level

BEEP MOSAICS

Adjusted B 95% ClI Adjusted B 95% CI

coefficient Lower Upper coefficient Lower Upper
Objective 1
Comorbidity -32.3% -48.6 -15.9 -6.5 -21.1 8.1
presence
Objective 2
1 comorbidity -24.4%* -42.5 -6.4 14 -14.3 17.1
2 comorbidities -34.8* -56.1 -13.5 -26.8* -49.3 -4.4
3+ comorbidities -73.7% -106.8 -40.6 -24.7 -62.2 12.8
Objective 3
Respiratory -40.4* -60.5 -20.4 -11.8 -34.9 11.3
CvD -27.2* -53.3 -1.1 -30.8* -51.9 -9.8
Depression -4.9 -23.6 13.8 -10.3 -38.5 17.9
T2DM -30.2* -54.3 -6.1 -17.0 -38.1 4.1
Obesity -27.8* -44.1 -11.4 1.7 -13.9 17.4

Adjusted multiple linear regression models

Objective 2 reference category: 0 comorbidity.

*statistically significant association (p<0.05); 6=Beta,; CI=Confidence Intervals; CVD=Cardiovascular Disease;
T2DM=Type Two Diabetes Mellitus
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5.4 Discussion

5.4.1. Introduction

This section discusses and interprets the main findings of this study and considers them in the context
of existing research. It evaluates the strengths and limitations of the study before concluding with
clinical and research implications and a summary. Increasingly, individuals with OA are living with
comorbidity; however, the relationship between comorbidity and PA had not been thoroughly
investigated. This study is the first to specifically investigate the relationship in detail using not just
comorbidity presence and comorbidity frequency but also common comorbidity types and different

methods of measuring comorbidity in people with OA.

5.4.2 Aim and objectives

This quantitative project aimed to examine the cross-sectional relationship between comorbidity and
PA level in older adults with OA through secondary data analysis of two RCTs. The objectives were to
investigate whether 1) comorbidity presence, 2) comorbidity frequency or 3) comorbidity type were

associated with PA level in adults with OA.

5.4.3 Key findings

The results of this study found that comorbidity presence was associated with lower PA level.
Furthermore, the findings suggest a potential dose-response relationship with PA levels decreasing
with increasing comorbidity frequency in people with OA. Certain comorbidity types, such as T2DM
and CVD had a stronger magnitude of association with lower PA levels, in both datasets. There were

differences in the associations identified between the BEEP and MOSAICS trial data.

5.4.4 Comorbidity and physical activity levels in the two datasets

The participants in BEEP and MOSAICS, like other OA research, had a high prevalence of comorbidity
(Stubbs et al., 2015; ARUK, 2013; Kingston et al., 2018; Vos et al., 2012; Kriegsman et al., 2004). In the

current study samples, obesity was the most prevalent comorbidity. The levels of comorbidity overall
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are comparable to previous studies; with some notable difference by country, for example, in a knee
OA PA trial (Ettinger et al., 1997) conducted in the USA, obesity was also the most prevalent
comorbidity to OA (52.9%), whilst Reeuwijk et al. (2010) found obesity prevalence to be lower at 23.9%

in a cohort of people with hip and knee OA in the Netherlands.

Comparing the participants in BEEP and MOSAICS revealed both similarities and differences in their
comorbidity prevalence. Comorbidity was present in over half the participants in both RCTs (BEEP:
63%, MOSAICS: 52%). A recent international systematic review and meta-analysis of 23 observational
studies found the pooled prevalence of OA and any comorbidity was 66% (Swain et al., 2019), closely
matched with the BEEP trial comorbidity prevalence. However, fewer participants in the MOSAICS
dataset reported multiple comorbidities, compared to BEEP (=2 comorbidities BEEP: 26%; MOSAICS:
17%). These differences could be for several reasons. For example, due to the different methods used
to measure comorbidity or the prevalence of comorbidity in different phenotypes of OA. For example,
although 66% of people with OA have comorbidity (Swain et al., 2019), in hand OA, comorbidity

prevalence is reported to be just 38% (Damman et al., 2016).

Within the BEEP and MOSAICS trials, the reported levels of comorbidities such as obesity, T2DM and
CVD, that have clear diagnostic features, appear to be similar for both self-report and MRR. This could
be because of concordance between the documentation in MRR and patient recall in conditions that
have distinct or objective diagnostic procedures, for example, having height and weight measured or
the cut-offs for BMI (Noble et al., 2019). However, there was some inter-dataset variation in terms of
sample proportion with other comorbidity types (e.g. depression). Self-reporting of LTCs, especially in
the older population, with the potential additional risk of declines in cognitive ability and recall may
be both under and overestimated (Noble et al., 2019; Barber et al., 2009; Harris et al., 2009).
Furthermore, GP’s can use a variety of codes in MRR for recording symptoms associated with some
conditions, such as depression (Barber et al., 2009), which may not explicitly provide a diagnosis of the

condition through MRR, and therefore underestimate comorbidity prevalence.
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These differences in comorbidity recording could explain why depression comorbidity prevalence was
distinctly lower in MOSAICS (7.2%) compared to BEEP (22.2%). Previous studies have compared the
accuracy of GP judgements of depression with standardised tools, structured interview, or through
MRR (Freeling et al., 1985; Wilhelm et al., 2008). Studies found that medical records are inaccurate or
incomplete (Joling et al., 2011; Mitchell et al., 2011), and assessment usually based on depressive
symptoms scales have arbitrary cut-off points (Sanchez-Villegas et al., 2008) which may not reflect
patient self-report of depression. Also, research has shown that the stigma of reporting depression
may make people reluctant to seek professional help; although 20-40% of community-dwelling older
people show signs of depression, fewer than 10% consult a GP (Barney et al., 2006; CPA., 2009). An
interview study by Coventry et al. (2011) with HCPs, patients and carers, found that in the presence of

other LTCs, depression often becomes normalised.

The overall levels of PA as measured by the PASE tool were comparable to other similar international
datasets (Dunlop et al., 2011; Svege et al., 2012). It should be acknowledged that the lower PA levels
and prolonged inactivity due to OA could in turn increase risk factors for comorbidities (Felson et
al., 2000). The slightly lower level of PA in the MOSAICS dataset compared to the BEEP dataset may, in
part be explained by the older mean age of the MOSAICS participants and the gender differences
between the datasets, both of which can be associated with lower PA levels (Stubbs et al., 2015; Zullig

et al., 2015).

The SMILE (Study of Medical Information and Lifestyles in Eindhoven study) cross-sectional study
investigated the presence of pairs of co-existing LTCs associated with PA, and found that out of 3,386
participants (52.9% female, mean age 67.5) the cohort had; no comorbidity (47%), one (28%), two
(14%), three (7%), four (3%) and five comorbidities (1%) (Dorenkamp et al., 2016), which aligns with

the current trials comorbidity frequency (Foster et al., 2014; Dziedzic et al., 2014).
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5.4.5 Objective 1 findings

In the cross-sectional analyses, crude associations were found between comorbidity presence and
reduced PA level in both datasets. This finding suggests that the independent variable (comorbidity) is
associated with a change in the dependent variable (PASE) in people with OA. When adjusted for
potential confounding variables, the relationship only remained statistically significant in the BEEP
dataset with a non-significant trend in the MOSAICS dataset. Although the adjusted association
between comorbidity and PA in MOSAICS was not statistically significant, best estimates suggest a
relationship. A possible explanation for the difference in the findings could be that potential
confounding variables affect people with different joint site OA phenotypes in different ways, although

this is unclear.

Within the datasets, the magnitude of confounding in the relationship between comorbidity and PA
level can be seen by comparing the adjusted and unadjusted regression coefficients. For example, age
was higher, there were more females, and fewer people with a partner in the MOSAICS dataset. Age
and female gender have previously been associated with lower PA (Dunlop et al., 2011; Veenhof et al.,
2012; Stubbs et al., 2015; Chad et al., 2005; Parkinson et al., 2017; Bauman et al., 2012) and could act

as confounders to different degrees between the datasets.

The association within the BEEP dataset supports previous studies suggesting that OA combined with
another LTC, increased the likelihood of lower PA levels (Dorenkamp et al., 2016; Stubbs et al., 2015;
Tamari et al,, 2010; Herbolsheimer et al., 2016; Wallis et al., 2013). Comorbidity presence may
contribute to the accumulation of symptom and physical impairment barriers, but also psychological
barriers, such as negative outcome expectations, motivations and fear of movement and harm (Qin et
al., 2015; Campbell et al., 2001). Previously, the presence of comorbidity has been found to have a
significant association with social restriction, psychological distress and work limitation, which is
further worsened if one condition is arthritis, which may lead to reductions in overall PA (Qin et al.,

2015).
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Comorbidity could act as a barrier by reducing motivation to do PA in people with OA. A qualitative
investigation by Campbell et al. (2001) explored the reasons for adherence and non-adherence with
PA interventions in people with knee OA. Comorbidity was linked with reduced patient motivation to
adhere with PA, due to the perceived severity of knee symptoms (Campbell et al., 2001). The impact
of comorbidity has previously been reported to reduce the physical ability and the desire to do PA
(Hurley et al., 2018). A higher prevalence of diseases such as T2DM, respiratory disease and CVD are
associated with worse pain and function in OA patients (Caporali et al., 2005), which could all

negatively influence motivation to participate in PA.

Previous studies have reported negative PA outcome expectations, illness beliefs and fear of
movement and harm in people with OA (Mackichan et al., 2013; Holden et al., 2014). Negative physical
symptom outcomes from PA can translate to an enhanced fear over the safety of PA for people with
OA and comorbidity (Campbell et al., 2001; Holden et al., 2014). In a recent cross-sectional analysis of
people with OA, 62.1% of the participants had comorbidity, which was found to be associated with
worse OA symptom severity, fear of pain, worse QOL and lower PA level (Muckelt et al., 2020). Fears
about undertaking PA in people with OA such as worsening the condition and falling, could, therefore,

be heightened with the addition of comorbidity (WHO, 2015).

5.4.6 Objective 2 findings

In the current study, across both datasets, as comorbidity frequency increased, PASE score decreased
(indicating decreased levels of PA). In BEEP, the addition of one, two and three or more comorbidities
was incrementally associated with a greater magnitude of difference in PASE score in both unadjusted
and adjusted models. A similar pattern was observed in the MOSAICS dataset, but with a plateau in
the effect from two comorbidities upwards. Unadjusted and adjusted models in both datasets had a
significant reduction in PASE score when two comorbidities were present. Overall, a potential dose-

response pattern of increased comorbidity frequency and lower PA level can be seen.
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These findings corroborate with previous research; a previous review by Xu et al. (2017) showed an
association between the presence of OA with a higher number of non-communicable-disease
comorbidities, increased disability and reduced PA level. Increased comorbidity burden has also
previously been associated with reduced odds of reporting moderate to high levels of PA in
participants with rheumatic diseases (including OA) (Slater et al., 2011). Murphy et al. (2017) explored
the weighted prevalence among US adults with arthritis meeting the 2008 PA guidelines for Americans.
In their findings, 75% of adults with arthritis had comorbidity, and the proportion (95% Cl) of people
meeting the recommended PA level decreased with comorbidity frequency; arthritis alone: 49.9%
(46.4, 53.4), one or two comorbidities: 42.1% (38.6, 45.7), and three or more comorbidities: 19.5%

(14.6, 25.5) (Murphy et al., 2017).

Potential interactions and antagonisms exist in populations with comorbid conditions that interfere
with, and restrict treatment and patient abilities, in turn potentially reducing PA ability (Slater et al.,
2011). Therefore, a higher frequency of comorbidities may lead to greater physical and psychological
barrier interactions, emphasising the importance of considering comorbidity status when considering

OA treatment options.

A higher frequency of comorbidities could influence key psychological factors associated with PA level
such as self-efficacy for PA (Quicke et al., 2017; Dobson et al., 2016; Cuperus et al., 2013). Low self-
efficacy for PA is also associated with lower levels of PA in people with other LTCs such as T2DM
(Thomas et al., 2004) and heart failure (Klompstra et al., 2015) and it is possible that living with multiple
LTCs may have a cumulative negative effect on self-efficacy for PA which in turn may contribute to

lower levels of PA.

A negative cycle may occur whereby reduced PA levels lead to a reciprocal increase in comorbidities
and, in turn, further barriers. For example, reduced PA levels in COPD have not only been associated
with increased physical limitations but also increased morbidity (Liao et al., 2014). Low levels of PA and

more sedentary time are key risk factors for multiple LTCs such as T2DM, obesity and CVD (De Souto
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Barreto, 2017). Shared risk factors could increase the likelihood of disease pairings; therefore, pairs
could more commonly co-exist with OA or could have a greater effect on PA. For example, obesity has
previously been shown to exacerbate symptoms such as pain and stiffness in OA (Rejeski et al., 2002),
but also contributes to the development of several other medical conditions such as T2DM and CVD

(Sedjo et al., 2016; Foy et al., 2011).

5.4.7 Objective 3 findings

In the comorbidity type models, BEEP had a greater number of comorbidity types significantly
associated with lower PASE score (indicating lower PA levels) in both the unadjusted and adjusted
models. Specifically, in the BEEP adjusted models, the presence of respiratory, CVD, T2DM and obesity
comorbidities were all significantly associated with a decrease in PASE score. Furthermore, although
the same comorbidities were associated with PASE in the MOSAICS dataset, the magnitude of
association was much smaller and non-significant, except for CVD comorbidity. Several reasons could
explain the lower PA levels in specific comorbidity types, both disease-specific factors (physical and

psychosocial) and HCP specific factors (e.g. concerns of exacerbating conditions).

CVD comorbidity was consistently significantly associated with a reduction in PASE scores in both
datasets. The presence of CVD comorbidity has been associated with reduced PA levels, over and
above other comorbidities in people with Inflammatory Rheumatic and Musculoskeletal Diseases
(IRMDs) (Cook et al., 2018). In primary care, patients with OA have twice the rate of CVD than those
without OA (Van Dijk et al., 2008) and people with CVD have been found to be less physically active
than those without CVD (Jeong et al., 2019). One reason for this could be that people with CVD are
most likely to experience the complex accumulation of barriers to PA. Recent studies have found that
those with CVD were more likely to have a higher BMI (Van Den Oever et al., 2014), and have more
comorbidities (Jeong et al., 2019). This could lead to an accumulation of physical barriers including;
greater OA pain, symptom burden and functional limitations (Hawker et al., 2014). OA and CVD are

associated with chronic inflammation (Skou et al., 2018), which plays a role in OA symptoms such as
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joint pain, swelling and stiffness (Alkatan et al., 2016). CVD is also associated with more intrapersonal
barriers to PA such as perceived poor physical condition, lack of motivation and interest (Fleury et al.,

2004), low perceived benefits of PA and a low sense of personal control (Reges et al., 2013).

Other comorbidities in the study could also contribute to the accumulation of barriers to PA. For
example, symptoms such as pain and functional limitations are known barriers to PA participation in
many LTCs (Osthoff et al., 2018; Coventry et al., 2011; Theis et al., 2016). Conditions such as COPD
increase levels of fatigue, muscle weakness and pain, all of which may add to the symptoms already
experienced from OA, further reducing mobility, physical ability and PA tolerance (Wshah et al., 2018).
From a psychological perspective, the fear-avoidance model applies well to the complex relationship
between OA related pain and PA behaviours (Vlaeyen et al., 2000). However, in people with
comorbidity, the addition of further fears, such as aggravating symptoms, causing more harm or falls

could exacerbate the avoidance of PA.

Fears regarding the safety of PA (both in patients and HCPs) are known barriers to PA participation in
many diseases (Osthoff et al., 2018). The HBM (Becker and Maiman, 1975; Janz et al., 1984) could be
used to explain part of the relationship. In brief, this model describes a balance between the perceived
threat of disease, risks and benefits as well as other cues that are key to health behaviours. In a person
with OA and comorbidity, there could be an additional perceived threat of disease, more risks
associated with PA participation (e.g. increased OA pain and fear of bronchoconstriction in respiratory
comorbidity) (Mancuso et al., 2006)). Combined, these may outweigh the perceived benefits of PA and

reduce the likelihood of PA being undertaken.

Respiratory conditions and T2DM had a negative association with PASE scores in the current study.
Safety concerns from HCPs regarding comorbidity specific factors (e.g. hypoglycaemia in T2DM),
symptoms (e.g. breathlessness in respiratory conditions) and adverse events during PA (Beckwee et
al., 2015; Tamari et al., 2010) could make them cautious and reluctant to prescribe PA. It is possible

that people with CVD, T2DM or respiratory conditions may not be recommended PA, or are
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recommended PA at an intensity and dose that is suboptimal, leaving patients unsure of how PA is
beneficial to them and what the optimum levels of PA are for them as an individual (de Rooij et al.,

2017).

In the BEEP dataset, following model adjustment, people with OA and obesity had lower levels of PA.
Obesity-related lifestyle barriers to regular PA have been reported including time, low motivation and
knowledge, but also the combination of OA and obesity has been associated with both low adherence
to PA (Kearns et al., 2013). Additionally, the intrapersonal impact of obesity comorbidity as a barrier
could also impair people's motivations to do PA (Campbell et al., 2001; Hendry et al., 2006), such as
experiences of negative body image, identity, discomfort when carrying out PA, perceptions of poor

health and embarrassment (Rech et al., 2016; Ball et al., 2000).

The lower levels of PA in those with obesity as a comorbidity observed in the BEEP dataset was not
matched in the MOSAICS dataset. This could be explained by the different OA joint sites included in
the MOSAICS sample. MOSAICS included participants with OA at different sites, including knee, hip,
foot and hand. There were fewer significant associations in the MOSAICS dataset between each
comorbidity and PA level, which could be due to an interaction between the site of OA with the
comorbidity and PA levels. For example, obesity may have a bigger role in reducing PA levels in BEEP
as this dataset only included those with knee OA. Obesity may have a larger effect on weight-bearing
joints such as the knees than non-weight-bearing joints such as the hand (Rejeski et al., 2002; Roubille

et al., 2019).

The study findings suggest different LTCs could pose different barriers to PA in people with OA, both

through their symptomology and also through their associations with additional comorbidities.

5.4.8 Strengths

Several strengths of this study are associated with the use of the two large RCT datasets, which were

from existing peer-reviewed studies. The dataset strengths included the different OA joint phenotypes
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and two different methods for the measurement of comorbidity (self-report and MRR), which makes
the results more generalisable to different OA populations. MRR has strengths such as; being

measured at multiple time points and retained records of historic diagnoses.

Within the study, the range of comorbidities investigated are those that most commonly exist
alongside OA and are likely to influence PA behaviour (Louati and Berenbaum, 2019; Davis et al., 2002).
The BEEP and MOSAICS trial samples were representative of people with OA in primary care and
community settings in the UK. Also, the use of multiple linear regression meant that we could adjust
for known confounders in the models. Levels of missing data were generally low in both datasets with
levels of outcome PASE missing data 10% in BEEP and 18% in MOSAICS. However, it is acknowledged
that missing data may influence the findings by reducing the statistical power or contributing to biased

estimates.

5.4.9 Limitations

This study is not without limitations. First, it was not possible to investigate all comorbidities or severity
of comorbidity that may influence PA, nor adjust for confounding variables not captured in the original
datasets. For example, medication use for specific comorbidities could act as either confounders or
effect modifiers, and further socioeconomic variables, such as deprivation and ethnicity, could
potentially influence the results. Also, causation cannot be inferred in our findings due to the cross-
sectional nature, and a reciprocal relationship could possibly exist where comorbidities may be both

risk factors for, and a result of, reduced PA level.

Objectively measured PA (e.g. accelerometer or pedometer measures) is seen as the preferred method
of measurement (Prince et al, 2008), therefore the use of a self-reported PA measure in both trials
could be criticised. Further, in people with hip OA, the PASE has a relatively large SEM of 31, and it may
be prone to self-report bias including recall bias, misclassification the over / underestimation of PA
level (Harris et al., 2009; Prince et al., 2008; Smith et al., 2019). Also, generalisability is limited to the

eligibility of both study protocols; these datasets excluded people with joint replacements, those
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unable to access physiotherapy or General Practice and those residing in nursing homes, who may be

older or have a higher frequency of comorbidities.

5.4.10 Clinical implications

The PA levels of those with comorbidity in this population were lower than those without. People with
OA both with and without comorbidity should aim to increase their PA levels to gain benefits for their
LTCs, for general health benefits and potential to improve clinical outcomes such as pain, function and
QOL. People with OA and comorbidity may be a greater risk of the consequences of insufficient PA and
may represent a specific group to target with tailored PA interventions. Clinicians need to be supported
to be able to tailor optimal interventions for people with OA inclusive of their comorbidities, assessing
the frequency and type of comorbidity to extrapolate how they may need to adapt and tailor their
recommendations. Furthermore, OA and CVD as a comorbidity pair could be targeted in tailoring

future PA interventions.

5.4.11 Research implications

Although the findings of this study showed comorbidity to be associated with self-report PA in people
with OA, it did not investigate how and why this might be the case. Hence, qualitative explanatory
research exploring attitudes, beliefs and experiences of PA in the context of people with OA and
comorbidity is indicated. Further work aiming to identify barriers to PA and ways to overcome these
barriers to PA in the presence of OA and comorbidity is also warranted. The findings also suggest that
interventions tailored to and focused on improving PA in people with OA and comorbidity are required
since this group is at high risk of low PA levels and associated poor health outcomes due to the

existence of their comorbidity.

5.4.12 Conclusion

In conclusion, in patients with OA, comorbidity is associated with lower PA levels, and this association

grows in magnitude with increasing comorbidity frequency. People with OA and certain types of
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comorbidity, such as CVD may be important to subgroup in terms of PA interventions since they appear

to have the lowest levels of PA.

5.4.13 Chapter summary

This chapter described a quantitative secondary data analysis study to investigate the relationship
between comorbidity and PA level in older adults with OA. This was achieved through linear regression
modelling of baseline data from two RCTs in older adults with OA. The findings from this study provide
evidence for the association between comorbidity presence, frequency and type with PA level in
people with OA. It also highlights the need for further work in this field to understand the reasons why
comorbidity may influence PA levels in people with OA. The next study within this thesis will seek to
understand people’s attitudes towards, and beliefs about, PA in the context of OA and comorbidity

and how they can be encouraged to uptake and maintain PA levels.
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Chapter 6. The attitudes towards, and beliefs about, physical activity in

people with osteoarthritis and comorbidity: a qualitative investigation

6.0 Introduction

The previous chapters have provided a quantitative description of the effectiveness of PA in people
with OA and comorbidity, demonstrating the relationship between OA, comorbidity and PA, and
shown how comorbidity presence is negatively associated with PA levels. This chapter (study three) of
the multi-method thesis, provides a qualitative interpretation of a sample of people’s experiences of
PA in the context of having OA and comorbidity. This chapter complements the use of quantitative
data analysis by further exploring how and why people with OA and comorbidity have lower levels of
PA than those without comorbidity. The chapter begins with a rationale for the qualitative study, with
the aim and research questions provided. Following this, the chosen methods are described, including
the data collection and analysis process. The subsequent parts of the chapter then present the results

and discussion of the qualitative investigation.

Although NICE guidelines recommend advising about PA in the form of strengthening and aerobic
exercises to people with OA, irrespective of comorbidity (NICE, 2014; 2016), they do not specify if and
how advice should be tailored for those with comorbidity. The guidelines further state that clinicians
need to make a judgement in each case on how to effectively ensure participation in PA and that this
will depend upon the person's individual needs, circumstances and self-motivation, and the availability
of local facilities (NICE, 2014). However, there is a gap in current research to determine the influence
of OA and comorbidities on PA (Theis et al., 2016) and understand in more detail how patients

experience PA in the context of OA and comorbidity.

6.0.1 Research question

How do people with OA experience PA in the context of comorbidity?
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6.0.2 Aim and objectives

This qualitative investigation aimed to investigate the attitudes towards, and beliefs about, PA in
people with OA and comorbidity using qualitative methodology. To inform understanding of how
interventions can be designed and delivered to motivate this group to take up and maintain PA, there

were two specific research objectives;

1. What are people’s attitudes towards, and beliefs about, PA in the context of OA and
comorbidity?

2. How can people with OA and comorbidity be encouraged to uptake and maintain PA levels?

6.1 Methods

With human subjects involved in this research study, the application of appropriate ethical principles
was important. Therefore, an application was reviewed and approved by the Ethics Review Panel at

Keele University (Ref: ERP3128) (Appendix 15).

6.1.1 Semi-structured interviews

Semi-structured interviews can provide meaning to participant experiences and an interpretation of
the social construction and interaction between the researcher and the participant perspectives
narratively reported with support from direct quotes (Bhattacherjee, 2012; Creswell, 2009). Individual
semi-structured interviews were preferred to focus groups since they may be at less risk of social
desirability bias and groupthink (Charmaz, 2006). Interviews provide detailed information; however,
this information is filtered through the view of the researcher and therefore it was important to
understand my perspective and appreciate my presence and role in the interview results (see section:

My research experience).

Having an interpretive approach meant the interview method was used to generate theory inductively
from the data to explore a range of in-depth experiences about PA in patients with OA and comorbidity
(Creswell, 2009). Face-to-face semi-structured interviews were preferred over structured interviews

as they offer flexibility in addressing and exploring the topic as they emerge from participant responses
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but also allow for the researcher to focus on different topics of interest, within a wider interview guide
(Creswell, 2009; McNamara, 1999). Therefore, the semi-structured interview guide allowed for key
topics (described in section 6.1.8) to be explored, whilst allowing for the flexibility to pursue emergent
ideas in more detail (Gill et al., 2008; Creswell, 2009). A meeting with members of the PPIE group at
Keele University helped shape the interview guide and study documentation (e.g. recruitment poster)
used for this study and is detailed in Appendix 16. For example, the PPIE members suggested that their
employment status was an important factor to consider, to explore how their conditions impact upon

their daily life and routine and, finding out what activities they miss being able to do.

6.1.2 Sampling approach

There are different types of qualitative sampling, such as purposeful, snowballing and quota sampling,
chosen on their appropriateness for the research (Creswell, 2009). Criterion purposive sampling was
used (which is an appropriate technique when participants are selected based on characteristics), to
select a diverse sample regarding gender, comorbidities, and age range (Palys, 2008). Also, Snowball
sampling was used (initial respondents referring other potential participants believed to meet the
criteria of the research) to access more participants such as those of a younger age and male (Johnson,
2014)). This was to encourage as much variation in the sample and diversity in interview responses,
and a better understanding of the experience of PA in a range of people with OA with a range of
comorbidities. However, the main disadvantage of this sampling technique is the probability of
researcher bias, as the sample selected to answer the research questions has been chosen by the

judgement of the researcher (Palinkas et al., 2015).

6.1.3 Sample size

Qualitative studies do not require the same prediction of a minimum sample size required for statistical
significance like quantitative studies. The size of the sample was planned to be continued until data
saturation within the sampling frame was reached (Saunders et al., 2017). Glaser and Strauss (1967)

recommend saturation within all types of qualitative studies, however, the exact number required
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varies between studies. Based on previous qualitative research and experience from the study team,
it was estimated that 15-20 participants would be required for data collection (Creswell, 2009; Morse,

1991).

6.1.4 Study population

The study population was composed of adults who self-reported OA and at least one other condition,

attempting to sample a range of comorbidity types (e.g. psychological and physical comorbidities).

6.1.4.1 Inclusion criteria

e Age 45 years and over

e Males and females

e Self-reported OA

e Self-reported existence of one or more comorbidities

e Location in the North West of England and West Midlands
6.1.4.2 Exclusion criteria

e Under the age of 45

e Inflammatory arthropathy

e Inability to communicate in English

e Inability to provide fully informed written consent

6.1.5 Recruitment

Participants were recruited from specific local community groups and third sector organisations (e.g.
Arthritis Action, Green Door activities and the College of the Third Age) and through advertising within
the local community such as the local library, local shops, cafés and leisure centres. Multiple
recruitment strategies aimed to reach a range of different potential participants. A preliminary list of
possible locations was identified, which was then extended through contact made with recommended

groups and snowballing through group leader contacts (Appendix 17).

142



Chapter 6: Qualitative interview study

6.1.5.1 Recruitment process via community groups.

e Community group leaders were contacted via phone / email.

e Asuitable date was found to attend community groups.

e A brief face-to-face talk was given to the group members.

e The poster advertising the research (Appendix 18) and a prepared PowerPoint presentation
when requested (Appendix 19) were also taken to the group meeting along with the study
summary and a reply slip for potential participants to return if they wanted to receive more
information about the study.

e Potential participants could fill in the reply slip there and then or send it back via post (pre-
paid envelope provided).

e Those who indicated they would like more information were then sent the study documents
in the post including; an invitation letter (Appendix 20), participant information sheet
(Appendix 21), reply slip (Appendix 22) and consent form (Appendix 23) regarding preferred
contact time to arrange a time and date for an interview.

e Aninterview was arranged.

6.1.5.2 Recruitment process via community advertising.

e Contact was made with each location to discuss whether a poster could be displayed.

e Posters were displayed in the agreed locations.

e The poster allowed participants to learn about the study and use a reply slip to agree to be
contacted and sent more information.

e Those who wanted more information were sent the study documents; invitation letter,
participant information sheets, a reply slip and consent form (Appendices 20 to 23) regarding
preferred contact time to arrange a time and date for interview.

e Aninterview was arranged.
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process for recruiting participants once initial contact had been made.
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Figure 6.1.1 Participant recruitment flow diagram
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6.1.6 Study setting

Participants were asked to choose a convenient location (e.g. phone, home, community group, local
café) and interview time. Possible interviewer safety risks were mitigated by adhering to the Keele
University Lone Working policy, based on the 1974 Health and Safety at Work act and the 1999

Management of Health and Safety at Work Regulations.

6.1.7 Consent

Informed consent was obtained from potential participants before starting any data collection
(Appendix 23). This process of informed consent began with potential participants contacting me after
they had the opportunity to read the letter of invitation and participant information sheet. These
documents identified the nature and objectives of the study, what involvement meant, participatory
rights, withdrawal options, confidentiality and anonymity, data storage and dissemination. On the day
of the interview, it was ensured that the participant understood the information, had the opportunity
to raise any queries, and then was invited to sign the consent form before the interview commenced.

Consent was checked again verbally at the end of the interview.

6.1.8 Data collection

6.1.8.1 Interview guide development

The interview guide was drafted following a literature review on OA, comorbidity and barriers to PA
and input from the PPIE group. A literature search was conducted on electronic databases; MEDLINE,
EMBASE, AMED, CINAHL, and SportDiscus in May 2017 covering medical, clinical, treatment,
physiotherapy and rehabilitation, and sports medicine records. The search was comprised of terms
relevant to the topic of enquiry; OA, comorbidity and PA, and use of qualitative methods. This led to
the identification of articles dating from 2000 to 2016 which indicated relevant themes and research
guestions about how adults with OA and comorbidity experience PA. Following this, a discussion with
the supervisory team (CJ, JQ, EH) led to the development of key topics. For example, some key topics

identified included; general challenges of comorbidity and PA, prioritising conditions and where PA
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situated in participant priorities, the impact of OA and comorbidity on sedentary time, and facilitating

PA.

The interview guide consisted of open-ended questions and prompts, where necessary, to ensure the
participant had the opportunity to share in-depth perspectives on the topic of OA, comorbidity and
PA. A pilot interview was carried out between myself and the supervisory team (CJ, EH and JQ) to
ensure the interview flowed, the topic guide was relevant, and that | was prepared for participant
involvement. This was also a chance to practice questioning style, for example, asking open questions
to avoid leading the interviewee, ensuring a conversation through listening and responding, and
expressing a positive body language that signals assurance. From the pilot interview, a few
amendments were made to the interview guide, such as emphasising the comorbidity aspect of the
guestions and adding additional probing, which largely included asking ‘why?’ to the individual

responses to gain a richer insight into the reasoning behind an answer.

The first few interviews (n=3) were conducted, transcribed and initially examined by myself and the
supervisory team to ensure the interview guide was yielding relevant data. This led to the interview
guide being modified prior to the continuation of the data collection. For example, questions which
yielded similar responses were condensed and more prompts were added to encourage participants
to expand and elaborate on their first responses, such as; ‘can you tell me more about that?’. Appendix
24 shows the tracked changes in the final interview guide. Furthermore, the supervisory team noticed
from the responses and characteristics of participants in upcoming interviews, that certain participant
groups were underrepresented at this stage, such as males and people of working age, therefore, these

groups were actively sought in further recruitment.

6.1.8.2 Interview procedure

Participants were invited to participate in a single face-to-face or telephone interview lasting
approximately 60 minutes. All interviews were conducted by myself, as the lead researcher. Firstly, the

dictaphone was introduced, which was used to record the interviews so they could be transcribed prior
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to analysis. The interviewee was also made aware of the purpose of field notes, to capture any non-
verbal communication or memos that | wanted to capture during the interview. The interviewee was
informed when the dictaphone was switched on followed by the confidentiality statement and
beginning the interview. Demographic data was first collected and some general questions about the
participant were posed to provide insight into the population sample and ease the participant into the
conversation. Then, | followed the predetermined interview guide themes and questions, allowing for
elaboration and prompting when necessary. The dictaphone was turned off after the final question
and appropriate closing of the interview with more opportunity to ask questions and converse outside
of interview conditions. After concluding each interview, the dictaphone and any field notes were
taken directly to a secure storage facility in Keele University and were all independently transcribed by

myself.

6.1.8.3 Data protection

To ensure data protection and patient confidentiality, the Data Protection Act 2003
(https://ico.org.uk/for-organisations/guide-to-data-protection/) was followed, as well as Keele
University Ethics requirements (REF: ERP3128) for data collection, storage, transfer and archiving of all
data. | and my immediate academic supervisory team were the only persons with access to the data.
Transcripts of the interviews were uploaded and stored in a secure, password-protected network drive

located within the Research Institute’s server.

Hard copy documents containing identifying information such as signed consent forms, were stored in
a separate locked filing cabinet in an office at the Research Institute. Anonymised data (transcripts)
will be archived for five years after the publication of the main results paper, to enable possible reuse
(part of the participant consent form, Appendix 23), by other members of the Research Institute of
Primary Care and Health Sciences (now the School of Medicine) at Keele University and other

collaborating researchers.

147



Chapter 6: Qualitative interview study

6.1.9 Data analysis

| adopted a flexible framework approach to data analysis (Ritchie et al., 2013). The framework method
is situated amongst methods of thematic and content analysis (Gale et al.,, 2013) to capture and
interpret meaning within data (Ritchie et al., 2013). Thematic analysis is based on the constant
comparison method to identify and develop themes from patient responses (Braun and Clarke, 2006),
and allows for exploration of pre-identified themes in the data as well as emergent themes from

individual interviews (Ritchie and Spencer, 1994).

The framework approach to analysis is a valid method to analyze interview data as it involves
systematically applying the basic principles of thematic analysis with explicit analysis stages to guide
the process (Ritchie et al., 2013; Smith and Firth, 2011). Having a framework approach promotes an
inductive and interpretive process to identify patterns and descriptions for the development of
meaningful themes (Ritchie and Spencer, 2002; Smith and Firth, 2011). The defining feature of the
framework approach to analysis is the matrix output which provides structure to reduce the data and
systematically analyze it by individual case, or code (such as in thematic analysis) (Ritchie and Spencer,
2002). The words and experiences of the participants' accounts are used to holistically identify patterns
and themes framed under the research questions (Gill et al., 2008), with focus on a transparent

approach of linking, exploring and describing themes (Gale et al., 2013; Smith and Firth, 2011).

The framework approach is most commonly utilized within qualitative research that employs semi-
structured interviews (Gale et al., 2013; Ritchie and Spencer, 1994). Adopting this method allows for a
systematic process (Figure 6.1.2), whilst having flexibility in applying the method to suit the research
questions and data (Braun and Clark, 2006). This way, it was possible to gain an in-depth view of the
data and individual interviews, before exploring themes and findings across interviews, with an
iterative stance to link back and forth to the raw data (Gale et al., 2013). The framework method is

suitable to this study especially with the involvement of multiple members of a team with varying
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experience of qualitative data analysis (Gale et al., 2013) as it provides structure to identify and

develop themes with a transparent audit trail.

eInterview transcription

eFamiliarisation

¢Coding

eCode review

eTheme development

*Theme review

e|nterpretation

€€ECCECEC

Figure 6.1.2 Overview of the Framework approach used in the qualitative data analysis

6.1.9.1 Stages of Framework approach analysis
The seven stages of the analysis process are detailed below, and examples of stages are provided in

Appendix 25.

1. Interview transcription: Analysis began with the transcription of the interviews. This allowed
revisiting the interviews and maintaining a close connection with the raw data.

2. Familiarization: The process of reading and re-reading the transcripts and reflecting upon each
interview. Immediate thoughts and impressions were noted regarding any key issues within
the transcripts. The supervisory team (CJ, JQ, EH) also read a selection of transcripts (n=3).

3. Coding: The choice was made to manually code the data by Word and hand owing to this
method providing a more engaged and methodical process, with emphasis on flexibility to

focus on depth and meaning in the data. Each transcript was studied and coding the data
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began. This phase involved generating labels to identify important portions of text within the
interview transcripts. Two interviews were coded by members of the supervisory team (CJ
social scientist; JQ physiotherapist) and discussed. The codes were then collated as well as the
relevant data extracts (quotations) to support the concepts. A code book was developed and
used as an additional technique in the analysis. Generating an initial code book assisted with
a reflexive stance to aid the transparency of the framework approach. The code book consisted
of code names, detail of what each code did / did not include, additional information and
example extracts from the raw data to describe the meaning of codes and what each code did
and did not encompass.

Code review: Regular contact between myself and supervisor CJ allowed for discussion of the
interview codes, including; style of coding (descriptive vs interpretative), tracking changes
made and giving examples how a code may have changed and been refined. Individual
interviews were examined in more depth simultaneously to coding review by creating
participant diagrams to display the key focus points within each individual interview and
potential links between codes (see example Figure 6.2.4). This allowed further exploration and
discussion of the data, particularly the context and meaning to the participant's voice. From
the discussions and diagrams, the individual interviews were cross-checked to see if the
participant perspectives were depicted accurately by the codes. This process continued until
the codes were agreed amongst the team to be reflective of the participant responses and
were not redundant or interchangeable. The reviewed codes list was edited and re-applied to
the full dataset.

Theme development: The finalised code list was examined to identify significant patterns,
groups and potential themes across the interviews. This began with grouping and moving
codes, then clustering into groups around specific topics or collections of codes that seemed
to be related in some way. Subthemes were identified and used as a building block for themes,

organised around a central concept and core idea and discussed with supervisor CJ.
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Theme review: The themes were discussed in regular supervisor meetings and developed to
create a thematic map showing how key themes were linked to the subthemes and codes, and
each other. This phase tested the referential adequacy (constantly returning to the raw data
to ensure conclusions were firmly grounded in the data (Lincoln and Guba, 1985)). This
involved checking the proposed themes against the dataset, to ensure that each code and
supporting extract sat comfortably under the theme, that each theme captured the essence
of the codes it contained, and that each theme was independent and described a unique part
of the data. The findings were discussed and developed further. The data was iteratively
compared and analysed across participants in a process of constant comparison, which
ensured initial topics, as well as emergent themes, were explored across all interviews. This
process determined the scope and focus of each theme and eventually lead to a consensus of
an appropriate informative name for each theme. Diagramming and note keeping was used to
make sense of theme connections about the development and hierarchies of concepts and
themes.

Interpretation: The final themes provided a framework for organizing and reporting the
analytic observations of the data. The framework matrix was generated in Word and was the
last stage of organising the data. The final themes and accompanying data extracts chosen to
depict them were charted into the framework matrix. The matrix allowed for a transparent
systematic structure to collate and reduce the data, through themes, cases and codes. This
then allowed for the analytic process to have a good balance between interpretive narrative
and illustrative extracts to tell a convincing and well-organised story about the data. The
interpretation of the data was a recursive process to ensure that the results weaved together
the analysis and interpretation in the context of the research questions and existing literature,
to tell a coherent story. The interpretation was discussed and refined further with the

supervisory team.
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6.1.10 Ensuring credibility of the methods

Thematic and framework analyses are not without disadvantages and the flexibility of the methods
could lead to inconsistency when analysing data (Braun and Clarke, 2006). Therefore, it is necessary to
adopt strategies for coherence and consistency (Braun and Clarke, 2006). Lincoln and Guba (1985)
outlined the concepts trustworthiness, credibility and dependability within qualitative research.
Credibility in this context refers to the ‘fit’ between the participant responses aligned with the views
depicted by the researcher (Lincoln and Guba, 1985). It is important to acknowledge and critically
reflect on my role within the research process. This is necessary to understand that it may affect the
investigation and methods used as well as the findings and framing of the conclusions made (Malterud,
2001). Reflexivity is a central, self-critical account of the research process whilst accounting for the
researcher’s personal values, interests and influences (Lincoln and Guba, 1985). By being reflexive, |
acknowledge that | may have a different view and understanding of the research to another, but that
all understandings are equal and valid. Throughout this reflexive stance, the iterative process of
checking findings and interpretations back and forth against transcripts ensured the findings were still

representative of the raw data and tested the conclusions drawn (Malterud, 2001).

To further strengthen the rigour of the study and dependability of the findings, the use of multiple
coders was employed for inter-coder reliability. Discussions of each stage of the coding process was a
vital aspect of the analysis, which not only encouraged transparency and clarity of the analysis process
but also highlighted discrepancies, assumptions and exposed new and alternative explanations. Once
again, this process encouraged the analysis to step away from the subjective and be inclusive of

multiple views, reflecting the diversity that exists around the topic (Malterud, 2001).
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6.2 Results

6.2.1 Introduction

This section will first describe the study sample, in terms of participant characteristics. A summary of

key findings of the qualitative investigation is presented and findings are then described in detail.

6.2.2 Study sample

From the recruitment process described in the methods of this chapter, 17 participants attended an
interview. All interviews were conducted between March and September 2018. Interviews were
conducted either in a community setting (e.g. library, café), Keele University premises, or the
participants home. None of the participants opted for a telephone interview. Participant
characteristics are presented in Table 6.2.1. Participants included both males and females ranging
between 49 and 95 years of age, with differing OA joint sites and severity, and a range of comorbidity
types (e.g. obesity, depression) and frequency (1-4+ comorbidities). Figure 6.2.1 gives further detail on

the extent of comorbidity in the interview sample.
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Table 6.2.1 Interview participant characteristics

ID M/F Pseudonym Age Marital Education Occupation Work Comorbidities

status status

1 M John 75 MA S18 Driver R Diabetes, AF, Had
Cancer, Depression

2 F Mary 59 WID Nurse Nurse R Depression, Bilateral

training Uveitis, Underactive

Thyroid, Crohn’s
disease, OP

3 M Tim 79 MA S16 Mortuary R High Blood Pressure,
Obesity

4 F Karen 75 WID S18 Tills R Had Cancer, Depression

5 F Rachel 70 DIV Degree Teacher R Obesity

6 F Jackie 76 DIV S15 Nurse R Back Pain, Neuropathy,
Spondylitis, Diabetic,
Blind

7 M Bill 58 SING Degree Teacher R Depression, OCD

8 F Alice 49 MA PhD Academic NR Coeliac, Chronic
Migraines, Asthma

9 F Laura 92 WID S14 Retail R High BP, Underactive
Thyroid

10 F Ann 95 WID S14 Nursery R Cystitis, Anaemia

nurse

11 F Vera 77  WID A Teacher R OP, Hypertension

12 F Debbie 80 WID S16 Telegraphist R Bronchiectasis, RA

13 F Holly 86 SING Teacher Teacher R OP, Back Pain, Heart

training Arrhythmia, Carpal

Tunnel Syndrome

14 F Jane 82 WID S15 Retail R Heart Disease, Had
Heart Attack

15 F Clare 90 - S14 Retail R Sciatica, Cystitis, RA, OP

16 M Dave 54  SEP A Police R Acid Reflux, High Blood
Pressure

17 F Kate 77  WID A Nurse R Underactive Thyroid,
Palpitations, Raynaud’s
disease

M/F=Gender; M=Male; F=Female; MA=Married; WID=widow, DIV=divorced, SING=single; SEP=separated;
S(N)=educated at school (age), A=A-levels; R=Retired; NR=Not Retired; AF=Atrial Fibrillation; OP=Osteoporosis;
OCD=0bsessive Compulsive Disorder; BP=Blood Pressure; RA=Rheumatoid Arthritis
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Figure 6.2.1 Comorbidity prevalence in the participant sample

Other: 1 case of each (Bilateral uveitis, neuropathy, spondylitis, blind, obsessive-compulsive disorder, coeliac,
chronic migraines, anaemia, carpal tunnel syndrome, acid reflux, Raynaud'’s).

6.2.2.1 Physical activity levels in the sample

All participants indicated that they engaged in some form of PA. However, the definition of what
constituted PA varied. Some participants were actively engaged in sports, group classes and walking,
whereas others indicated housework, gardening and shopping as their PA. 15 of the 17 participants
engaged in walking activities, be that purposeful, walking their dog, social or commuting regularly.
Often, participants indicated they were ‘always moving’ or keeping their ‘limbs moving’ throughout
the day, as opposed to structured PA. Beyond walking, approximately half of the participants were
regularly engaging (approximately weekly) in PA formats such as; yoga, swimming, tai chi, cycling,
climbing and crown green bowling. However, only a small proportion of the participants were active
past light-moderate levels, with reported moderate-vigorous intensity PA ranging from lifting weights
regularly at the gym to running their own dance class. Approximately half of the participants were
regularly engaging (approximately weekly) in a structured PA class group for adults, with two
participants leading a voluntary PA class for older adults of their own. Figure 6.2.2 displays the PA types
currently being undertaken within this sample, with the dashed line demonstrating the decrease in PA
popularity, as it increases in intensity.
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Figure 6.2.2 Popularity and intensity of physical activity types (with examples) in the sample

6.2.3 Presentation of findings

Two themes emerged as key findings; (1) barriers to PA and (2) facilitators of PA, with all subthemes
and codes related to these. The themes and subthemes are presented in Table 6.2.2 below and the

links between themes and subthemes are displayed in the thematic map (Figure 6.2.3).

First section 6.2.4 presents the results related to barriers to PA in people with OA and comorbidity.
This section begins with specific barriers to PA that appear inherent in the general experience of living
with OA and comorbidity including; a lack of talk about “comorbidity” as a concept; self-prioritising of
conditions; uncertainty about how to manage health conditions, and uncertainty of PA effectiveness
for conditions in general; and, negative perceptions of LTCs and ageing, and negative perceptions of
PA. Next presented are the multiple biopsychosocial barriers to PA that exist and how these are
dynamic, meaning that barriers operated at different levels. Participants talked about barriers,
identified solutions to barriers, but then identified subsequent barriers to the solutions previously

mentioned.
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Section 6.2.5 then presents the results related to facilitators of PA in people with OA and comorbidity.
This section outlines two main types of support mechanisms to PA; knowledgeable HCPs that could
instil confidence and teach participants skills to self-manage PA; and, social support that encouraged
shared learning, through a homogeneous group. Finally, the PA modes and type that facilitates PA
participation in people with OA and comorbidity, are described. Throughout the results section,

extracts with pseudonyms are used to conceal participant identity.

Table 6.2.2 Two main themes and subthemes about PA in people with OA and comorbidity

Main theme Subthemes

1 Barriersto PA 1. Lack of concept of “comorbidity” and LTC prioritisation
2. Uncertainty about the management of health conditions and PA
effectiveness
3. Negative perceptions concerning LTCs and ageing, and PA
Multiple co-existing biopsychosocial barriers to PA
5. Solutions to barriers and barriers to solutions

2 Facilitators of PA Social support through shared learning and homogeneity

N

Healthcare professional support to facilitate self-management of PA
PA mode and type that is intermittent, adapted, and fits into daily life

PA= physical activity; LTC=Long-Term Condition
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Figure 6.2.3 Thematic Map with links between themes and sub-themes

PA=Physical Activity, LTC=Long-term condition
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6.2.4 Barriers to physical activity in people with osteoarthritis and comorbidity

6.2.4.1 Lack of a concept of comorbidity and long-term condition prioritisation

Participants in this study largely talked about their conditions in isolation and did not conceptualise
having OA at the same time as other health conditions as a different construct of “comorbidity”.
Instead, participants saw their conditions as separate entities and prioritised individual conditions,
based on what they perceived to be the most disabling and the level of disruption created for daily life.
This meant that OA was often thought to be a priority. OA was prioritised over life-threatening
conditions for several reasons including the level of pain it caused, impact on walking mobility and

disruption to social functioning:

‘You see | forget that I’'ve got other conditions, | always just think it’s my arthritis that hurts

me’ (Laura)

‘The problem with umm, me walking condition (OA), is what bothers me mostly and me
balance....it impacts a lot on me physical activities, because | haven’t got the energy and | can’t
do things...Well the heart condition | could, | could just cope with that alright it didn’t, didn’t

seem to bother me but the walking is, very detrimental to me’ (Jane)

‘I think my OA is the most important...it’s because it’s going to impact on my life, as to how
much | can get about...meet friends and do the things | want to do really isn’t it...In fact I'm

quite frustrated now because of my hip, | can’t get up and go’ (Kate)

‘I think the arthritis is the most important, in that it’s the one that stops me doing more things’

(Vera)
In contrast, it was rare for a participant to prioritise other non OA conditions which posed the most

serious health threat, due to the control they felt they had over other conditions, in comparison:

‘My cancer returning, that’s a condition...that sort of up there on the top of the list, my other

is my AF, if | can keep that under control’ (John)
The symptoms from OA, such as pain, loss of function and reductions in QOL were often discussed by

participants as the reasons why OA was the most important condition for them, which could be
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important in tailoring PA interventions. Other conditions, in comparison to OA, were less problematic

because of their perceived predictability and manageability:

‘That affects everything (OA) that’s the overriding thing...umm the others, | manage with
tablets...I don’t feel they affect me very much on a day to day basis...I don’t really think about
the hypertension at all, because I’'m on the medication, that stabilized it. Yes, it’s another tablet

you have to take every day’ (Dave)

‘I've got hypertension but that doesn’t affect me at all because it’s now under control with

medication’ (Vera)

‘I don’t think about, | mean the osteoporosis | have to take a tablet once a week, with a glass

of water, | hate it, but if it’s going to help, I'll take it you know’ (Holly)

Furthermore, the experience participants had from healthcare consultations mirrored their own lack

of conceptualisation of comorbidity. Despite participants having combinations of conditions and

condition priorities, during healthcare consultations they often found their HCP was only aware /

focussed on one condition at a time. This lack of coordination and single disease focus is important, as

it made it hard for participants to do the PA they were prescribed; for example:

‘I’'ve been shown one lot of exercises and that was for me knees. But what she was expecting
me to do, | couldn’t do because of the pain in me back...When they come to give me exercise
for me knees, all they know about is me knees, they don’t even know about me back...she was
showing me these exercises...I couldn’t do it...she seemed quite surprised as though she didn’t

know anything about me back’ (Jackie)

Although participants in this sample tended to prioritise their OA over other health conditions (due to

the pain and impact it had on mobility and valued activities), their priorities also fluctuated according

to the episodic nature of many comorbid conditions, particularly at the time of an acute attack or flare:
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‘I daren’t do anything if it kicks off, it’s when it kicks off (IBS) it’s with vengeance... If we go out
for a meal or anything I’'m thinking where the toilets is, and if we're too far away from them |

start panicking’ (Mary)



Chapter 6: Qualitative interview study

‘The erratic heart thing, that, if you have an attack of that, you feel ghastly while it lasts, but it

doesn't last all that time.” (Holly)

‘When | have the cystitis bad that really does, when I’'m up, at least about 6 times in the night

going to the loo...the next day | am, you know, | feel really tired’ (Clare)

6.2.4.2 Uncertainty about the management of long-term conditions and physical activity

effectiveness

Participants were often uncertain about their condition management, which was an initial problem

before tackling how they could manage their conditions with PA. Participants often felt they received

mixed messages about the best approach to manage their conditions and availability of treatment

options:

‘I did go and see that physiotherapist...and she did give me these movements...but when | went
to see the specialist, he said he doesn’t’ think, because my hip is so degenerated, he says he

honestly doesn’t think that exercises would do me any good’ (Bill)

‘I get medical stuff coming through now and some of the things they suggest...you get so much,

and you find it difficult to find what’s good and what isn’t’ (Tim)

Some participants had the perception that HCPs had a preference for pharmacological, and surgical

treatments, rather than endorsing PA as an option for treating OA, which led to uncertainty about the

effectiveness and importance of PA for their conditions:
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‘When | went to the specialist, | just felt, he was pushing me for this hip operation, you know,
that seemed to be his number one thing...They especially seemed obsessed with booking me in
for this hip op, and | felt as if | was on this conveyer belt going into it and | thought well no’

(Bill)

‘I’d been about this to the doctor before, and then again, ‘take some paracetamol...Nobody’s

ever said to me like, you know, you ought to try (PA)’ (John)

‘They put me on the morphine tablets, and nobody has ever recommended anything else for it’

(Jackie)

‘Even if the doctor said, | want you to go (PA class), you know, but they don’t’ (Karen)
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‘I mean doctors don’t give you anything other than pain killers and rubbing stuff’ (Laura)
The lack of PA endorsement from HCPs contributed to an overall lack of knowledge about what PA was

appropriate and uncertainty about PA effectiveness in people with OA and comorbidity:

‘To have guidance as to what I should do...otherwise you’re working in the dark, you just don’t
know what you’re doing...the Alexander Technique person, she is so good because she explains

what muscles you’re using and why you’re using them’ (Holly)

‘Knowing what | ought to be doing, | haven’t got any, | don’t know what | should be doing, I've
always just done what I do...they can pinpoint exercises for you...look at how you are now...with
a physio leading...about what kind of exercises need to do and how, how to isolate muscle
groups to do those exercises and all that sort of thing... instruction from someone that’s easy,

if they just say to you these are the exercises to do’ (Dave)

‘I had a NHS physiotherapist who...was rubbish...he gave me one set of exercise for my
knees...and then he says to me, and that’s as much as | can do for you [...] It’s knowing what to
do...actually knowing what you’re doing and then actually doing good. Like | say its knowledge
you need to know about your complaint and what works best...that would be the perfect
answer for me, learn to do it... Knowing what exercise would benefit me the best...it comes

down to physiotherapy...” (Tim)

‘I need to know, what is going to help, the condition... don't know enough about it sort of what
would make things better, what would make things worse, so knowledge, knowledge is really

important...this is recommended, but this isn't, or this could make it worse, you know’ (Rachel)
6.2.4.3 Negative perceptions concerning long-term conditions and ageing, and physical activity
Participants had negative perceptions of their conditions which they believed would lead to an
inevitable decline in health. They also had low PA expectations with ageing. These perceptions meant
participants were less inclined to participate in PA to relieve something that they deem inevitable. For
example, participants largely connected their health status with feelings of succumbing to age,

deterioration of their health and inevitable decline in QOL:

‘I expect to slow down at this age...I’d love to do more than I’m doing but I’m learning to live

within the confines of my condition. Which isn’t a good thing’ (Tim)
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‘well you can’t bend the same when you've got the arthritis, practically all over your body, in
your joints and that, but you wouldn't at my age duck, would you?... | used to be able to just
stand on the chair and if | wanted to do my curtains, | could, | can't do that, but | put that down

to my age as well’ (Laura)

‘Because it’s not going to get better, its slowly going to get worse, isn’t it...I don’t know how
long | can drive for though do I, once | can’t drive, that’s finished it, that’s another door closed

to me’ (Kate)

‘I'm always aware of the fact that age is against me...I’m getting older, | must be thankful, for

what I can do’ (Holly)

Participants indicated they expect to worsen; they seemed to think of ageing and worsening of their

QOL as normal and these thoughts were being reinforced by how they perceived HCPs viewed their

health status:

‘She come she said, ‘it’s just arthritis I’'m afraid it’s just something at your age, something

you’ve got to live with’ (Ann)

‘A terrible lack of empathy over the experience of a chronic condition and my, as | said, my
experience with physios and chronic condition is absolutely useless [...] “oh they’re 80 years old

we must try to get the poor dear moving”, you’ve lost already’ (Alice)

Also, there was an overarching negative perception of PA, due to lack of positive experiences or

references, fears about safety, a perceived focus on weight loss, and negative perceptions of the gym

and PA classes. Negative perceptions were created because participants expressed a lack of positive

reference of PA from peers:

‘I've never seen anybody with a condition, come out of it any better, with any activities or

special classes...I've never known anybody to benefit in any real terms’ (John)

‘I don’t want to belittle the NHS, but | have friends, experiences...but the other friend had,

emm, issues...her opinion was it was pointless’ (Dave)

Furthermore, despite recent literature reporting the safety of PA in people with OA (Quicke et al,,

2015), in the responses in the current study, fear of damage from PA was still evident, perhaps

heightened due to the existence of comorbidity. For example, many participants identified fear of
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worsening their health, a fear of pain and the risk of ending up in the hospital, making participants

more cautious, and less confident in participating in PA:

‘If  went on one of these physical things...it’d probably do more harm than good’ (John)

‘I’'m frightened of it doing me any more damage to be truthful’ (Karen)

I’'m frightened of slipping down...you become almost overprotective of yourself, because |

don’t want to end up in the hospital again’ (Kate)
Also, participants expressed a shared a fear of falling. Falls were therefore perhaps more likely in OA
and comorbidity or had a more detrimental impact on the participants. This fear was from bad

experiences falling and a lack of trust in their bodies:

‘My balance mainly, stops me doing things, which | am frightened, I’'m very frightened of falling

over again you know’ (Jane)

‘I’'m worried that I’'m going to fall. Because the pavements in some parts are really bad’ (Mary)

‘I've been always frightened of falling, my legs are sort of...they haven’t much going’ (Ann)
Participants that were overweight or obese, indicated how the image of PA only to achieve weight loss,
didn’t appeal to them. They indicated that a more all-encompassing general health target would be

preferred to a weight target:

‘You can really put people off exercise if you tell them they have to lose weight first...Ways to
motivate yourself when you aren’t getting the the kinds of rewards that a lot of the popular

media tell you should get from exercise’ (Alice)
There was also a negative perception from some participants of the gym environment and classes; that

it was not their lifestyle or a waste of their time and energy:

‘I don’t enjoy being in a gym... | don’t want to go to the gym because | find it boring...sitting on
a machine looking at a screen is not my lifestyle’ (Dave)
‘Zumba and all that thingy I think you know, what are they doing that for? Wasting energy like

that for!” (Mary)
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‘I suppose you could go to these classes where you sit around in a circle and you go waaay ehh

ohh! (swings arms) ...I’m not going to get to that stage’ (John)
The image of PA, physiotherapy and PA classes didn’t fulfil goals that matter most to the participants,
such as functional, social or enjoyment, which one participant vocalised; they would rather be

hoovering for PA and health, than pointless gym exercises:

‘When you go see somebody about moving your arms and that, physiotherapy...you know
listen, if | could lift my leg up there, lift my arm up there | wouldn't need physio! but | know
that...but | class that as me getting up and doing a bit of hoovering and whatever you know,
rather than just stand in a corner and do that (lifts arms and legs) (jokes) and you know I take

the tablet, paracetamol or whatever’ (John)
6.2.4.4 Multiple co-existing biopsychosocial barriers
Participants spoke of how they encountered multiple barriers to undertaking PA. For example,
common barriers, such as pain, function loss, fear, fatigue, a lack of support and environmental factors
were experienced by the participants and often co-existed. This confirms findings from previous
studies that people with OA experience multiple barriers to PA (Petursdottir et al., 2010; de Rooij et
al., 2014; Dobson et al., 2016; Jack et al., 2010) but could be due to OA, their comorbidities and other

biopsychosocial factors (Kanavaki et al., 2017; Dobson et al., 2016; Egerton et al., 2017; WHO, 2001).

Throughout each interview, participants experienced these barriers concurrently, for example, a
participant could have a physical barrier (e.g. pain) alongside a psychological barrier (e.g. low
confidence in their ability to carry out PA). Examples of the multiple concurrent barriers can be seen
as participant diagram illustrations in Appendix 26. One example can be seen below, from Dave, who
had OA and hypertension and experienced multiple barriers in his attempts to undertake PA. Dave
experienced pain, episodic flares in his conditions, negative aftermaths of PA, access problems, a
stigma attached to disability, mental fatigue and a lack of confidence in his ability, outlined in the

excerpts below and shown in Figure 6.2.4. Dave’s barriers to PA included;

Pain:
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‘actual burning pain from having done too much, the soreness within the joint, that's when
you're standing there and it's hurting you [...] my knee is, if it is really sore, and | can't get that

pain to go away [...] it's coping with or managing the pain that's the overriding block’

Condition flares:

‘I get a flare-up because I've done something that's flared it up [...] And I’m waiting for it to ex,
to blow up so to speak, as much flare up and say 'no you can't walk on it today! You can't do

anything!’

PA aftermath:

‘with the cadets I've still got to walk from one place to another...you have to kind of work
through that, and then you know that it’s going to take maybe two weeks to recover...or get it

back to normal, after that [...] after being on my feet, | had to come away and stop’

Access:

‘maybe | should start doing the gym because it's maybe more controllable, | can stop, get in
the car and go home. Whereas if you walk, you've still got to walk home [...] even getting in

and out of a car is a problem’

Disability stigma:
‘people don't see me as a disabled person...And saying that in itself is quite a big thing, because
I don't you know, but | am’

Fatigue:

‘pain and that level of will power is quite tiring and quite fatiguing’
Lack of confidence:
‘I have got very little confidence in my knee and the only thing | am confident in is if | do

something, it’s going to hurt [...] | haven’t got uhh, confidence in knowing what | ought to be

doing, | haven't got any, | don't know what | should be doing’
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Figure 6.2.4 A summary of Dave’s experience of barriers to PA

Barriers to PA also impacted on participants in multiple ways. For example, pain was the most common
barrier experienced by participants in the interviews. However, pain impacted PA for different reasons.

For example, pain created physiological barriers including ceasing PA ability and fatigue:
‘It’s not like your muscles, if you’re cycling and your muscles get tired, you turn back. With
cartilage, you can be perfectly happy for an hour and suddenly you can’t cycle’ (Alice)

‘That level of pain and that level of will power is quite tiring and quite fatiguing’ (Dave)

However, pain could also create behavioural barriers including fear avoidance and demotivation:

‘I won't do anything that gives me pain’ (Rachel)

‘It’s having the motivation to do it that’s difficult, because you know it’s going to hurt, and you
know it may not hurt on the day you do it, but you know it’s going to hurt in the long term, so

it has to be something you want to do’ (Dave)
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Further, pain also affected psychological domains, by creating feelings of hopelessness and doubt in

ability in participants:

‘Mental as well because you think, oh | can’t, | can’t do anything you know, and it hurts too

much and a lot of people give in’ (Vera)

‘I have got very little confidence in my knee and the only thing | am confident in is if | do

something, it’s going to hurt’ (Dave)
6.2.4.5 Solutions to barriers and barriers to solutions

6.2.4.5.1 Solutions to barriers to physical activity in people with osteoarthritis and comorbidity
As described above, multiple barriers to PA exist preventing participants from engaging in and
maintaining PA. However, after identifying barriers to PA, participants in this study also identified
possible solutions to the barriers that they had encountered. This goes beyond previous work in OA
studies, by demonstrating that participants went beyond the initial articulation of barriers and
recognised there were solutions available. For example, some participants indicated that despite the
disruption often experienced by conditions, a solution to cope was to maintain routines and patterns

of behaviour that could encompass PA in their daily life:

‘Daily routine itself is activity, getting up, going shopping...sometimes, | have to plan when I’m

going to go shopping’ (Dave)

‘I set out errands each day to make me do it...it’s why | shop daily, its why on a Tuesday when
the cleaner is there | pack my books and go down to café Nero and on the way | got to the

gym...deliberately pick longer routes’ (Alice)

‘Built-in routine, we know where we’re going to walk to and where we’ve got to come back’

(John)

‘I have patterns...Sunday walk, Mondays yoga, Tuesday the friendship group...things that |
enjoy’ (Rachel)

For some participants, barriers such as episodic condition flares, and anticipating PA side-effects, could

be solved by being prepared and equipped. For example, participants made sure they had an
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alternative transport mode available, they rested in preparation for PA, and took pain relief as a

preventative measure:

‘I have to put enough money in my purse, now, if I’ve walked to town and I’'m not well, | need

enough money to get a taxi to bring me back home again (Kate)
‘If you’ve got activities that you particularly want to do, | end up resting it before those’ (Dave)

‘Getting up and doing a bit of hoovering...I take the tablet, paracetamol or whatever’ (John)
For other participants, having someone to support them, in both daily life and for specific tasks such

as transport, was a solution:

‘Absolutely bloody awesome husband...he’s very supportive about what | can and can’t do’

(Alice)

‘My cousin, comes and picks me up and takes me, and | want to spend time with her as well’

(Kate)
Participants indicated that enjoyable activities were a solution to behavioural barriers such as a lack of
motivation. For example, participants reminisced on previous activities or emphasised interests and
skill development to foster a positive PA experience, rather than focussing solely on the biomedical

aspects such as weight loss or disease progression:

‘we used to walk a lot...we really did enjoy that; it was a day out’ (Tim)

‘I used to play things like squash, but we are going back a number of years, and table tennis
which | love...so | really ought to find somewhere that does table tennis and get back to
it...Dancing me say would be enjoyable, table tennis | would enjoy...I tried tai chi but | didn’t

get on with that really. | prefer yoga’ (Rachel)

‘You’ve got to keep yourself interested in things and keep going...you’ve got to try and master

it a bit, do something, be yourself’ (Laura)

‘Weights...force you to see your body as a machine rather than what it looks like, and that

turned out to be really psychologically good for me’ (Alice)
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6.2.4.5.2 Barriers to the solutions to overcome low levels of physical activity

Participants endured a complex process of overcoming barriers to reach the goal of PA. As seen in the
previous two sections, participants identified barriers and solutions to these barriers. However, a
further, subsequent barrier then appeared as a barrier to the solution. The way participants in this
study problematized PA was, therefore; initial barrier, a solution to the barrier and, a barrier to the

solution.

Karen is a good example of participants presenting barriers to solutions for being more physically
active. Karen has OA, cancer, depression and back pain and illustrates how participants problematize
the barriers they face when considering PA. She perceives there are initial barriers to PA, but also
some solutions to these barriers. However, she then perceives further barriers to her solutions. This is

outlined in the excerpts below:

‘I daren't, I'm frightened to go like, Kathleen, goes to a gym and she's asked me go there and |
daren't just because of the pain in my back, | just daren't, 1'd like to go out, do it, because as |
say with Kathleen, because my back, um, because as | say, you know even if | walk around a
lot, I’'m in that much pain, I’d be frightened of my back’ [...] ‘I wouldn't mind going in the hydro
pool again, things like that, if it was suggested to me that it could help me, that's the main
thing. | don't want to go things that will do me damage. | think up here, well if | go, it's probably
going to make my back worse, that's what I’m frightened of’ [...] ‘I haven’t got the confidence

to go on my own’

‘If somebody’s with me, I’d have a go at anything really...I've never been a gym in my life... I’d
like to go...I wouldn’t like to go on my own’ [...] ‘| could go with Kathleen, you know. Yeah. Yeah.
you see, there again going this keep fit’ [....] ‘I'd like to go to the keep fit class, yeah, because a

lot of the girls form the craft club go as well’

‘But. Yeah. Nobody comes, lives up here you know’ [...] ‘I’'ve got a motorized scooter, and I'm
frightened of it! a little boy walked out in front of me, there's no breaks on them, you just have
leavers...I've got no confidence on it’ [...] ‘If | had a taxi, it would cost me 6 pound to go...we
pay so much for transport but | think for where I’'ve got to go it's a lot of money, if | could,

depend on the buses, | would, | can go on a bus there and a bus home, but it's getting there
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and back...I daren't go and wait for a bus, the time to wait for bus, because my legs give way

underneath me, unless you know the bus, and sometimes they don't turn up you know’ (Karen)
Karen has a fear of damaging her back and lacks the confidence to go to the gym or other PA
opportunity on her own, which are her initial barriers to PA participation. Karen’s friend goes to the
gym, and her other friends go to a PA class, which appeals to Karen, as friends are a support mechanism
for her and it would be run by a professional, which could instil confidence in the safety and provide a
socially supportive environment, the solutions to her initial fear barriers. However, she identifies a new
barrier to participation, in the form of access and transport. She is frightened of an accident on her
mobility scooter, she can’t wait for buses, taxis are expensive and there’s no one to provide her with

other transport.

Participants identified clubs and group activities that they would like to attend but couldn’t get to,
before suggesting modes of transport to help with access, but then spoke about reasons why that

would not help, as illustrated from the excerpts from Jackie below:

‘there’s all these lunch clubs...and all sorts of activity going on, but | can’t get there and | can’t
get back’ [...] ‘and you know I’ve even thought of a taxi’ [...] ‘but then | thought, | can’t do that
because | don’t know where a taxi is taking me. And It’s frightening...| need a wheelchair to go

any reasonable distance...but I’'ve got nobody to push the wheelchair so | can’t go’ (Jackie)
The complexity of tackling barriers to PA, such as transport, was also illustrated by Kate. Kate was
initially hindered by her function and mobility, but her granddaughter helped her to get out by
providing transport. However, this made her dependent on her granddaughter, and she did not want
to use walking sticks as an alternative, to help her function with independence, so instead, she suggests
she could do a PA class, but, her cousin doesn’t like that and without her cousin, that seems

unattainable:

‘I feel a bit depressed about it almost because | know | can't function...where | want to function

[...] ‘at the moment, you see, I’'m not even, | was making myself go for a walk into town, but |

haven't done that for a little while...”
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‘my granddaughter is coming around tomorrow, she’ll take me to the shops, so I’ll walk around
the shops then...but other than that, I’'m walking round the house, perhaps up the stairs, down

the stairs, things like that’

‘I don't want to be walking down the road with sticks, and that probably sounds silly to you,
but | don't, | don't like to do it...I don't want to be seen as some poor old weak old thing that

needs sticks to get down from A to B’

‘I could join umm, | could join umm a group...] want to do aqua aerobics as well, because | think
that'd be very good for my condition...to do some physical movement’ [...] ‘I would’ve been

better off going to the church and doing the exercise’ (keep fit group)

‘but because of my cousin, comes and picks me up and takes me, and | want to spend time with

her as well and she doesn't necessarily want to do that, keep fit thing’ (Kate)

Another example from Jane, who was a participant that experienced the fear of falling previously

described. Jane realised a solution for her fear of falls and lack of transport could be the use of PA

equipment at home but was confronted by uncertainty and a lack of knowledge:

‘What worries me is falls, because my balance now is very bad...I do wish somebody could invent
something that they could give you so it'd help your balance’ [...] ‘there's a class along London
road...But | feel as though it's just a bit out of my reach...Because | don’t drive and everything

that | do I’'ve got to make my way on foot’

‘after I’d had my heart attack, | went on a 6-week course up at the hospital, eh an exercise
course...it was on various machines you know... | have thought about getting an exercise

machine of some kind’

‘but I’'m not sure what kind of machine | would have to get’ (Jane)

It is important to highlight that the multiple, co-existing barriers to PA and barriers to solutions, were

vocalised by the participants, but they did not collate them as an integrated experience. From

threading the interview barriers together, as depicted in the example diagrams of analysis (appendix

26), it is clear that the multiple barriers were from the experience of having multiple LTCs (bold text),

but participants did not seem to connect them together;
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‘I could walk that, but | couldn’t walk there, do the activity and get back home again [...] | don’t
want to be walking down the road with sticks...seen as some poor old weak thing [...] and |
definitely can’t drive...my visions not brilliant [...] | did go to the hospital for a little while...to do
exercise because | had a frozen shoulder...but because my hip was getting worse, it was too
difficult for me really [...] because of my hip, | can’t get up and go...there’s something you want
to do and then you’re waiting and waiting, the moment’s gone [...] pain does impact but | don’t
like taking pain killers...cocodamol has other side-effects like constipation [...] if you’ve got
Raynaud'’s...all you can think about it keeping warm isn’t it...but if | had medication for my
Raynaud’s, apparently it will impact (negatively) on my blood pressure [...] my blood pressure
bothers me because obviously | could fall over at any given time [...] palpitations when they
happen, they frighten me...I think, oh, | feel a bit dizzy now [...] my thyroid, | don’t know whether

that makes me tired...| am exceptionally tired...” (Kate)
6.2.5 Facilitators of physical activity in people with osteoarthritis and comorbidity

6.2.5.1 Social support
Social support has been included in some guidance for the management of OA (e.g. ACR, 2012). The
interview findings concur with the need for this, as social support was a facilitator for engaging in PA

and appeared as general encouragement, confidence booster and shared learning from others:

‘Having other people...you encourage one another, you can lift your knee a bit higher you

know? You can encourage one another’ (Tim)

‘You can learn so much...from other people... it's meeting them, and speaking with them’ (Kate)
The key aspect of social facilitation for this group was having a homogeneous group of people together
(e.g. with similar experiences of their conditions). Participants felt that having a group of people who
could empathise with each other, and positively compare relatable PA experiences, would facilitate
learning specifically according to their conditions and instil confidence in their current and future

abilities. This made the typical aspects of social support relevant to their specific circumstance:

‘The opportunity to exercise with people with the same complaint...There’s got to be a lot more

than me, with exactly the same problems that I've got...getting that group of people
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together...for that particular complaint...”Oh | can lift me knee this far’ and ‘I've started doing

this one and that one” (Tim)

‘People, with the same kind of condition...how they manage things, | think that would be useful,

and what kind of things they did’ (Rachel)

‘Most of the people in the exercise class are my age...most of them have got something wrong

with them...it helps me socially...and umm, you know the exercise helps me besides’ (Jane)

‘Well people with a like condition, people who share your misery basically!... it might spur you
on to do more, or you might think I’m doing jolly well here, because they aren’t doing so good!

So, on two levels!” (Kate)

‘People will actually listen to people who are only a few steps ahead of them, where they won’t

listen to somebody who appears to be something they couldn’t possibly aspire to be’ (Alice)

6.2.5.2 Healthcare professional support

Although the participants emphasised the need to be in a group of homogeneous people, they also

needed the instructors to be knowledgeable of them as an individual, capable of advising PA inclusive

of their conditions and unique circumstance:
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‘They just have to come see me and say, right that’s your condition, if you do this, you know’

(Tim)

‘An instructor who, understands your condition...better than somebody who hasn’t got a clue
what it’s all about...so they would know your limitations...to devise a programme around,

various conditions that existed within the group’ (Kate)

‘Tailored to the people who would come to the class, and you can’t really make a program until

you have met everyone’ (Vera)

‘I think the prescription idea for exercise is excellent...I’d want to know that whoever was taking

it, actually, understood chronic pain’ (Alice)
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Learning how to do PA that was best for the individual person, came down to the instruction and
guidance. Participants valued both relatable, and professional opinion and input, especially through

face-to-face contact, to instil confidence in their ability to participate in, and self-manage PA,;

‘Mentor programmes maybe...you could actually start to set things up, so you start people on

a kind of conveyor belt at which a certain point you ask them to come and be a mentor’ (Alice)

‘There would be someone there from the NHS...just to make sure you’re alright...If there’s a
professional doing it, yes, | would certainly consider it and give it a go...someone who knows
what they’re talking about...a physician or..I mean the people that run the, our, they’re

volunteers, they’ve been trained but they're not professional’ (Debbie)

‘Start with is a first meeting in person, and maybe a meeting in person once a week...talking
you through it...but something about that interacting with somebody else helps you think about

it, helps you embed it...so it’s that focusing on the interaction’ (Alice)

6.2.5.3. Physical activity mode and type

The mode of PA was important to the participants in overcoming barriers identified in 6.2.4 above,
such as having multiple appointments, time-consuming treatments, exhaustion from conditions,
symptoms and treatments. For example, making a routine that fitted PA into daily life (as a mode of

treatment) was a facilitator of PA:

‘| set out errands each day to make me do it...it’s why | shop daily, its why on a Tuesday when
the cleaner is there | pack my books and go down to café Nero and on the way | got to the

gym...deliberately pick longer routes’ (Alice)

‘I have patterns...Sunday walk, Mondays yoga, Tuesday the friendship group...things that |
enjoy’ (Rachel)

The interview responses also indicate that participants had a preference for an intermittent mode of
PA. That is, PA that took on shorter duration, but could be done more regularly, focussing on more

general movement and breaking up sedentary time:

‘There’s a tendency for fitness classes to assume three quarters of an hour or an hour and that’s

actually long for me...I don’t often tend to do a whole workout in the sense of stopping and
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doing a workout, I’ll do 10 minutes, and then I’ll do 10 minutes later, and 10 minutes later on

and that’s the way to move around...I’d want to focus on small and often’ (Alice)
‘I have to do a little bit, and then sit, then do a little bit more and then sit’ (Jackie)

‘I've got a certain amount of exercise and a certain amount of sitting; it was well balanced’

(Tim)

‘I’d probably have to just do it, ten minutes and then rest a bit you know?’ (Karen)
Another common barrier example was access to PA, as described in section 6.2.4 above. Therefore, a
key feature of facilitating PA in people with OA and comorbidity was providing access to more readily
available, appropriate PA opportunities. For participants in the current study, appealing PA was
adaptable to suit their needs. Participants felt that the duration, type of PA, environment and

equipment could all be adapted to enable participation:

‘If there was like a fun dancing, like a Zumba for seniors’ (Rachel)
‘If you can’t move a lot then chair based activity’ (Vera)

‘There is a tai chi class locally, but | can’t do tai chi as it is, real tai chi, the one that | went to,

she adapted...and it makes a big difference’ (Debbie)

‘Having the equipment to be able to do set exercises...a step, a pole to balance on...walls to

lean against’ (Dave)

‘The treadmill that’s it, where you can hold on because it makes a big difference...when you are

outside like me, you have to watch where you’re walking’ (Debbie)

6.2.6 Summary of results

In summary, responses from interviews with 17 participants with OA and a range of comorbidities,
resulted in two themes. The first theme was barriers to PA, including key findings of a lack of
“comorbidity” conceptualisation and subsequent self-prioritisation of their LTCs, the uncertainty about
management of conditions and PA effectiveness for their conditions, negative perceptions about their
health, ageing and PA and finally, the co-existence of multiple biopsychosocial barriers, solutions to
barriers, and subsequent barriers to solutions. The second theme; facilitators of PA, included support
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mechanisms, with focus on social homogeneity and confidence instilled from knowledgeable HCPs,

coupled with an adapted PA type that fits into the daily life of living with OA and comorbidity.

6.3 Discussion

6.3.1 Introduction

This section discusses the main findings of the qualitative study and considers them in the context of
existing research. The qualitative study’s strengths and limitations are outlined before the chapter

concludes with clinical and research implications.

6.3.2 Aim and objectives

This qualitative study investigated the attitudes towards, and beliefs about, PA in people with OA and
comorbidity. The research questions were designed to provide an understanding of the current
experience of PA and how to encourage the uptake and maintenance of PA, in people with OA and

comorbidity.

6.3.3 The sample

The participants varied in demographic characteristics including age and gender, as well as comorbidity
frequency, type and PA levels. The variation in the sample characteristics allowed for diversity in the
interview responses and deeper understanding of PA in OA and comorbidity. The sample comorbidity
types included common comorbidities such as obesity and diabetes as well as those less extensively
described in the literature such as hypothyroidism and Crohn’s disease. This range of conditions is
expected, for example, OA is more common among adults who are obese than those of a healthy
weight (Turkas, 2012; Dhalwani et al., 2016) and having OA as a condition often results in immobility
and increased risk of developing several other LTCs such as T2DM and CVD (Niesch et al., 2011;

Sedjo et al., 2016 Foy et al., 2011; Leite et al., 2011; Rosemann et al., 2008).
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All participants indicated that they engaged in some form of PA, but this ranged greatly from household
chores to adapted tai chi and organised exercise classes for older adults. Although WHO (2015) state
that PA encompasses activities such as household chores, other guidance suggests that people with
OA should aim for the recommended 150 minutes moderate activity to gain health benefits (DOH,
2019; WHO, 2015; McAlindon et al., 2013). Participants in the current study were often engaging in
activity that was less than moderate intensity, lower than recommendations. This aligns with previous
research on the low PA levels of the OA population (Wallis et al., 2013; Herbolsheimer et al., 2016;
Holden et al., 2014). Furthermore, most participants had OA and at least two comorbidities. This aligns
with the comorbidity frequency results from chapter 5 and with previous research, suggesting that
increased comorbidity burden is associated with more limitations in PA and reduced level of PA
(Juhakoski et al., 2013; Reeuwijk et al., 2010; Xu et al., 2017; Murphy et al., 2017), which could be why

the participants preferred light, household PA, rather than moderate-vigorous level activity.

6.3.4 Barriers to physical activity in people with osteoarthritis and comorbidity

Barriers to PA often originated in the experience of living with OA and other LTCs. A novel finding from
this study is that participants didn’t talk about comorbidity as something relevant to them (lacked a
conceptualisation of comorbidity) and talked about their health conditions overall as existing
separately. This has relevance to care as it means that PA is viewed largely as a management technique
for each condition in isolation, inhibiting more holistic and joined-up care. LTCs were prioritised by
participants based on the impact on their life and this meant OA was often the condition that was
brought to the fore. The study found that participants lacked knowledge and were left uncertain about
how to manage their conditions together, and of the effectiveness of PA. This experience led to

negative perceptions regarding health status, ageing and PA was experienced in the context of this.

6.3.4.1 Lack of concept of comorbidity and long-term condition prioritisation

In the current study, participants found it hard to talk about their conditions together as a combined

concept of ‘OA and comorbidity’ (section 6.2.4.1). A recent report from the Richmond Group of
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Charities (Aiden, 2018) raised awareness of drawing upon people’s lived experience to understand
issues of having more than one LTC, and the need to increase the patient and public awareness of this

issue.

Instead of comorbidity, other terms like multimorbidity, complexity and burden, have been readily
used by many HCPs and academics (Taskforce, 2018; Shippee et al., 2012). However, such terminology
has little functional use in addressing patients with multiple conditions, yielding only a descriptive
explanation, without practical applicability for treatment (Taskforce, 2018; Shippee et al., 2012).
Furthermore, although some patients with multiple health conditions may find identity in this
diagnosis (Mgller et al., 2018), most patients do not understand or accept multimorbidity as a concept,
can associate it with negative connotations, and report worse experiences with healthcare and
negative psychosocial outcomes from diagnosis (Chew-graham et al., 2019; Mgller et al., 2018;

Paddison et al., 2015).

Therefore, the current study findings support the need for an improved conceptualisation of
comorbidity and the need to find ways to talk about PA in light of this. Development of more practical
language for this circumstance could provide a better understanding between patients and clinicians,
improving communication and shared understanding of patient needs (Chew-Graham et al., 2019).
The interview results suggest that HCPs and patients need to work together at the outset, to actively
engage patients into conceptualising their conditions together. This may require stepping back in the
design and adding this discussion as a component of PA interventions. This aligns with the HOC model,
by starting first to understand the person at the centre of the care, before then approaching PA advice
and treatment accordingly. Improved comorbidity conceptualisation could subsequently offer a
platform for improved patient experience and engagement with healthcare, better organisation of
patients’ healthcare needs and targeting of interventions such as PA leading to better health outcomes

and improved self-care (Chew-Graham et al., 2019; Nardi et al., 2007).
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In the current study, patients prioritised their conditions and treatment, to manage daily life. Previous
research has shown that patients prioritise conditions themselves, in order of which they deem as the
main condition (Morris et al., 2011). Despite the participants in the current study having several LTCs,
they mostly perceived OA as their priority, due to a lack of condition control and disruption from pain.
The participants also reported OA as a priority because of the interference with mobility and partaking
in PA, and subsequent influence on their normal social functioning. Previous studies have found similar
results; the results from a survey in primary care found patients described OA as more disabling in life

than conditions such as diabetes and hypertension (Alami et al., 2011).

In contrast to patient priorities, HCPs tend to prioritise other conditions above OA (Alami et al., 2011;
Egerton et al., 2017; Christiansen et al., 2020). A recent qualitative interview investigation (n=12) found
from the HCP perspective, there was difficulty in managing multiple conditions and a tendency to
prioritise the other conditions over OA (Christiansen et al., 2020). Furthermore, a previous systematic
review from eight qualitative studies, found that the lower priority of OA was a key barrier to its
management in primary care because it tends to be trivialised as inevitable by GPs and perceived as a

non-serious problem (Egerton et al., 2017).

The lack of conceptualisation of OA and comorbidity and subsequent differences in priorities between
patients and HCPs could, in part, be a result of non-holistic healthcare. Specialised areas of healthcare
expertise defined around specific conditions, lacks tailoring to patients with comorbidity (Valderas et
al., 2011) and may often result in complex and contradictory recommendations (Schoenberg et al.,
2009). A consequence of this is fragmented primary and secondary care delivered by specialists who
may not be communicating as effectively as they could (Barnett et al., 2012, Smith et al 2013), leaving
patients feeling like a ‘shuttlecock’ between various referrals and suboptimal communication (Paskins

et al,, 2014).

There is a case for addressing the conceptualisation of OA and comorbidity, through conversations and

shared decision making, so that patient and HCP priorities could be better aligned (Reuben and Tinetti,
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2012). Treatment could then be better synchronised to meet patient needs, but also make patient

treatment more manageable from a HCP perspective (Mold et al., 1991; Shippee et al., 2012).

The current study found that although participants prioritised conditions based around which
interfered most in their life, these priorities could fluctuate. Previous studies have reported the
episodic nature of comorbidity and how this creates burden in having priorities (Simonik et al., 2016;
Morris et al., 2011; Cheraghi-Sohi et al, 2013). Despite participants focussing on OA, as seen in the
results, comorbid acute conditions could create a need for reprioritisation and as such, patient
priorities shift. A study by Morris et al. (2011) found patients to identify priorities based on their
perceptions of predictability and manageability, and priorities fluctuate according to the episodic

nature of many comorbid conditions.

This shifting of priorities, managing various conditions and daily life responsibilities has been previously
described as a burden of ‘work’ (Cheraghi-Sohi et al., 2013). The participants in the current study
showed similar patterns of effort and exhaustion from their condition’s fluctuations and disruption to
priorities and routine, which could overall make PA more burdensome. In OA, similar ‘work’ from
fluctuations in pain, forces patients to change day-to-day routines, which is further compounded by
the uncertainty and treatment burden of comorbidity (Simonik et al., 2016). Simonik et al. (2016) found
the episodic nature and fluctuating levels of well-being and health crises, negatively influenced patient
motivations and decreased PA as a priority (Simonik et al., 2016). This could mean that the burden of
comorbidity reprioritisation distracts from a routine of PA and may lead to therapeutic PA being
dropped (Cheraghi-Sohi et al., 2013). Therefore, HCPs need to understand patient priorities, strategies
and routines in daily life (Morriss et al., 2011) before supporting them on how best to integrate

sustainable PA.

In part, a result of the lack of conceptualisation of comorbidity, and conflicting and fluctuating priorities
could force HCPs to improvise care (Iserson et al., 2012; McKenna et al., 2013). “Improvised medicine”

is a result of circumstances that force HCPs beyond their comfort level (Iserson et al., 2012), such as
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healthcare systems that don’t accommodate a predictable trajectory and treatment plan for each
patient’s LTCs (McKenna et al., 2013). Therefore, although the participants often related their PA
experiences with their perception of the HCP and communication, the reasons behind could stem
further back to the current structure of healthcare systems (Salisbury, 2011; Barnett et al., 2012; Alami
et al., 2011; Paskins et al., 2014), which does not accommodate consistent and specific HCP guidance
to manage OA and comorbidity. Attempting to follow combinations of guidelines may be excessively
burdensome, inefficient and ineffective from both the HCP and patient perspective (Salisbury, 2011).
Therefore, with a lack of comorbidity conceptualisation, self-improvised and fluctuating priorities that
may not align with HCPs, participants are left with an increased burden of work to self-manage and
live successfully with their conditions (Watt, 2017). Furthermore, particularly in the presence of
multiple comorbidities and the associated contraindications of certain medications, PA and self-
management interventions are even more important in addressing OA symptom relief (Murphy et al.,

2017).

6.3.4.2 Uncertainty about the management of health conditions and physical activity
effectiveness

Throughout the interviews, there was a theme of uncertainty, about the management of OA and
comorbidity, and, uncertainty regarding the clinical effectiveness of PA. Participants reported a lack of
endorsement and mixed messages about the benefits of PA for their conditions, which likely impacted

on their volition to undertake PA as a treatment for their OA and comorbidities.

The patient-perceived lack of PA endorsement from HCPs as a barrier to PA has been reported before
(Paskins et al, 2014; Cuperus et al., 2013), and the patient view that HCPs hold a preference for
pharmacological approaches, and a lack of discussion of PA has been referred to as a ‘blinkered
approach’ (Hunt and Papathomas, 2019) which seems to be common amongst the participants with
comorbidity. Similarly, a study by Holden et al. (2009) explored physiotherapists’ attitudes and beliefs

regarding PA and knee OA. Their study found the biomedical view of OA as a degenerative joint disease
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may impact on beliefs about the potential benefit of PA in managing conditions and subsequently

impacts PA advice (Holden et al., 2009).

Several other reasons could in part explain the lack of PA endorsement by HCPs. For example,
Petursdottir et al. (2010) found HCPs had not emphasized the importance of PA because they needed
more education about PA for OA and lacked understanding of the factors that pose as internal and
external barriers influencing PA behaviour (Petursdottir et al., 2010). This suboptimal guidance about
PA for HCPs has been found elsewhere; a UK based survey of 2000 physiotherapists found they were
uncertain of the benefits of PA for OA patients (Bennell et al., 2014). This uncertainty was explained
by a lack of familiarity with current research and clinical guidelines which left HCPs unsure of what
exercises were best, or the optimal type or dosage of PA (Bennell et al., 2014). In a Canadian qualitative
study, a lack of PA prescription was principally explained by limited knowledge of PA for OA and a lack
of training on PA treatment or delivery (Christiansen et al., 2020). Therefore, the HCP may be ill-
equipped to realign uncertainty that patients have in managing their conditions and PA as they do not
have the resources to perform effectively in these uncertain situations (McKenna et al., 2013). An
implication of this could be that the HCPs are needing to adopt improvised care (as mentioned in
6.3.4.1), due to their own uncertainty, which makes it harder to address and reduce patient uncertainty

regarding PA.

Uncertainty in HCPs attitudes and beliefs about PA as a beneficial treatment for people with OA and
comorbidity may be a result of deficiencies in the healthcare system, deficiencies in guidance and a
lack of relevant evidence for PA in OA and comorbidity. Recent research has defined the clear clinical
benefits of PA interventions for OA (Fransen et al.,, 2015), that PA as long-term treatment is safe
(Quicke et al., 2015). In contrast, other studies have explored the risk of PA for the onset of OA,
differing across the lifespan (Urquhart et al., 2008). Therefore, it is perhaps understandable that with
mixed messages coming from a dearth of research and evidence for OA and comorbidity, some

healthcare providers are uncertain about the role of PA and therefore do not actively endorse a
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treatment they believe could be ineffective, or even adverse for OA, let alone OA and comorbidity. In
relation to the HOC framework (Coulter et al., 2016), HCPs are unsure about giving advice for PA for
OA, therefore, some fundamental components in developing care for OA are missing, which precedes

the delivery of PA advice when OA patients also have comorbidity.

6.3.4.3 Negative perceptions concerning long-term conditions and ageing, and physical activity
The uncertainty abovementioned, contributed to participants having negative perceptions about
whether they could manage their LTCs, a view of ageing that normalises reduced functioning and low
levels of PA, and negative perceptions regarding outcome expectancies and self-efficacy for PA as a

treatment.

The participants in the study seemed to lack the confidence in their ability to manage their health
conditions and PA, which could be due to a lack of knowledge. Many older adults deem PA as
inappropriate because of their age, because of their pain and because of the PA setting (Holden et al.,
2012). Supporting these findings, the results of a recent focus group study exploring barriers to, and
influences on, PA in 22 people with OA found a key theme was a gap in knowledge (Webber et al.,
2018). Their findings suggest that it is important to first address intrinsic factors to the individual, such
as ageing, personal preferences and their comorbidity status with patient education, to then

implement behaviour change techniques, and increase PA levels (Webber et al., 2018).

The participants in the study had a negative view of ageing and normalised their conditions, symptoms
and reduced QOL as a result of an inevitable decline in health. This has been found elsewhere; in a
systematic review of qualitative studies about the experience of PA in people with OA (Kanavaki et al.,
2017), participants expressed a resigned attitude toward PA, due to feelings of helplessness and that
nothing could be done to help their condition. This could be important as, in another study,
participants were found to rationalise their decisions to reduce and alter activity due to normative
ideas around ageing (Mackichan et al., 2013). In that study, pain and functioning increased limitation,

impairments and restrictions, but were viewed as normal experiences of increased age and therefore
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legitimised reduced activity levels (Mackichan et al., 2013). Therefore, HCPs could have a key role in
exploring and challenging patients’ negative perceptions of ageing and the symptoms associated with
OA and comorbidities, and reduce this important barrier to PA. This could be a challenge, as the current
participants, reflective of the general population, had high comorbidity frequency, which could

exacerbate this negative perception link between LTCs, ageing and PA.

Furthermore, the participants expressed negative perceptions regarding outcome expectancies and
low self-efficacy for PA as a treatment. This ranged from negative views of PA environments such as
the gym, perceptions that classes were ineffective, fears of participating in PA, and a negative
association with non-functional or unfulfilling PA goals (e.g. weight loss). These negative views of PA
could, in part, be due to the perceived dismissive attitude HCPs had toward PA in the study. A previous
study also identified a similar finding of a lack of PA and behavioural counselling delivered to patients
(Schutzer and Graves, 2004). Patients in that study reported being told to ‘be more physically active’
rather than being provided with specific guidance (Schutzer and Graves, 2004). A possible consequence
from the lack of positive PA endorsement could mean participants are less likely to get the
encouragement and communication needed to instil positive perceptions, but rather develop negative

beliefs toward PA (Hunt and Papathomas, 2019).

In the current study, a lack of knowledge of the benefits of PA and thus the belief in its treatment effect
seemed to be a barrier for participants, presenting as a fear. However, the fear was not often due to
the existence of a threat, but rather the inadequacy of PA treatment to cater to the specific needs of
those with OA and comorbidity. Concern about the safety of PA has been reported elsewhere
(Campbell et al., 2001; Hendry et al., 2006; Holden et al., 2012). Patients with OA can associate the
pain following PA participation as negative, worsening their symptoms, and furthering a process of
‘wear and tear’ (Campbell et al., 2001). Many patients with other LTCs often perceive the symptoms
associated with PA as negative (Schutzer and Graves, 2004), but for people to engage in PA, they must

believe that the behaviour is both safe and achievable (Hurley et al., 2010) and of benefit to their
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conditions and symptoms (Quicke et al., 2017). Previous studies have highlighted the patient need for
the accurate understanding of PA participation in OA, acquired through endorsement from HCPs
(Hammer et al., 2016; Petursdottir et al., 2010). Therefore, in OA and comorbidity, a link could exist
between improving both condition knowledge and PA knowledge, to raise awareness regarding the
interpretation of PA side-effects, such as fatigue and muscle soreness, which may be more debilitating

with the existence of comorbidity.

This was also found in a recent study, whereby psychological barriers such as depressive symptoms,
low self-efficacy for managing OA, pain catastrophising and fear of movement, were experienced by
people with OA (lijima et al., 2018). However, after controlling for pain levels, lijima et al. (2018) found
fear of movement and pain catastrophising were still found to be associated with PA level (lijima et al.,
2018). This could suggest that it is the attitude toward and perception of pain, rather than the pain
itself, that is related to PA, which strengthens the need to reconceptualise symptoms of PA as positive,
and improve patient ability and self-efficacy to manage their conditions and associated symptomes, to

improve PA treatment (lijima et al., 2018).

In the current study, a negative perception of generic PA participation targets (e.g. weight loss focus),
perhaps adds to the non-patient centred, unfulfilling focus of PA participation. For example, the
negative perception of PA with a weight loss focus has been reported in the general population (Bruce
et al., 2008; Jackson and Steptoe, 2017). A study by Jackson and Steptoe (2017) found that those
individuals who had perceived weight discrimination compared to those who did not, led to them being
less physically active. This study found that weight discrimination had an adverse relationship with

weight-related behaviours such as worse diet and lower PA (Jackson and Steptoe, 2017).

In OA and comorbidity, PA interventions could focus on a range of outcomes other than those such as
weight, as independent of weight loss, participants can still gain improvements in health and mobility
(Bruce et al., 2008). This is important, as a study by Williams et al. (2018) found that PA became a

burden when participants thought of PA as something they ‘have to do’ for their health. In the case of
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OA and comorbidity, this situation could be exaggerated as there is so much focus on health outcomes,
such as weight loss, that the other positive experiences of PA could be stifled. Too much emphasis on
health outcomes could negatively impact on PA participation by weakening personal motivations such

as enjoyment, replacing them with additional burden (Beckwee et al., 2015).

6.3.5 Multiple, co-existing and multi-level barriers to physical activity experienced by

people with osteoarthritis and comorbidity

In the current study, participants experienced multiple barriers to PA, which co-existed and impacted
upon their lives and PA in multiple ways. Numerous barriers to uptake and maintenance of PA in those
with OA have been described previously (Petursdottir et al., 2010; de Rooij et al., 2014; Dobson et al.,
2016; Jack et al.,, 2010) including pain, mobility, a lack of knowledge, belief in treatment effect,
outcome expectations, perceived importance and PA self-efficacy (Cuperus et al., 2013; Schutzer and
Graves, 2004; Paskins et al., 2014; Sperber et al., 2014; Marks, 2012). Also, previous research has
suggested similar patterns and combined effects of several co-existing and complex barriers to PA,

amplified by, and linked with, the presence of comorbidity (Wilcox et al., 2006).

Biopsychosocial barriers to PA have previously been described as being complex and having
interactions among physical, personal-psychological and socio-environmental domains (Kanavaki et
al., 2017) which corresponded with the barriers to PA in people in the current study. Figure 6.3.1
demonstrates how in the current study, a common barrier to PA, pain, presented as a barrier to PA in
multiple ways. This is important to first acknowledge, as it highlights the challenge of addressing this
type of barrier alone, and the need to better understand how just one barrier can impact

simultaneously on levels of PA in an individual.
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Pain relief side-effects

Pain flare-ups

Pain related fatigue

e

Figure 6.3.1 The different impact of barriers to PA, for example, pain

People with arthritis have also been shown to make ‘trade-off’ decisions in daily life, as common
barriers such as pain, fatigue or competing responsibilities interact, thus reducing regular PA
participation (Der Ananian et al., 2008) and increasing drop out from PA programs (Petursdottir et al.,
2010). In the current study, a previously unreported pattern emerged which may explain how OA and
comorbidity impedes PA participation. Across the interviews, the way participants problematized PA
was through a three-level process; an initial barrier to PA was identified, a solution to the barrier was
identified, and a subsequent barrier to the solution was identified. More often, the result was a cyclical
process of interruption to perusing PA, that opposed any problem-solving progress or solutions to PA
barriers. Therefore, it could be said the participants experienced multi-level barriers to PA. The multi-
level barrier process is shown in Figure 6.3.2 accompanied by some common examples of multi-level

barriers within the interviews.
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Person with OA . . . .
Initial barrier Solution to Barrier to

and comorbidity barrier solution

Physical activity
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Falls Mobility aids Stigma

Figure 6.3.2 The multi-level barrier process and common examples of multi-level barriers

This finding draws parallels with patterns of multiplicative and synergistic barriers that have previously
been found in multimorbidity patients (Vancampfort et al., 2017). Their quantitative analysis identified
a vicious cycle between pain, mobility, sleep problems and subsequent depressive feelings, acting

individually and accumulatively as barriers to PA (Vancampfort et al., 2017).

In the current study, a novel finding was the participant experience of barriers to PA, was often a
dynamic, multi-level process, whereby in attempting PA, intending to participate, they found solutions
to barriers, but additional barriers only became evident following a solution (Figure 6.3.3). The
Attitude, Social influence and self-efficacy model (ASE) (De Vries et al., 1988) demonstrates how a
participant’s intention (attitude, social norm and self-efficacy), linked with barriers, can explain PA
behaviour. This finding implies that patients and HCPs may need to go beyond discussing initial
barriers, and together problem-solve additional barriers that might arise. The HOC framework (Coulter
et al., 2016), recommends consultations with a holistic view of the whole patient. However, the multi-
level barriers were only evident after threading together disjointed experiences from the participant
interviews, as they lacked a holistic view of OA and comorbidity together, as a combined concept
impacting their PA. Therefore, a gap remains between the HOC framework for holistic care for people
with OA and comorbidity, and how HCPs can address all of the barriers in a consultation, to implement

PA behaviour change.
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Fluctuating spectrum of PA participation
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Figure 6.3.3 The existence of multiple, multi-level barriers, and solutions in PA participation

PA=Physical Activity; e.g.=example; HCP=Healthcare Professional.
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To summarise the experience of barriers, people with OA and comorbidity are not currently able to
reach the goal of regular PA participation. The participants were lacking conceptualisation of their
conditions, lacking knowledge of their LTCs and PA, experiencing uncertainty in managing their
conditions and the effectiveness of PA, had negative perceptions about the appropriateness of PA for
someone of their health, and overall, did not experience barriers to PA in isolation, but in a dynamic
and iterative way. The existence of multi-level barriers could imply that PA guidance and interventions
need to go beyond identifying initial barriers, fully explore available solutions, and anticipate the

barriers to the solutions, to facilitate PA.

6.3.6 Facilitators for physical activity in osteoarthritis and comorbidity

The following section discusses the second theme of results; key facilitators of PA participation in OA
and comorbidity. Previous research has reported several facilitators of PA for people with arthritis and
OA (Wilcox et al., 2006; Beckwee et al., 2015; Bennell et al., 2014) including social support, organised
PA opportunities, professional delivery and knowledge, PA partners, familiarity and positive outcome
expectations. In the current study, having social and HCP support, and tailoring and adapting the PA
mode and type to fit their life with LTCs facilitated PA, and could offer ways that their barriers and the

phenomenon of multi-level barriers could be approached.

6.3.6.1 Social support

Rather than PA being promoted solely based on improving health, participants in the current study
were interested in PA that they viewed as being intrinsically enjoyable to them, through social
interactions. Social interactions have been reported as a key facilitator in many previous studies
(Devereux-Fitzgerald et al., 2016; Farrance et al., 2016; Williams et al., 2018) and in OA, those who
perceive that they have good PA support, are more likely to be active (Hendry et al., 2006; Holden et
al., 2012). Previous qualitative research following a walking trial found that the support from having a

walking partner promoted behaviour, possibly due to the mutual support, enabled discussion, and
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companionship (Victor et al., 2016). In contrast, those who believe they do not have support or would

have to do PA alone, are likely to see this as a barrier to PA (Holden et al., 2012).

The participants in the current study often referred to ‘like conditioned’ individuals and people they
could empathise with. Other studies (without comorbidity reported) have found the social dimension
of PA to be important, as it facilitates enjoyment, positive experiences and therefore provides a “sense
of belonging” (Hunt and Papathomas, 2019). By making an activity more enjoyable it can enhance
motivation and positive experience and make it more sustainable (Hunt and Papathomas, 2019). This
“sense of belonging” could be an explanation for social support as a theme for facilitating PA in the
current study. Unlike in situations where people have one condition, in OA and comorbidity, with
different healthcare appointments, treatments, experiences, disruptions and difficulties in daily life,
the participants could be left not engaging in, or maintaining social activities and becoming more
isolated (Gettings, 2010). For some participants, this isolation, accompanied by uncertainty about their
conditions and PA, could be an additional factor explaining why there was a desire to carry out PA with

‘like-conditioned’ individuals and have others empathise with them.

The participants also indicated the value of being referred to a programme by someone relatable (a
peer) with OA and comorbidity, who had the first-hand experience, but that this was lacking. Hearing
of opportunities and successes, and being recommended by relatable people, could instil confidence
in performing the activity (Kaptein et al., 2013). Demographic homogeneity is a term that has been
used previously in studies as a sense of community and connectedness amongst groups of shared
language, religion, gender and ages (Farrance et al., 2016). Furthermore, previous research has found
participants would benefit from meeting in a group by it facilitating normative information about
others’ behaviour (Normansell et al., 2014). It could be suggested from the findings that people OA
and comorbidity place more value on the social interaction in PA, as they are by nature, more likely to
experience social isolation from both OA and the complicated and unique nature of comorbidity.

Therefore, in people with OA and comorbidity, to make PA more appealing, a sense of belongingness
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and new identity through demographic homogeneity (through similar conditions or experiences) could
facilitate PA participation. Also, the reciprocal nature of having a homogeneous group could mean that
PA would be more targeted toward a specific group of individuals, who could endorse it to the
appropriate peer group, to learn and share condition-appropriate information. Furthermore, this could
also make the intervention easier to develop and deliver for HCPs, with more self-management

abilities, patient activation and shared responsibility.

6.3.6.2 Healthcare professional support

In the current study, participants spoke of how they valued professional support, to aid them in
attaining their PA endeavours, such as providing tailored instruction or trusted advice to instil
confidence in their abilities, but often, this was lacking. Previous research has shown how HCPs need
knowledge about the patient conditions, and the relevant PA, and skill to adapt treatment guidelines
to suit the individual patient (de Rooij et al., 2020). Also, continued contact with a physiotherapist has
shown a positive connection with PA (Campbell et al., 2001) and previous research has found HCPs
must treat patients regularly to properly transfer the knowledge and skills and integrate the strategy

into daily practice (de Rooij et al., 2020).

In the current study, patients needed consistent and positive communication, such as shared
conversations about PA benefits, between the patient and the HCP, and more PA endorsement from
HCPs, to realign patient uncertainty and hesitancy (Paskins et al, 2014). Furthermore, in the interview
results, the HCPs play a role as trusted experts in the prescription and delivery of PA. Collaborative
HCP-patient communication is important to establish mutual treatment goals, with direction and
common purpose (Mair and May, 2014). Forming a partnership by which the appropriate advice and
support are delivered, would build patient knowledge and confidence in living with their conditions
(Mair and May, 2014). Furthermore, engagement in patient-centred and mutually formed care would
better embed treatment into patients’ lives, with shared responsibility and minimise patient-burden

(Shippee et al., 2012).
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In the current study, several findings were related to the participants’ experience and ability to manage
OA and comorbidity, before relating these experiences to PA. It could be necessary to form beliefs,
attitudes and experiences that positively reinforce the participants capacity to self-manage their LTCs
(Hendry et al., 2006), before overcoming PA negative perceptions and changing PA behaviour. In an
observational study by Olsson et al. (2018), of participants with lower limb OA, the lowest self-efficacy
was in people with low education, walking difficulties, low PA level and comorbidity. Therefore, self-
efficacy of the participants to confidently manage and cope with their conditions (symptoms,
medication, healthcare usage, daily life capacity) could be important as a first step. OA and comorbidity
self-efficacy may be especially noteworthy, as managing LTCs and facing challenges associated with
them in everyday life could strongly influence whether they are then able to progress to PA

engagement.

PA self-efficacy was also found in the participant responses, as they indicated that their need for PA
support was to instil confidence in their ability to do PA. As the participants in the study trusted their
HCPs, the HCPs could target instilling patient confidence about the safety and effectiveness of PA.
Hammer et al. (2016) found in people with hip OA, experiences including inspiration by other
participants, encouragement from the HCPs and altered interpretation of PA side-effects contributed
to an improved self-efficacy and therefore PA participation. This study also found that self-efficacy was
key for the maintenance of PA and a key factor was the disease-specific, individualised support in
people with OA (Hammer et al., 2016). Therefore, successful HCP and social support could facilitate

positive PA experiences, and stronger self-efficacy for PA (Warner et al., 2014; Marks, 2012).

The study findings suggest that HCP and social support are key influences in both (1) OA and
comorbidity self-efficacy and (2) PA self-efficacy, as shown in Figure 6.3.4 below. These constructs are
important in facilitating PA in people with OA and comorbidity, and also have relevance to health
policy, as they align to the notion of patient activation. Patient activation refers to the knowledge and

confidence people have to engage in self-managing their healthcare (Hibbard, 2004; NHS, 2019).
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Therefore, both knowledge and beliefs about OA and comorbidity management, and self-efficacy for
OA and comorbidity management, are key components of patient activation. This is central to the HOC
framework and current policy on LTC management (Coulter et al., 2016). In line with the HOC model,
it could be proposed that improving patient OA and comorbidity self-efficacy, and improving PA self-
efficacy, could contribute to patient activation and ability to self-manage PA and overcome multi-level

barriers to PA (section 6.3.5 above).

HCP
support

e.g. Improved knowledge and
understanding of OA and
comorbidities and PA as a

treatment

OAand Physical activity Physical activity
comorbidity self- participation self-efficac
efficacy !

e.g. Address and seek to reduce
fears and uncertainty
Regarding the benefits of PA

e.g. The relatable reference
of successful PA and shared
learning

e.g. Homogenous demographic
group and social inclusion

Social
support

Figure 6.3.4 The relationship between support (HCP and social) and self-efficacy (OA and comorbidity,
and PA) in improving PA in people with OA and comorbidity

Middle boxes: the person with OA and comorbidity; circles: external support

Therefore, self-efficacy has been recognised in LTC health policy, and this study provides evidence that
this is the case for the population of people with OA and comorbidity. However, in achieving this
collaborative process between HCPs and patients, this study has identified how gaps remain,

highlighted in the stages below;

1. A HCP-patient discussion about their LTCs, including if OA is the condition priority.
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2. Enhancing knowledge and ability to self-manage their conditions (OA and comorbidity self-
efficacy).

3. Enhancing knowledge and ability to self-manage PA (PA self-efficacy).

4. Adiscussion about PA treatment in light of OA, followed by the addition of their comorbidities.
However, how HCPs can do this, is unknown.

5. Address the PA barriers at multiple levels.

6. Offer supported self-management and help the patient become more activated, which would
mean developing the knowledge and confidence surrounding both their conditions and PA, to

increase PA participation.

6.3.6.3 Physical activity mode and type

Adapting the PA mode and type to fit individuals’ capabilities and daily routines were identified as
facilitating PA in the current study. Programme design, including the mode and type of PA, can include
the location, accessibility and affordability of an opportunity (Farrance et al., 2016) but also expand to
the structure and content of the PA being relevant and tailored to each individual (Dunlop and
Beauchamp, 2013). Many studies have investigated the type and mode of PA intervention in people
with OA, but as seen in the systematic review chapter (see chapter 4), few studies have reported
interventions for OA and comorbidity, and those that exist, are extremely heterogeneous. Whilst a one
size fits all-approach to PA for people with OA and comorbidity does not exist, the following
recommendations can be made from this study: PA that is accessible and can be incorporated in daily
life, adaptable PA that can be tailored to the individual, an enjoyable experience, with the tailored HCP

and social support that can help build self-efficacy for LTCs and PA.

The interviews suggest that adapted forms of familiar PA, appeals to participants, but these
opportunities are lacking. Furthermore, participants indicated an intermittent mode, with shorter
bouts of PA to fit into daily life was more practical, but currently, they were self-improvising these PA

techniques. Previous research found factors that influence non-adherence with physiotherapy include
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that the symptoms targeted need to interfere with life enough to deem treatment necessary (priority)
and that the treatment needs to be effective and applicable for incorporation into everyday life
(Campbell et al., 2001). Activity pacing is a strategy that has been used to modify PA among other LTCs
such as patients with chronic pain (Torrance et al., 2011), which considers the balance of improving
outcomes whilst reducing the likelihood of exacerbating symptoms (Antcliff et al., 2018). In OA and
comorbidity, adopting activity pacing as part of PA management, with planning, prioritising, and
adapting activities, could therefore reduce cyclical fluctuations of high and low levels of PA and
gradually increase PA level (Antcliff et al., 2018). Above all, the participants were interested in PA they
would enjoy, whether it reminisced on previous activities, emphasised interests, skill development

and, most prominently, socialisation, which could foster a positive PA experience.

Other interventions to change PA behaviour have previously adopted the self-efficacy theory (Bandura,
1997), and components of self-efficacy theory have been used successfully in interventions to enhance
PA level in people in the community (Marks, 2014) and OA populations (Hughes et al., 2004). A
feasibility RCT of 26 people with OA and obesity combined PA with self-efficacy counselling strategies
(Schlenk et al., 2011) which found it was feasible and could improve PA and physical function (Schlenk
et al., 2011). However, this study combined many different PA and non-PA intervention components
that make it hard to determine which aspects were effective. Further, the reciprocal is true; a
systematic review by Marks (2014) found several interventions using PA benefited arthritis self-efficacy
and subsequent symptoms favourably, which included interventions using; aquatic exercise, PA and
dietary weight loss, PA and education, tai-chi and Yoga. Those with higher self-efficacy exhibit greater
efforts to attain and master behaviour change and are more persistent in the face of obstacles such as

barriers to PA (Shin et al., 2006; Van Do et al., 2015).

Therefore, the results of this study could suggest that including components to enhance self-efficacy
for condition management and self-efficacy for PA (e.g. motivational counselling) as part of an

intervention that could be integrated into their daily life, could be equally important to consider in the
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design, rather than solely focusing on the PA type. By combining the above-described strategies for
enhancing self-efficacy, such as strengthening condition and PA self-efficacy, particularly focusing on
the perceived barriers, PA treatment could be more effective and more sustainable for people with OA

and comorbidity.

6.3.7 Strengths

To my best knowledge, this is the first interview study to specifically explore the attitudes towards,
and beliefs about, PA in people specifically with OA and comorbidity. This study has several strengths
in the choice of design and analysis; the criterion purposive sampling strategy used ensured that a
range of individual demographics were included in the interviews, such as diversity of comorbidities
(both physical and psychological), and variation in the frequency of comorbidities, which makes the
results more transferrable (applicable to populations beyond this sample). The involvement of the PPIE
group in the design of the research process ensured that important issues to people specifically with
OA and comorbidity were addressed and prompted through the co-designed topic guide. The interview
guide was piloted and underwent a rigorous process of discussing the pilot interview findings, making
it more trustworthy and credible. The use of the flexible framework approach enabled a deep insight
into the experience of living with additional comorbidity alongside the primary condition, OA. The
input from the supervisory team (CJ, JQ, EH) throughout the process of interviewing, analysing and
interpreting the data helped to ensure that the codes, themes and results were reflective of the
participant views. After attending a training course for NVivo, the choice to manually code the data by
Word and hand was mostly owing to the closer engagement with the data. Although this choice lacks
the sophistication of NVivo software, this method felt more engaged and methodical, with an emphasis
on a more flexible process, to focus on depth and meaning in the data. Furthermore, the addition of
other analysis strategies, such as a code book, memo recording and drawing diagrams assisted in the

interpretation of the data.
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6.3.8 Limitations

The sample was selected from a small region in North Staffordshire; therefore, this population may be
different from other areas within the UK. The interviewees were purposefully selected to represent
individuals with a range of personal, namely comorbidity characteristics, though may differ in their
attitudes and beliefs to those who did not volunteer themselves for an interview study. The
participants were all Caucasian, mostly female and of an older age in the desired age bracket of 45 and
over which may limit the generalisability to other patient groups. It is acknowledged that my presence
as an interviewer may have influenced the participant responses and produced socially desirable
responses. For example, participants may report higher levels of PA if this is perceived to be socially
desirable. Also, despite the benefits of having a flexible interview guide to enhance depth in the
interview, participants could steer the discussion toward topics that they were particularly interested
or focused on. Thus, with a complex research topic and several aspects contributing to the research
themes, it was difficult to maintain focus on the experiences and topic of PA whilst remaining in the
context of OA and comorbidity. Conceptually, participants tended to focus on one condition in
isolation, which reiterates the need to review the branding and conceptualisation of terminology
surrounding multimorbidity, complexity and comorbidity. The use of manual analysis is perhaps less
transparent than the use of NVivo data management tool, which was considered as a means to store,
code and report the data. NVivo has several strengths including a huge range of analysis functions and
methods, with clearly labelled and structured coding that allow for the transparent tracking and re-

tracing of steps, which makes it well suited to collaborative analysis, but was not used in this study.

6.3.9 Clinical implications

There is a need for more clarity in the concept of comorbidity, for both patients and HCPs. NICE OA
(2014) guidelines recommend holistic assessment of a person with OA including a discussion of the
risks and benefits of treatment options, which take account of comorbidities. However, the findings of

this study show that people with OA and comorbidity perceive a lack of understanding from both HCPs

199



Chapter 6: Qualitative interview study

and themselves about how to manage LTCs but also about PA as a treatment option. HCPs may benefit
from more guidance regarding how to support people with OA and comorbidity with tailored PA.
Patients with OA and comorbidity may require additional time together with HCPs developing plans to
achieve tailored PA including time to develop problem-solving skills to overcome future multi-level
barriers to PA. One way this could be achieved would be through consultations that take a more
patient-centred approach, looking at the whole patient, rather than diseases in isolation, to encourage
active patient engagement. Furthermore, knowledgeable HCPs need to apply techniques that foster
improved self-efficacy for patients to self-manage their conditions and foster PA behaviour. Similarities
in the participant experiences and PA preferences could direct future treatment approaches, to be
tailored toward a homogeneous group with similar priorities and disruptions to their lives, with
relatable social support and shared learning experiences. Finally, from the results, it could be
suggested that HCPs could first target the condition self-efficacy, by increasing knowledge about OA
(e.g. risk and causes), knowledge of their comorbidities, negative perceptions about OA, LTCs and
ageing, and the uncertainties about managing OA and LTCs, before offering strategies to improve PA

self-efficacy, to enable patient activation in PA treatment.

6.3.10 Research implications

The key findings from this study can be used to add to the understanding of PA in the context of OA
and comorbidity. The results suggest that more research is required to investigate how to talk about
the issues of living with more than on LTC and how to make PA a viable option as part of core care for
people in this group. They also support recent research and opinion (Chew-Graham et al., 2019) that
makes the case for rebranding the terminology used to capture the experience of multiple co-existing
health conditions. Furthermore, research exploring the reasons for the perceived discordance
between the clinical guidelines (NICE, 2014) and the care received by patients with OA and comorbidity
(e.g. a lack of understanding of the benefits of PA) could provide understanding as to why there is
deviation from the guidelines. Further qualitative research with HCPs could help understand their

attitudes towards, and beliefs about, PA in people with OA and comorbidity, including what they
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perceive as barriers and opportunities for recommending PA and increasing self-efficacy for PA. More
research is indicated of how to deal with the complex nature of problem-solving barriers to PA and the
multi-step process that occurs, and how supported self-management can embed PA barrier problem-
solving in consultations. As the two key facilitating factors for increasing PA were social support and
HCP support, future research is needed to develop combined approaches that include these
components to facilitate both condition self-efficacy and PA self-efficacy, and thus, better equip people

with OA and comorbidity to deal with multi-level barriers and improve PA participation.

6.3.11 Conclusion

In conclusion, there are key outcomes to highlight from this qualitative study. Patients seem to lack
conceptualisation of comorbidity and so it was hard to discuss PA in this context. There remains
uncertainty about the relevance of PA as a treatment in people with OA and comorbidity. The concept
of ‘multi-level’ barriers to PA in OA and comorbidity has emerged, which gives a new lens to view the

way barriers to PA are problematized.

Also, with a lack of comorbidity conceptualisation, participants prioritised their conditions based on
the disruption to their lives, namely what impeded their social functioning ability. There is still a need
to focus on OA as a starting point in consultation, as there is a lot of uncertainty about the role of PA
for OA in this group. Therefore, it is important to ensure PA treatment is appropriate and effectively
tailored for people with OA, before then adapted and tailored taking account of their comorbidities.
Further, participants did not respond well to a prescriptive, non-holistic approach to PA, as it was
instead perceived an additional burden. Participants strived for belonging and demographic
homogeneity (people who were ‘like-conditioned’), which could instil confidence in both their
condition self-efficacy and PA self-efficacy. In applying aspects of self-efficacy theory in PA
interventions, HCPs and social support mechanisms could better support participants to anticipate and

overcome multi-level barriers and increase PA participation.
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6.3.12 Chapter summary

This chapter described a qualitative study to investigate the attitudes towards, and beliefs about, PA
in people with OA and comorbidity, to understand their experiences and seek ways to improve their
PA participation. There was a good balance between breadth and depth of participant characteristics
through 17 interviews with people with OA and a range of comorbidity frequencies, types and PA
endeavours. Although the population was mostly Caucasian females. Comorbidity as a concept in
qualitative research was complicated to hold as the main topic throughout the interviews, as
participants found it a challenge to relate their experiences in the comorbidity context. This qualitative
study highlights that barriers to PA are more complicated and dynamic than previously reported in
people with OA and can be multi-level. Currently, the management of LTCs in the HOC model
emphasises collaborations between HCPs and patients to encourage self-management (Coulter et al.,
2016). However, the patient responses in the current study indicate that this is not currently
happening. It suggests an opportunity to improve PA levels through targeted interventions to increase
self-efficacy for OA and comorbidity management first, before targeting the same features in self-

efficacy for PA, through a model of self-efficacy and support.

The results from the three thesis studies have now been presented and discussed; (1) the systematic
review, (2) the secondary data analysis study and (3) the qualitative investigation. The next chapter of
this thesis (chapter 7) will bring together the findings of these three studies, in context of the whole
thesis picture, to make recommendations about how to improve PA in people with OA and

comorbidity.
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Chapter 7. Synthesis of findings and discussion

7.1 Introduction

This chapter summarises and synthesises the key findings from each of the three thesis studies. The
findings are discussed in relation to future research and clinical practice to make recommendations for
future interventions, to better support people with OA and comorbidity to successfully self-manage
and increase PA. The strengths and limitations of the thesis are discussed, before making overall thesis

conclusions.

7.2 Thesis rationale revisited

In the UK, approximately a third of all adults aged 45 and over have OA (ARUK, 2015) and this
prevalence is likely to increase because of obesity rates and the ageing population (ARUK, 2017; NICE,
2014). People with OA are more likely to have comorbidity than those without the condition (Smith et
al., 2016; ARUK, 2015); the proportion of people with OA reporting various comorbidities ranges from
68 to 85% (Zambon et al., 2016), which is linked to greater disability, functional limitations and reduced

QOL (Van Dijk et al., 2009; Kriegsman et al., 2004; ARUK, 2017; Dhalwani et al., 2016).

Despite clinical guidelines recommending PA in the form of therapeutic exercise for people with OA
(NICE, 2014; OARSI, 2014; EULAR, 2013), and the well-associated health benefits, such as reduced pain,
improved function and increased QOL in people with OA generally (Fransen et al., 2015; Felson et al.,
2000; Kanavaki et al., 2017; Dallosso et al.,, 2018; Uthman et al., 2013), the effectiveness of PA on
clinical outcomes for people with OA who specifically also have comorbidity, is unknown. To my
knowledge, this thesis is the first time that RCT evidence regarding the effectiveness of PA

interventions for OA and comorbidity has been systematically reviewed.

In addition, PA levels in people with OA are lower than PA guideline recommendations (Holden et al.,
2015; Wallis et al., 2013; Bennell and Hinman, 2011; Dekker et al., 2009) and comorbidity has

previously been suggested as a barrier to the successful prescription, uptake and maintenance of PA
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in people with OA (Theis et al., 2016; Loza et al., 2009; Schoenberg et al., 2009; de Rooij et al., 2014).
However, the relationship between comorbidity presence, frequency and type as the independent

variable, and PA level in people with OA had not been investigated in detail.

Furthermore, despite comorbidity emerging as a theme in OA and PA qualitative research (Paskins et
al., 2014; Hurley et al., 2010; Marks, 2012), it had not been investigated as the key topic in qualitative
interviews, and therefore it was not fully understood why or how comorbidity impacts on PA levels in
people with OA. By addressing these research questions this thesis sought to contribute to a new
understanding of how people with OA and comorbidity could be better supported to self-manage and

increase PA levels in primary care.

7.3 Thesis aim and research questions revisited

The thesis aimed to investigate the impact of comorbidity on PA and clinical outcomes in those with

OA in primary care. To fulfil this research aim, the following research questions were raised;

1. What is the effectiveness of PA interventions for people with OA and comorbidity?
2. |Is comorbidity associated with PA levels in people with OA?

3. How do people with OA experience PA in the context of comorbidity?
7.4 Thesis key findings

This multi-method thesis used quantitative and qualitative approaches in a multi-phase manner
(described in chapter 3) with each study conducted and concluded, independently of each other; (1) a
systematic review, (2) secondary data analysis and, (3) a qualitative investigation. Key findings from
each independent study are highlighted and summarised in Table 7.1. Following this, a joint display
(Table 7.2) outlines quantitative and qualitative findings data side-by-side with further meta-findings.
Integrated findings are reported with accompanying statistics, themes and example excerpts, before
integrated meta-inferences and insights are made (see chapter 3, section 3.5.4) These two tables of

results are then narratively described, as a unified whole (Guetterman et al., 2015).
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Table 7.1 Thesis key findings

Study 1. What is the effectiveness of PA based interventions for people with OA and comorbidity?

e 14 RCTs (n= 4224 participants) were identified that specifically included samples of people with
OA and comorbidity

e Most evidence related to people with knee OA and obesity

e In people with knee OA, PA interventions lead to mixed trends of small, mostly non-significant
improvements in clinical outcomes in people who also have; obesity (pain, function (significant
result for 6BMWT) and QOL), T2DM (pain and function) and depression (QOL)

e PA interventions tailored to people with knee OA and multimorbidity, improved pain and
function with statistical significance as measured by the WOMAC and 6MWT, but not the SF-36
function measure

e The studies identified were heterogeneous, making it hard to determine optimal PA
interventions for people with OA and comorbidity

Study 2. Is comorbidity associated with PA levels in people with OA?

e Comorbidity presence was associated with lower PA level in people with knee OA

e A potential dose-response relationship exists with PA levels decreasing as the number of
comorbidities increases in people with OA

e Distinct comorbidity types had different magnitudes of association with PA level in people with
OA. CVD was consistently significantly associated with a reduction in PA level across both
datasets

e The impact of comorbidity on PA levels appears to be influenced by how comorbidity is
measured

Study 3. How do people with OA experience PA in the context of comorbidity?

e OA is the main concern for participants with LTCs due to the disruption it causes to daily life,
social functioning and QOL

e People with OA and comorbidity discussed PA in the context of isolated conditions, rather than
in the context of having OA and comorbidity. There was a lack of “comorbidity”
conceptualisation

e Multiple barriers to PA include uncertainty regarding the management of LTCs and the clinical
effectiveness of PA and negative perceptions including low self-efficacy for both managing OA
and comorbidity and PA

e PA barriers co-existed in every participant and impacted them in more than one way.
Participants problematised their experience of barriers in a multi-level process identifying initial
barriers, solutions to barriers, and barriers to solutions

e Support mechanisms were identified as facilitators to help improve PA levels in people with OA
and comorbidity. First, a PA peer group that provided demographic homogeneity and shared
learning, and second, supervision and tailored advice from informed HCPs, to instil confidence,
help re-align uncertainty and negative beliefs regarding (1) OA and comorbidity, and (2) PA

OA=Osteoarthritis; PA=Physical Activity;, HCP=Healthcare Professional; RCT=Randomised Controlled Trial;
n=number; QOL=Quality Of Life; PASE=Physical Activity Scale for the Elderly; T2DM=Type Two Diabetes Mellitus;
CVD=Cardiovascular Disease; 6MWT=6-Minute Woalking Test; WOMAC=Western Ontario and McMaster
Universities Osteoarthritis Index; SF-36= Short Form health survey
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Table 7.2 A side-by-side joint display of findings and meta-findings

Chapter 7: Thesis synthesis

Topic Systematic review Secondary data Qualitative interviews Integration Meta-inferences and insight
analysis
Meta-finding 1: Research and treatment using PA for OA needs to be inclusive of comorbidity
Comorbidity  Only 14 RCTs identified =~ Comorbidity presence: N/A Divergent Research in this population is lacking
is common investigating PA 66%; 52% (B; M) despite  comorbidity  being  highly
and impacts  interventions for OA Comorbidity prevalent in OA and associated with lower
PA, but often and comorbidity associated with PA PA level.
disregarded. level: e.g. -32.25 Need for research explicitly investigating
Comorbidity 10 out of 14 included (-48.57, -15.93) (B) the effectiveness of PA tailored for OA and
types such RCTs were focused on CVD associated with comorbidities other than obesity.
as CVD OA and obesity PA level: B=-27.15 (-
require 53.25, -1.05) (B)
further B=-30.84 (-51.89, -
investigation 9.80) (M)
PA may be PA interventions may N/A HCP preference for Expanded PA may improve clinical outcomes in
clinically improve clinical pharmacological treatments; people with OA and comorbidity, but the
effective, but outcomes of pain, ‘They put me on the morphine tablets, results in the SR are mixed and thus,
results are function and QOL, but and nobody has ever recommended uncertain. Further, PA is not consistently
mixed and current evidence is anything else for it’ (Jackie) being endorsed by HCPs in clinical
uncertain inconclusive Theme: lack of comorbidity practice. This could be, in part, due to the
concept lack of conceptualisation of comorbidity
Theme: multi-level barriers and interventions not currently including
strategies toward dealing with multi-level
barriers or how they are problematised.
Comorbidity  N/A Two comorbidities Theme: Multiple, multi-level Convergent The evidence indicates that the frequency
frequency significantly barriers existed to PA, beyond of comorbidities alongside OA could be an
could be associated with a those reported in OA only important consideration for future
important to decrease in PA level research, potentially due to the research. There may be a relationship
consider B=-34.76 (-56.05, - existence of multiple comorbidities between additional comorbidity and

13.48)(B)

multi-level barriers to PA, but this is
unknown.
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B=-26.84 (-49.30, -
4.38)(M), greater than
one comorbidity e.g.
p=-24.4 (-42.5, -6.4)(B)

Comorbidity  People with N/A Pain key barrier which impacted in  Expanded Comorbidity  could influence  OA
influences comorbidity had worse multiple ways; symptoms and PA behaviour. There is a
the baseline pain than OA ‘That level of pain and that level of will need for HCPs to take this into account in
experience only power is quite tiring” (Dave) supporting people with OA and
of OA ‘I can’t do anything you know, and it comorbidity.
hurts too much’ (Vera)

Meta-finding 2: Function and quality of life are important patient-prioritised outcome targets
Functional 6MWT significant N/A Priorities due to disruption on Convergent Function is prioritised in people with OA
disruptions improvement: 0.29(95% functioning and social ability; and comorbidity, and this outcome is
are Cl 0.13, 0.46; obesity), ‘I'm quite frustrated now because of often improved with PA interventions.
prioritised 34.2 (95% Cl 17.7, 50.6), my hip, | can’t get up and go’ (Kate) Therefore, should be endorsed as a key
and can be 12.2% (95% Cl 6.9, 17.5) outcome / incentive for PA participation.
reduced with  (multimorbidity n=2);
PA WOMAC: -7.4 (95% CI -

9.9, -4.9)(multimorbid)
Current Differences in outcome  N/A QOL focus; Divergent Function results in RCTs varied between
outcome measures: e.g. WOMAC ‘it’s because it’s going to impact on my outcome measurement. QOL was not
measures & 6MWT significantly life, as to how much I can get routinely measured. These outcomes are
may be improve but SF-36 did about...meet friends and do the things important to patients. However, it could
suboptimal  not I want to do’ (Kate) be complicated for an outcome measure
for OA and QOL not routinely to adequately accommodate all factors
comorbidity = measured in RCTs (n=5) related to OA and comorbidity QOL.
Meta-finding 3: PA in people with OA and comorbidity may be facilitated by increasing self-efficacy for (1) OA and comorbidity and (2) PA
HCP support  Increased supervision N/A HCP support Expanded Foster improved self-efficacy for patients
isneededto  (Messier et al., 2004), ‘helps you think about it, helps you to understand their conditions and self-
increase teaching and embed it’ (Alice) efficacy to self-manage using PA, through
patient encouragement gained knowledge and HCP support.
knowledge (Somers et al., 2012)
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about their

LTCs and PA

Social PA interventions N/A Social support; Convergent Foster improved self-efficacy for patients
support can  identified were mostly ‘exercise with people with the same to understand their conditions and self-
increase conducted in a group complaint’ (Tim) efficacy for PA, through meaningful group
patient setting ‘people with a like condition’ (Kate) interactions to provide homogeneity and
knowledge improve learning opportunities from a
about LTCs relevant peer group.

and

encourage

PA

Uncertainty  Adverse events not N/A Negative PA outcome Expanded People with OA and comorbidity may be at
remains generally reported in expectancies; risk of falls and have fears of falling.
regarding RCTs (only reported in ‘If | went on one of these physical Negative PA perceptions remain. Patients
the safety of n=3 studies) things...it’d probably do more harm need confidence and reassurance in PA
PA for than good” (John) treatment and safety of PA. Negative
people with  Adverse events were all Fears of PA and fear of falling; perceptions need re-aligning.

OA and falls I am frightened, I’m very frightened of

comorbidity falling over again’ (Jane)

Focus for PA  Heterogeneous PA People with PA integrated into daily life; Expanded Diverse PA interventions were used for

interventions
to tailor and
integrate PA
into daily life

interventions (type,
mode, delivery) with
uncertain results

comorbidity have a
lower PA level than
those without
comorbidity e.g. B=
-32.25 (-48.57,
-15.93) (B)

‘| set out errands each day to make me
do it’(Alice)

Intermittent PA mode;

‘do it, ten minutes and then
rest’(Karen)

Adapted conventional PA;

‘she adapted...it makes a big
difference’ (Debbie)

people with OA and comorbidity, with
mixed and uncertain results. A likely key
PA intervention component is how best to
integrate PA into the daily life of patients,
to enhance their self-efficacy for PA with
their conditions and increase PA levels.

OA=0Osteoarthritis; PA=Physical Activity; B=BEEP (Benefits of Effective Exercise for knee Pain); M=MQOSAICS (Management of Osteoarthritis In Consultations Study); HCP=Healthcare
Professional;, RCT=Randomised Controlled Trial; e.g.=example; CVD=Cardiovascular Disease; PASE=Physical Activity Scale for the Elderly; QOL=Quality Of Life; n=number;
Ci=Confidence Interval; B=Beta coefficient; 6MWT=6-Minute Walking Test; WOMAC=Western Ontario and McMaster Universities Osteoarthritis Index; SF-36= Short Form health
survey; N/A=Not Applicable.
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7.5 Narrative interpretation of the whole thesis findings.

7.5.1 Research and treatment using physical activity for osteoarthritis needs to be inclusive of
comorbidity

The first meta-finding in the thesis relates to the lack of research, consistent evidence and guidance
for HCPs to support PA in people with OA and comorbidity. The secondary data analysis demonstrated
the high prevalence of comorbidity in OA, and the systematic review identified that despite a dearth
of, and heterogeneous study findings, overall, trends suggest PA may improve clinical outcomes in

people with OA and comorbidity.

The secondary data analysis found that the levels of PA in people with comorbidity are lower than
those without comorbidity and the systematic review results were mixed and uncertain about the
clinical effectiveness of PA for people with OA and comorbidity. This could, in part, be explained by the
qualitative finding if a lack of conceptualisation of OA and comorbidity in HCPs and patients, which is
a consequence of a gap in clear guidance for HCPs to support and tailor PA treatment in light of OA
and comorbidity. Perhaps, it is then not surprising that HCPs do not confidently endorse PA, and PA
levels are low, and RCTs do not successfully target OA and comorbidity, nor target the situation of
multiple barriers and how they are problematised, to provide comparable information about the

effectiveness of PA for OA inclusive of comorbidity.

CVD comorbidity was most consistently significantly associated with reduced PA level. However, to
date, no RCT has focussed on the effectiveness of PA interventions in people with OA and CVD, who
may be at high risk of negative health consequences associated with low levels of PA. This could be for
several reasons, such as people with CVD comorbidity having worse symptoms and more barriers to
PA participation than those with OA alone, or other comorbidity types, and this OA and comorbidity
group likely have a higher frequency of comorbidities (Van Den Oever et al., 2014; Jeong et al., 2019).

Therefore, future PA interventions could consider prioritising the subgroup of OA and CVD.
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Furthermore, having a greater number of comorbidities was associated with lower levels of PA.
Perhaps, a higher frequency of comorbidity could explain an increase in the likelihood of having multi-
level barriers, as demonstrated in the participant experiences in the qualitative sample. Also,
comorbidity presence could influence OA symptoms, such as the heightened perception of pain.
Therefore, there is a need to focus on OA management first and to truly have a collaborative
understanding of this condition between HCPs and patients, but then for HCPs to go beyond OA
management considering comorbidities. Better understanding and knowledge of OA and comorbidity

as a concept could provide knowledge of symptoms could improve condition self-efficacy.

7.5.2 Function and quality of life are important patient-prioritised outcome targets

The integrated findings suggest that outcomes and conditions, such as function and OA, which impact
QOL most, are prioritised in people with OA and comorbidity. This converges with the function
outcome improving with PA interventions in the systematic review. Contrasting this, function results
varied between outcome measurements in the systematic review, and QOL was not routinely

measured in RCTs.

Instead of PA treatment targeting disease-specific outcomes (Reuben and Tinetti, 2012; Muth et al.,
2014), the findings of the thesis confirm those of previous research suggesting that the impact on
disability, mobility, daily life and QOL (Muth et al., 2014; Young et al., 2016), have higher patient value
and priority. Furthermore, the qualitative finding; a lack of concept of OA and comorbidity, showed
how patients either spoke of conditions in isolation or the whole impact on their QOL. These findings
corroborate well with the recent report from the Taskforce on Multiple Conditions (2018) which
emphasised how people with several co-existing LTCs don’t conceptualise them in terms of their
individual diagnoses, but instead as the compound impact they have on their lives. Future
interventions could tailor PA toward the patient-reported disturbance to their QOL and functional
deficits. Not only could this approach target outcomes that are both clinically important and have the

greatest patient impact, but also activate patients in their care.
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Furthermore, alongside the focus of QOL disruption, the qualitative investigation revealed uncertainty
about how to manage LTCs and about the effectiveness of PA, leading to negative perceptions first
surrounding OA and comorbidity management, and then PA. A recent systematic review and meta-
ethnography emphasised how PA treatment in older adults focuses largely on the health benefits but
instead could emphasise how PA contributes to a purposeful and fulfilling life (Morgan et al., 2019).
PA was proposed as a method to reject stereotypes of ageing, regain self-control and provide routine,
roles and structure at a time when autonomy and independence are lacking (Morgan et al., 2019).
Therefore, PA could offer a similar opportunity to combat the barriers and biographical disruption that
people with OA and comorbidity experience, boost self-esteem, provide structure, improve self-

identity and purpose, thus improving overall QOL (Morgan et al., 2019).

7.5.3 Physical activity in people with osteoarthritis and comorbidity may be facilitated by
increasing self-efficacy for (1) osteoarthritis and comorbidity and (2) physical activity

Due to the dearth and heterogeneity in evidence regarding the effectiveness of PA for people with OA
and comorbidity, it is unclear what PA type or mode would be optimal in an intervention. Despite this,
it is possible to cautiously recommend intervention components by integrating the thesis findings.
Patients experienced multi-level barriers to PA, but also underlying key barriers; a lack in comorbidity
conceptualisation, uncertainty in managing their conditions and uncertainty of PA effectiveness, and
negative perceptions surrounding their conditions (e.g. normalising ageing) and PA (e.g. fear of
exacerbating conditions). These challenges encountered, could, therefore, reduce both (1) OA and
comorbidity self-efficacy and (2) PA self-efficacy and create challenges for people with OA and

comorbidity to self-manage their conditions with PA.

The relationship between self-efficacy for conditions and LTC management has been found elsewhere;
condition self-efficacy and PA self-efficacy are significantly associated with the management of
arthritis (Baruth et al., 2013; Marcum et al., 2014; Van Liew et al., 2013), and mediates the relationship

between disease, pain and function in people with knee OA (Somers et al., 2009). Moreover, condition

212



Chapter 7: Thesis synthesis

self-efficacy has shown a significant positive association with QOL in OA (Van Liew et al., 2013). A
significant relationship also exists between increased comorbidity frequency and decreased self-care
management, since condition self-efficacy influences self-care, affecting how people prioritise and
cope with multiple, competing condition treatments (Dickson et al., 2013). Therefore, comorbidity

could decrease a person’s ability to self-manage through mechanisms of condition self-efficacy.

Succeeding this, targeting PA self-efficacy could be important in improving patient ability to self-
manage PA, and autonomously integrate it into their life. Patient attitudes, beliefs and perceptions
about OA and symptoms are linked with motivation levels and negative outcome expectancies of
treatment and PA (Hurley et al., 2018). Further, a consistent link between self-efficacy, arthritis pain
and disability, and adherence to recommended treatment strategies have previously been established
(Somers et al.,, 2009; Dekker et al.,, 2009). Low PA self-efficacy is associated with lower PA levels in
people with other LTCs including diabetes (Thomas et al., 2004) and heart failure (Klompstra et al,,
2015), and health-related QOL is associated with PA self-efficacy in people with cancer (Perkins et al.,
2009). Improving OA and comorbidity self-efficacy could, therefore, be an important precursor to
activating patients to self-manage their LTCs in daily life, before targeting PA self-efficacy, to increase

self-management of PA behaviour.

7.5.3.1 Fostering improved self-efficacy through healthcare professional and social support

Although a detailed review of self-efficacy enhancing methods are beyond the scope of the thesis,
previous research has indicated the importance of assessing and intervening to maximize self-efficacy
beliefs, as they are likely to impact outcomes including function and PA participation (Marks, 2014;
Jackson, 2020; Hammer et al., 2016). Bandura (1997; 1994) suggests self-efficacy can be improved
through mastery, vicarious experiences, verbal persuasion and affective states, to influence people’s
cognitive, motivational, affective and selective processes. In the thesis systematic review and
qualitative investigation, both support from HCPs and social groups played a role in PA participation.

More so, the qualitative study went further to say why it was important to have support. Fostering
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regular communication with both the HCP and other patients could enhance both OA and comorbidity
self-efficacy and PA self-efficacy. Both support mechanisms could alleviate concerns of safety, provide
awareness of PA benefits, help experience and visualise the positive outcomes, and realign negative
OA and comorbidity interpretations and PA experiences (Bandura, 1997; ACSM, 2018). For example,
by having a knowledgeable HCP, delivering tailored PA, patients could be taught skills, gain confidence
in their ability, and subsequent empowerment in their health condition self-management and PA
treatment (Hurley et al., 2018). Additionally, proactive communication with a HCP and a group,
whereby patients experience feelings of a partnership, involvement and accountability, could

encourage self-management and ongoing PA engagement (Hurley et al., 2018).

Experiences including HCP encouragement, group inspiration and improved knowledge of PA side-
effects have been found to contribute to greater self-efficacy and subsequent PA participation in OA
(Hammer et al., 2016). Enhancing patient PA self-efficacy is key for the maintenance of PA, through
the HCP providing disease-specific, individualised support, positively perceived PA, and nurtured
positive vicarious experience (Hammer et al., 2016; Warner et al., 2014; Marks, 2012). A recent RCT by
Wada et al. (2019) tested a self-efficacy targeted PA program and found that instruction by PTs, which
considered a person’s ability and increased awareness of PA benefits, contributed to increased PA self-
efficacy and resulted in behaviour change, compared to PA instruction alone (Wada et al., 2019).
Therefore, HCP support could be a key vehicle to increase patients’ skills to enhance their OA and

comorbidity self-efficacy and PA self-efficacy and enable them to self-manage their conditions via PA.

Social support provided by meaningful others is an important factor in predicting PA in older adults
(Warner et al., 2011; Bandura 1997). Previous PA programmes for people with OA found that the
opportunity to be in a group, meet new people, share stories and gain peer support benefited the
participants (Hendry et al., 2006). Having meaningful relationships such as friends can contribute to a
support network that can assist both practically and emotionally in PA (Taskforce, 2018). Furthermore,

Bandura (1997) suggested self-efficacy could moderate the effects of social support on PA, whereby
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individuals with higher self-efficacy are more likely to translate support into productive PA outcomes.
More so, a study by Warner et al. (2011) found that in older adults with multiple morbidities, social

support predicted PA, which increased with higher self-efficacy (Warner et al., 2011).

Sharing experiences and peer support are more likely to make PA fun and enjoyable experience, which
could replace feelings of isolation, due to the experience of comorbidity, or the perception of PA as an
additional burden or a chore (Moody et al., 2012). Morgan et al. (2019) found a link between a sense
of togetherness and belonging and the development of positive health behaviours. Therefore, relevant
social support is needed to improve self-efficacy for (1) OA and comorbidity and (2) PA, by providing
demographic homogeneity and belonging which may enhance social learning, contribute to better

QOL, and foster long-term PA behaviour change.

7.6 Findings in the context of healthcare service delivery

The HOC framework provides an approach to managing LTCs adopted by UK health policy (Coulter et
al., 2016). People with OA and comorbidity experience gaps in components identified within the HOC
framework including having; clear and consistent guidelines for how to self-manage their OA and
comorbidity via PA, holistic condition services for each of their comorbidities and associated healthcare
interactions, and HCP collaborations to achieve patient-centred care (Epping-Jordan et al., 2004;

Wagner, 1998; Coulter et al., 2016).

There is still a requirement for a holistic, proactive and collaborative model (Coulter et al., 2016) which
houses productive interactions between well-resourced and informed HCPs and activated patients
(Wagner, 1998) who can confidently self-manage 1) OA and comorbidity and 2) PA treatment, at the

core. The following section outlines potential pathways to progress toward this HOC approach.

7.6.1 Self-efficacy-support model

It is clear from the findings that the commonality in the patient’s experiences, of low condition self-

efficacy, low PA self-efficacy and the disruption to QOL could be targeted. To achieve this, patients
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need to be activated and develop their ability to self-manage disruptions to their QOL and PA.
Therefore, | propose the ‘self-efficacy-support model’ for future research and clinical practice to
consider (Figure 7.1), which encourages the collaboration of a relatable group of patients to enhance
shared learning, with knowledgeable HCPs to teach skills, to foster self-efficacy for both their
conditions and PA, to attain PA participation. The primary outcomes would be improved PA level and
QOL (blue box). Also, being within a group of relatable patients could offer demographic homogeneity,
a sense of belonging and camaraderie, which would further enhance QOL (and thus PA level) (orange

box).

Furthermore, if an effective model of PA and condition self-efficacy-support is established, then this
could expand to other self-efficacy components. For example, coping self-efficacy, to promote the
ability of patients to deal with multi-level barriers, and thus continued PA participation (green box).
Finally, if the model is successfully tested and implemented, it would be a proactive and holistic
approach to care that cultivates a collaborative system for HCPs in partnership with people with OA

and comorbidity (Coulter et al., 2013).
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Figure 7.1 A self-efficacy-support model to improve PA levels and QOL in people with OA and
comorbidity through HCP and social support

7.6.1.1 Continued self-efficacy-support

As described in the qualitative chapter, in a sample of people with OA and comorbidity, multi-level
barriers to PA existed, which could be why in the secondary data analysis, the presence of comorbidity
negatively influenced PA level, and why in the systematic review, current PA interventions results are
mixed and uncertain. A potential solution for HCPs in supporting people with OA and comorbidity to
increase their PA levels is to collaborate in anticipating and planning to overcome the multi-level
barriers, as protection from relapse in PA participation. By establishing an efficient self-efficacy-
support model, continued self-efficacy development could be a result. Participants being activated,
knowing how to adapt and develop strategies to cope and tailor PA to suit them, they could regain
some control over their health status, daily lives, PA participation and PA barriers (Taskforce, 2018). A
similar theory was described by Schwarzer et al. (2011), who describe their Health Action Process
Approach (HAPA) to address the discordance between intention and behaviour, by an additional level
of self-efficacy in handling barriers (Schwarzer et al., 2011). To prevent relapse in PA behaviour, the
self-efficacy-support model also highlights how to foster ‘coping self-efficacy’ for improved action and
coping planning, and even ‘recovery self-efficacy’ to resume behaviour after set-backs (Schwarzer et

al,, 2011).

A patient-centred, holistic approach requires the prioritisation of planned and proactive practice,
rather than reactive, to meet the needs of patients with multiple LTCs (Theis et al., 2016). Therefore,
HCPs and patients with OA and comorbidity using the self-efficacy-support model could have a
proactive partnership that cultivates self-management and problem-solving for the uptake and

maintenance of PA.
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7.7 Thesis strengths and limitations

This thesis, by its multi-method nature, had several strengths not mentioned in the three previous
studies. By using more than one method; both quantitative and qualitative, results from each of the
studies could stand alone, or be interpreted together, to offer further expansion and explanation of

findings, more depth and a richer investigation of PA in people with OA and comorbidity.

The critical path of conducting different thesis studies in a multiphase manner meant that each study
was completed within its own timeframe and the study results were finalised, before viewing the thesis
as a whole. A weakness of multi-methods, compared with a mixed method approach, could have
meant the results from one study could have informed the methods for subsequent investigations. For
example, knowledge of specific comorbidity associations with PA could have directed the interview

guide topics or questions to purposefully expand the thesis findings.

A further limitation was the use of secondary data (both systematic review and secondary data analysis
studies), which does not allow control over the variables investigated other than those collected for
the original research. For example, previous RCTs did not consistently measure QOL, or use a

measurement tool that could capture outcomes in OA and comorbidity (not just OA).

It should be noted that all participants; in the RCTs included in the systematic review, in both the
secondary data analysis trials (BEEP and MOSAICS) and those in the qualitative investigation consented
to take part in research and may not be representative of the population with OA and comorbidity. For
example, the results may not generalise to the oldest or most frail populations, nor those with
comorbidities considered to contradict PA. Previous studies such as that by Hurley et al. (2018) noted
that volunteer bias might be evident as people may only volunteer for PA related research if they are
particularly conscious of PA opportunities. As a result, participants may have a prejudiced enthusiasm

toward PA and non-representative opinions about PA, compared with the general population.
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The systematic review search was completed in 2017, which may mean other relevant RCTs
investigating the effectiveness of PA in OA and comorbidity have been published prior to the thesis
completion. For example, a recent RCT (Bennell et al., 2020), would have met inclusion for the
systematic review which compared the effectiveness of two exercise programs for people with knee
OA and obesity comorbidity. Their study recruited from the community, and the non-weight-bearing
and weight-bearing interventions were home-based, measured pain and function but also QOL, and
found both interventions improved clinical outcomes, but that weight-bearing functional exercise
yielded less adverse events for this patient group. The review will be updated on submission for

publication in the near future.

7.8 Clinical recommendations

The novel findings from this thesis can add to the clinical management of PA in people with OA and
comorbidity. The systematic review supports existing research and recommendations that PA
interventions and PA participation provide benefits for people with LTCs, however, the uncertainty and
mixed findings indicate that more work needs to be done in accounting for comorbidity. The secondary
data analysis highlighted the importance of targeting people with OA and comorbidity with
interventions aimed at increasing PA since this group has lower levels of PA compared to people with

OA without comorbidity.

PA interventions for people with OA should be inclusive of their comorbidities, requiring tailored
support to help them increase their PA levels to gain the associated health benefits. The qualitative
findings highlighted the ways in which this could be achieved. For example, HCPs were identified as
having an important and valued role in supporting the uptake of PA. HCPs need to offer patients clear
guidance on tailored PA considering the patient’s comorbidities. In turn, clinical guidelines need to
better support HCPs with recommendations for effective tailoring of PA in the presence of OA and
comorbidity. HCPS can support self-management of OA and comorbidity by facilitating discussions that

identify and problematise in anticipation of multi-level barriers to PA and understanding what barriers
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patients prioritise, to provide tailored PA advice. One approach could be implementing the self-
efficacy-support model, instead of HCPs targeting unique, dynamic and heterogeneous patient barriers
to PA, the intervention should target ways in which a patient can be better equipped to self-manage
and cope with the barriers themselves. A shift of viewpoint to a holistic, proactive, and activated
patient approach, combined with the additional comorbidity tailoring, could improve self-efficacy skills
and better self-management of conditions and PA, and foster planning and coping with inevitable

multi-level barriers to PA.

Finally, in using a patient-centred model, treatment could identify patients with similarities in their
comorbidity experiences, suitable to be grouped in PA treatment. This could facilitate relevant social
support from peer groups (e.g. social learning, confidence and belonging), and provide HCPs with
direction for their treatment approach (e.g. appropriate PA tailoring, providing knowledge, re-aligning
negative perceptions and re-assurance). Furthermore, PA treatment encompassing HCP and social
support could increase PA level both indirectly by targeting (1) OA and comorbidity self-efficacy and

directly through (2) PA self-efficacy.

Recently, NICE published their draft guidance for the management of chronic pain (NICE clinical
guideline GID-NG10069; 2020). The findings of this thesis complement the guideline
recommendations, stressing the need for person-centred models of care. The guideline suggests that
in order to match the heterogeneous, complex, and distressing nature of chronic pain (of which OA is
considered a condition of chronic pain), people need involvement in discussions and decisions about
their care (NICE, 2020). Specifically, emphasis is placed on; knowing the patient as an individual, how
pain affects their life, patient activation, communication, information, and shared decision making,
alongside fostering a collaborative, supportive relationship (NICE, 2020). The guideline suggests
supervised group PA as non-pharmacological management, provided it is developed with the patient,
accounting for their specific needs, preferences, and abilities, to ensure they attain long-term health

benefits (NICE, 2020).
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7.9 Research recommendations

Several research implications and recommendations were described in each of the three thesis studies.
This section highlights the other key recommendations for future research areas which could help to
improve PA in people with OA and comorbidity. First, the main body of the discussion has summarised
targeting improving PA and QOL through a self-efficacy-support model. Future trials in people with OA
and comorbidity are needed to test whether PA can be combined with the self-efficacy-support model,
using both HCP and social support, to improve self-efficacy and subsequently PA and QOL. An example

of how this intervention could be designed is presented in Figure 7.2.

Population

Setting

Adults with OA and comorbidity that have
clinical guidelines recommending PA

UK NHS primary care

Intervention and control groups

Outcomes of interest

1. PA and self-efficacy-support intervention
2. Usual UK NHS care for OA

1.
2.

PA level, pain, function, QOL, Self-efficacy
Long-term follow-up of outcomes, self-
management and adherence

Intervention procedure

1. Identify the population: group based on their demographic homogeneity: comorbidities,
symptoms, disruptions or shared barriers to PA

2. Discussions with the patient group and clinical reasoning: to determine what aspects are
important to the individuals to shape the intervention

3. Deliver PA and self-efficacy-support strategies in line with UK guidance

4. Monitor progress (outcomes) and follow-up

Example self-efficacy components through HCP and social support*

OA and comorbidity self-efficacy

Increase disease knowledge

Improve symptom management
Problem-solving and decision-making skills
Re-align negative perceptions and beliefs
Combat uncertainty and fears

Encourage self-monitoring

PA self-efficacy

Increase PA knowledge

Re-align negative PA perceptions and beliefs
Foster mastery and skills training

Enable modelling and exposure to PA
Provide verbal persuasion and feedback
Increase encouragement and
referral/endorsement

Activate to set goals and problem-solve

Potential mechanisms

of intervention effects**

OA and comorbidity self-efficacy
e Emotional support
Self-management skills
Sense of control

Coping skills
Problem-solving ability
Positive expectations
Structure to life

PA self-efficacy

Alleviate concerns, such as safety
Importance and belief in the effect
Develop personal motivations
Physiological feedback reinterpretation
Barrier anticipation and planning
Adherence

Anticipated benefits for a person with OA and comorbidity
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e Improve PA level, pain, function and QOL

Increase self-efficacy for OA and comorbidity management

Improve the self-efficacy of patients to self-manage their OA and comorbidity via PA

Reduce the impact of multi-level barriers and improve coping abilities and planning

e Improve social functioning: combat isolation, sense of identity and belonging

e Prioritising PA as a less burdensome, relevant, manageable and enjoyable long-term behaviour

Figure 7.2 An intervention using PA and self-efficacy-support to increase PA and QOL in people with
OA and comorbidity

OA: osteoarthritis; PA: physical activity; UK: United Kingdom; NHS: national health service; QOL: quality of life;
HCP: healthcare professional.* Bandura (1997) suggests improving self-efficacy requires; mastery experiences,
vicarious experience, verbal persuasion and physiological and affective states. **Bandura (1994) suggests
improving self-efficacy can positively influence four human processes; cognitive, motivational, affective and
selective processes.

7.9.1 More research on osteoarthritis inclusive of comorbidity

Several gaps in the literature exploring the effectiveness of PA in people with OA and comorbidity are
evident. For example, research into the effectiveness of PA in OA and comorbidity outside of knee OA,
including hip OA, other sites and multisite OA is needed. Also, other specific comorbidities to OA that
are highly prevalent and common in OA other than obesity, such as depression, CVD, T2DM and

common comorbidity clusters require further investigation.

The results of the secondary data analysis suggest a potential dose-response relationship with
comorbidity increasing and PA levels decreasing. However, it is unknown and could be important to
know whether the accumulation of common clusters of comorbidities to OA or specific combinations
of comorbidities to OA are most prevalent and disruptive to PA level. Future research could take the
associationsin the current study a step further and consider patterns and clusters of conditions existing
alongside OA to investigate the impact and association with PA level. The growing literature on this
concept has highlighted that treating diseases in isolation creates complication (Guthrie et al., 2012)
and that services need to reconfigure from individual systems (e.g. haematology or gastroenterology)
to recognise clusters of disease in one person (Whitty et al., 2020). For example, investigating disease
patterns existing in electronic medical records (Whitty and Watt, 2020) could determine whether
specific comorbidity combinations (e.g. OA, obesity and diabetes), have important combined

influences on PA.
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7.9.2 Future physical activity interventions for osteoarthritis and comorbidity
Future research is needed to establish how to best deliver PA interventions for people with OA and
comorbidity in primary care, which enable people to adopt an active self-management approach with

regards to PA treatment.

There is still a need to determine the optimal dose, mode, intensity, duration and frequency of PA for
OA and different types and frequencies of comorbidity. In the systematic review, most interventions
had multiple components and methods, making the comparison of interventions difficult. Secondary
data analysis from RCTs and individual participant data investigating subgrouping and targeted PA for
people with OA are currently being carried out (Legha et al., 2020; Quicke et al., 2020; Holden et al.,
2017). These methods could increase the power to identify what patients benefit most from PA and
may produce more clinically relevant results, by allowing direct derivation of desired data (e.g. specific

comorbidities) from original publications.

The qualitative findings suggested that people with OA and comorbidity are more likely to participate
in PA if they find it enjoyable, however, whether enjoyment focussed PA produces similar effects on
clinical outcomes, is unclear. Future research should consider evaluating the effectiveness of
alternative PA modes, such as exergaming and adapted versions of conventional PA types. These types
of interventions could be important to consider as they are suggested as more enjoyable or sustainable
types, which also may support long-term adherence. It is important to ascertain what PA interventions
are effective long-term in improving clinical outcomes, but also are maintainable, for people with OA
and comorbidity, as thesis findings suggest long-term follow up is not currently well documented in
current RCTs. Furthermore, although some combinations of PA with other intervention components
were identified (e.g. counselling), future combination trials could test self-efficacy-support strategies

alongside PA.
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7.9.3 Outcomes to better measure the effectiveness of physical activity in osteoarthritis and
comorbidity

The systematic review identified several different outcome measures being employed in different OA
RCTs. There is a gap in establishing the most critical clinical outcomes, outcome measures and
reporting styles, for RCTs investigating PA in people with OA and comorbidity. There are existing
international recommendations for outcome measures (e.g. OMERACT OARSI criteria (Smith et al.,
2019)) to be used in trials of people with OA but not specifically OA and comorbidity. Recent research
has established health-related outcome measures that apply to people with a range of different LTCs
(including OA) (Smith et al., 2018). The use of existing, consensus recommended, core outcomes sets
for people with OA, combined with those for people with multiple LTCs could be used in future
research to investigate the effectiveness of PA in people with OA and comorbidity. Furthermore, the
potential importance of QOL to people with OA and comorbidity, and the lack of reporting of QOL in
the systematic review, could make a case for its increased use as an outcome measure in future RCTs

for people with OA and comorbidity.

The qualitative self-efficacy findings should be further investigated using quantitative methods to
establish associations between self-efficacy, PA, and OA and comorbidity. Also, the relationship
between comorbidity and PA level in people with OA in this thesis was based on self-report measures.
Given the limitations of self-report PA measures, future associations between OA and comorbidity with

PA level using objective PA measures could offer external validation.

7.9.4 Multi-method research on physical activity in osteoarthritis and comorbidity

There is an unquestionable dearth of research unpicking OA and comorbidity and PA to explore the
how and why questions. Therefore, future multi-method research could be a useful way to understand
how and why comorbidity impacts on PA level in people with OA. Further, how PA interventions could
be better tailored, and what components are most effective and helpful for both HCPs and people with

OA and comorbidity to enable them to better support the self-management of PA and increase PA
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levels, still needs work. Future trials of PA interventions for people with OA and comorbidity could

embed qualitative methods to help and understand this.
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Chapter 8. Conclusion

This multi-method thesis has made a novel and useful contribution to the field of PA for adults with
OA and comorbidity. The systematic review was the first to specifically investigate the effectiveness of
PA interventions on clinical outcomes for people with OA and comorbidity. The secondary data analysis
offers additional and new insights into the relationship between comorbidity presence, frequency and
type and PA in people with OA. The qualitative study is the first to explicitly explore how people with

OA experience PA in the context of comorbidity.

The thesis findings have shown that there is a lack of consistent evidence regarding the effectiveness
of, and optimal specification for, PA interventions for people with OA and comorbidity. Whilst trends
in the systematic review findings suggest small clinical benefits, the findings of individual studies are
mixed and most of the existing studies relate to people with knee OA and obesity. It has shown that
comorbidity is associated with lower PA levels in people with OA and that this relationship grows in
magnitude with increased comorbidity frequency. Investigating the patient perspective gave insight as
to how multiple, multi-level barriers were encountered by people with OA and comorbidity, limiting
their ability to carry out and maintain PA. Potential mechanisms to facilitate PA in this group were also
identified including support mechanisms (such as HCP and social support) and targeting both OA and
comorbidity self-efficacy and PA self-efficacy, to activate patients to better self-manage their PA

treatment.

This thesis has important implications for treatment recommendations, HCP delivery of PA, and for the
people with OA and comorbidity themselves. The NHS vision (NHS, 2019) emphasised patient-centred
partnerships between HCPs and patients, that enable patients to have a voice in their care. The findings
of this thesis support this vision, that people with OA and comorbidity need to be empowered to have
a voice, to talk their talk, reflective of their lived experience. HCPs then have an important role in
working with patients with OA and comorbidity, to support them to develop the skills to problem-solve

and overcome barriers and increase their PA levels.
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Appendix 1. Thesis conceptual map

Osteoarthritis (OA) one of the most common long-
term conditions
Leads to pain, reduced function and reduced QOL.

NICE

National Institute for
Health and Care Excellence

Clinical guidelines recommend treatments of
education, exercise and weight loss.
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Physical activity (PA) improves pain and
function in people with OA

Recommended for both OA and
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Appendix 2. Systematic review: choosing comorbidities

Considerations informing the decision:

e Global burden of disease

e Commonly occurring conditions and frequency / co-existence with Osteoarthritis

e Commonalities in management of conditions

e Physical activity in treatment guidelines

e Quality Outcomes Framework (QOF) primary care

e Conditions that already have management in place (asthma, COPD, respiratory,
cardiovascular, diabetes)

e Patient impact

Global Burden of

Disease
_ N Commonly
Physical activity occuring
in tr.eat.ment conditions and
guidelines frequent in OA
Commonalities in
Patient Impact management of

conditions

QOF primary care

Figure: A2.1 Considerations informing the decision to choose comorbidities
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Table: A2.1 Display of the diseases most relevant under different categories within various guidelines for patient care.

Appendices

Factor Most deaths Most premature Cause most Exercise for Chronic Advice for Arthritis  NICE exercise QOF primary
death disability diseases and comorbidities guidelines Care
Source Institution for Institution for Institution for Mayo Clinic; Arthritis Foundation NICE guidelines  Quality and
Health Metrics and Health Metrics and Health Metrics and  Exercise and advice on living Outcomes
health Evaluation health Evaluation health Evaluation Chronic Disease with Arthritis and Framework
profile for the profile for the profile for the facts. comorbidities
Global Burden of Global Burden of Global Burden of
Disease. Disease. Disease.
Results for UK, Results for UK, Results for UK,
ENGLAND 2015. ENGLAND 2015. ENGLAND 2015.
Diseases Ischemic Heart Ischemic Heart Low back and neck  Heart Disease Depression Myocardial Diabetes
Disease Disease pain Infarction
Diabetes Diabetes Asthma
Cerebrovascular Cancer Sense organ Stroke
disease disease
Cerebrovascular Asthma Heart disease Chronic Heart COPD
Alzheimer Disease  disease Depressive Failure
disorders
Back pain Obesity COPD Kidney Disease
Lower respiratory COPD Other
Infection musculoskeletal
Lower respiratory Arthritis Depression Cardiovascular

COPD

Cancer

infection

Alzheimer disease

Asthma

Anxiety

Chronic Fatigue
Syndrome

Hypertension

Bold: Comorbidities of interest; diabetes, chronic obstructive pulmonary disease, hypertension, heart disease (CVD), obesity and depression.
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Institution for Health Metrics and health Evaluation profile for the Global Burden of Disease.

Results for the UK, ENGLAND 2015. (Institute for Health Metrics and Evaluation website:
http://www.healthdata.org/united-kingdom-england)

Source:

Mayo Clinic: Exercise and Chronic Disease in depth

(Mayo Clinic website: http://www.mayoclinic.org/healthy-lifestyle/fitness/in-depth/exercise-and-

chronic-

Source:

disease/art-20046049)

Heart disease: Regular exercise can help improve your heart health. Recent studies have
shown that interval training is often tolerated well in people with heart disease, and it can
produce significant benefits.

Diabetes: Regular exercise can help insulin more effectively lower your blood sugar level.
Physical activity also can help you control your weight and boost your energy.

Asthma: Often, exercise can help control the frequency and severity of asthma attacks.
Back pain: Regular low-impact aerobic activities can increase strength and endurance in your
back and improve muscle function. Abdominal and back muscle exercises (core-
strengthening exercises) may help reduce symptoms by strengthening the muscles around
your spine.

Arthritis: Exercise can reduce pain; help maintain muscle strength in affected joints and
reduce joint stiffness.

Arthritis Foundation advice on living with Arthritis and comorbidities

(http://www.arthritis.org/living-with-arthritis/comorbidities/)

The foundation provides advice on four conditions for those living with comorbidities to arthritis;

wn e

4,
Source:

=

NouhswWwNEB~WN

267

Depression
Diabetes

Heart Disease
Obesity

NICE guidelines

Obesity (see NICE clinical guideline 189)

Type 2 diabetes (see NICE clinical guideline 28)

Hypertension (see NICE clinical guideline 136)

Myocardial infarction (see NICE clinical guideline 172 on secondary prevention)
Stroke (see NICE clinical guideline 162 on rehabilitation)

Chronic heart failure (see NICE clinical guideline 108)

Cardiovascular diseases (CVD) (see NICE clinical guideline 181)

Chronic obstructive pulmonary disease (COPD) (see NICE clinical guideline 101; 115)
Depression (see NICE clinical guideline 90 for adults)

Low back pain (see NICE clinical guideline 88)

Chronic fatigue syndrome/myalgic encephalomyelitis (or encephalopathy) (see NICE clinical
guideline 53)
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Appendix 3. Systematic review search strategy MeSH terms

1) Osteoarthritis AND

2) Physical activity / exercise AND

3) Comorbidity OR COPD OR Heart disease OR Hypertension OR Diabetes OR Depression OR
Obesity.

*Degenerative joints
=Specific limb pain
Osteoarthritis =Joint space narrowing
*Symptoms of OA

e Arthritis

*Rehabilitation
*Exercise Groups
*Exercise types
*Sports

Search Strategy

s Multimorbidity
Comorbidities *Co-existence
sMultiple diseases

+Heart Disease

o =COPD

S_pecrﬁl: *Hypertension

Diseases .
*Diabetes
*0Obesity
*Depression

Figure: A3.1 The four-component search strategy

Table: A3.1 The terms, MeSH terms and words used within the search strategy

Component MeSH term Words

Osteoarthritis | Osteoarthritis Osteoarthriti*

osteo-arthriti*

osteoarthros*

osteoarthrotic

"degenerative joint"

"joint pain"

"hand pain"

"hip pain"

arthrosis

"degenerative joint disease"

"joint space narrowing"

Osteophyte

"knee pain"
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"knee osteoarthritis"

"musculoskeletal pain"

arthritis

coxarthrosis

osteoarthr*

Exercise Exercise Exercise

Rehab exp aerobic*

Hydrotherap*

sports

movement

yoga

walk*

cycling

treadmill

aquatherap*

swim*

"tai chi"

"muscle strength*"

"range of motion exercise"

"aerobic exercise prog*"

"aerobic adj3 train*"

"Strength train*"

"exercise train*"

"exercise movement techniques"

"Physical activit*"

"Physical fitness"

"Physical therap*"

"exercise therap*"

"Circuit-Based Exercise"

"High-Intensity Interval Training"

"Plyometric Exercise"

"recreat* activit*"

physiotherap*

rehab*

"resistance train*"

Comorbidity | Comorbidity Comorbid*

Co-morbid*

multimorbid*

multi-morbid*

"coexist* diseas*"

"co-exist* diseas*"

"co-occur* diseas*"

"multiple diseas*"

"concurrent dis*"

"multiple condition*"
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"charlson comorbidity index"

Heart
Diseases

Myocardial Ischemia

"heart diseas*"

"inflammatory heart disease"

"Cardiac failure"

"congestive heart failure"

"coronary heart disease"

"ischemic heart disease"

angina

coronary

"cardiac disease"

COPD

Pulmonary disease, chronic obstructive

"pulmonary disease, chronic obstructive'

COPD

"chronic bronchitis"

"pulmonary emphysema"

"chronic obstructive airway disease"

"chronic obstructive lung disease"

"chronic airflow obstruction"

Hypertension

Hypertension

Hypertens*

"high blood pressure"

"high systolic"

"high diastolic"

Diabetes

Diabetes Mellitus

diabetes

T2DM

Hyperglycemia

"glucose intolerance"

"Diabetes Mellitus, type 2"

Obesity

Obesity

obesity

overweight

"morbid* obese"

Depression

Depressive disorder

depression

depression

depressi*

"depressive neurosis"

"depressive syndrome"

"mood disorder"

"low mood"

"dysthymic disorder"
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Appendix 4. Systematic review study eligibility form

Study ID:

Report ID :

Date form completed:

First author:

Year of study:

Study screener:

Citation:

1. General Information

Publication type

Journal Article[ | Abstract[ ]

Country of study:

Funding source of study:

Conflict of interest from funding? Y / N / unclear

2. Study Eligibility

Study Characteristics

Page

Type of study

Study type

[]Randomised Controlled Trial (RCT)

[] Cluster Randomised Controlled
Trial (cluster RCT)

Does the study design meet
the criteria for inclusion?

Yes[ ] No[ | >Exclude Unclear[ ] | Y/N/U

Description in text:

Participants

Describe the participants included:

Adults mean age 245

Yes[ ] No[] Unclear[ ]

Clinical Osteoarthritis (with or
without radiographic
diagnosis)

Yes[ ] No[ ] Unclear[ ]

OA at any site AND >
comorbidities of interest

Yes[ | No[ ] Unclear[ ]

Details:

Do the participants meet the
criteria for inclusion?

Yes[ ] No[_|2Exclude Unclear[ ] |Y/N/U

Types of
intervention

Any exercise intervention
(alone or in combination)

Yes[ | No[ ] Unclear[ ]

Details:
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Control group Yes[ | No[ ] Unclear[ ]
Details:
Does the intervention meet Yes[ ] No[ | =>Exclude Unclear[ ] |Y/N/U
the criteria for inclusion?
Types of Primary Outcome Yes[ | No[ ] Unclear[ ]
outcome (pain, function, QOL, GH) )
Details:
measures
Secondary / additional Details:
outcomes (exercise adherence,
adverse events, long-term FU)
Do the outcome measures Yes[ ] No[_]>Exclude Unclear[ ] |[Y/N/U
meet the criteria for inclusion?

3. Summary of Assessment for Inclusion

Exclude from review [_]

Independently assessed, and then compared?

Yes[ ] No[ ]

Differences resolved

Yes[ ] No[_]

Request further details? Yes[ ] No[ ]

Contact details of authors:

Notes:

DO NOT PROCEED IF PAPER EXCLUDED FROM REVIEW
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Appendix 5. Systematic review data extraction form

Data extraction (Spacing reduced for thesis)

ONLY WHEN PASSED STUDY ELIGIBILITY

Section 1:
Section 2:
Section 3:
Section 4:
Section 5:
Section 6:
Section 7:

General review information

Methods of the study

Risk of bias assessment

Study characteristics - participants

Study characteristics - interventions and comparisons
Study characteristics - outcomes

Data and results

General review information

Appendices

Study ID: ReportID: Date:
First author: Year of study: Data extractor:
Citation:

Further info required? Y/ N

Contact details: Contact?Y/N

Details:

Methods of study

Study intention

Descriptions as stated

Page

Aim of
intervention

What was the problem that this intervention was designed to
address?

Start and end
date of the study

Total study
duration

Methods

Method of
recruitment of
participants

How were potential participants approached and invited to
participate? Where were participants recruited from?

Inclusion /
exclusion criteria

Total number of
intervention
groups

Unit of
randomisation

Allocation by individuals or cluster/groups

Risk of bias assessment

Domain Judgement | Notes on rating
Random High risk Method used to generate the allocation sequence
sequence Unclear Including only RCTs in your review, papers marked ‘High risk’ should be
generation Low risk excluded as they are not truly randomised.
. High risk Method used to conceal the allocation sequence
Allocation
Unclear
concealment .
Low risk
Blinding of High risk All measures used to blind study participants and personnel
participants Unclear
and Low risk
personnel
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Blinding of High risk Measures used to blind outcome assessors from knowledge of which
outcome Unclear intervention a participant received. Whether the intended blinding was
assessment Low risk effective.
Incomplete High risk Completeness of outcome data for each main outcome (attrition (loss to
outcome data | Unclear follow up, withdrawn and exclusions from analysis). Attrition and
Low risk exclusions reported? numbers in each intervention group (compared with
total randomized participants), reasons for attrition/exclusions, and any
re-inclusions in analyses
Selective High risk Possibility of selective outcome reporting, what was found.
reporting Unclear
Low risk
High risk State any important concerns about bias not addressed in the other
Other sources -
. Unclear domains in the tool.
of bias .
Low risk

Study Characteristics - participants

Participants

Information for each group (i.e. intervention and
controls) under study

Page

Total number randomised

Number allocated to each
intervention group

Where there any significant
baseline imbalances?

Yes[ ] No[ ] Unclear[ ]

Details:

What percentage of patients
completed the study?

What percentage of
participants received the
allocated intervention or
exposure of interest?

Age (median, mean and range
if possible)

BMI (median, mean and range
if possible)

Osteoarthritis details

Comorbidity details

Subgroups

Any participant subgroups from this paper to be
analysed in the review.

Study characteristics — Interventions / controls
Intervention Group 1 (copy and paste table for more Intervention/control groups)

Group name

‘ Name for this intervention group

‘ Page

Details of intervention or control condition

Setting Multicentre, university teaching hospitals, rural, school,
workplace, community, GP clinic, etc.

Content List the strategies intended and delivered TYPE

Delivery Stages (sequential or simultaneous), FITT - timing,
frequency, duration, intensity

Providers Who, number, education/training in intervention

delivery, ethnicity etc. (if potentially relevant to
acceptance and uptake by participants)

Co-interventions?
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Duration of intervention

Duration of follow-up

Other economic information Yes [ ] No []
(from a societal, non- Details:
healthcare view — e.g. lost
wages, time)

Subgroups Enter a description of any intervention subgroups from
this report to be analysed in the review.

Control/comparison What information is provided about what the control or
comparison group received? (if not reporting in extra
table)

Study Characteristics — outcomes

Dichotomous outcome
Comparison
Outcome
Subgroup
Time point
Results Intervention Comparison

Events No. Events No. participants

participants

Missing Details:
participants

Other results
reported
Continuous outcome
Compariso
n
Outcome

Subgroup

Time point Details: Post-intervention or
change from baseline?

Results Intervention Comparison

Mean | SD (or other | No. Mean | SD (or other | No.
variance) participants variance) participants

Missing Details:
participants

Any other
results
reported

Question Outcome 1 Page Outcome 2 Page
Type of outcome
Time points
reported
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etc.

Unit of

measurement (if

relevant)

How is the measure | Telephone, mail, in
applied? person, trained assessor

How is the outcome
reported?

Self or study assessor

Is there adequate
power for this
outcome?

Extra information

Outcomes relating to harms/unintended
effects / adverse events of the
intervention

Potential for author conflict

Key conclusions of the study authors

Could the inclusion of this study
potentially bias the generalisability of the
review?

References to other relevant studies

Additional notes by review authors

Data and results
Comparison:

Outcome:

Subcategory:

Treatment group:

Control group:

Total randomised

excluded*

Observed

lost to follow up*

*Reasons for loss/exclusion:

Subcategory:

Treatment group:

Control group:

Observed (n) total (N)

observed (n)

total (N)

Treatment group:

Control group:

Total randomised

excluded*

Observed

lost to follow up*

*Reasons for loss/exclusion
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Appendix 6. Outcome measures data extraction hierarchy

Table: A6.1 Outcome (pain, function, quality of life and global health) measurement tool hierarchy

for data extraction

Outcomes
Extracted
Pain

Function

Quality Of Life

Global Health
Measure

Hierarchy of Measures

RS

WhNRWN ROV R WN RO

The Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) subscale for Pain.

The Short-Form Health Survey (SF-36) subscale for pain

The Euro QOL 5 Dimensions (EQ-5D) subscale for pain.

Pain during activity and Pain at rest (VAS)

Knee Injury and Osteoarthritis Outcome Score (KOOS) lower limb focused
pain component

Hip Injury and Osteoarthritis Outcome Score (HOOS) pain component
The WOMAC index subscale for physical function

The SF-36 survey physical functioning component

Disabilities of the Arm, Shoulder and Hand (DASH) upper limb focused
6-Minute Walk Test (6MWT)

Timed get up and go test (GUG)

HOOS/ KOOS physical functioning component

The SF-36 survey

The EQ-5D survey

HOOS/ KOOS QOL subscales

The SF-36 general health component

The EQ-5D global health state component

Global Perceived Effect (GPE) scale, which participants rate the treatment
effect from better, no change, to worse.

Informed by recommendations from the Cochrane Handbook and OMERACT OARSI recommended OA
outcome measures (Higgins and Green, 2011; Smith et al., 2019).
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Appendix 7. Risk of bias tool selection
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Table: A7.1 The strengths and weaknesses of the three main tools considered for assessing risk of bias
in included studies.

COCHRANE
tool

JADAD scale

CASP
checklist

Strengths
e Strong strict structure
e Easy to follow, concise
e (Clear instructions and
empirical support for
domain components
e Scoring low, high, unclear

e Concise and quick to
complete

e Easy to understand with
empirical evidence support

e structured

e Strong strict structure

e Concise
e C(Clear instructions and
prompts

e Yes, no, can’t tell

Weaknesses

Not much flexibility apart from
‘other sources of bias’ option
which is vague

Too detailed and thus time-
consuming

Risk of bias graph too general

Point system unclear as to what
scored low, or why

Too brief thus weighting is hard to
justify

Not instructed in depth

A mix of dichotomous and detailed
answers

Long

Note: Although the Cochrane ROB tool was selected as the most suited to the current review to assess
ROB, there were still some limitations of using this tool. The main limitation was the application of the
‘blinding of participants and personnel’ domain to the treatment received as this was impossible with
any form of PA intervention. For this reason, the risk of performance bias due to participant and
personnel delivering the intervention was consistently marked as unclear.
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Table: A7.2 The Cochrane Collaboration Tool for assessing Risk of bias

Domain ‘Suppon for judgement Review authors’ judgement

Selection bias.

Random sequence generation.  |[Describe the methed used to generate the allocation sequence in Selection bias (biased allocation to interventions ) due tof
sufficient detail to allow an assessment of whether it sheuld preduce inadequate generation of a randomised sequence.

comparable groups.

Allocation concealment.

Describe the methed used to conceal the allocation sequence in sufficient |Selection bias (biased allecation to interventions) due tof

detail to determine whether intervention allecations could have been inadequate concealment of allocations prior to
foreseen in advance of, or during, enrolment. assignment.
Ferformance bias.
Blinding of participants and Describe all measures used, if any, to blind study participants and FPerformance bias due to knowledge of the allocated
personnel Assessments should be |personnel from knowledge of which intervention a participant received. interventions by participants and personnel during the
made for each main outcome (or  [Provide any information relating to whether the intended blinding was study.
class of outcomes). effective.
Detection bias.
Blinding of cutcome assessment [Describe all measures used, if any, to blind cutcome assessors from Detection bias due to knowledge of the allocated
ssessments should be made for  knowledge of which intervention a participant received. Provide any interventions by ocutcome assessors.
each main outcome (or class of information relating to whether the intended blinding was effective.
outcomes).

| ttrition bias.

Incomplete outcome data
\ssessments should be made for
each main outcome (or class of
outcomes).

Describe the completeness of outcome data for each main cutcome, ttrition bias due to amount, nature or handling of
including attrition and exclusions from the analysis. State whether attrition jncomplete outcome data.

and exclusions were reported, the numbers in each intervention group
(compared with total randomized participants), reasons for
attrition/exclusions where reported, and any re-inclusions in analyses
performed by the review authors.

Reporting bias.

Selective reporting.

State how the possibility of selective outcome reporting was examined by [Reporting bias due to selective outcome reporting.
the review authors, and what was found.

Other bias.

(Other sources of bias.

State any important concemns about bias not addressed in the other Bias due to problems not covered elsewhere in the
domains in the tool. table.

If particular questicns/entries were pre-specified in the review's protocol,

responses should be provided for each question/entry.
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Appendix 8. Meta-analysis detail

Study selection

All studies which investigated osteoarthritis and obesity were initially considered (n=10). Meta-analysis
is only possible were studies are similar enough in terms of methods and reporting (Higgins and Green,
2011). Therefore, some studies were not deemed similar enough to include in the meta-analysis. The
following section describes this process of selection.

Table: A8.1 Studies to check for sufficient homogeneity for meta-analysis of OA with obesity.

Study Mean BMI Measures SD/S  Post- Post- = Meta-analysis inclusion
BMI Range reported E control int or exclusion (1% reason)
Casilda-Lopez 32 >30 WOMAC pain & Mean Y Y Excluded
et al. 2017 function, 6BMWT SD Active control group
Christensen et | 37 >30 SF-36 - - - Excluded
al. 2015 Outcome measure
Jenkinson et 33 >28 WOMAC pain & Mean Y Y Excluded
al., 2009 function SD BMI lower limit
Lim et al. 27 >25 SF-36 - - - Excluded
2010 BMI
Messieretal. 34 >30 WOMAC pain & Mean Y Y Included in 2 meta-
2004 function, EBMWT SE analyses
Messieretal. @ 33 >30 WOMAC pain & Mean | Y Y Included in 3 meta-
2013 function, SF-36, SE analyses
6MWT
Miller et al. 34 >30 WOMAC pain & Mean Y Y Included in 3 meta-
2006 function, BMWT SE analyses
Rejeskietal., 34 >30 SF-36 Mean N N Excluded
SE Follow-up reporting style
Schlenk et al. 33 >30 WOMAC function, Mean Y Y Included in 2 meta-
2011 6MWT SD analyses
Somersetal.,, 33 >30 WOMAC pain & VAS Y Y Excluded
2012 function Reporting style

BMI=Body Mass Index; SD=Standard Deviation; SE=Standard Error; Post=Post intervention follow-up
data available for (control group / intervention group); (1°* reason)=1°" reason the study was not
included in meta-analyses.

Of the 14 studies included in the systematic review, ten of these were exclusively in a population of
OA and obesity comorbidity. From these ten studies, one was removed due to all outcome follow-up
scores being an average of 6 and 18-month data (Rejeski et al., 2002). A further study was removed
due to the Korean cut-off for obesity (BMI>25) (Lim et al., 2010) and one study was removed due to
the lower BMI mean of their sample (BMI>28) (Jenkinson et al., 2009)*. One study was ineligible due
to the outcome measurement tool used (SF-36) (Christensen et al., 2015). The remaining studies all
had used at least one of; WOMAC pain, WOMAC function or 6MWT function outcome measures (n=6).
One study was subsequently removed due to the outcome measure type, which was the Visual
Analogue Scale, not compatible to be combined with the other studies (Somers et al., 2012). Finally,
one study was ineligible due to the active control type (physical activity control) (Casilda-Lopez et al.,
2017).

It was decided that four studies provided enough homogeneity to pool the results in three random
effects meta-analyses. The final meta-analyses contained three studies assessing WOMAC pain, three
studies assessing WOMAC function and four assessing 6MWT function. Random effects modelling was
used as it assumes that the individual studies were drawn from different populations that could impact
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on the treatment effect (e.g. the intensity or duration of the intervention received). This process is
shown in the flow diagram below.

*BMI ranges of each obesity study was calculated through a process of converting the mean BMI (SD
or SE) to find the lower limit of each study confidence intervals (95%) to determine the actual BMI of
the samples.

Potential studies including OA and obese

population n =10 n=1 removed

Follow up scores are an average
of the 6 and 18 month data

|
Y

Y

Studies remaining with follow-up data available

n=9
n=2 removed
| .| Mean BMI of samples below UK
" Ll
. . . . .. standard of >30
Studies remaining with obesity classification of
BMI >30

n=7 n=1 removed

v £ Outcome measurement tool
Included at least one measure of: WOMAC

pain, WOMAC function, BMWT function

n=6 n=1 removed
v N > Outcome reporting style
Total studies remaining with at least one of \\\\
WOMAC pain, function or 6MWT function A n=1 removed
n=4 Comparison group also PA
Studies in WOMAC Studies in WOMAC Studies in 6MWT
pain meta-analysis function meta- function meta-
n=3 analysis n=3 analysis n=4

Figure: A8.1 Flow chart of study inclusion or exclusion from meta-analyses

Raw study values for meta-analyses

Table: A8.2 Raw values for WOMAC pain

80 78 6.64+0.39 7.2540.39 6.24+0.47 6.02+0.45
44 43 6.5(0.5) 6.3 (0.5) 4.1(0.4) 6.1(0.5)
150 152  6.1(5.6-6.6) 6.6(6.1-7.1) 4.4(3.9-4.9) 4.8(4.2-5.3)

Table: A8.3 Raw values for WOMAC function

150 152 23.1+10.6 24 B9 98 17.6(15.8-19.4) 17.7(15.7-19.8)

44 43 24.0(1.5) 26.7(1.9) 15.2(1.5) 23.8(2.0)
13 13 2254116  23.6+11.6 17.3+13.1 22.9+14.9

Table: A8.4 Raw values for 6MWT function
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80 7B 424 151096  434.61+10.96 4727321312 425 89+12 77

150 152 480 (466-495) 475(462-18B) 525 (511-540) 502(488-515)
44 43 436.5(13.0) 447 B(14.9) 510.0{15.0) 459.0(17.4)
13 13 442 4+872  512.8:1054 466.1+101.3 504.4+106.6

Int=Intervention group; CNT=Control group; N=Number; Baseline=Baseline scores; Post=Post-
intervention scores

Meta analyses

The included studies in the meta-analysis had a large degree of statistical heterogeneity, therefore the
estimates were pooled using a random effects approach to meta-analysis. For all meta-analyses the
data was continuous, therefore the following input variables were necessary; the number of
participants in each arm and the mean and standard deviation (SD) for both the intervention and
control group arms at follow-up (Higgins and Green, 2009). Studies were reported as mean SD,
confidence intervals (Cl) and standard errors (SE), therefore the appropriate calculations were made
to convert the data;

1. For Mean Cl;

SD = ((lower Cl — mean)*( v number participants)*-1)/1.96
2. For mean SE;

SD = SE*(V number participants)

All meta-analyses were completed using STATA 16 integrated statistical software package. First, the
pooled estimates were calculated for each group; WOMAC pain, WOMAC function and 6MWT function
(command metan), which provided information on the presence and magnitude of statistical
heterogeneity (I squared measure: 0-100% lower value being less heterogeneity). The risk of
publication bias in the meta-analysis (command metafunnel) was calculated to assess the ROB
concerning effects size and power.

Forest plots were used to display the meta-analysis results from each study which are displayed as a
square and a horizontal line, representing the intervention effect estimate together with its Cl for the
WOMAC pain, WOMAC function and 6MWT function meta-analysis. The area of the square reflects the
weight that the study contributes to the meta-analysis. The combined-effect estimate and its Cl are
represented by a diamond.

In the meta-analysis, a random-effects model was used to estimate the overall adjusted effects. This
included an estimate of the degree of variation between studies shown as study heterogeneity (I
squared statistic). This result for each of the three meta-analysis describes the percentage of variability
in effect estimates that is due to variation between studies, rather than chance. Substantial
heterogeneity (>50%) was found in two meta-analyses (78.35%, 73.39%; WOMAC pain, function;
respectively) and no heterogeneity was found in the 6MWT meta-analyses. Using the random-effects
model for this meta-analysis was still favourable as it was practical to assume there would be statistical
heterogeneity that it would account for.

Funnel plots for meta-analysis publication bias

Funnel plots seek to detect whether there is any suggestion of publication bias in the studies. The small
amount of studies makes it hard to interpret the funnel plots below, but they do roughly resemble a
pyramid or inverted funnel, with scatter due to sampling variation. This shape is expected because the

282



Appendices

studies had wide standard error ranges. There is minimal suggestion of publication bias from the
limited data.

Funnel plot

Standard error
°

T T T T T
-.6 -4 -2 0 2
Standardised mean difference

Figure: A8.2 Funnel plot of WOMAC pain

Funnel plot

Standard error

T T
-1 -5 0 5
Standardised mean difference

Figure: A8.3 Funnel plot of WOMAC function

Funnel plot

Standard error
®

T T T T
-5 0 5 1
Standardised mean difference

Figure: A8.4 Funnel plot of 6MWT
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Appendix 9. Data request and approval

A) BEEP data request and approval (signature section redacted for thesis)

Arthritis Research UK Primary Care Centre
Keele University
Internal data request form
To be completed by the Researcher of proposed study

Proposed Study Title:
Physical activity in people with osteoarthritis and comorbidity: A multi-method study.

Researcher:

Sarah Mckevitt

Supervisor of Researcher (where applicable):

Dr Jonathan Quicke, Dr. Clare Jinks and Dr. Emma Healey

Co-authors:

Trishna Rathnod

Is the data required for practicing analysis or demonstration/ YES NO X
teaching only?

If so, please provide further details

Research Question / Objective:

1. Is comorbidity presence associated with physical activity in adults with osteoarthritis?

2. Are different frequencies and types of comorbidity associated with physical activity level in
adults with osteoarthritis?

Outline design of analysis:
1. Toinvestigate the physical activity levels of osteoarthritis patients with and without
comorbidity | will carry out quantitative secondary data analysis (using SPSS).
2. Comorbidity, physical activity and covariate data will be statistically described (using mean and
standard deviation or frequency and percentages as appropriate). To describe comorbidity
frequency, a ‘comorbidity count’ variable will be recoded from existing comorbidity variables.
3. The crude association between a) presence of any comorbidity of interest b) comorbidity count
(independent variables) and physical activity (outcome variable) will be investigated using
simple linear regression models (B coefficients, 95% confidence intervals and p values will be
reported).
4. In order to investigate the adjusted association between relevant comorbidities (independent
variable) and physical activity (outcome variable), taking into account relevant covariates,
multiple linear regression will then be used to fit the data (B coefficients, 95% confidence
intervals and p values will be reported).
5. Linear regression model assumption checking will be carried out.
6. The process will be repeated with comorbidity recoded to count as the independent variable.
Study (or studies) from which data are requested:

1. The Benefits of Effective Exercise for knee Pain (BEEP)
Study population required
(For quantitative studies please specify if there are specific groups of participants required from the
study e.g. age range, gender, and for qualitative studies please specify the demographic or sample
frame and the number of participants you require):

e All BEEP participants (male and female adults 45 years of age or older with knee pain
attributable to osteoarthritis).
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Precise data required
(For quantitative data please be specific on survey wave (e.g. baseline data) and list all variables
required and for qualitative data please detail the type of data required (e.g. interview transcripts,
diaries etc):
e Survey Wave: Baseline data
e Variables:
Variables Measurement Scale Page, part,
question
Participant characteristics
Age Years 26.E.2
Gender Female/Male 26.E.1
Body Mass Index Height (centimetres) weight (kilogram) 26.E.6&7
(categorical (>30) calculated and categorised into
underweight/normal/overweight/obese) and
continuous.
Marital status Tick box (categorical single/partner) 26.E.3
Employment status Employed yes/no 26.E.5
General health and well-
being
Anxiety GAD7 0-21 20.C1.9-15
Quality of life EQ-5D-3L-0.59-1 21.C2.1-5
Osteoarthritis
Duration of pain <12 months/ >1 <5 years/ >5 < 10 years/ >10 4,1.2
years
Knee pain WOMAC 0-20 4.A.3-7
Knee function WOMAC 0-68 5-7.A.10-26
Physical activity
Physical activity PASE 0-400+ (score calculated) 9-14.B.all
Moderate PASE (continuous hours/week) 11.B.4
Strenuous PASE (continuous hours/week) 11.B.5
Strength/endurance PASE (continuous hours/week) 12.B.6
Comorbidity
Comorbidity type Tick box of key comorbidities; 23.4.1
e High blood pressure
e  Osteoporosis
e Angina
e Heart failure
e Stroke
e Heart attack
e Depression
o Diabetes
e Asthma
e Bronchitis
PASE = Physical Activity Scale for the Elderly, PHQS8 = Patient Health Questionnaire
8, WOMAC = Western Ontario and McMaster Universities Arthritis Index, GAD 7 =
Generalized Anxiety Disorder 7, EQ-5D-3L = Quality of Life.
Is new REC approval required? YES NO X

285



Appendices

B) MOSAICS data request and approval (signature section redacted for thesis)

Arthritis Research UK Primary Care Centre
Keele University
Internal data request form
To be completed by the Researcher of proposed study

Proposed Study Title:
Physical activity in people with osteoarthritis and comorbidity: A multi-method study.

Researcher:
Sarah Mckevitt

Supervisor of Researcher (where applicable):
Dr Jonathan Quicke, Dr. Clare Jinks and Dr. Emma Healey

Co-authors:
Trishna Rathnod

Is the data required for practicing analysis or demonstration/ YES NO X
teaching only?

If so, please provide further details

Research Question / Objective:
7. Is comorbidity presence associated with physical activity in adults with osteoarthritis?
8. Is comorbidity presence associated with sedentary time in adults with osteoarthritis?
9. Are different frequencies and types of comorbidity associated with physical activity level in adults
with osteoarthritis?

Outline design of analysis:

1. Toinvestigate the physical activity levels and sedentary time of osteoarthritis patients with and
without comorbidity | will carry out quantitative secondary data analysis (using SPSS).

2. Comorbidity, physical activity, sedentary time and covariate data will be statistically described (using
mean and standard deviation or frequency and percentages as appropriate). To describe comorbidity
frequency, a ‘comorbidity count’ variable will be recoded from existing comorbidity variables.

3. The crude association between a) presence of any comorbidity of interest b) comorbidity count
(independent variables) and physical activity (outcome variable) will be investigated using simple
linear regression models (B coefficients, 95% confidence intervals and p values will be reported).

4. Also, the crude association between comorbidities of interest (independent variable) and sedentary
time (outcome variable) will be investigated using simple linear regression (B coefficients, 95%
confidence intervals and p values will be reported).

5. Inorder to investigate the adjusted association between relevant comorbidities (independent
variable) and physical activity (outcome variable), taking into account relevant covariates, multiple
linear regression will then be used to fit the data (B coefficients, 95% confidence intervals and p
values will be reported).

6. Linear regression model assumption checking will be carried out.

7. The process will be repeated with sedentary time as the outcome variable.

8. The process will be repeated with comorbidity recoded to count as the independent variable.

Study (or studies) from which data are requested:
2. The Management of OsteoArthritis In Consultations (MOSAICS)

Study population required
(For quantitative studies please specify if there are specific groups of participants required from the study e.g.
age range, gender, and for qualitative studies please specify the demographic or sample frame and the
number of participants you require):
e All MOSAICS participants (male and female adults 45 years of age or older with joint pain attributable
to osteoarthritis)
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Precise data required

(For quantitative data please be specific on survey wave (e.qg. baseline data) and list all variables required and

for qualitative data please detail the type of data required (e.g. interview transcripts, diaries etc):

e Survey wave: Consultation data

e Variables:

e High blood pressure
e Hypertension

e Angina
e Heart failure
e  Stroke

e Heart attack
e Heart disease
e Depression

e Diabetes

e Asthma

e COPD

e  Bronchitis

e  Osteoporosis

Variable Measurement Scale Page, question
Participant characteristics
Age Years 29.F.6
Gender Female/Male 29.F.7
Weight weight (kilograms) 29.F.8
Employment status Employed yes/no (retired/no categorised 29.F.2

as no)
General health and well-
being
Physical & mental health SF12 V2 0-100 8&9.B2.all
Quality of life EQ-5D-3L-0.59-1 22.D4.1-5
Anxiety GAD 7 0-21 19.D2.1-7
Osteoarthritis
Hip pain Previous 3 months yes/no 6.B.1
Knee pain Previous 3 months yes/no 6.B.2
Hand pain Previous 3 months yes/no 6.B.3
Foot pain Previous 3 months yes/no 6.B.4
Pain intensity 0-10 7.B.5
Physical function WOMAC SF-PF 0-32 8&9.2.all
Physical activity and
Sedentary time
Sedentary time IPAQ hours and minutes per day 11.C1.7
Physical activity PASE 0-400+ (score calculated) 12-17.C3.All
Moderate PASE (continuous hours/week) 14.C3.4
Strenuous PASE (continuous hours/week) 14.C3.5
Strength/endurance PASE (continuous hours/week) 15.C3.6
Comorbidity
Comorbidity type MRR - identify people with comorbidities; MRR

= Medical Record Review

PASE = Physical Activity Scale for the Elderly, IPAQ= International Physical Activity
Questionnaire, SF12 V2 = Short form 12, EQ-5D-3L = Quality of Life, GAD 7 = Generalized
Anxiety Disorder 7, WOMAC = Western Ontario and McMaster Universities Arthritis Index, MRR

Is new REC approval required?

YES

NO
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Appendix 10. Example read codes: Depression
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NOTE: all synonyms for codes to be included except where stated

NOTE: codes followed by "." or ".." indicate all daughter codes to be included unless stated

otherwise

CODE TERM

1B17. Depressed

1B1U. Symptoms of depression

1BT.. Depressed mood

2257. O/E - depressed

62T1. Puerperal depression

6G00. Postnatal depression counselling

9H90. Depression annual review

El1 Depressive psychoses (No other terms for E11)

E112. Single major depressive episode (+ daughter codes EXCEPT E1126 "Single
major depressive episode, in full
remission")

E113. Recurrent major depressive episode (+ daughter codes EXCEPT E1136
"Recurrent major depressive episodes, in
full remission")

E115. Bipolar affective disorder, currently

depressed

E118. Seasonal affective disorder

Elly Other and unspecified manic-depressive

psychoses

E11y0 Unspecified manic-depressive psychoses

Elly2 Atypical depressive disorder

Elly3 Other mixed manic-depressive

psychoses

Ellyz Other and unspecified manic-depressive

psychoses NOS

E11z2 Masked depression

E135. Agitated depression

E2003 Anxiety with depression

E204. Neurotic depression reactive type

E290 Brief depressive reaction

E290z Brief depressive reaction NOS

E291. Prolonged depressive reaction

E2B.. Depressive disorder NEC

Eu3 [X]Mood - affective disorders

Eu3l [X]Manic-depressive illness (PLUS all other terms for Eu31 EXCEPT
"[X]Bipolar affective disorder")

Eu313 [X]Bipolar affect disorder cur epi mild or
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Eu314
Eu315
Eu32.

Eu33.

Eu34
Eu341
Eu34y
Eu34z
Eu3y.
Eu3z

Eu4d12

Eu530

Eu530

Eu920
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[X]Bipolar affective disorder, current episode severe depression without psychotic

symptoms

[X]Bipolar affective disorder, current episode severe depression with psychotic

symptoms
[X]Depressive episode
[X]Recurrent depressive disorder

[X]Persistent mood affective disorders
[X]Dysthymia

[X]Other persistent mood affective
disorders

[X]Persistent mood affective disorder,
unspecified

[X]Other mood affective disorders
[X]Unspecified mood affective disorder
[X]Mixed anxiety and depressive
disorder

[X]Postnatal depression NOS

[X]Postpartum depression NOS

[X]Depressive conduct disorder

(+ daughter codes EXCEPT Eu334
"[X]Recurrent depressive disorder,
currently in remission")

(NOT Eu3z "Affective psychosis NOS")

(NOT Eu530 "[X]Mild mental and
behavioural disorders associated with the
puerperium, not elsewhere classified"
(NOT Eu530 "[X]Mild mental and
behavioural disorders associated with the
puerperium, not elsewhere classified"
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Appendix 11. Physical Activity Scale for the Elderly (PASE)

Scale detail (summarized)

Leisure time activity

1. Over the past 7 days, how often did you participate in sitting activities such as reading, watching
TV or doing handcrafts?

1la. What were these activities?

1b. On average, how many hours per day did you engage in these sitting activities?

2. Over the past 7 days, how often did you take a walk outside your home or garden for any reason?
For example, for fun or exercise, walking to work, walking the dog, etc.?

2a. On average, how many hours per day did you spend walking?

3. Over the past 7 days, how often did you engage in light sport or recreational activities such as
bowling, golf with a cart, shopping, fishing or other similar activities?

3a. What were these activities?

3b. On average, how many hours per day did you engage in these light sport or recreational
activities?

4. Over the past 7 days, how often did you engage in moderate sport and recreational activities such
as doubles tennis, ballroom dancing, aqua aerobics, golf without a cart or other similar activities?
4a. What were these activities?

4b. On average, how many hours per day did you engage in these moderate sport or recreational
activities?

5. Over the past 7 days, how often did you engage in strenuous sport and recreational activities such
as jogging, swimming, cycling, singles tennis, aerobic dance or other similar activities?

5a. What were these activities?

5b. On average, how many hours per day did you engage in these strenuous sport and recreational
activities?

6. Over the past 7 days, how often did you do any exercises specifically to increase muscle strength
and endurance, such as lifting weights or push-ups, etc.?

6a. What were these activities?

6b. On average, how many hours per day did you engage in muscle strength and endurance exercise?
Household activity

7. During the past 7 days, have you done any light housework, such as dusting or washing dishes?
8. During the past 7 days, have you done any heavy housework or chores, such as vacuuming,
scrubbing floors, washing windows, or carrying wood?

9. During the past 7 days, did you engage in any of the following activities? Please answer Yes or No
for each item.

e Home repairs like painting, wallpapering, electrical work, etc.

e Lawn work or garden care, including leaf removal, wood chopping, etc.

e Qutdoor gardening

e Caring for another person, such as children, dependent spouse, or another adult

Work-related activity

10. During the past 7 days, did you work for pay or as a volunteer?

10a. How many hours per week did you work for pay and/or as a volunteer?

10b. Which of the following categories best describes the amount of physical activity required on
your job and/or volunteer work? (Please put a cross in one box only)

e  Mainly sitting with slight arm movements

e Sitting or standing with some walking

e Walking with some handling of materials generally weighing less than 50 pounds

e Walking and heavy manual work often requiring handling of materials weighing over 50 pounds

290



PASE preliminary norms (Washburn et al., 1993)

Appendices

Preliminary norms for PASE were established in a general population of older adults. In this sample
scores ranged from 0 to 361. The mean score was 102.9 (standard deviation = 64.1); the median was
90. Mean scores (and standard deviations) by age and gender were as follows:

Table: A11.1 PASE preliminary norms

Gender / Age group | 65-69 years 70-75 years 76-100 years
Male 144.3+ 58.6 102.4 £ 53.7 101.8£45.7
Female 112.7 £ 64.2 89.1+£55.5 62.3£50.7

PASE scoring (Washburn et al., 1993)

Table: A11.2 PASE scores are calculated from weights and frequency values for each of 12 types of

activity
Weight
PASE Activity Activity times
Itemn Type of Activity Weight Frequency Frequency
2. Walk outside home 20 a.
3. Light sport / recreational activities 21 a.
4. Moderate sport / recreational activities 23 a.
5. Strenuous sport / recreational activities 23 a.
6. Muscle strength / endurance exercises 30 a.
7. Light housework 25 b.
8. Heavy housework or chores 25 b.
9a. Home repairs 30 b.
9b. Lawn work or yard care 36 b.
9c. QOutdoor gardening 20 b.
ad. Caring for another person 35 b.
[ 10. Work for pay or as volunteer 21 C.
| PASE SCORE:
Table: A11.3 Activity Frequency value calculation
Hours
Days of Activity Hours Per Day of Activity Per Day
0. Never 0 a. Use hours per day conversion
1. Less than 1 hour .M _ ‘o .
2 1-2 hours ‘3p b. 1 = actl\./le reported in past
1. Seldom 3. 2-4 hours .64 week, 0 = activity not reported
4. More than 4 hours 1.07
1. Less than 1 hour .25 c. Divide work hours reported in
) 2. 1-2 hours 75 Item 10.1 by seven; if no work hours
2. Sometimes 3. 2-4 hours 1.50 e . . e .
4. More than 4 hours 250 or if job involves mainly sitting with
1. Less than 1 hour 43 slight arm movements (ltem 10.2 =
2. 1-2 hours 1.29 1), then activity frequency =0
3. Often 3. 2-4 hours 257
4. More than 4 hours 4.29
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Table: A12.1 Original comorbidity names, frequency and percentage for both datasets

BEEP (self-report) Frequency percentage

High BP 240
Stroke 19
Angina 24
Heart failure 9
Heart attack 19
Osteoporosis 37
Depression 114
Bronchitis 32
Asthma 67
Obese 189
Diabetes 66

46.7
3.7
4.7
1.8
3.7
7.2
22.2
6.2
13.0
36.8
12.8

MOSAICS (MRR)

Hypertension

Heart disease

Osteoporosis
Depression

Asthma/COPD
Obese
Diabetes

194

65

38

161
66

Frequency percentage

37

12.4

10.5

30.7
12.6

Comorbidity selection

1. Osteoporosis was removed from the analysis as too few participants had this comorbidity

present.

2. Hypertension/ high blood pressure was removed from the analyses as too many participants had
these comorbidities additional to their other comorbidities. Also, high blood pressure alone is not
thought to cause symptoms that might influence PA level.

Comorbidity recoding and renaming

1. In BEEP, Stroke, Angina, Heart failure and Heart attack were combined and recoded as

‘cardiovascular’.

2. In MOSAICS, Heart disease was renamed cardiovascular.

w

4. In MOSAICS, Asthma / COPD was renamed respiratory.

In BEEP, Asthma and Bronchitis were combined and recoded as ‘respiratory’.

Therefore, if a person had all four possible cardiovascular conditions, this would now count as one

comorbidity: cardiovascular. Equally, if a person only had heart failure, they would count as having

cardiovascular.

Table: A12.2 Final comorbidities included in the analysis

Respiratory Cardiovascular
Asthma Angina
Bronchitis Heart failure
COPD Stroke

Heart attack

Depression
Depression

Diabetes
Diabetes

Obesity
BMI
calculated
>30

Additional
BMI
categories
<25
25-29.9
>30
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Appendix 13. Exploring collinearity

Appendices

Collinearity occurs when independent variables within a linear regression model are highly correlated
with each other. When highly correlated, independent variables cannot independently predict the
value of the dependent variable. This can be indicated by Pearson’s correlation or by variance inflation
factor to measure the degree of collinearity. Multicollinearity is when more than 2 of the independent
variables are strongly correlated. High levels of collinearity or multicollinearity could lead to spurious
model outputs as the coefficient estimates swing wildly based on which other independent variables
are in the model. Furthermore, it reduces the precision of the estimate coefficients and increases the
p value (reduce the level of significance) of the regression model (Tu et al., 2005). The first step taken
to reduce this risk was to assess Pearson’s correlations. The correlations >0.5 in each of the datasets

are shown below.

Table: A13.1 BEEP Pearson’s correlations >0.5 in all variables

Variable 1 Variable 2
EMPLOYMENT AGE
EQD5 5L PHQ8
WOMAC P
WOMACF
GAD7 PHQ8
WOMAC F WOMAC P

Pearson’s correlation
0.553
0.501
0.508
0.581
0.770
0.798

Table: A13.2 MOSAICS Pearson’s correlations >0.5 in all variables

Variable 1 Variable 2
AGE EMPLOYMENT
SF-12 GENERAL SF PHYSICAL
SF12 PAIN SF-PHYSICAL
EQ-5D-5L
WOMAC PF
SF PHYSICAL EQ-5D-5L
WOMAC PF
SF MENTAL GAD
WOMAC PF EQ-5D-5L

Pearson’s correlation
0.671
-0.529

-0.832
-0.639
0.714

0.591

-0.696
-0.705
-0.664
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Figures: A13.1-2 Example highly correlated variables

It was, therefore, important to select the smallest subset of independent variables that explain as much
of the variation in the regression as possible. Pearson’s correlations between all the independent
variables were investigated followed by the removal of variables based on high correlation, perceived
clinical importance and similarity between datasets. For example, in the BEEP dataset, the PHQS8
depression and GAD7 anxiety variables were highly correlated, hence the PHQ8 was removed from the
models since the PHQ8 is a measure of depressive symptomology and depression was considered as a
comorbidity within the analysis (Pearson’s correlation: 0.770). Another example was the WOMAC
function and WOMAC pain which were highly correlated (Pearson’s correlation: 0.798). Although both
measures of the WOMAC are of theoretical importance, the WOMAC PF was kept as both datasets had
this variable. The E-5D-5L was initially included in the multivariable models but further exploration
found that it had not been recorded well and was skewing the analysis.

Table: A13.3 Variables kept in the multivariable models

Outcome PASE score

Independent Comorbidity (self-report & MRR) (presence, frequency and type)
Demographic Gender Age Partner status
Clinical WOMAC function GAD 7

PASE=Physical Activity Scale for the Elderly; MRR=Medical Record Review; WOMAC=Western Ontario
and McMaster Universities Osteoarthritis Index; GAD 7= Generalised Anxiety Disorder version 7
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Appendix 14. Model assumption checking

Chapter 5 utilised multiple linear regression modelling. This appendix is organised so that the
assumptions for multiple linear regression are addressed. For the purpose of clarity with concision,
only a selection of the assumption checks for a selection of multivariable models are presented to

provide evidence of the key outputs.

Multiple linear regression assumptions
Multiple linear regression models have a number of assumptions which were listed in Chapter 5 Part

2. In brief, the assumptions are;

1. The dependent variable must be interval or ratio

2. Theindependent and dependent variables must have a roughly linear relationship

3. The variables have normal distribution

4. The independent variables have little to no collinearity or multicollinearity

5. The residuals are not autocorrelated

6. Finally, the assumption that the data are homoscedastic

Assumption 1.

Assumption one was satisfied without the need for statistical testing since the dependent variable;

PASE score is continuous.

Assumption 2.

In order to satisfy a roughly linear relationship between the independent and dependent variables,
scatter plots of the independent variables (e.g. comorbidity presence, age, GAD7) against the
dependent variable (PASE) were created with a line of best fit. A linear relationship of a roughly straight

line of the plotted points satisfies assumption two.

Assumption 3.

In order to satisfy assumption three, histograms and P-P plots were used to check for normal variation
of variable residuals around the regression line. Histograms with normal variation of data around the
line, in a bell-shaped curve with vertically split symmetry and P-P plots with a linear relationship, would

indicate a normal distribution of the residuals and satisfy the assumption.

Assumption 4.

In order to satisfy assumption four, first, the Pearson’s correlations of all independent variables and
removal of high pairwise correlations provided an initial step of removing collinearity. Additionally,
collinearity statistics of Tolerance (Tol) which measures the influence of one independent variable on

all other independent variables (T<0.1 there may be collinearity, T<0.01 indicates collinearity) and
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Variance Inflation Factor (VIF) which is 1/Tol and indicates whether multicollinearity may be present

(VIF>5 there may be multicollinearity, VIF>10 indicates multicollinearity).

Assumption 5.
In order to satisfy assumption five, the Durbin Watson test was used. A value near 2 indicates non-

autocorrelation (<1 or >3 indicate autocorrelation).

Assumption 6.
In order to satisfy assumption 6, scatter plots of the residuals against the predicted values were
checked. Randomly distributed, evenly spread residuals without linear or funnel relationships meet

the assumption.

Examples of assumption checking

Assumption 2.
Checking assumption 2, the scatter plots below, show a roughly linear relationship between a selection

of independent variables with PASE score. There is no evidence of a curvilinear relationship.

R2 Linear = 0058 R¥ Linesr =007

PASE
PASE

Age WOMAC

Figures: A14.1-2 Example scatter plots: BEEP

R Liner = 0020

R Linesr = 0017
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° 8
°
°
w ] ®
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Comorbidity split WOMAC

Figures: A14.3-4 Example scatter plots: MOSAICS

Assumption 3.
Checking assumption 3, the histograms below suggest a roughly normal distribution of residuals as
indicated by the bell-shaped distribution and roughly vertical symmetry. The P-P plots show a roughly

straight line suggesting a normal distribution of the residuals.
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Histogram
Dependent Variable: PASE

Mean = -1.82E-15
Std. Dev. = 0.992
M =390

Frequency

-2 o 2 4

Regression Standardized Residual

Figure: A14.5 Example of Objective 1. BEEP: Histogram of residuals

Histogram
Dependent Variable: PASE

Mean = -1 27E-15
Std. Dev. =0.993
M =405

Frequency

-2 0 2 4

Regression Standardized Residual

Figure: A14.6 Example of Objective 1. MOSAICS: Histogram of residuals

Mormmeal P-P Plot of Regressien Standerdized Residual
Dependent Variable: PASE
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Figure: A14.7 Example of Objective 1. BEEP: normal probability plot (P-P)

Normal P-P Plot of Regression Standardized Residual

Dependent Variable: PASE
1.0

08

06

04

Expected Cum Prob

02

0.0 02 0.4 0.6 0.8 1.0

Observed Cum Prob

Figure: A14.8 Example of Objective 1. MOSAICS: normal probability plot (P-P)

Assumptions 4 and 5.
The tolerance in both datasets was well above the cut-off of suggested or certain multicollinearity in
the data. The Variance Inflation Factor tests of the regression are also well below the cut-offs to

suggest or confirm multicollinearity among the variables.

The Durbin Watson test results are both close to the value of 2. This indicates that there is little
autocorrelation of the data and the residuals are independent of each other. The BEEP result is slightly
more positively autocorrelated and MOSAICS is slightly more negatively autocorrelated, however, the

values are not below the cut-offs of <1 or >3 to indicate any autocorrelation concern.

Table: A14.1 Example of Objective 1. BEEP and MOSAICS: Durbin Watson, Tolerance and Variance
Inflation Factor tests results.

Objective 1. TOL VIF DW
BEEP 0.949 1.054 1.752
MOSAICS 0.906 1.104 2.077

Assumption 6.

The examples below show the final check for homoscedasticity through scatter plots of residuals
against the predicted values. The scatter plots show the data to be roughly randomly distributed, with
evenly spread residuals. On inspection, throughout all scatter plots of residuals against predicted
values, the MOSAICS dataset appears to have more indication of funnelling, but not of an unacceptable

homoscedastic level.
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Regression Standardized Residual

Scatterplot
Dependent Variable: PASE
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Figure: A14.9 Example of Objective 1. BEEP: Residual versus predicted value plot for

homoscedasticity
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Figure: A14.10 Example of Objective 1. MOSAICS: Residual versus predicted value plot for

homoscedasticity
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Appendix 15. Qualitative ethics review panel approval letter

Keele

UNIVERSITY
05/01/2018

Dear Sarah

Pl: Sarah Mckevitt

Title: Attitudes and beliefs about physical activity in people with ostecarthritis and
comorbidity: A qualitative study.

Ref: ERP3128

Thank you for submitting your application for review. The proposal was reviewed by the
Panel Chair. | am pleased to inform you that your application has now been approved by the
Ethics Review Panel.

If the fieldwork goes beyond the date stated in your application, or there are any
amendments to your study you must submit an ‘application to amend study’ form to the ERP
administrator at research.governance@keele.ac.uk. This form is available via

http:/fwww. keele.ac.uk/researchsupport/researchethics/

If you have any queries please do not hesitate to contact me, in writing, via the ERP
administrator, at research.governance@keele.ac.uk stating ERP3128 in the subject line of
the e-mail.

Yours sincerely

(signature redacted for thesis)

300



Appendices

Appendix 16. PPIE involvement

Patient and Public Involvement and Engagement (PPIE) input into the research design

1. Overview

2. PPIE meeting request form summary
3. Plain English summary

4. PPIE meeting presentation slides

5. PPIE meeting minutes

6. Brainstorm slide created from meeting

1. Overview

A meeting with members of the PPIE group (n=3) at the Research Institute for Primary Care and Health
Sciences (iPCHS) was organised to gain the important lay perspective regarding all public-facing items
and methods for data collection. The study and planned methods were presented to the group and
opened the discussion. The PPIE members helped with the development of the interview guides by
emphasising themes and specific questions, recruitment posters (e.g. adding a photo of the
researcher), study information (simplifying and adding clarity to complex terminology) and methods

for recruitment (e.g. specific leisure centres and contacts) to reach potential participants.

2. Patient and Public Involvement Request form summary

A Patient and Public Involvement request form was completed. In brief, this form intends to more
efficiently support the incorporation of PPIE into the research process as well as considerations to
assist the researcher in ensuring the best experience possible for public involvement. The form
consists of;

A plain English summary to inform the Research User Group members about the study
The overall aims and objectives of the project including start date and study duration
The overall aim of having PPIE involvement and how they would inform the research
The specific role and tasks that would be undertaken by PPIE

How many individuals would be necessary to fulfil the PPIE aims

The expertise and patient characteristics to fulfil the intended study population

The stages of the research process that would require PPIE

An outline of topics intended to be covered in the meetings

O NV WNPRE

3. Plain English summary

Osteoarthritis is one of the most common musculoskeletal conditions and has a negative impact on a
patient’s life in terms of pain, function and Quality of life. Osteoarthritis is rarely experienced on its
own. Other conditions often exist alongside osteoarthritis, and this existence needs to be accounted
for within management strategies such as physical activity treatments as additional conditions may
interfere with the application of exercise therapy. There is a recognized requirement for research to
determine the effects of additional conditions on treatment outcomes, guidelines for care and
treatment plans and practice. This study aims to explore the attitudes and beliefs of adults with
osteoarthritis and the existence of additional conditions regarding physical activity. This study focuses
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on how people with OA experience physical activity and how this population could be encouraged to
increase their physical activity levels.

The primary aim of this research is to explore individuals with OA and comorbidity to gain an in-depth
insight into their attitudes and beliefs regarding PA through the use of qualitative interviews.

Objectives:

1. How do people with OA experience PA in the context of other health conditions?

2. How can people with OA and other health conditions be encouraged to increase PA levels?
Methods:

These objectives will be met through interviews with adults with osteoarthritis and at least one other
health condition.

Patient and Public Involvement and Engagement (PPIE) is an initial strategy used to inform and shape
the project. The researcher will be arranging suitable dates to meet with PPIE members throughout
the research process. The target PPIE members will be adults with osteoarthritis (and comorbidity?).
In the initial meet, the PPIE members will assist in the formation of the study process and methods
chosen from recruitment through to analysis plans. Feedback will be sought for the documentation
regarding participant information and guides used in the interviews to ensure the language used and
information is comprehensive from a patient perspective. Throughout the research process, PPIE input
would be sought regarding how to analyse and interpret the data, as well as feedback regarding how
well they feel the data represents the population. The PPIE member insight would also be sought
following the completion of the qualitative research regarding how the research could be disseminated
and used in practice, in the next stage of the PhD project.

What roles and tasks will be undertaken?

Most importantly the public-facing documents — the interview guides. | have outlined in my whole PhD
project that | wish to include the public in my decisions and the application of my research.

What characteristics are needed?
Those with OA and of age 45 and over.
Project stages requiring PPIE

At the very beginning of this project, ideally before submission of ethics. | would like to have the input
on all public-facing documents. | would also like to include them in the analysis / interpretation phase.
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4. PPIE presentation slides for group meetings

Keele
University

PhD researcher: Sarah Mckevitt

‘Bupenvisors; Or Jonathan Quicke, Dr
‘Clare Jinks and Dr Emma Healey.

Keele
University

Why are we here?

* Today | want to first intraduce you to my research topic
* I will discuss the intended research plan and methads

* | will present my research dacuments and materials that
wauld like to use in my research

* |would like to gain your input and feadback upon areas of
my project details

4

Hkﬁ
University

Osteoarthritis is one of the diseases which

most commonly has comorbidity

Comorbidity is any other condition existing

alongside the primary condition (Osteoarthritis)
Physical activity is one of the core treatments
for osteoarthritis

How can people be more physically active whilst
taking into account comorbidity?

Research questions
* How do people with OA and comorbidity
experience PA?
* How can people specifically with OA and

comorbidity be encouraged to increase
PA levels?

[ et
Lhiwrvly
POSTER
INVITATION
INFORMATION

* What do you want to see?
* What do you need ta know?
* Isthe information clear?
* Does the study appeal to you?
* Whatwould you change?
* Doyou have any other feedback?

10
13
6
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Kecle
University
Who am I?
* My name is Sarah Mckevitt
* |am in the second year of my PhD ot Keele
University
* lwant to understand more about
activity in pecple
comorbidity®
* *Comarbidity is any other condition
‘existing alongside the primary condition
{Osteoarthritis)
“
2
Kecle
University

My Research

An investigation of the attitudes and
beliefs regarding physical activity of
people with QA and comorbidity.

Keele
- [is

SoWhat?

® Physical activity interventions are underused for
patients with OA and barriers such as comorbidity
exist

* More people with OA are living with comorbidity.

* People with OA find it hard to be physically active
but it is not fully understood why or how to help

s ONICE AAR‘I’HRITIS
( RESEARCH UK

Keele
B,
Method

| plan to interview people with osteoarthritis and
comorbidity to find out about their physical activity
experiences.

Recap!

1

el
University

* Physical activity in peaple with astesarthritis and
comarbidity

* Face to face interviews regarding PA
* Understanding views of physical activity

Understanding physical activity needs

P el
Lhiwrvly
The interview
Themes or topics | should enquire?
Do any specific questions come to mind?
What do you think matters most?
What would you want to know or ask?
Are thers any slemants you think | shauld explore?

Haw could | get the mast from my intarview?

Appendices

Who are you?

Iwant to know about you tos!

Keele
University

Background

This is my
research
praject!

| |

Keele
University

Research aim

To explore attitudes and beliefs about PA in
individuals with OA and comorbidity using
interviews.

z‘ls?. ©

B

A

Keele
Unaversity
Questions?
4 )-f\ b <
m\d i
, 48
Keele
Universiy

Recruitment

* | would like ta recruit from local community groups, lacal
places and anline groups.

* |would like t it people whao say that they have been
told by 2 GP or physician that they have osteasrthritis
2nd have one other condition

* There is no requirement of physical activity levels for the
interview.

\K‘a

Do you have any ideas?

15

B e
) Uniersty

Other help or feedback?

* Has anybody got anything further they would like to ask
ar any feedback / suggestions for the project or
companents?

* Any help is greatly appreciatad!
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5. PPIE meeting minutes

Sarah McKevitt PPIE meeting minutes: 3 October, 10am — 1pm, Room 0.79

Attendees:

Sarah McKevitt (SM), Laura Campbell (LC), Alice Moult (AM)

General conversations in group

Participant C has OA and Rheumatoid Arthritis, she doesn’t do formal exercise but ‘potters’ about.

Participant J has Osteoporosis and mental health problems, she attends exercise classes such as yoga
and tai-chi.

Participant K (Spine / neck spondylosis). Attends various exercise classes and has tailored the
exercises to meet her needs.

Exercise doesn’t work fast; you’ve got to persevere with it. Even if pain if halved it’s a huge thing, it’s
important to tailor exercise to your own way. It's important for someone starting off to do exercise.

SM opened the meeting with an introduction into her PhD research.

Recruitment locations:

C - Haywood, NRAS group — once every three months.
ARM group / society meeting 4 times a year, meet at Haywood.
Haywood have the PEER room — Haywood would promote and make people aware of it.

June Brammer — she oversees the PEER room and attends ARM and NRAS. Member of RUG ask Laura
for contact details.

NRAS society also runs an online forum.
Exercise class at Newcastle Leisure centre.

People afraid to do exercise because they don’t know the damage that it can cause. Funding might
be a barrier to attending the gym. No information unless you seek it out.

Better for me (researcher) to meet people, rather than to go through gate-keeper.

K — Leisure centres for people who already do exercises.
GP surgeries for perhaps people who don’t do exercise.

People don’t like being told what to do, people put off being told to do exercise. The way that the
exercise is communicated, it needs to be suggested not dictated to the person. People need to be
motivated to exercise it’s not an easy route. Barriers may prevent exercise and each person’s barrier
to exercise may be different. Comorbidities may prevent exercise, need to consult a GP before
engaging with exercise e.g. if the person has a heart condition. Confidence goes after diagnosis, less
likely to try something you know is going to be difficult. Mental health conditions are also
comorbidities, people didn’t have mental health conditions before a diagnosis of a physical
condition. Depression may come from needing help from others, group therapies would be good.

Leighton hospital, Occupational health department do classes for newly diagnosed people, classes
include hand and arm exercises and how to use aids for things such as using bottles.
Meditation and mindful classes to work on techniques to work on mind control.
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Online forums are second best to face to face communication.

‘Rehabilitation’ Classes at leisure centres for individuals with physical problems, Congleton leisure
centre. Work through circuits an easy one and a hard one, an element of choice for the individual,
can tailor to the individual’s needs.

J —Haywood hospital steered to RUG group.

Working Education Association — sent from GPs.

U3A groups around North Staffordshire, they do holidays and crafts.
Recruit from Women’s institute.

West End Village in Stoke do a lot of classes.

People learn from things due to word of mouth.

Recruitment Poster:

K: Likes the colour and the use of boxes, easy to read and is clear.

Do not need any more information.

Re-arrange boxes with contact details, reuse space for the photograph.
Perhaps use a bigger font.

C: Include a photo of SM to put a face to the research.

If SM goes prepared with participant information sheets, people will be more likely to give contact
details.

LC — Needs to put the new logo on it.

Invitation letter:

J — Likes the layout and the inclusion of the phone number.

K —Middle paragraph doesn’t quite read right (If you were willing to be interviewed sentence) Need
to be more specific and state ‘the return of the participant information sheet’ not just information.
No extra words if you don’t need them.

Include the Keele and ARUK logo.

Information sheet:

J — Make font bigger.
C— What is the purpose of the study - define comorbidity and explain that they are in that section.

Do | have to take part - Additional 3 months will be given to withdraw the data — need to reword to
make it clear.

Not everyone knows what a peer review — needs more clarification.

K — What does the Study involve — This would be about your experiences of physical experiences —
Word it differently to capture people who don’t exercise. Change the word ‘experiences’ to views or
perspectives or attitudes or beliefs.

Signpost at the end to the participant information sheet: ‘If you would like to take part fill in the
participant information sheet’

Be consistent and use the word ‘participant information sheet.’
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Participant Information Sheet:

K —Font size is big enough. Do not need the word ‘unfortunately’ in the sentence *Please note,
unfortunately, if you do not have another health condition’ ...

The group recognised that people need time to read the sheets.

The Interview — group brainstorm (prior to viewing interview quides)

K — Need to know what they’re doing first, are they doing exercise currently?

What prevents them from doing the physical activity? People don’t associate housework with
exercise, need to be clear in questions using the wording activity and exercise.

Need to explore the relationship between comorbidity and exercise. People need to get the okay
from HCP that they can exercise with their comorbidity.

J— Open the interview by asking about their typical day.

K - being physically active is using the body and muscles, need to explore the perceptions, purpose of
activity, motivation for physical activity, how willing a person is to exercise.

K —People are motivated to exercise to improve their quality of life. You ‘use it or lose it.’
C - Explore how conditions impact upon daily life and routine.

K —Once a person has had a flare up they need more motivation to exercise. Encouragement is also
needed to exercise, support from HCP or groups may encourage exercise. Useful to talk to people
who have been through the same thing, this might encourage and motivate the individual to
exercise more.

C — People may attend groups if people are friendly and social, explore the social nature of
community groups.

K —The expectations an individual has might affect the exercise that they engage in, they expect the
exercise would be beneficial but the exercise might hurt at first, they may need encouragement to
carry on. People feel good after exercise because they release Endorphins, the feel good hormones
and exercise may make them look better and fit in clothes they couldn’t have a year ago. These are
incentives to exercise.

C — People might not want to exercise because of the immediate pain. It needs to be clear that
exercise may hurt immediately, but will be beneficial in the long term, then they will be mentally
prepared for the pain.

K — People have targets and milestones, this could help them to regain their QoL. Family such as
grandchildren may motivate them to exercise.

C — Before the barriers in the interview, explore what the motivations to do exercise are.
Interview — what question would you ask?

K would ask: Are you content with the QoL you have now, would you like to improve it? Would you
like to improve your Qol or reduce your pain?

J would ask: What do you miss? Is there something you would like to do? What did you get your
fulfilment from and can we start little steps towards getting back to doing that?

306



Appendices

C would ask: What do you aim to get from physical exercise? What are your expectations of exercise?
Interview Guide (after time for reading and familiarisation with guide)

K — Need to know if the person is retired and need to ask about job. Don’t just assume everyone is
retired. Likes how the guide includes themes. Need a strategy to ensure that SM doesn’t ask the
same question twice.

C - Make it clear at the beginning that if they don’t understand anything that they can ask SM a
question.

Nothing to add or change. Need to include that the interview will last ‘approximately’ one hour.

SM concluded by thanking the group and invited them to attend another meeting that would focus
on the analysis of the interviews. The group agreed.

6. PPIE meeting brainstorm

Current PA levels

Typical day

Purposeful activity Perceptions

Information from HCP Barriers

sppon e

Social support Motivations

el gooct T
Believability of Quality of life _

potential

Encouragement

Hope of
improvement

Expectations

Targets /

Small steps .
milestones

e.g. reach cupboard . . you

specifically want to
gain?
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Appendix 17. Participant recruitment locations

1. Original recruitment location contacts

Name of group

Location

Newcastle 50+ forum

Newcastle Under Lyme

Beth Johnson Groups

Stoke-on-Trent

Age UK groups

Newcastle Under Lyme

Arthritis Care UK

Stafford

Arthritis Action

UK-wide

Green door activities

Stoke-on-Trent

Royal Voluntary Service

Stoke-on-Trent

Newcastle Under Lyme Friendship
Centre

Newcastle Under Lyme Library

College of the third age

Newcastle Under Lyme

Stoke Health older persons group

Stoke Heath Community Centre

Royal Voluntary Service

Stoke-on-Trent

Royal Voluntary Service

Parish Church of St Andrews Church Hall, Stoke-On-
Trent

Woman'’s Institute

Stoke-On-Trent

2. Additional recruitment contact made

Name of group

Location

Friends activity group

Coven Memorial Hall

Age UK St. Giles Church
Age UK Burton

Age UK South Staffordshire
Age UK North Staffordshire
Diabetes UK North Staffordshire

Staffordshire Football Association

Staffordshire

Approach Staffordshire

Staffordshire

Hayward befriending group

Stafford

Burton Albion Football Club

Burton

Critterish all sorts UK

Stoke-On-Trent

SSOTP

Stoke-On-Trent

Arthritis Care

Staffordshire

Arthritis Action

Staffordshire

Midland Heart Association

Stoke-On-Trent

Diabetes UK

North Staffordshire

Weight-Watchers

UK
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Appendix 18. Recruitment poster

Who am I?
Sarah Mckevitt, a PhD student at Keele University. Please read the following

Keele

University
other long term health condition?
There are no physical activity level pre-requisites.

I 'wiould like to invite you to a short interview with
me about your physical activity experiences.

information and see or rip off my details at the bottom of the page.
osteparthritis and other conditions has on
| activity.

Many people with osteoarthritis also have other Do you have Ostecarthritis and at least one
your view off

1 | am interested in what impact having

hezalth conditions.

| would meet you at a time and place convenient

2 | am interested to kmow what your physical

arg.

..

for you. | would like to audio record the interview
willl inform future research about for my research project. Any information would be

how to help people with osteoarthritis and other
health condition be more active.

kept confidential and anonymous.

Your views
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Appendix 19. Recruitment presentation
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Appendix 20. Participant invitation

ARTHRITIS
RESEARCH UK

Keele
University

Letter of invitation

Ref: Insert Study ID

>Insert prospective address<

>Insert Date<

Dear >Insert Namex,

Thank you for taking an interest to participate in my study;

Research Study: Attitudes and beliefs about physical activity in people with osteoarthritis and
comorbidity: A qualitative study.

My name is Sarah Mckevitt and | am a PhD student studying at Keele University. | am inviting you to
take part in a research study looking at how people over the age of 45 with osteoarthritis view
physical activity when they also have other health conditions. | would be grateful if you would read
the attached information sheet.

If you would be willing to be interviewed please return the reply slip in the pre-paid envelope. | will
then call you to arrange a meeting.

Please contact me if you would like more information. | am very happy to discuss the research and
answer any questions you may have.

Yours sincerely,
Sarah Mckevitt
PhD Researcher
Telephone: 01782 734985

Email: s.s.mckevitt@keele.ac.uk

Attached: Study information sheet and Participant information sheet, reply slip and pre-paid
envelope
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Appendix 21. Participant information

ARTHRITIS
RESEARCH UK

Information sheet Keele
University

You are being invited to take part in a research study. Before you decide, it is important that you
understand why the research is being done and what it will involve. Thank you for taking the time
to read the following information.

Who is funding and organising the research?

Sarah Mckevitt, a PhD student at Keele University is being funded by Keele University through an
ACORN PhD Studentship to undertake the study.

What is the purpose of the study?

Previous research has shown that osteoarthritis (OA) is a very common disease that has a large
impact on people’s lives. Often people who have OA also have other conditions at the same time.
Physical activity is an effective form of treatment for osteoarthritis. Physical activity includes
everyday activities such as; walking to work, housework, gardening, working out, and playing active
games and sport. However, the impact of having other health conditions alongside osteoarthritis on
the physical activity people carry out is not clear. This research aims to find out what the patient
perspective is, what they think of physical activity, their experiences and suggestions for encouraging
a more physically active life.

Why have you been invited to take part?

| have invited you to take part in an interview about your attitudes and beliefs regarding physical
activity. You have been invited because you have osteoarthritis and at least one other health
condition at the same time. | am investigating whether this combination of osteoarthritis and other
health conditions impacts on attitudes and beliefs and ability to be physically active. My research is
to find out;

1) What are your attitudes and beliefs toward physical activity?
2) How can you be helped to be more physically active?
Do | have to take part?

Participation in this study is entirely voluntary. You do not have to take part and you can change your
mind at any time without consequence. An additional period of one month from the interview date
will be given for you to withdraw from the study.

What does the study involve?

| will meet you at a time and location convenient for you. | would like to do a face-to-face or
telephone interview which | would audio-record. This would be about your perspectives of physical
activity. This could take approximately 60 minutes.
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There are no direct benefits to you by taking part, however you will be helping in research to identify
better ways to tailor physical activity recommendations for people with osteoarthritis and
comorbidity. There are no right or wrong answers and no preparation for the interview is necessary.

Confidentiality

| will type the interview up and anonymise it by removing any names or details which could identify
you, anyone else or places. The anonymised information will be used in my thesis research report
and for journal articles and presentations.

On completion of the research, the information such as interview transcripts, audio-recordings and
personal information will be destroyed. However, if you consent to it, anonymised information will
be kept for 5 years so that this may be used in future research by researchers at Keele or our
collaborators.

You don’t have to answer any questions you do not wish to and you may stop the interview at any
time point. All data gained from the study will be kept strictly confidential. Access to the information
will only be given to myself and my supervisors at the University.

Who has reviewed the study?

The Keele University Ethics Committee has reviewed and approved this project. The quality of the
study has also been reviewed by topic specialists as part of the research approval process.

Contact for further information

If you require more information | am happy to discuss the research via phone or email contact. My
contact details are;

Sarah Mckevitt

Research Institute for Primary Care and Health Sciences
Keele University

Staffordshire

ST5 5BG

Email: s.s.mckevitt@keele.ac.uk

Phone: 01782 734889

For any other concerns or a matter you wish to discuss outside of the research team please
contact;

Research Integrity Team
Directorate of Research, Innovation and Engagement
IC2 Building, Keele University, ST5 5NE

Email: research.governance@keele.ac.uk

Tel: 01782 733371
Thank you for taking the time to read this participant information sheet.

If you would like to take part please fill in the reply slip.
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Appendix 22. Participant reply slip

ARTHRITIS
RESEARCH UK

Name

Date of birth

/

Contact number

/19

Is there a best time to contact you?

Have you ever been diagnosed with osteoarthritis by a health professional? YES / NO

(Please circle one answer)

Do you currently have any other health condition? YES / NO

Appendices

Keele
University

If so, which condition(s) do you have (e.g. obesity, diabetes, heart disease, depression, chronic

obstructive pulmonary disease, hypertension)?

*Please note, if you do not have another health condition, you are not eligible for this study*

Thank you again for taking the time to read and provide information for this study,

Sarah Mckevitt.

Please return this reply slip in the prepaid envelope supplied.
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Appendix 23. Consent form

ARTHRITIS
RESEARCH UK

Keele
University

Title of project: An investigation of attitudes and beliefs towards physical activity in
people with osteoarthritis and comorbidity: A qualitative study.

Name of Researcher: Sarah Mckevitt

Study ID number: (Insert study ID number)

Participant name: (Insert name)

Please initial each box if you agree with the statement

1. 1confirm that | have read and understood the information sheet dated <insert date> for

the above study and have had the opportunity to ask questions.

2. lunderstand that my taking part in an interview is voluntary and that | am free to not answer any

question or withdraw at any time, without giving a reason.

3. lunderstand that if | do take part, | can ask for my information to be removed for up to one
month after my interview. After that, it will not be possible to remove it, as data analysis will

have started.

4. lunderstand that the interview will be taped and transcribed, and that the tapes will be securely
stored in the Research Institute for Primary Care and Health Sciences at Keele university, but

will bear no personal identifying information.

5. 1agree to allow my anonymous information to be used in future research projects.

6. |agree to my anonymised quotes being used in the publication of any results, but that

these will be anonymous and | will not be identified.

7. lagree to take partin the study.

Name of participant Signature Date

Researcher Signature Date
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Appendix 24. Interview guide with tracked changes

ARTHRITIS
RESEARCH UK

Keele
The following statements to be read out before each interview University
Explanation of who you are:

I am Sarah Mckevitt, a student from Keele University undertaking PhD study to explore Osteoarthritis
and comorbidity. This interview study will inform part of my PhD and is entitled:;

‘Attitudes and beliefs about physical activity in people with osteoarthritis and comorbidity: A
qualitative study.’

Confidentiality statement

You can be reassured that any information disclosed to me the researcher, will be kept confidential and
that it will not be possible for you to be identified. Your participation in this project is voluntary and
therefore you may withdraw from it at any time without penalty. You have the right not to answer
specific questions and to ask for the audio-recording or note taking to stop at any point.

Interview begins

Theme A) Introduction
Let me start by asking you some questions about yourself (Demographic questions):

Age

Marital status
Education
Occupation

Can you tell me about your osteoarthritis (how long had it, which joints, what caused it?)
Can you tell me about other conditions you have

e Can you tell me a bit about your experience living with osteoarthritis and other health
conditions at the same time? (Pain, function, other comorbidity related reductions in QOL)

Theme B) General challenges of comorbidity and PA

The next few questions are about physical activity and exercise and how this has been influenced by
your other health conditions.

Can you tell me about any physical activity or exercise that you do at the moment?

e What role does PA have in your life and has this been influenced by having both OA and
comorbidity? (Fitness, social, psychological, therapeutic etc.)
e Have you changed the type of PA you do because of OA and other long term conditions?

e How do you feel about doing PA in the presence of your OA and other long-term conditions?
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Theme C) Advice about PA for OA and comorbidities

What do you know about physical activity treatment options for someone like yourself with OA and
other health condition(s)?

¢ How much physical activity do you think you should do? What are the reasons for your
answer?
e What types of physical activity do you think you should do? (probe reasons for answers)
Where do you get information and ideas about physical activity? (Doctor, family, books, self—help
group etc.)

What has been the advice you have had about physical activity?
¢ How do you feel that this advice suits your situation of OA and *other condition*

How confident are you that you can follow advice to be physically active?
Did you try any instruction for PA you received? Did it help? If not, why?
Theme D) Priority of conditions and PA

Do you feel that any one of your conditions are more important than others? Can you explain the reasons
for your answers?

here.d ieal activit siti

How does having this combination of conditions impact on PA? (In what way? Why?)

What is different about having conditions together than alone?
Do you think it would be the same for other people with this combination of conditions?

Theme E) Impact of OA and comorbidity on sedentary time

Do you spend any time sitting, for example reading, watching television or on the computer?
¢ How do you feel about the amount time you spend sitting?
e Does having OA and another condition affect this amount of time you spend sitting, reading
etc, why?

What would make physical activity more appealing for somebody like you who has ©OA-and-ethertong
term-conditions? this combination of conditions? What makes it worse?

e What is it about having OA and other conditions that make it hard to exercise?
e What are the problems that crop up when you want to be active but can’t?

Theme F) Facilitating PA for someone with OA and comorbidity
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Can you tell me what supports you with regards to physical activity and maintaining a physically active
lifestyle? (family, friends, community, internet, healthcare)
e How has this been supportive?

Acre there other sorts of support that you would find helpful, or that you think other people with ©A
and-Heng-term-eonditions this combination of conditions might find helpful?

Is there any other kind of physical activity, exercise programme or opportunity that you have heard of,
know someone else does it, or would like to try? Why haven’t you tried it?

What would make you want to try a new type of physical activity or take up activity you have previously
done?

If you were asked to do a programme of exercise by a healthcare professional or if you we advised to
go swimming or walking, what would you want to know about? What would help you to do that activity
with regards to your conditions?

Have you ever heard of an intervention or programme which tries to encourage or make physical

activity experiences better for people with OA and comorbidity? What would feature in an
intervention if you helped to design it?

Do you have any future plans or goals for physical activity with your SA-ard-comerbidity?
combination of conditions?

Have you got any thoughts about what would help people with the combination of OA and other
health conditions exercise more or be more physically active?

Theme G) Concluding questions

What are your thoughts about PA for people with OA and other health conditions (Including, work,
housework, gardening, and hobbies) Do you think it is safe, good for you and achievable? (Prompt for
good or bad, if so what does good mean?)

Would you like to say anything further, that you consider to be important and I haven’t asked?

Check consent is still in place.

Check if participant would like to receive a summary of the interview findings.

Thank you very much for taking the time to participate in this research project.
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Appendix 25. Analysis process examples
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Codes and memos
noted down from each
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Initial coding, note taking examples
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Interview Extract Coding
15 They affect you, make you down, they make you depressed,  Comorbidity and ill mental
if you let it health
15 Then | open then | do them blinds, so that's my little routine, Enforcing routines, positive
to get me going habits to get through
15 it's gentle exercise, which is, with, OP I think you need Specific comorbidities require
specific PA/ limit PA abilities
15 Well if I'd only got one, I'd possibly be able to do a bit more Accumulative comorbidity
than what | do with the 2 affect
15 Your OP never goes away, you've got that pain all the time, Symptomatic vs episodic
because it never qoes away, but with the cystitis | mean it comorbidities
comes and goes
15 It just does not go away.. you leamn to live with it Learn to live, adapt or
surrender to conditions
15 Last year | got a real bad dose of the flu___and | just didn’t Acute illness on top of
want to get up comorbidity, O&, overwhelming
16 With taking anti-inflammatory drugs. . that can have a long Needs pain relief to do PA,
term effect on your blood pressure pain relief increases BP
16 I get problems with acid reflux .. | can't take Al medication Side effects from OA
anymaore management
Interviewee reference number
(0-17)
] Anger Feelings of anger 74 e feit angry, and angry about this
toward inability area bo be hanest
& Angry of condition B | | developed type 2 diabates, oh | was
%1 | Frustraticn :’:us;‘fimﬂ Triceins 1 :rrr:.rsuama e T drnythirg,
ATl FesErigtion Becaute Mg alwinys been active, M
always done thangs, [m and it just
holds me back
Code reference ™ ] :;‘:“_;‘u‘m"g;:{;’::;;:mﬁi
{In rEIatlon tD 9.1 Frustration frcsm 18 :It:ﬁ:n:trt:::'lhatm Erings o“-}\
reference in irasdiny generaity being able ta do what you want to da |

document 2X)

First developments of theme

9.2

I spend & lok of time

sitting... frustrated.... f it is really sore,
and | can’t get that pain to go awary, |
can't focus on anything eloe

%2

B Tt i quite frustrated now
Because af rry Fep, | can't pet up and

10 Pattenns, routines,

Pre-plancang thorter
¥ ledd, schievable
Attty

o

Built iy reutine, we krsrw wheng
were going o walk i and wiere
el Rkl bo Eoene back

plaraing
%

1 e R Ehink about iy back, whne
hiy're paoing and Faw lang I've got to
wialk, or else, | can't

X
/ 101

Pra-planning in 2 | Fwe goout for a meal or anything

preparation for ¥ thinking wihere the toilet is, and if

flares we're oo far avway from them | start
LY panicking

.
101

L

(initial groups of codes when
gathering extracts from

transcripts)
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Theme level 1:
subthemes.
1 Some codes
clustered, some kept
Code reference separate if they do not
(see in document 1X — combine clearly.
to find extracts for this
code)

4 Theme level 2:
themes. With a
letter reference (G)

Refined and clarified )

code name / description
linked with reference *

Theme reference
{e.g. G = routines
and planning
around comorbidity

Document 1X

9 Anger Feelings of anger 7 | Pve folt angry, and angry about this
toward inability area to be honest
9 Angry of condit 8 | 1 developed type 2 oh | was

9.1 | Frustration Frustration from 11 | s frustrating more than amything,
activity restriction because 've atways been active, I've
always dooe thangs. Em and it just
holds me back

21 16 | Mountaineering almast was 8 way of
Wife..50 not being able to do that is, is

3
s o | A on o T T
being able to do what you want to do

92 16 | 1spend a lot of time

sitting...frustrated.... f it is really sore,
and | can’t get that pain to go away, |
can't focus on anything else

92 17 | W facy im quite frustrated now
because of my hp, 1 can't et up and

\——/

Extract from interview

Reviewed & refined code for extract
Code reference

Subtheme

Theme (theme reference)
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Ref Code Description Does / doesn’t  Example excerpt
include -extra
2 Medication Contradictions, Reliance as well ~ ‘don’t take this with grapefruit juice’ it
role and side effects, role, as problems counteracts your heart tablet
complexity in  preferences, (contradicting I have cocodamol...i have two before | start the
comorbidity dependence relationship) day you know
4 Feelings Stoicism toward As well as I have got it like...you know, it’s just another one
/beliefs about  comorbidity, comorbidity of those things you’ve gotta get on with |
their health disappointment, feelings, this suppose
status anger, frustration, includes People don’t see me as a disabled person...and
acceptance, feelings about saying that in itself is quite a big thing...because
rejection, avoiding  weight and age  don’tyou know, but/am
stigma
7 Planning life Shorterboutsof Doesn’t include  Built in routine, we know where we’re going to
around activity, planning PA mode of walk to and where we’ve got to come back
comorbidity achievable activity, intermittent I have to put enough money in my purse, now, if
preparing for activity. Ive walked to town and im not well, | need
flares. extra time enough money to get a taxi to bring me back
! home again
9 Routines to Daily processes, I have patterns...Sunday walk, Mondays yoga,
maintain QOL commitments to Tuesday the friendship group...things that |
inclusive of give day structure enjoy. And social elements
comorbidity
10 Disruptionto  Condition flares, Also If you’ve got appointments or anything, then |
general life healthcare, effort,  unpredictability = work around them, | work around the
with having restrictions, halts, and flares of appointments, the doctors. Doctors and
comorbidity acute illness one condition, hospital. Then | have a rest between them.
overwhelming sl.eep/ I.|fe It stops me doing what | want to do...even like,
disruption just walking
11  Prioritising Threat, life impact,  Includes My cancer returning, that’s a condition...that
conditions fluctuating, fluctuating / sort of up there on the top of the list, m other is
shifting, controlled  changing my AF, if | can keep that under control
vs not controlled, priorities
not prioritising
14  Single Cannot do Single disease I've been shown one lot of exercises and that
condition prescribed PAfor  focus overrides ~ was for me knees. But what she was expecting
focus one condition other codes me to do, | couldn’t do because of the pain in me
problem because of (e.g. back.
another. practitioner
Discordance, single condition
multiple focus here
practitioner rather than 15 /
communication 18).
problems
20 Intermittent Rests / recharge, I can walk so far...you can have a good walk and
PA mode forced rest, small a little sit down in between and I’'m raring to go
and often, or not again
sitting long,
intermittent sitting
22 Activity Functional activity,  Focus on Keep yourself moving, em, and just keeping your
modes for keep moving, PA functional body mobile, as much as possible
someone with  definition to them  ability, general ~ The other PA that no one ever thinks about is
comorbidity movement driving a car...because you’re using your legs all

the time
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25  Self In their knowledge, Confidence and  Its very inhibiting if you're at all self-
confidencein  ability, lack of lack of conscious...you’ve got to overcome that to begin
person with confidence, lack of  confidence with to, to gain that confidence...and not to be
conditions connection with And body-mind 9ware of other people
and PA body separation With having done it for so long, em, | know

really what, what I’'m capable of and you know,
it, confident in doing it

26  PAsupport Buddy, PT, social, Fundamental PA  Having other people...you encourage one

family support another, you can lift your knee a bit higher you
know? You can encourage one another

27 Endorsement From HCP, PT, Are they being I’'ve never seen anybody with a condition, come
of PA as a socially, having advised to use out of it any better, with any activities or special
treatment references PA as a classes...I've never known anybody to benefit in
option treatment any real terms

28 Meaningful PA explained, A method of Knowing what exercise would benefit me the
PA instruction meaning, personal, intervening, not  best and having it, it comes down to

self-manage just instructing, _ Physiotherapy
having Teaching people short routines they can do at
hegotiations, home, having regular checks with them through
conversations, the internet
mutual

30 Group Social, like- The opportunity to exercise with people with the
facilitation conditioned same complaint

people together, Have a specific group of people with the same
like aged, gender conditional and older people as well really

31 Negative PA PA image, Connotations You can really put people off exercise if you tell
experiences/  unrealistic, with PA, bad them they have to lose weight first
thoughts advertisement, previous PA I suppose you could go to these classes where

weight / body history, PA you sit around in a circle and you go waaay ehh

. . ohh! (swings arms)... i’'m not going to get to that
image focus, stigmas stage,

negative impact on

them / conditions

33  Tailored/ To age, gender, The ways PA Its mixed ages and mixed abilities...she’s aware
adjusted PA level, abilities has been or that people have different strengths,
to suit them could be weaknesses..

adapted to be If you can’t move a lot then chair based activity
inclusive

34 Environment  Gym environment, Access to I should start doing the gym because it’s maybe
effects on weather equipment, more controllable, | can stop, get in the car and
their PA adaptable, go home
participation weather bad, Weather, sometimes. So | mean, that

barrier determines how long a walk | do
36 Condition Prognosis This is an initial I can’t tell much about, honest and truthful, and
uncertainty unknown, unsure  barrier before I'don’t know that much about it
of medications, patients can I’'m waiting for a knee replacement so if | have
unsure of even consider that done and get back to doing some exercise,
symptoms, lack of PA riding a bike and things like that, whether | can
! ’ get to the point where m blood pressure’s under
knowledge about control without medication | don’t know
conditions

38 Fears and Fears of Also being self- If I went on one of these physical things...it’d
cautious conditions, pain protective from  probably do more harm than good.
l:.)ehaV|our I_n thls.fear: pain | probably don’t push myself as much as |
life and PA in avoidance, should...I won’t do anything that gives me pain.
those with careful, over
comorbidity cautious
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Example: Queries and investigation into the codes and data

Question 1: Are code 7 and 20 distinct from one another?

Points: instead of shorter bouts, the code could be; planning achievable activity within
comorbidity constraints.

Decision: To keep 7 and 20 separate, but to remove the detail of ‘shorter bouts’ in code 7 and
replace this with ‘planning achievahble activity'.

Official code name Original code | Original code name Code extract
and number number
7- Planning life 10 P-I-a-;q-mﬂg-—-shep@e# Built in routine, we know where
around comorbidity lessbeutsofactvity we're going to walk to and where
(sherter bouts, tobo achioyabla we've got to come back
planning achievable e e R B s
activity, preparing for e
flares, extra time) planning achievable
activity within
comorbidity
constraints
7 10 | have to think about my back,
where they’'re going and how long
I've got to walk, or else, | can’t
7 10.1 Planning —in If we go out for a meal or anything
preparation for / I'm thinking where the toilet is,

Question 2: Do the codes accurately reflect the stories in the interviews? Example interview: 17.

Points: Participant 17 (Female, 77) had OA, Raynaud’s, blood pressure, Thyroid and palpitation
conditions. She prioritised conditions based on the impact they had on her life, but these priorities
seemed to fluctuate as we progressed through the interview. There were four main topics that
came across in her story which were; 1) Contradictions between not only her medication (Raynaud's
and blood pressure), but also prescribed treatment for one condition contradicted by another (hip
stopped shoulder PA), 2) the identification of solutions, but new different barriers in the way of
these solutions (use of walking sticks = avoiding disability stigma; wanting to take action = waiting
lists), 3) The uncertainty she had around her conditions (how tired should she be? Where does she
get information? Is it controlled? ‘I don't know') 4) There's 2 outcomes from her situation: where
she is (lack of function, frustration, depressed feelings, ‘time running out’ and fears of
unpredictability and falling) and where she wants to be (an instructor that understands conditions,
more options rather than medication, understanding and control).

Decision: The extracts coded under the current headings do capture the concept of the interview.
However, | think it will be impertant te go through a process when reporting the results to ensure
that the stories from the interviews are demonstrated through the results, but that these stories
are broader than just a single occurrence from one interview. | will work on how | can link and
connect the problems risen from each interview to search for broader patterns and themes.

Code | Code Old | Extract Notes
ref description code
2 Medication 2 They were going to give me medication for | Medication
role a”d_ ) my Raynaud’s...that impacts on my life, contradiction
EE;EE;E” because sometimes my fingers...are white, | between Raynauds
and numb and | have to kind of sit on and blood pressure

them...but If | had medication for my
Raynaud's, apparently it will impact on my

326



Matrix development

Draft one (left) and two (right) of matrix structure including themes and

subthemes.
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File Home Insert Desigr Layoul Referer Mailini Review View Help RCM £ search = B3
Matrix structure draft 1.
Theme Subtheme
A | Hospitalisation / healthcare negative * Hospitalisation avoidance
association and avoidance *  Avoiding healthcare — waiting until problem
is insistent
B | Comorbidity and medication * Medication intolerance, contradiction,
complexity
e Medication side-effect
e Pain relief role
C | Comorbidity and mental health + Negative mental health from conditions
e Negative mentality / mental health status*®
D | Attitude — PA, comerbidity, life *  Stoicism toward conditions / comorbidity
o Strong willed attitude: pushing through,
determined, adjusting, seeking solutions
e Cautious, safe, avoiding risk
* Negative mentality / mental health status*
e Positive mentality
E | Sedentary time * Inactivity / sedentary time worsening health
status
* Inactivity / sedentary time inflicted by health
status
Sitting discomfort
F | Feelings about health status — e Disappointment in their health status
comorbidity, abilities = Anger toward health status
* Frustration toward health status
s Condition acceptance
o Condition stigma rejection
+ Weight awareness®
Page 1of4 535 words [ Display Setiings [, Focus B - ] +  100%

Mstrin structure draft L

Theme | Theme name Code Codes induded in therme
ref red
A Candidsoy and the COK 1 Haspital 2voldanoe
Cheonic care M [nealth symems| | 15 HeaRhcare professianal |HOP| proglems
18 Hezlihfare SINACTure prodems
B Upigue nature of comamidity 2 Mied W aTRON
Biographical desoriptions and 3 Mesrtal health
Ciornpd exiny 11 Priantsing condrtions
13 Cordition combinations
14 Zingle condition foous prablem
C Narretive snd identity in QA and 4 Fezlings /belefs about their health
comortadimy RS
Peychalogical burden 15 Social comparison
12 Lonediness
1] P& and self n Artrude f resdiness toward P&
FE] Comparsan to previous PA [ shili
31 Mepatier PA experienoes / thoughts
E ACTITY STTUS [ mpacT 5 nacthity impac
1z Alpermnath of FA
F Oiurership of comorbidity & nadlivily foroed
|desruptian, adapting ang 7 Planning We arourd comorbidity
everpday life) g Acpustmenss to life with comarbidity
% AnLTimes Tz mainmain Q0L
ple] Disruption
G PA characterislics J campanents 0 fbErmitent Pl
FF] Activity modes
24 Goals and mMaTivatkns to dio PA
pL] Enjoyable PA,
b r ndependenos
FE] Tallored [ adpsted PA
34 Ernironment
H Barriers and premsture apeing 17 Exhaustion, Tatigue fenergy
% Cordidence
36 Condition unoemalnoy
38 Fear
a5 Q& impact
37 Falls
| FacIlmanoes 5 PR s
7 Endorsement of PA,
1= PA instruction
E Group faclimation
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Final matrix structure
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Theme Subthemes Codes included
1. Barriers to 1. Lack of concept of Healthcare professional (HCP) problems
PA “comorbidity” and LTC Healthcare structure problems

prioritisation

Condition combinations
Prioritising conditions
Single condition focus problem

2. Uncertainty about the
management of health
conditions and PA
effectiveness

Medication
Confidence

Condition uncertainty
Fear

OA impact

3. Negative perceptions

concerning LTCs and ageing,

and PA

Hospital avoidance

Feelings /beliefs about their health status
Attitude / readiness toward PA
Comparison to previous PA / abilities
Negative PA experiences / thoughts

4. Multiple co-existing

biopsychosocial barriers to PA

Mental health

Inactivity impact
Aftermath of PA

Disruption

Inactivity forced
Exhaustion, fatigue /energy
Falls

5. Solutions to barriers and
barriers to solutions

Triage of barrier — solution — barrier
Common co-existing
Participant diagrams — participant examples

2. Facilitators 1. Social support through
of PA shared learning and
homogeneity

Combatting loneliness
Group facilitation
Social comparison

2. Healthcare professional
support to facilitate self-
management of PA

PA support
Endorsement of PA
PA instruction

3. PA mode and type that is

intermittent, adapted, and

fits into daily life

Planning life around comorbidity
Adjustments to life with comorbidity
Routines to maintain QOL
Intermittent PA

Activity modes

Goals and motivations to do PA
Enjoyable PA

Independence

Tailored / adjusted PA

Environment
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Example matrix theme: Facilitators of PA
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Subtheme references were gathered into final subthemes for inclusion in the qualitative study

Theme Theme name Subtheme | Subtheme name
reference reference
2 Facilitators of PA 26 PA support
27 Endorsement of PA
28 PA instruction
30 Group facilitation
20 Intermittent PA
22 Activity modes
24 Goals and motivations to do PA
29 Enjoyable PA
32 Independence
33 Tailored / adjusted PA
34 Environment

Example codes included in matrix theme

Code references according to their original label in the coding process

OLD code | Code NEW sub-theme

reference reference

35 PA support — having a PA buddy 26

35.1 PA support - from instruction & review from PT 26

35.2 Social comparison PA support — motivation, encouragement 26

35.3 Community, family, group support 26

36 References for PA — seeing results / someone else experienced & | 27
endorsed

36.1 Opposite to 36 - No references / recommendations from peers 27
for PA

38 PA not endorsed / encouraged / advertised / promoted 27

38.1 Expert opinion value on whether they promote PA or not 27

38.2 Not enough Instruction/ encouragement on PA from HCP 27

39 Teaching — Explained to give them understanding and meaning to | 28
PA

39.1 Teaching with a personal touch on how it directly helps them 28
specifically — personalised (conditions, age, ability, level)

39.2 Taught to self-manage, do it themselves, despite conditions 28

39.3 Their specific information needs 28

394 Their specific instruction needs 28

52.1 HCP positive — intervenes, not just instructs & negotiation PA 28
specific

41.4 Social, group facilitation 30

50 Like-conditioned individuals together 30

50.1 Like in other ways — age, gender, level 30

28 Intermittent PA — active until needing rest / recharge during 20
activity

28.1 Intermittent — condition symptoms during activity forces themto | 20
rest
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Example matrix data (original code reference) and participant reference number

Colours represent participant excerpts included in draft one of qualitative results

Old | Participant | Extract

code | reference

35 1 If someone was knocking on the door every week saying ‘common *** we're
off swimming!’ I'd go...need that, somebody saying to them come on

351 |3 Come back and see me in 6 months (PT)

352 |3 Having other people...you encourage one another, you can lift your knee a bit
higher you know? You can encourage one another

35 4 | wouldn’t like to go on my own, and ive lost all my confidence to go

35 4 | haven’t got the confidence to go on my own...if somebody’s with me, I'd
have a go at anything really

35 11 Friends, they say, come on don’t be miserable, let’s go

353 |9 | go out with my daughter and son in law, they know my limits and we have a
good walk

353 | 8 As a community as a whole, if you tell us we need to lose weight or get fit to
look better we do not respond, but everybody | know in this community who
has been told they need to tackle their health for numerous reasons, has done
so.

353 | 8 Absolutely bloody awesome husband...he’s very supportive about what | can
and can’t do

353 | 8 I’'m also lucky that in my social community is disproportionately oriented to
people with chronic illnesses and disability

35 10 Oh yes, when I’'m walking ‘straighten your back!” ‘straighten your back you
look like an old lady!’ (laughs)

35 10 I’'m only interested in my friend you know, so | don’t sort of get, | go to 2
classes, you know that classes and all that

35.1 | 12 There would be someone there from the NHS...just to make sure you’re alright

35.3 | 12 Well certainly my son will nag me if | don’t go!...when you say about keeping
myself fit, it’s for them

35 12 Someone to go with them to go...a friend to come with me, you always go
more if somebody’s joining you than if you’re going on your own. It takes
quite a bit of courage to join something

353 | 14 Its mainly my family...they tend to do the things that | can’t

35.3 | 16 A lot of close friends understand, if | say I've got to sit...they understand

35.3 | 16 Me wanting to do it | think is the main thing and having friends that are willing
to...go for a walk for only 3 hours rather than all day

35.3 | 17 My cousin, comes and picks me up and takes me, and | want to spend time
with her as well

35.3 | 17 The church supports with the keep fit thing for sure

353 | 17 You can learn so much...from other people...its meeting them, and speaking
with them

353 | 8 Those groups are very good on low impact exercise with suggestions of
different types of exercise and ways to stay moving and ways to motivate
yourself

36.1 | 15 Most of my friends don’t exercise

36.1 |1 I’'ve never seen anybody with a condition, come out of it any better, with any
activities or special classes...I've never known anybody to benefit in any real
terms

36 3 The reference of somebody who had tried it
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Appendix 26. Example diagrams of analysis

‘She just says if it hurts, stop. And | just thought well in that ‘If I can’t have a quality of life, | no longer want to live

12
case I'm not doing anything’
Fatigue
" g PA only for Not reassured
0A to push
Osteoarthritis 4
— - Push through
— Fear of pain or no QOL |
| pain falling /
//'/ I| Lack of
||‘ \ cunflden[:e
) ) Treatment |
Bronchiectasis ~ —  burden |
|
|
Side effects ! Adapting PA
e of

| Ve
Light headedness Adapted
/ balance . )
intensity
‘The treadmill that’s it, where you can hold on, because it

‘There is a tai chi class locally, but | can’t do tai chi as it is, real
tai chi, the one that | went to, she adapted...and it makes a big makes a big difference...when you are outside like me, you have
difference’ to watch where you’re walking’

Figure: A26.1 Participant 12 map

14
Stopped ‘The problem with umm, me walking
Osteoarthritis ~ — Walk"'g ’ oy ]
saaliter mobilr condition (OA), is what bothers me mostly
- and me balance....it impacts a lot on me
Balance isrupted X o 3
physical activities, because | haven’t got the
energy and | can’t do things”
Fatigue
Falls — Fear
[~ PA has to be
T~ |nterm||tent

Exemse
Reassurance
machlne

Heart Fu:flllve
condition experience at Tailored PA
rehab

Confidence in Familiar but
ability adapted PA

‘Well the heart condition | could, I could just cope with that ‘My balance mainly, stops me doing things, which | am
alright it didn’t, didn’t seem to bother me but the walking is,  frightened, I’'m very frightened of falling over again you know

very detrimental to me’

Figure: A26.2 Participant 14 map
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15

. Pain Episodic pain _,__w__
Osteoarthritis ~ —— stops PA “\

PA disrupted )

Cystitis / PA has to be
water X Episodic — intermittent
infections ]

PAhastobe gl
- gentle
Osteoporosis

— PA importance
s
i \\\\\
Can't be m

bothered

‘When [ have the cystitis bad that really does, when I'm up, at ‘I keep having the infections...because they affect you, make
least about 6 times in the night going to the loo...the next day !  you down, they make you depressed, if you let it’
am, you know, | feel really tired”

Figure: A26.3 Participant 15 map

‘I did go to the hospital for a little while, but that was just to do
exercise because | had a frozen shoulder...it was just a few
sessions...but because my hip was getting worse, it was too
Constipation difficult for me really’

|

Pain relief Single condition
Osteoarthritis  ——  jge-effects focus

17 ‘Cocodamol has other side effects like constipation and
whatever so, yeah you’ve got to deal with your pain’

Contradictions Can'tdo
prescribed PA

Frustration

\
Depressed
feelings

Raynaud's - .
time running PA not
out’
AN endorsed
Medication — P
contradiction Alternative to - N SEE O.fdls?blllw
pain relief? Solutions —walking sticks
v M Condition have
. understanding barriers
instructor thal T
A waiting lists
Hypotension understands their . 8

ondition

Lack of
information &rTinstructor who, understands your condition...better than
somebody who hasn’t got a clue what it’s all about...so they
would know your limitations...to devise a programme around,
various conditions that existed within the group’

‘I don’t want to be seen as some poor old weak old thing that
needs sticks to get down from A to B’

Figure: A26.4 Participant 17 map
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