
Exploration of the Physical Activity Guidelines for People with Multiple Sclerosis

HUMPHREYS, Liam <http://orcid.org/0000-0002-9279-1019>

Available from the Sheffield Hallam University Research Archive (SHURA) at:

http://shura.shu.ac.uk/32299/

A Sheffield Hallam University thesis

This thesis is protected by copyright which belongs to the author.    

The content must not be changed in any way or sold commercially in any format or medium 
without the formal permission of the author.    

When referring to this work, full bibliographic details including the author, title, awarding 
institution and date of the thesis must be given.

Please visit http://shura.shu.ac.uk/32299/ and http://shura.shu.ac.uk/information.html for 
further details about copyright and re-use permissions.

http://shura.shu.ac.uk/information.html


Exploration of the physical activity 
guidelines for people with multiple 

sclerosis 

Liam John Humphreys
 

A thesis submitted in partial fulfilment of the requirements of
 Sheffield Hallam University 

for the Degree of Doctor of Philosophy

December 2022 



i 

Candidate Declaration

I hereby declare that: 

(1) I have not been enrolled for another award of the University, or other academic or

professional organisation, whilst undertaking my research degree.

(2) None of the material contained in the thesis has been used in any other submission for

an academic award.

(3) I am aware of and understand the University's policy on plagiarism and certify that

this thesis is my own work.  The use of all published or other sources of material

consulted have been properly and fully acknowledged.

(4) The work undertaken towards the thesis has been conducted in accordance with the

SHU Principles of Integrity in Research and the SHU Research Ethics Policy.

(5) The word count of the thesis is 54,578

Name Liam John Humphreys 

Date December 2022 

Award PhD 

Faculty Academy of Sport and Physical Activity 

Director(s) of Studies Professor Robert Copeland 



ii 

Abstract
Background 

Despite the numerous benefits of exercise and the publication of the physical activity 
guidelines (PAG) in 2013, most people with multiple sclerosis (PWMS) remain physically 
inactive. Appropriately supported opportunities to engage in physical activity in the community 
remain scarce, so the extent to which the PAGs inform practice is unclear. The overarching 
aim of the thesis was to explore what helps PWMS engage in exercise in the community, using 
the physical activity guidelines as a guide. To achieve this, the thesis explored the exercise 
experiences, preferences, and support needs of PWMS.  
Methods 

The research programme included four connected studies using a range of 
methodologies. Study 1 (Chapter 3) adopted a qualitative approach to explore the thoughts of 
people with high MS disability. Study 2 (chapter 4) was a mixed-methods feasibility study to 
explore high-intensity interval training in PWMS. Study 3 (chapter 6) was a qualitative study 
exploring the opinions of healthcare professionals and PWMS. Study 4 (chapter 8) was a 
mixed-methods evaluation of a community-based exercise intervention. Additionally, the 
thesis includes a scoping review (chapter 5) and a systematic intervention development process 
using the behaviour change wheel (chapter 7). A pragmatic theoretical perspective underpins 
the research programme as findings were pursued that are applicable in practice and the 
community. 
Key Findings  

The PAGs for PWMS lack inclusivity and provide little detail of exercise prescription 
and application. High-intensity exercise was safe and feasible for PWMS but with limited long-
term appeal. For PWMS and some healthcare professionals, there is a need to change their 
perception of exercise professionals' competence in working with PWMS. Additionally, 
healthcare professionals state that discussing exercise with their patients is not a priority. 
Within the community, interventions are primarily aimed at people with mild MS. Also, PAGs 
and behaviour change theory are used sporadically in community interventions. Encouragingly, 
a community-based intervention underpinned by BCT and structured using the PAGs was well 
attended by participants, improved constructs of the COM-B model, and may improve physical 
activity levels, fatigue, quality of life, self-efficacy, and physical function.  
Conclusions  

The PAGs exist to help support PWMS to exercise in the community. The deep 
understanding of the exercise experiences, preferences, and needs of PWMS gleaned through 
this body of work suggests that the PAGs are currently ineffective, as the infrastructure is not 
in place for PWMS to enact the behaviour. Theory-informed community-based interventions 
show promise and need to be used to create an ecosystem where PWMS feel capable, and have 
the opportunities, and motivation to engage in exercise.    
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Defining key terms 
Table 1 provides definitions for keywords and terms used throughout the thesis. 

Physical activity and exercise are used inconsistently within health-related research as the 

distinction between them is unclear 1. As the definitions in Table 1 show, the two constructs 

overlap1. More specifically, exercise is a domain of physical activity 2. Additionally, terms 

such as physical activity and exercise are perceived differently by people of differing classes, 

sex, and sociocultural factors3. Throughout this thesis, ‘exercise’ is the primary term used, as 

the research explores exercise prescription. That being said, ‘physical activity’ will appear 

regularly (e.g. physical activity guidelines).  
Table 1: Key terms and definitions 

Term Definition 

Aerobic  Activity in which the body’s large muscles move rhythmically for a 

sustained period. Aerobic activity, also called endurance activity, 

improves cardiorespiratory fitness. Examples include walking, running, 

swimming, and bicycling 4. 

Disability From the International Classification of Functioning, Disability and 

Health, an umbrella term for impairments, activity limitations and 

participation restrictions, denoting the negative aspects of the interaction 

between an individual (with a health condition) and that individual’s 

contextual factors (environmental and personal factors) 4. 

Exercise Exercise is a subcomponent of physical activity. Exercise positively 

correlates with physical fitness and includes planned, structured, and 

repetitive bodily movement. The objective of exercise is to maintain or 

improve physical fitness 2. 

Exercise training often includes supervision and a prescription based on 

its mode (i.e. type of exercise), intensity, frequency, and duration 5. 

Light intensity  Light intensity refers to physical activity that is performed between 1.5 

and 3 METs. On a scale relative to an individual’s personal capacity, light-

intensity physical activity is usually an 8-11 on a rating scale of perceived 

exertion scale of 6-20. Examples include slow walking, housework, or 

other incidental activities that do not substantially increaseeart rate or 

breathing rate 4. 

Metabolic equivalent 

(MET) 

The metabolic equivalent of task, or simply metabolic equivalent, is a 

physiological measure expressing the intensity of physical activities. One 

MET is the energy equivalent an individual expends while seated at rest, 
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usually expressed as mLO2 /kg/min 4. 

Moderate intensity moderate-intensity refers to the physical activity that is performed 

between 3 and <6 METs. On a scale relative to an individual’s capacity, 

MPA is usually a 12 or 14 on a rating scale of perceived exertion scale of 

6-20 4. 

Physical activity Physical activity is any movement of the body produced by the skeletal 

muscles resulting in energy expenditure which varies from low to high a 

positive correlation with physical fitness 2. 

Sedentary behaviour Any waking behaviour is characterised by an energy expenditure of 1.5 

METs or lower while sitting, reclining, or lying. Most desk-based office 

work, driving a car and watching television are examples of sedentary 

behaviours 4.  

High intensity High intensity refers to activity that is performed at 6.0 or more METs. 

On a scale relative to an individual’s capacity, VPA is usually a 15-20 on 

a rating scale of perceived exertion scale of 6-20 4. 
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1: Introduction to the thesis  

1.1 Chapter summary 
The following chapter introduces the thesis, describing the purpose and rationale behind 

the work. The chapter presents the primary research questions and the underpinning evidence 

that helped derive them. The aims and objectives of the four studies that comprise this body of 

work are described along with key terms and the epistemological position of the research that 

drives the methods employed. The chapter begins with an introduction to multiple sclerosis. 

1.2 Background to the thesis 
Multiple sclerosis (MS) is a chronic autoimmune, inflammatory neurological disease 

of the central nervous system (CNS)6. An estimated 2.8 million people live with MS 

worldwide, an increase of 30% from 20137. Living with MS is a physically and psychologically 

challenging experience8. Some of the most common symptoms for people with MS (PWMS) 

include excessive fatigue, limb weakness, motor abnormalities and sexual dysfunction, with 

symptoms dependent on the CNS pathology9. MS is the most common cause of disability in 

young to middle-aged adults in the developing world10. The condition's relatively high 

incidence rates and longitudinal nature have a considerable economic impact on the health and 

care system, PWMS, and their families 11. Treatments can better manage the condition, but 

there is still no cure, and the fundamental cause is still unknown. Symptom management and 

maintenance of function are crucial. Although previously not recommended for PWMS due to 

fear of aggravating the condition12, physical activity, including exercise of varying intensity 

and duration, has been identified as a critical endeavour to help PWMS manage their condition 
13. Evidence indicates that physical exercise is positive for managing symptoms, restoring 

function, optimising quality of life, and facilitating activities of daily living 14. 

In 2015, Motl and Colleagues 15 published an article discussing the top 10 research 

questions for physical activity in MS. A recommended question was, “how do we translate 

physical activity research into MS practice?” 15. This compares with the top 10 MS research 

priorities developed by the MS Society16, which asked PWMS what the most important 

questions are. One of the priorities is, “how can PWMS be best supported to self-manage their 

condition?”. Regular physical activity is an essential component of the self-management of MS 
17. The challenge for researchers and healthcare professionals (HCP) is to help initiate physical 

activity with PWMS and provide community support structures to help PWMS independently 

remain physically active 18.  
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1.2.1 Purpose and rationale of the thesis 
In other conditions, such as cardiovascular disease, exercise is recognised as an integral 

part of disease care. Within cardiovascular disease rehabilitation, exercise programmes are 

multifaceted and multi-disciplinary 19. Over time comprehensive and detailed guidelines on 

cardiac rehabilitation have been developed. This is also the case for cancer patients20,21 and 

stroke survivors 22, as impaired physical fitness presents a risk for recurrent stroke, cardiac 

disease and fall-related fracture 23. The strength of the evidence for exercise for PWMS has led 

to consensus statements specifying exercise as one of the most critical interventions for 

managing MS 24. The depth of the literature regarding benefits and safety has resulted in the 

development of physical activity guidelines (PAGs) for PWMS 25. The goal of publishing such 

guidelines is broad dissemination and uptake by PWMS 26. Unfortunately, PWMS are still 

much less active than healthy controls 27. Various factors may account for this, both personal; 

MS-related impairments, lack of confidence or knowledge regarding exercise and its benefits, 

and environmental; inadequate provision of support programmes and facilities. The 

discrepancy between the benefits of exercise and low engagement, despite the PAGs, suggests 

a translation and implementation issue. Consequently, this thesis aimed to explore the exercise 

experiences, preferences, and support needs of PWMS using the PAGs as a guide. 

1.2.2 Problem statement 
The research included in this thesis is focused on the following problem for PWMS: 

 Despite the reported benefits of exercise, PWMS are less active than the 
general population 

1.2.2.1 Reason for the problem 
The problem exists for PWMS because they do not feel capable, have the opportunities, or are 

motivated to be physically active. 

1.2.2.2 The solution to the problem 
Physical activity guidelines (PAG) were developed to help increase exercise 

participation in PWMS. Despite the development of PAGs, activity levels remain low in the 

MS population. 

1.2.3 Research question 
The research included in this thesis, therefore, attempts to answer the research question: 

 Using the physical activity guidelines as a guide, what works to help 
people with multiple sclerosis engage in exercise in the community? 

 

To answer this question, I undertook four connected studies with the following objectives: 
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(1) Identify the limitations of the physical activity guidelines for PWMS and the use of 

the guidelines in community-based interventions. 

(2) Explore the perceptions of PWMS after participating in a high-intensity interval 

training programme. 

(3) Explore the needs and preferences for exercise interventions for people with 

moderate-to-severe MS. 

(4) Identify the thoughts of people with mild-to-moderate MS and MS health 

professionals regarding delivering a community-based exercise intervention. 

(5) Develop a community-based exercise programme for MS patients informed by a 

theoretical behaviour change framework. 

(6) Explore the acceptability of a community-based exercise programme for people with 

MS. 

1.3 Research Paradigms 
Science (i.e., a way of knowing) is rooted in beliefs and assumptions that embody and 

support the researcher’s hypotheses, methodology, analysis, and conclusions within research 
28. In social research, the term “paradigm” refers to the philosophical assumptions or the 

fundamental beliefs that guide the actions and define the researcher's worldview29. Paradigms 

have also been called ‘philosophical worldviews’30. A paradigm is a belief system and 

theoretical framework with assumptions about 1) ontology, 2) epistemology, 3) methodology 

and 4) methods 31. It is how researchers understand and study the world's reality. Ontology 

refers to the nature of our beliefs about reality31. Epistemology refers to the branch of 

philosophy that studies the nature of knowledge and the process by which knowledge is 

acquired and validated 31. The methodology is “an articulated, theoretically informed approach 

to data production. Methods are specific means of collecting and analysing data, such as 

questionnaires or open-ended interviews 31.  

There are numerous research paradigms widely discussed in the literature. Below, three 

influential paradigms of positivism/postpositivism, constructivism, and pragmatism, are 

discussed30. 

1.3.1.1 Positivism/Post-positivism 
Positivism emphasises the importance of observation for generating knowledge and 

considers measuring phenomena as central to developing understanding32. The research 

methodology used in social science for much of the 20th century was primarily quantitative and 

was concerned with investigating things which could be observed and measured in some way33. 
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Such observations and measurements could be made objectively and repeated by other 

researchers 33. Positivists believe that reality is unaffected by the researcher or the research 

process and rejects non-observable (and hence untestable) sources of knowledge as unscientific 
32,34. Positivist research is based on deductive reasoning 35, also known as top-down logic, 

which is defined as the ability to make inferences about the accuracy of a conclusion based on 

several, often competing, hypotheses36. The deductive process begins with theories and models. 

It defines variables for study, predicts their relationships by framing hypotheses, and tests those 

hypotheses. The sample is randomly selected, and primarily quantitative data are collected. 

From the results, generalisations are made to accept or reject the hypothesis 35.  

There have been numerous criticisms of the positivist paradigm, for example, 

dismissing other sources of understanding such as human experience and interpretation 32. 

Positivism also ignores context and individual perspectives, attempting to remove subjectivity, 

which denies any role for reflexivity (discussed below) among researchers 32.  Due to these 

criticisms, post-positivism emerged from the positivist view of science37. Postpositivism is an 

approach to knowledge and an assessment of the nature of reality, making it both an 

epistemological and ontological position 32. Post-positivism states that hypotheses can never 

be proven beyond any doubt and that theory should be tested to be falsified and verified 37. 

Although we will never achieve absolute truth, post-positivists believe we should strive to get 

as close as possible 37. Within post-positivism, validity and reliability are of critical importance. 

Bias is unavoidable in research as observations are impacted by individual and cultural biases 
37. In post-positivism, reducing or controlling for bias as much as possible in the research design 

is vital. The researcher must remain neutral, and techniques such as control groups and multiple 

forms of measurement should be employed 37. 

1.3.1.2 Constructivism 
Constructivism opposes positivism and assumes that individuals seek an understanding 

of the world in which they live and work 30. The belief is that we ‘construct’ our reality through 

social interactions, relationships, and experiences 37. Therefore, research within a constructivist 

paradigm aims to rely on the participant’s view of the situation being studied 30. Additionally, 

constructivists recognise that their own experiences influence their interpretation and position 

themselves in the research to acknowledge how their interpretation emerges from their 

experiences 30. The researcher intends to interpret the meanings others have about the world. 

Rather than starting with a theory (as in postpositivism), constructivists generate or inductively 

develop a theory or pattern of meaning from data 30.  
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1.3.1.3 Pragmatism 
Pragmatism offers an alternative research paradigm compared to positivism and 

constructivism, which is not committed to any system of philosophy and reality 30. Pragmatism 

is concerned with the practical outcomes of human action, the value of science, and the 

practical evaluation of “truth” 37. Pragmatism is the practical philosophy in which truth is not 

absolute but a moveable construct for understanding the nature of reality 38. Pragmatists are 

concerned with what works and solutions to problems30. Therefore, pragmatism is often 

associated with putting theory into practice 38. When designing a research study, a pragmatist 

will not focus on the methods but instead, emphasise the problem and use all approaches 

appropriate to solve it 30. With a pragmatic approach, the research question becomes the 

stimulus for choosing a particular research design and is not determined by a specific paradigm 

or methodology, whether quantitative or qualitative39. 

A pragmatic theoretical perspective underpinned the research programme discussed in 

this thesis. A pragmatic viewpoint is warranted because practicality is a crucial focus of the 

research. Findings have been pursued that are applicable in practice, in the community, and to 

the individual to optimise physical activity behaviour in PWMS. Pragmatism is most associated 

with mixed-methods research. The mixed-use of quantitative and qualitative methods provides 

an avenue for obtaining data representing various perspectives 40. However, the pragmatic 

position does not necessarily mean that mixed methods are preferred to a quantitative or 

qualitative approach 40. Rather the choice of methods depends on whether they contribute to 

solving the problem 40. This thesis adopted a qualitative-driven mixed methods approach to 

answer the research question. 

1.4 Qualitatively driven mixed methods research 
Mixed methods research has increased in popularity over the last 20-30 years 30,38. It is 

defined as “research in which the inquirer or investigator collects and analyses data, integrates 

the findings, and draws inferences using qualitative and quantitative approaches or methods in 

a single study or a program of study” 38. The main reason for using mixed methods research is 

that using both qualitative and quantitative approaches will provide a richer understanding of 

the research problem than either approach alone38, which aligns with the philosophical 

paradigm of the thesis. One major criticism of mixed-method research is that it is primarily 

driven by quantitative methods 41, with qualitative research being relegated to secondary status 
38. The characteristics of qualitatively driven mixed methods designs are that the qualitative 

component is the core method and is supplemented by the quantitative component. The core 
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component drives the research findings and forms the basis of the narrative, and the 

supplementary component adds to the detail 42. 

1.5 Application of the research paradigm 
There are several reasons why a pragmatic epistemology was applied to this research. 

Firstly, pragmatism is a valuable framework for conducting real-world research because it 

emphasises the practical use of knowledge and focuses on real-world problems and solutions 
38. The practical implications for real-world application were imperative in this research 

programme, which fits a pragmatic epistemology. Secondly, the research question explored in 

this thesis addresses a practical problem a population (PWMS) faces. Research that addresses 

real-world issues is more helpful to practitioners and policymakers and positively impacts 

society 43. Thirdly, a pragmatic epistemology emphasises the involvement of stakeholders in 

the research process. By involving stakeholders, researchers can ensure their research is 

relevant and valuable to those impacted. 

Qualitative research is fundamental to developing and answering the research question 

in this thesis. Qualitative research can be used to explore complex phenomena that cannot be 

easily measured or quantified, such as emotions, beliefs, and values. Qualitatively driven 

mixed-methods research, as the name suggests, is an approach where the qualitative component 

of the study takes the lead in informing the research design, data collection, and analysis. In 

this approach, the qualitative data is considered more important in shaping the research 

questions, hypotheses, and sampling strategy, while the quantitative component tests the 

hypotheses and validates the findings. This approach was chosen because qualitative research 

can be used to explore a phenomenon in-depth and identify the key themes, issues, and factors 

that influence it.  

Mixed-methods research with a pragmatic epistemology has several advantages, 

including its ability to produce actionable insights and recommendations that can be applied in 

practice to improve people's lives 38. It also allows for a more comprehensive understanding of 

complex phenomena and can provide insights into the context in which they occur. However, 

it also has limitations, such as the potential for researcher bias and difficulty integrating 

qualitative and quantitative data. 

1.5.1 Rigour of qualitative research 
Rigour is defined as the quality or state of being exact, careful, or with strict precision 

or the quality of being thorough and accurate 44. Therefore, a more rigorous research approach 

will yield more trustworthy results 45. The trustworthiness or reliability of qualitative research 
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continues to be challenged because of the potential inherent subjectivity in this type of 

research44. There are several elements to classify rigour in qualitative research: transparency, 

credibility, dependability, and reflexivity 45.  Following is a series of strategies employed 

during the research process to ensure rigour in designing, carrying out, analysing and 

presenting the qualitative research 46.  

Each qualitative study included a semi-structured topic guide to help shape the 

discussion. A draft of each topic guide was discussed with the supervisory team, and 

amendments were made. Amendments were made to ensure the questions would achieve the 

study aim and enhance the rigour of the data collection. The topic guides for each qualitative 

study are included as an appendix. 

Throughout this thesis, framework analysis is used to analyse the data. Framework 

analysis is a valid approach for analysing large amounts of data in health-related research47. It 

is a matrix-based analytic method which facilitates rigorous and transparent data management 
48. The name ‘framework’ comes from the ‘thematic framework’, which is the central 

component of the method48. Framework analysis is not aligned with a particular 

epistemological, philosophical, or theoretical approach 49. Instead, it is a flexible tool that can 

be used in many qualitative approaches aiming to generate themes 49. Themes are a common 

feature of qualitative data analysis and involve the systematic search for patterns capable of 

elucidating the investigated phenomenon 49. 

Framework analysis consists of interconnected but distinct stages, which are discussed 

below in Table 2. Before completing the framework analysis stages, the data needs to be 

prepared for analysis. All interviews were recorded using a digital recorder, which produced 

audio files that could be downloaded to a computer and stored securely.  All recordings in this 

thesis were transcribed verbatim using an external transcription company. It is recommended 

that researchers complete the transcription process as this allows for immersion in the data 49. 

However, the research team deemed it a better use of resources to outsource the task to a 

professional transcriber. Verbatim transcription is not essential in qualitative research and does 

not prevent selective interpretations or ‘cherry-picking’  46. However, it did help ensure that 

the analysis was systematic and thorough. 
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Table 2: Stages of framework analysis 

Stage Description 

1) Familiarisation Stage 1 involves using the audio recording and the transcripts to become 

familiar with the data. For each of the qualitative projects in this thesis, 

the PhD candidate completed the interviews, resulting in some 

familiarity with the data. It is not necessary to include the entire data set 

in the familiarisation process48, but for this thesis, the PhD candidate did 

use the entire data set to ensure full involvement.  Also, in this phase, 

the transcription was uploaded to QSR-Nvivo (Version 10). Nvivo is 

software that enables electronic data coding, helping the researcher 

work methodically, thoroughly, and attentively 50. 

2) Identification of a 
thematic framework 

Following the familiarisation stage, the researcher re-reads the transcript 

and makes notes on the transcriptions and begins forming initial ideas 

and themes. For each qualitative project in this thesis, the topic guides 

and the research objectives informed the development of a conceptual 

framework.  In the thematic frameworks, the themes are grouped under 

higher order categories or ‘main themes’ with subsequent lower order 

categories48. For this thesis, data analysis began inductively, themes 

emerged naturally, and no essential aspects of the data were missed. 

Deductive themes relating to specific research objectives were then 

identified in the data. The initial frameworks were discussed with the 

PhD supervisory team. In these discussions, the initial themes were 

considered to see if the researcher’s interpretation was accurate. Themes 

were also grouped into defined categories, and the framework was 

adapted until the final framework was agreed. 

3) Indexing In stage 3, the thematic framework is applied to other transcripts from 

the research. In this stage, the themes were revisited and refined as new 

ideas developed during the process. Software such as NVivo is 

beneficial in this stage because it speeds up the process and ensures that 

data is easily retrievable 49.  

4) Charting Charting is a process of summarising the data whilst retaining its context 

and the language in which it was expressed and placing it in the thematic 

framework  48. NVivo was used to create thematic matrices to facilitate 

the interpretation of the data. Once charts were created, they were 

discussed with the supervisory or project team members to ensure 

accuracy. Charts from the individual qualitative projects are provided as 
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appendices. 

5) Mapping and 
interpretation 

The final stage in framework analysis is where the researcher combines 

the key learnings from the earlier steps 51. The charts and other data are 

reviewed, recombined, collapsed, or condensed as suggested by the 

study focus, data, and major patterns 51. The researcher is ultimately 

trying to tell a compelling story about how the data are structured and 

patterned 51. Each matrix is mapped separately to identify higher-level 

themes and associated lower-level themes. During this research, 

discussions were held with the PhD supervisory team during data 

analysis to ensure agreement on the interpretations of the themes.  

1.5.1.1 Reflexivity 
Reflexivity can broadly be described as how the researcher has influenced the research 

project52. It involves turning back on oneself so that processes of knowledge production 

become the subject of investigation53. With reflexivity concerning research, the researcher 

acknowledges that they are not separated from the field of study; they are positioned in it and 

must therefore reflect upon this position, which includes self-inquiry and examination of the 

assumptions guiding the research process 54.  

As discussed previously, a central tenet of pragmatic enquiry is the view that research 

should arise from a desire to produce useful and actionable knowledge 55. By emphasising the 

principle of actionable knowledge, researchers can develop research anchored in participant 

experiences and ensure the research is of practical relevance55. As such, pragmatism 

necessitates a reflexive stance at all stages of data collection 56. The researcher must develop a 

relationship of openness to elicit new perspectives rather than direct or prompt respondents 56. 

Therefore, a pragmatic researcher must question, “what is the research for?” and “who is the 

research for?” and “how do the researcher’s values influence the research?” 56. 

The researcher's background and worldview will affect how they gather and interpret 

data, impacting the research findings57. The PhD candidate acknowledges that their perceptions 

have the potential to impact the results of the studies in this thesis. Efforts were made during 

each study to limit potential biases. These efforts ensured that the researcher was not directing 

the participants but eliciting new perspectives from them, enhancing the likelihood of 

producing actionable knowledge. Examples include using a systematic and transparent 

qualitative analysis method (framework analysis) and discussing qualitative themes with the 

study team. Throughout the thesis, the PhD candidate has attempted to remain separate and 

objective from the studies. At the end of the final chapter (chapter 9), a personal reflection 
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section is included that discusses the researcher’s background, assumptions, and possible 

impact on the research. 

1.6 Thesis structure 
The thesis is comprised of four studies: two qualitative studies (chapters 3 and 6), a 

mixed-methods feasibility study (chapter 4), and a mixed-methods evaluation (Chapter 8). 

Additionally, the thesis includes a scoping review (Chapter 5) and a methodological section 

(Chapter 7) outlining the mapping process to design an intervention. Each study provides a 

unique contribution to knowledge within the field of exercise for PWMS. Figure 1 illustrates 

the structure of the thesis and how the chapters amalgamate to answer the research question. 



28 
 

Figure 1: Thesis structure 
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1.7 Content of this thesis 
Below is a summary of each chapter to elaborate on the chapter titles shown in Figure 1. 

1.7.1 Chapter 2: Multiple sclerosis 
Chapter 2 provides background information for the thesis. It describes MS, the history 

of the condition, existing options for managing MS, and introduces the evidence for exercise 

in the management of the condition in PWMS. The chapter also describes the purpose and 

rationale for developing exercise guidelines. The context is provided by discussing guidelines 

for the general population and long-term conditions before specifically describing the PAGs 

for PWMS. The chapter concludes with a discussion of the limitations of the guidelines for 

PWMS. 

1.7.2 Chapter 3: Developing exercise interventions for people with moderate-to-severe 
multiple sclerosis disability: a qualitative study  
Chapter 3 discusses a qualitative study involving people with moderate to high levels 

of MS-disability. The study investigated the perspectives, needs and desires for an exercise 

intervention for people with a disability level not accommodated in the PAGs. Following the 

discussion of the results, crucial components of an exercise intervention for people with high 

MS-related disabilities are presented. 

1.7.3 Chapter 4: Exploring exercise intensity and the role of high-intensity interval training 
in people with MS 
The exercise guidelines recommend low to moderate-intensity exercise for people with 

mild to moderate MS. Chapter four discusses exercise dose, how it is determined, and why it 

is essential for prescribing exercise. Chapter 4 presents the patient perspectives of a high-

intensity exercise intervention for people with low MS-related disability. Following the 

presentation of the results, the suitability of high-intensity exercise for PWMS is discussed. 

1.7.4 Chapter 5: A scoping review of community-based exercise for people with multiple 
sclerosis 
Chapter 5 presents a systematic scoping review to evaluate the evidence of community-

based exercise for PWMS. The scoping review investigates the components, settings, theories, 

and PAGs integrated into interventions. Included in the review are interventions that are aimed 

at addressing exercise behaviour in a community-based or non-clinical setting (e.g., 

fitness/leisure centre, community centre, home). The review also discusses research gaps 

within the literature, which justify further research to explore the determinants and strategies 

for developing community-based exercise interventions for PWMS. 
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1.7.5 Chapter 6: Exploring patient and professionals’ ideas to form the development of a 
community-based exercise intervention for people with multiple sclerosis 
Chapter 6 presents a qualitative study exploring the views of PWMS and healthcare 

professionals (HCP) on the critical success factors necessary for developing a community-

based exercise programme for PWMS. This includes discussions of the development, 

implementation, and delivery of community-based exercise interventions. The chapter also 

discusses the barriers PWMS cope with and must overcome when exercising in the community 

and the barriers HCPs face in promoting exercise to their patients. The findings highlight the 

critical success factors required for successfully delivering a community-based intervention. 

1.7.6 Chapter 7: Developing a theory-informed community-based exercise intervention for 
people with multiple sclerosis 
Chapter 7 describes the systematic process of designing and developing a community-

based exercise intervention for PWMS. The methods are presented following the phases of the 

MRC guidance 58 for the design of complex interventions and the behaviour change wheel 

(BCW)  59.  Chapter 7 provides examples of intervention design frameworks and a rationale for 

choosing the theoretical framework used. The chapter draws upon existing evidence and the 

work presented in the preceding chapters. Multiple theoretical components are considered and 

selected to form the intervention. Following the intervention design process discussion, a 

prototype of the intervention content is presented. A proof-of-concept study is proposed for 

intervention evaluation and modelling of processes and outcomes. 

1.7.7 Chapter 8: Exploring the acceptability of a community-based exercise intervention 
for people with multiple sclerosis 
Chapter 7 described the development of a community-based exercise intervention and 

presented a prototype ready for initial testing. Chapter 8 details a ten-week proof-of-concept 

study exploring the acceptability of the proposed intervention with pre-intervention (week 

zero) and post-intervention (12 weeks) follow-up. The study contained a process evaluation 

which included discussions with participants and community-based deliverers of the 

intervention. Following the presentation of the results, recommendations for improving the 

intervention will be provided. 

1.7.8 Chapter 9: Summary and discussion of research findings and implications for 
research, practice and the community 
Chapter 9 summarises the main findings from the studies described in this thesis to 

address the primary research question, what works to help people with multiple sclerosis 

engage in exercise in the community?. The chapter outlines the research programme's 

contribution to knowledge in this field and the implications for future research, practice, 
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community provision, and for PWMS. The chapter concludes with personal reflections from 

the researcher and plans for follow-on investigations. 
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2 Multiple sclerosis Overview 
This chapter provides the background information for the thesis; it describes MS, the 

history of the condition, existing options for the management of MS, and an introduction to the 

evidence for exercise for PWMS.  The chapter also describes the purpose and rationale for 

developing exercise guidelines. The context is provided by discussing guidelines for the 

general population and long-term conditions before describing the exercise guidelines for 

PWMS. 

2.1 Overview and history of multiple sclerosis 
MS is an inflammatory disease of the CNS that results in progressive neurodegeneration 

and neurological disability60. MS is one of the most common neurological causes of long-term 

disability in young adults, especially women61. MS damages myelin, the protective layer 

surrounding the nerves62. The damage results in symptoms such as vision impairment, loss of 

coordination and balance, extreme fatigue, pain, bladder dysfunction, cognitive impairment, 

numbness, weakness, and mood changes62.  

At the end of the 19th Century, Jean-Martin Charcot coined the term "multiple 

sclerosis"63. The name described areas of scarring in the CNS of people affected by the 

condition. To this day, the aetiology of MS is unknown, and the pathogenesis is complicated64. 

There is a multifactorial model to the causes of MS that incorporates interactions between 

genetic, infectious, nutritional, climatic, or other environmental influences such as sunlight 

exposure and smoking65. Nevertheless, the definite causes of MS are still unknown, and there 

are no well-established risk factors to assist disease prevention66. MS remains a mysterious 

disease that can follow very different patterns of progression and variable rates of disability 

accumulation67.  

2.1.1 Pathology, diagnosis, and classification 

2.1.1.1 Pathology 
MS refers to the demyelinated lesions on the CNS, combined with inflammation, 

demyelination, axonal injury, and axonal loss9. Lesions can appear throughout the CNS but are 

predominately in the optic nerves, subpial spinal cord, brainstem, cerebellum, and juxtacortical 

and periventricular white mate regions68. The lesions result in blockages to action potentials 

travelling through the CNS axons68.  

2.1.1.2 Diagnosis 
The diagnosis of MS has evolved. Initially, Charcot's clinical observations led to the 

first diagnostic criteria for MS69. The 'Charcot triad' included nystagmus, ataxia, and 
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dysarthria69. In 1965 the Schumacher criteria defined MS as "signs and symptoms of 

neurological dysfunction indicating multiple and separate lesions in the CNS"70. The most 

significant step forward for diagnosing MS was the advancements in magnetic resonance 

imaging (MRI)69. The use of MRI for the diagnosis of MS resulted in the McDonald Criteria 

for diagnosis71. Improvements in MRI technology have resulted in revisions in the McDonald 

criteria in 2005, 2010 and 201770. See Table 3 for the 2017 McDonald diagnostic criteria. 

The diagnosis of MS is challenging, and rates of misdiagnosis may be as high as 10%72. 

Diagnosis requires dissemination in space (DIS) and dissemination in time (DIT) of lesions in 

the CNS with the condition that there is no alternative diagnosis that better explains the 

symptoms73. Due to the complex process of diagnosing MS, misdiagnosis remains a problem 

in clinical practice70.  
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Table 3: Summary of the 2017 McDonald Criteria for the diagnosis of multiple sclerosis 

 Clinical presentation Additional data needed for a diagnosis of multiple 
sclerosis 

…in patients with an attack at the onset  
• ≥Two attacks and clinical evidence of 

≥Two lesions; OR  
• ≥Two attacks and clinical evidence of 

one lesion with clear historical evidence 
of prior attack involving a lesion in a 
different location  

 

None. DIS and DIT have been met.  

• ≥Two attacks 
• clinical evidence of one lesion  
 

DIS is shown by one of these criteria:  
- additional clinical attack implicating different CNS site  
- ≥One MS-typical T2 lesions in ≥two areas of CNS: 
periventricular, cortical, juxtacortical, infratentorial or spinal 
cord  
 

• One attack 
• Clinical evidence of ≥two lesions  
 

DIT is shown by one of these criteria:  
• Additional clinical attack  
• The simultaneous presence of both enhancing and non-

enhancing MS-typical MRI lesions, or new T2 or 
enhancing MRI lesion compared to baseline scan 
(without regard to timing of baseline scan)  

• CSF oligoclonal bands  
 

• One attack  
• Clinical evidence of one lesion  
 

DIS is shown by one of these criteria:  
• Additional attacks implicating different CNS site  
• ≥One or more MS-typical T2 lesions in ≥two areas of 

CNS: periventricular, cortical, juxtacortical, infratentorial 
or spinal cord  

AND  
DIT is shown by one of these criteria:  
• Additional clinical attack  
• The simultaneous presence of both enhancing and non-

enhancing MS-typical MRI lesions, or new T2 or 
enhancing MRI lesion compared to baseline scan 
(without regard to timing of baseline scan)  

• CSF oligoclonal bands  
 

…in patients with a disease course characterised by progression from onset (primary progressive 
multiple sclerosis) 
One year of disease progression 
(retrospectively or prospectively 
determined) independent of clinical relapse  

DIS is shown by at least two of these criteria:  
• ≥One or more MS-typical T2-hyperintense lesions in 

≥one  of the following brain regions: periventricular, 
cortical, juxtacortical or infratentorial  

• ≥Two T2-hyperintense lesions in the spinal cord  
• Presence of CSF-specific oligoclonal bands  

DIT = DISSEMINATION IN TIME CNS = CENTRAL NERVOUS SYSTEM CSF = CEREBROSPINAL FLUID  DIS = DISSEMINATION IN SPACE T2 

LESION = HYPERINTENSE LESION ON T2-WEIGHTED MRIADAPTED FROM THE LANCET, VOL. 17, THOMPSON ET AL., DIAGNOSIS OF MULTIPLE 

SCLEROSIS: 2017 REVISIONS OF THE MCDONALD CRITERIA 74. 
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2.1.1.3 Classification 
MS has four main types: relapsing-remitting, secondary progressive, primary 

progressive, and progressive-relapsing.  Less common subtypes include benign, malignant, and 

clinically isolated forms of the disease.  An International Panel on Diagnosis of MS defined a 

relapse or an attack as ‘patient-reported symptoms or objectively observed signs typical of an 

acute inflammatory demyelinating event in the CNS, current or historical, with the duration of 

at least 24 hours, in the absence of fever or infection’75. The MS types are discussed briefly 

below. 

2.1.1.3.1 Relapsing-remitting MS 
Relapsing-remitting MS (RRMS) is the most common type of MS, occurring in 85-90 

% of people at the onset of disease76. RRMS involves alternating series of relapses of symptoms 

which they can recover from, with periods of clinical stability in between77. 

2.1.1.3.2  Secondary progressive MS 
Secondary progressive MS (SPMS) begins with an initial RRMS disease course 

followed by progression with or without relapses, minor remissions, and plateaus75. Most 

patients with RRMS will enter a secondary progressive disease course. The time to onset of 

SPMS is approximately 20 years 78. 

2.1.1.3.3 Primary-Progressive MS 
Primary progressive MS (PPMS) involves the progression of the disease from the outset 

with occasional plateaus and temporary minor improvements75. The age of symptom onset for 

PPMS is estimated to be 40 years 78. PPMS makes up approximately 10-15% of people 

diagnosed at onset 79. 

2.1.1.3.4 Progressive-relapsing MS 
Primary progressive MS (PPMS) and progressive relapsing MS (PRMS) are the 

subtypes of progressive onset MS. PPMS patients have progressive disease without relapses 80. 

PRMS is diagnosed when a patient with at least one year of progressive onset MS experiences 

one or more relapses 80. Approximately 28% of progressive onset MS patients are reported as 

having relapses as PRMS 80. 

Figure 2 provides an overview of multiple sclerosis with an approach to treatment according 

to the European Medicines Agency. 
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Figure 2: Overview of MS 

 

THE FIGURE IS TAKEN FROM DE ANGELIS ET AL 201877 

2.1.2 Prevalence and epidemiology 

2.1.2.1 Prevalence 
MS is the most common inflammatory demyelination disorder of the CNS. In most 

cases, MS diagnosis occurs between 15 and 45 years of age and is the most common cause of 

permanent disability in this segment of the population 81. MS in childhood and adolescence is 

diagnosed more frequently due to increased awareness and improved diagnostic imaging 82. 

Approximately 3-to-10% of patients with MS experience the onset of their disease before age 

18 years83.  Globally, approximately 2.5 million people suffer from this disease. In the UK, 

approximately 126,669 people were living with MS in 2010, a prevalence of 203.4 per 100,000 

population84. Additionally, there were 6003 new cases diagnosed that year (9.64 per 

100,000/year)84.  
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2.1.2.2 Epidemiology 
Epidemiological and genetic evidence suggests that an interplay of multiple genetic and 

environmental factors causes MS64. Epidemiological data show a high disease prevalence in 

distinct ancestral groups (particularly the northern European region) compared with others 

(e.g., African and Asian)65. One hypothesis for the susceptibility to develop MS is that it 

emerged in Southern Denmark and spread with the Vikings85. The risk of familial recurrence 

is 15-20% of MS patients, with the highest being in first-degree relatives60 (age-adjusted risk 

2-3%). Monozygotic or identical twins exhibit a higher risk (35%) than dizygotic or fraternal 

twins60.  

Several environmental factors have been linked to the risk of contracting MS66. 

Environmental factors include latitude, smoking, and Epstein-Barr virus infection66. MS is a 

prevalent neurological disease in the northern hemisphere, with prevalence rates of 0.5-1.5 per 

1000 inhabitants86.  The incidence varies with latitude; the lowest risk for MS is in people 

living near the equator64.  In Europe, the disease has a north-south prevalence gradient (higher 

in the North, lower in the South)87. High prevalence areas of Europe include Scandinavian 

countries and the UK87. Low prevalence areas include Italy, Greece, and Spain87. Other 

environmental factors that promote autoimmune diseases, like MS, include stress, occupation, 

and diet88.  The consumption of ‘Westernized food’, including high salt, fat, protein, and sugar 

intake, has also been associated with an increasing prevalence of the disease88. 

Belbasis and colleagues66 completed a comprehensive review of the environmental risk 

factors associated with MS. They found that 44 risk factors have been studied for an association 

with the disease. These included infections, vaccinations, comorbid diseases, surgeries, 

traumatic events and accidents, exposure to toxic environmental agents, and biochemical 

biomarkers. They found that the Epstein-Barr virus was the only viral agent with consistent 

evidence for an association with multiple sclerosis66. Infectious mononucleosis and anti-EBNA 

IgG seropositivity had significantly positive associations with MS with no signs of bias. 

Smoking was the only other risk factor that showed a consistent association with MS without 

the presence of bias66. The review also found that the association between MS and many risk 

factors is null or has a minimal effect66. These include vaccinations (tetanus, diphtheria, 

influenza, BCG, mumps, measles and rubella, poliomyelitis, hepatitis B virus, and typhoid 

fever), biochemical factors, presence of dental amalgam, past surgeries and traumatic events66. 

Sun exposure and vitamin D has been linked as a risk factor for MS due to the geographical 

trends of MS incidence89. Higher vitamin D levels are associated with a reduced risk of 
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developing MS89. However, Belbasis and colleagues66 found that the effect of vitamin D on 

MS might be absent. 

2.1.3 Effects of multiple sclerosis: Symptoms and treatment 

2.1.3.1 Symptoms 
Due to lesions distributed throughout the CNS, MS symptoms can be neurological and 

systemic90. Consequently, PWMS can develop various symptoms such as fatigue, reduced 

mobility, weakness, reduced balance, stiffness, spasms, cognitive issues, bladder and bowel 

problems, pain, anxiety, depression, visual disturbance, and dizziness 91.  

2.1.3.2 Treatment 
There is no cure for MS, but there are numerous disease-modifying treatments (DMT) 

that can reduce disease activity and progression in patients with relapsing-remitting MS6. Since 

2011, there has been an exponential increase in DMTs for relapsing-remitting MS92. DMTs 

aim to shorten the duration of relapses, decrease their frequency, and provide symptom relief6.  

Currently, 15 DMTs are available for RRMS. The most prescribed DMTs are interferon beta 

and glatiramer acetate77. The first treatment for PPMS, ocrelizumab, was licensed in 201777. 

There is moderate to high-quality evidence from randomised controlled trials and systematic 

reviews for the use of DMTS77. Based on their impact on relapses compared with placebo (or 

interferon beta), the DMTs can be categorised as moderately effective (interferon beta, 

glatiramer acetate, teriflunomide, dimethyl fumarate, fingolimod) or highly effective drugs 

(natalizumab, ocrelizumab, alemtuzumab, cladribine, and mitoxantrone)77. However, highly 

effective DMTs come with the risk of serious safety concerns and require increased safety 

monitoring77,92. Serious adverse reactions include progressive multifocal leukoencephalopathy 

(PML), cardiac arrhythmias, hepatotoxicity, secondary autoimmunity, and malignancy77. 

Interferon-beta and glatiramer acetate are not associated with long-term harm but are still 

subject to side effects. For example, flu-like symptoms and injection site reactions. Relapse 

reduction and adverse effects of licensed DMTs are outlined in Table 4. 

PWMS have an ongoing challenge to balance the benefits of drug therapy with the 

adverse effects that can potentially worsen other aspects of the disease93. As a result, PWMS 

need a holistic treatment plan which includes symptom management and maintenance of 

function93. Exercise is now recommended as a therapeutic option to manage symptoms (e.g. 

fatigue, pain, cognitive and physical function) and promote a satisfactory quality of life6. 
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Table 4: Licensed disease-modifying drugs used for the treatment of people with MS 

DMT Relapse rate 
reduction 

Adverse reactions 

Injectable (subcutaneous or intramuscular injection) 
Glatiramer 
acetate 

30% v placebo Injection site reactions, immediate post-
injection reaction 

Interferon 
beta 
preparations 

34% v placebo Flu-like illness, injection site reactions, 
deranged LFTs, lymphopenia 

Oral 
Cladribine 58% v placebo Herpes zoster infections, lymphopenia, 

rash, alopecia 
Dimethyl 
fumarate 

48.5% v placebo Flushing, gastrointestinal upset, 
lymphopenia, PML (rare) 

Fingolimod 51.5% v placebo First-dose bradycardia, macular oedema, 
Herpes Zoster, deranged LFTs, 
hypertension, basal cell carcinoma, PML 
(rare) 

Teriflunomide 33.5% v placebo Nausea, diarrhoea, hair thinning, 
hypertension, deranged LFTs, 
teratogenicity 

Alemtuzumab 52% v interferon beta Infusion reactions, infections (herpes, 
varicella, listeria, superficial fungal), 
autoimmunity (ITP), nephropathy, thyroid 
disorders, leucopoenia, lymphopenia 

Mitoxantrone 66% v placebo Cardiotoxicity, infection, 
myelosuppression, gastrointestinal 
disturbance, alopecia, leukaemia, and 
other malignancies 

Natalizumab 68% v placebo Infusion reaction, PML, gastrointestinal 
disturbance, acute retinal necrosis (rare) 

Ocrelizumab 46-47% v interferon 
beta 

Infusion reactions, herpes virus-associated 
infections, and other infections 

ITP=idiopathic thrombocytopenic purpura; LFTs=liver function tests; PML=progressive 
multifocal leukoencephalopathy.  
* This refers to the relative risk reduction of relapses. Relative measures are preferred over 
absolute measures to compare MS treatments because they tend to be more stable across 
populations of patients with different relapse rates and MRI measures of disease activity. 

TABLE ADAPTED FROM DE ANGELIS ET AL. 2018 77 DMT= DISEASE-MODIFYING THERAPY 

2.2 Exercise for multiple sclerosis 

Throughout this PhD, physical activity and exercise will be defined in the following ways (see 

Page ix for further definitions of key terms): 

• Physical activity is any bodily movement produced by skeletal muscles that result 

in energy expenditure over resting levels2.  

• Exercise is a subset of physical activity and is planned, structured or repetitive 

bodily movement done to improve or maintain one or more components of physical 

fitness2.  
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The attitudes towards the effects of exercise on MS have changed over time. Over the 

last 25 years, there has been a substantial growth in the number of randomised controlled trials 

documenting the beneficial effects of exercise and physical activity in PWMS 26.  This has 

resulted in a paradigm shift from fear of triggering and aggravating the disease toward exercise 

being an integral part of disease management. 

2.2.1 History of exercise for multiple sclerosis 

In the late 19th Century Dr Wilhelm Uhthoff reported blurred vision during physical 

exertion in MS patients94. In a survey of 100 PWMS, Dr Uhthoff discovered four individuals 

affected by the exertion95. The appearance of new or amplified symptoms with increased body 

temperature is still referred to as the Uhthoff Phenomenon94. The factors that cause the Uhthoff 

phenomenon include fever, infection, exercise, hot bath or shower, exposure to high ambient 

temperatures, perimenstrual temperature, and stress. Uhthoff did not record the patient’s body 

temperature in the study; therefore, concluding that the physical exertion caused the blurred 

vision, not an increase in body temperature. Over 60 years later, it was suggested that one-third 

of MS patients could have symptoms induced or worsened by exercise95. It is now understood 

that the exacerbation of symptoms following exercise is temporary96. This information was not 

previously available, and thus physical exertion became the catalyst for the disease94. 

Consequently, health professionals advised PWMS  not to engage in exercise. The idea that 

PWMS should avoid exercise has resulted in fear and insecurity that is still present today94.  

The first evidence for the benefits of exercise on MS symptoms emerged in the 1960s94. 

In 1963 Geisler and Jousse97 evaluated 28 patients referred for rehabilitation. The rehabilitation 

included active and passive individual exercises such as group callisthenics and mobilisation 

of spastic limbs. The evaluation results found that patients with progressive disease fared the 

poorest from rehabilitation. In total, 57% of the group benefited from the treatment97. Early 

research focused on rehabilitation-based physiotherapy treatments98 and water-based 

exercise99; these studies generally had small sample sizes and lacked a robust randomised-

control trial (RCT) design.  The first RCT to explore exercise and its effects on PWMS was by 

Petajan and colleagues 100 in 1996. The study found that 15 weeks of aerobic exercise training 

improved fitness (VO2Max, upper and lower limb strength) and positively impacted quality of 

life factors (decreased fatigue and depression). 

2.2.2 Exercise for people with multiple sclerosis today 

The first Cochrane review on 'exercise therapy for Multiple Sclerosis' was published in 

2006101. The study concluded that exercise benefits PWMS after identifying nine high-quality 
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randomised controlled trials. Further research has followed supporting the beneficial effects of 

exercise on fatigue102, fitness, walking mobility 103 and general quality of life104 for people with 

mild-to-moderate disability. The NICE guidance recommends supervised exercise 

programmes to improve symptoms such as mobility problems and fatigue 105. Further reviews 

supported these findings and concluded that supervised exercise (aerobic and/or strength) 

training benefits people with mild-to-moderate MS 25,106-109. 

Consensus statements now specify exercise as one of the most critical interventions for 

managing MS110. A recent Cochrane review investigating the efficacy and safety of various 

rehabilitation approaches for PWMS found two reviews evaluating the effectiveness of 

different exercise programmes111. The authors concluded that there is moderate-quality 

evidence that exercise can improve functional outcomes (mobility, strength), patient-reported 

fatigue, improve psychological symptoms (such as mood) and quality of life111. Additionally, 

there is low-quality evidence that exercise can improve balance and symptoms111.  

Platta and colleagues112 published a meta-analysis examining the effect of exercise on 

muscular and cardiorespiratory fitness in PWMS. The meta-analysis concluded that exercise is 

associated with minor improvements in muscular fitness (10%; Cohen’s d= 0.27) and moderate 

increases in cardiorespiratory fitness (18%; Cohen’s d= 0.47).   

2.2.3 The potential disease-modifying effects of exercise for MS 
Several studies have suggested that exercise may have disease-modifying effects by 

reducing inflammation, promoting neuroplasticity, and enhancing the function of the immune 

system 113-115. One mechanism by which exercise may have disease-modifying effects for MS 

is by reducing inflammation 116. Chronic inflammation is a hallmark of MS and is believed to 

contribute to the ongoing damage to the CNS 117. Cytokines are proteins secreted from different 

tissues and influence the reproduction, differentiation, proliferation and function of immune 

cells 118. Exercise has been shown to reduce the production of pro-inflammatory cytokines 

while increasing the production of anti-inflammatory cytokines 116. This may help to reduce 

inflammation in the CNS, which in turn could slow down the progression of the disease 118. 

However, a systematic review 118 found limited and contradictory results on the effects of 

exercise on cytokines. They concluded that current research does not support a substantial 

impact of exercise training on cytokines in PWMS 118. 

Another potential mechanism by which exercise may have disease-modifying effects 

for MS is by promoting neuroplasticity 119. Neuroplasticity refers to the brain’s ability to 

modify, change, and adapt both structure and function throughout life and in response to 

experience 120. In PWMS, damage to the CNS can disrupt normal neural pathways, leading to 
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a range of symptoms. Exercise has been shown to promote neuroplasticity by increasing the 

production of neurotrophic factors, which are proteins that support the growth and survival of 

neurons 121. This may help to restore normal neural function, which in turn could slow down 

the progression of the disease. However, systematic reviews suggest the current evidence base 

is not robust, as there are insufficient data to draw such conclusions 119,122. 

There is an ongoing debate within MS research on the potential of exercise as a disease-

modifying therapy. This is highlighted by recent commentaries in the Multiple Sclerosis 

Journal, with researchers claiming yes exercise has a disease-modifying effect 123. Other 

researchers claimed that no exercise does not have a disease-modifying effect 124. However, 

supporters 123 acknowledged that currently, the evidence is circumstantial. However, they do 

not suggest that clinicians should replace pharmacological agents with exercise for managing 

the disease but rather embrace exercise as a complementary disease-modifying behaviour 123. 

2.3 Physical activity guidelines  

Physical activity and exercise offer a range of health benefits and reduce all-cause 

mortality 125. Although, global estimates show that one in four (27.5%) adults do not meet the 

recommendations for physical activity4. This discourse between the benefits and the 

engagement in physical activity has led national governments to produce recommendations for 

physical activity levels for their populations125.  Guidelines contain summary statements or 

recommendations, based on the latest evidence, that communicates the necessary amounts of 

physical activity required for specific and general health gains 126.  

Global and national guidelines on physical activity are a central component of 

comprehensive governance and policy framework for public health action 4. In the United 

Kingdom (UK), there are published guidelines for those under 5’s, young people, adults, older 

adults, those with a disability, pregnant women, and women after childbirth, covering aerobic 

physical and strength-based activity recommendations and advice on sedentary time126. The 

World Health Organisation has created global recommendations on physical activity for 

health127. The typical recommendation is that 150-300 minutes of moderate-intensity or 75-150 

minutes of vigorous physical activity per week provides substantial health benefits for adults. 

The recommendations also conclude that activity of any duration, without a minimum 

threshold, is associated with improved health outcomes, including all-cause mortality 128. 

Physical activity recommendations represent the culmination of the process of 

knowledge translation128. Translating knowledge into practice is the most challenging step for 

science129. Although countries have developed national physical activity recommendations, 
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there appears to be an implementation gap130. Countries are having difficulties in translating 

their policy intent into practice131. 

2.3.1 Scope of physical activity guidelines 
Physical activity guidelines are designed to provide individuals with evidence-based 

recommendations on the amount, frequency, and intensity of physical activity needed to 

promote health and reduce the risk of chronic diseases 127. Public health organisations develop 

these guidelines based on a comprehensive review of the scientific literature on physical 

activity and health 4. PAGs provide population-level guidance rather than personal 

prescriptions. These guidelines are tools that offer evidence-based recommendations to 

individuals, communities, and policymakers, aiming to improve public health outcomes on a 

broad scale132. They consider the diverse needs, capabilities, and circumstances of various 

population groups, considering age, gender, socioeconomic background, and health conditions. 

However, these groups must adapt the messages and recommendations in this report to suit the 

specific needs and interests of those they are working with and the context they are working 

in132.  

It is crucial to recognise that every person is unique, and their physical activity needs 

may vary based on age, health status, and personal goals 4. Simply providing PAGs wherein 

the message is “get this much physical activity” or “exercise more” is insufficient to produce 

behaviour change133. PAGs provide a foundation for individuals to build their personalised 

activity plans. By understanding the population-level recommendations, individuals can assess 

their abilities, preferences, and limitations and adjust accordingly while seeking guidance from 

healthcare professionals when necessary 132.  

PAGs aim to promote physical activity to improve health and quality of life. The scope 

of guidelines often includes recommendations for all age groups, from children to older adults 
4. The guidelines provide specific recommendations for different age groups and populations, 

considering differences in physical abilities, health status, and lifestyle factors. PAGs typically 

include recommendations for aerobic activity, muscle-strengthening activity, and flexibility 

exercises. The PAGs provide specific recommendations for the amount and intensity of each 

type of activity needed to promote health. 

In addition to promoting physical activity, the guidelines aim to reduce sedentary 

behaviour 127. Sedentary behaviour refers to any activity that involves sitting or lying down and 

expending very little energy 134. Excessive sedentary behaviour has been linked to an increased 

risk of chronic diseases and premature death 135. Therefore, PAGs may include 
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recommendations to reduce sedentary behaviour, such as limiting screen time or taking 

frequent breaks from sitting 127. 

Certain topics fall outside the scope of physical activity guidelines. For example, PAGs 

do not typically address the specific types of physical activity that an individual should engage 

in. While guidelines may recommend aerobic, muscle-strengthening, and flexibility exercises, 

they do not provide specific recommendations on which specific activities an individual should 

engage in, such as running, swimming, or weightlifting. Additionally, PAGs do not address 

individual preferences or constraints that may affect an individual's ability to engage in physical 

activity.  

While PAGs provide evidence-based recommendations on physical activity and 

sedentary behaviour, they do not address all physical activity and health aspects. Individual 

preferences, constraints, and underlying causes of physical inactivity require additional 

considerations beyond the scope of PAGs. 

2.3.2 Exercise prescription guidelines for clinical populations 

The global PAGs127 are for the general population but are not optimal for addressing 

the diverse needs of people living with chronic medical conditions129. As a result, clinical 

exercise prescription guidelines are available for many conditions, including cancer, 

Parkinson's disease, cardiovascular disease, diabetes, and stroke136. Pedersen and Saltin136 

published a review on prescribing exercise for 26 different conditions.  

'Miracle cure' is a label often given to exercise137. The idea that exercise is medicine or 

should be part of medicine is not new138. Hippocrates noted that "eating alone will not keep a 

man well; he must also take exercise"138. Prescribing exercise to a patient like a drug 

prescription will help implement exercise guidelines in clinical practice139. Exercise 

prescription guidelines intend to identify the 'dose' of exercise required to (a) produce fitness 

gains and health benefits and (b) minimise the risk to individuals as much as possible128. 

However, prescribing exercise as medicine is a medical convention instead of behavioural 

science140. Exercise guidelines and physical activity recommendations lack any guidelines on 

the behavioural change aspect of becoming more active128. An exercise prescription may be 

safe and effective on paper but will have no value if the individual does not engage with the 

programme128. Factors at various levels influence the adoption of exercise, for example, 

individual, inter-individual organisational, municipality, and public policy141. 
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2.3.3 Exercise guidelines for people with multiple sclerosis 

Several guidelines exist for exercise prescription for MS 25,107,142-145. Table 5 provides 

an overview of the recommendations for exercise prescription for PWMS. The NICE 

guidelines 146 provide recommendations to exercise but not information on intensity, duration 

or frequency 147, so they have not been included.  Each resource is suitable for individuals with 

mild to moderate MS-related impairment. There are several similarities between the 

recommendations. For aerobic exercise, the recommendations generally start at two days per 

week and then progress to three days. The suggested duration of a session ranges from 10 

minutes to 40 minutes. The recommended intensity is consistent at mild to moderate-intensity 

exercise. For resistance training, the frequency of sessions ranges from 2 to 3 per week. The 

training programme should focus on large muscle groups.  The exercise bouts should range 

from 1 to 3 sets with an intensity of 8 to 15 repetitions. Rest between sets ranged from 1 to 4 

minutes. 

Each resource is evidence-based (includes a literature review), but only one involved a 

standardised consensus development process 25. As a result, these guidelines are accepted as 

the official guidelines in the MS literature 26,27,148 and will be viewed as such throughout this 

thesis. Latimer-Cheung and colleagues 25 followed a rigorous guideline development process.  

The AGREEII instrument guided the process149 and was consistent with the recommended 

steps for physical activity guideline development150. The review included 54 studies that 

examined the effects of exercise on aerobic capacity, muscular strength, mobility, fatigue, and 

health-related quality of life 25. All studies included in the guideline eliminated people with 

severe gait issues. The overall objective of the guidelines is to recommend the minimum dose 

of physical activity necessary to improve fitness, mobility, fatigue, and quality of life among 

adults with MS 151. The guidelines are meant for all contexts, including gyms, clinics, and home 

settings 151. However, because the evidence base comprises primarily structured exercise trials, 

the guidelines are especially relevant to supervised gym settings 151. The target population for 

the guidelines is adults (aged 18-64 years) with mild-to-moderate MS (EDSS 0-7) resulting 

from relapsing-remitting and progressive (secondary and primary progressive) forms of MS 
151. The intended users of the guidelines are 151: 

• People living with MS and their families 

• Healthcare professionals (HCP), including certified exercise physiologists, 

kinesiologists, trainers, physiotherapists, occupational therapists, physicians, and 

attendant care provider 
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Table 5: Overview of exercise prescription guidelines for people with MS 

Author (year) Country PA recommendations 
White and 
Dressendorfer (2004) 
142 

USA • Alternate between aerobic and resistance training 
days with 24-48 hours rest between sessions. 

Aerobic 
• Frequency of 2-3 sessions per week. 
• An intensity of 65-75% of HRpeak, 50-70% of VO2 

peak, or Rate of perceived exertion (RPE) of 11-14. 
• Duration of 20-30 minutes or 2 x 10-15 minutes. 

Resistance 
• A training frequency of 2-3 sessions. 
• Whole-body programme consisting of 4-8 exercises. 
• Intensity in range the of 8-15 reps. 
• Sets in the range of 1-3 with rest periods. 

 
Dalgas et al (2008) 107 Denmark • Recommendations for MS patients with an EDSS 

score of less than 7. 
Aerobic 

• A training frequency of 2-3 sessions. 
• An intensity of 50-70% of VO2 max, corresponding 

to 60-80% of maximum heart rate. 
• Duration of 10-40 minutes. 
• Progress exercise by increasing the duration or 

adding an extra training day. 
Resistance 

• Supervised by an expert. 
• Training machines preferred over free weights 
• Home-based training can be done using elastic bands 

and/or bodyweight. 
• A training frequency of 2-3 sessions. 
• Whole-body programme consisting of 4-8 exercises. 
• Intensity in range the of 8-15 reps. 
• Sets in the range of 1-3 with rest periods of 2-4 

minutes. 
• Progress to 3-4 sets. 

 
Ronai et al (2011)143 USA • Preferable to not train aerobic and resistance on the 

same day. 
Aerobic  

• Frequency of 3-5 sessions per week. 
• An intensity of 40-70 of VO2 peak or 40-60% of VO2 

reserve. 
• RPE of 11-13. 
• Duration of 30 minutes per session (can be 

accumulated in 10-minute bouts). 
Resistance 

• Major muscle groups consisting of 8-10 exercises. 
• An intensity of 8-15 repetitions with 60-80% of 1 rep 

maximum (RM). 
• Minimum of one-minute rest between sets. 

Sandoval (2013) 144 USA Aerobic 
• Frequency of 2-3 times per week. 
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• Duration of 10-40 minutes. 
• An intensity of 50-70% of VO2 max corresponding to 

60-80% of maximum heart rate or RPE of 11-14. 
Resistance 

• Weight machines are preferred to free weights. 
• Frequency of 2-3 days. 
• Intensity in the range of 8-15 reps with 60-80% of 1 

RM. 
• Sets in the range of 1-3 with rest periods of 2-4 

minutes. 
• Whole-body programme consisting of 4-8 exercises. 

Latimer-Cheung et al 
(2013) 25 

Canada • Adults aged 18-64 years. 
• Mild to moderate MS. 
• Aerobic and strength can be done on the same day. 
• Rest at least one day between strength sessions. 

Aerobic 
• Frequency of 2 days per week. 
• Gradually increase up to 30 minutes. 
• Perform at a moderate intensity. 5 or 6 on a scale of 

10 (Person can talk but not sing). 
Resistance 

• Frequency of 2 days per week. 
• Intensity in the range of 10-15 repetitions. 
• Sets in the range of 1-2. 

Halabchi et al (2017) 
145 

Iran • For people with mild to moderate MS. 
• Do not train aerobic and resistance on the same day. 

Aerobic 
• Frequency 2-5 sessions. 
• Low to moderate intensity. 
• An intensity of 40-70% of VO2max or 60-80% of 

maximal heart rate. 
• An RPE of 11-13. 
• Training duration of 10-40 minutes. This can be 

accumulated from shorter bouts. 
• Progression should be attained by increasing the 

duration or frequency of exercise session. 
Resistance 

• Supervised by experienced staff. 
• Weight machines are preferred to free weights. 
• Home-based training can be done using elastic bands 

and/or bodyweight. 
• A training frequency of 2-3 sessions. 
• Whole-body programme consisting of 4-10 

exercises. 
• Intensity in the range of 8-15 reps with 60-80% of 1 

RM. 
• Sets in the range of 1-3 with rest periods of 2-4 

minutes. 
• Progress to 3-4 sets. 
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2.4 Limitations in the physical activity guidelines for people with MS 
Guidelines are developed to decrease the gap between research and current practice and 

are valuable tools in situations where multiple therapies are available or there is uncertainty in 

treatment options152. The development and implementation of guidelines are intended to 

organise and provide the best evidence to support decision-making 152. Despite the growing 

number of guidelines, their use in practice is reportedly unpredictable, slow, and complex 152. 

It takes, on average, 17 years for research evidence to reach practice 153. The conventional 

thinking was “if you build it [the guidelines], they [the stakeholders; clinicians, practitioners, 

the general public, patients] will come” 153. However, as discussed previously, physical activity 

levels are not improving despite developing guidelines 4.  

Previous research has shown a disparity between positive attitudes toward guidelines 

and their actual use by physiotherapists 154. In the study, 96% of responders considered 

guidelines important, but fewer than half reported using them frequently154. The most important 

determinants of frequent guideline use were considering guidelines essential and knowing how 

to adapt the guidelines to patient’s preferences 154. HCPs who might be required to provide 

exercise advice to PWMS need detailed evidence-based to ensure optimal and safe application. 

Despite evidence for the benefits of exercise and the development of exercise 

guidelines, PWMS are less active than the general population155. Inactivity leaves PWMS 

susceptible to secondary conditions such as obesity, diabetes, and heart disease. In 2005, Motl 

and colleagues published a meta-analysis of 13 studies that included 2,360 patients156. The 

evidence concluded that PWMS are physically inactive156. Physical activity measured using 

accelerometers showed that PWMS are 13 minutes less active per day (1.5 hours less per week) 

than healthy controls157. In 2017 the authors of the original meta-analysis published an update 

to see if the increased awareness of physical activity for MS impacted activity levels158. The 

updated review included 21 studies involving 5303 patients with MS. The evidence again 

suggested that PWMS are less active than non-diseased populations. The meta-analysis also 

found that physical activity levels of the MS population closely mirror those of other chronic 

disease populations158. A further review conducted to quantify objectively measured physical 

activity levels in PWMS also found people with MS to be less active than the general 

population159. 

The PAGs for PWMS 25 are underpinned by robust, standardised consensus development 

processes 160, but there remain several limitations in the guidelines 160-162. These limitations can 

be categorised into three themes: 1) the inclusivity of PWMS, 2) the exercise prescription, and 

3) the application of the guidelines. 
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2.4.1 The inclusivity of PWMS  
The PAG is designed for adults aged 18-64 with mild to moderate MS 25. Firstly, the 

guidelines provide an age limit to adults under 65, implying that older adults with MS do not 

need to be active or should not be active 161. There is an increasing number of PWMS who are 

entering older adulthood 163. This offers the problem for PWMS whereby they combine the 

effects of normal ageing and those of MS itself 164. Exercise specifically for older PWMS is an 

under-researched area 165. Physical activity behaviour declines with increasing age in adults 

with MS 164. Research shows that older adults with MS engage in less physical activity than 

young and middle-aged adults with MS 166. Over time, the deterioration of functional and 

cognitive capacity can make the initiation and maintenance of exercise challenging for older 

individuals 165. The interest in research exploring health behaviours (e.g., physical activity and 

diet) in older adults with MS has increased recently164 but is currently not included in the PAG 

for PWMS. 

The PAG guidelines also exclude individuals with higher disability levels. Most 

evidence regarding exercise for PWMS has been conducted with people with mild-to-moderate 

disabilities 160.  Currently, there is limited but promising evidence for the benefits of exercise 

training in PWMS 167. Further research is required to determine the most efficacious and 

effective exercise approaches for PWMS with severe disabilities 167. 

In the development of the guidelines, there was no inclusion of PWMS. Guidelines 

should focus more on patient-relevant outcomes and patient involvement in the development 

process 152. Given the individual nature of MS, there is important information to be gained from 

discussions of patient experiences  165. For example, discussions around exercise preferences, 

social support, and barriers will be valuable in learning the factors that impact participation in 

exercise 165. The PAGs do not provide any information on facilitators and barriers to the 

application of the guidelines or present criteria for monitoring or auditing 160 

2.4.2 The exercise prescription details 
The intended users of the PAG are PWMS, their families, and HCPs 25. HCPs who 

recommend or prescribe exercise need detailed, evidence-based recommendations for optimal 

and safe application 160. Exercise recommendations must include information on the 

appropriate dose to achieve health benefits 160. At the basic conceptual level, exercise dose is 

determined by frequency, intensity, and duration 168. The PAG include details on these three 

variables; for example, aerobic exercise is recommended twice (frequency), for at least 30 

minutes (duration), and at moderate intensity (intensity) 25. Although the PAG only provide 

general recommendations on increasing the dose of exercise toward the recommended amount 
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161. The basis of exercise prescription in clinical populations should adhere to the ‘principles 

of training’ 169,170. The essential principles of training comprise specificity, individualisation, 

progressive overload, and recovery 170. A brief overview of each of these principles is provided 

in Table 6. It is vital to provide PWMS with instructions on starting and maintaining their 

exercise programme, whether they are inactive or regularly active people with no exercise 

experience.  

2.4.3 The application of the guidelines 
Given the evidence for the benefits of exercise for PWMS, there is a need to promote 

exercise for this population and provide opportunities for them to exercise safely.  Streber et 

al.171 conducted a systematic review of correlates and determinants of physical activity in 

PWMS. A correlation is a statistical association between a measured variable and physical 

activity172. Determinants are causal factors, and variations in these factors are followed 

systematically by changes in physical activity behaviour172.  The review found associations 

between physical activity and disability level, physical activity-related self-efficacy, self-

regulation constructs, employment status, and level of education.  The environment is 

correlated with physical activity in this population. The presence of shops within walking 

distance, availability of public transport, and accessibility of free or low-cost facilities are 

related to physical activity levels in PWMS 173. The PAG for PWMS does not provide 

information on the most appropriate locations to be physically active. Although the guidelines 

claim to be applicable to all contexts, the evidence base used in the guidelines is from gym and 

clinical settings 25,160. Common personal barriers to physical activity for PWMS include 

fatigue, fear and apprehension173. This suggests that expecting PWMS to initiate activity 

independently is unrealistic. However, PWMS have reported exercise as a high priority174. 

Receiving information on lifestyle factors (exercise and diet) is a higher priority than 

pharmaceutical information174. Currently, the PAG for PWMS appears to be informative rather 

than instructional, which is more appropriate for physically inactive people attempting to start 
161.   
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Table 6: The principles of training 

Principle Description  

Specificity Training adaptations are specific to the organ system or muscles trained 
with exercise. For example, aerobic exercise such as brisk walking is more 
appropriate for an intervention aimed at increasing cardiovascular fitness 
than strength training 169 

Individualisation The concept of individualisation is defined as the customised application of 
training toward the physiological status of the individual 170. 

Progressive overload Over time, the body adapts to exercise. For continued improvement, the 
volume or intensity of the training must be increased 169. 

Recovery The inclusion of recovery is often a neglected area of exercise prescription 
169. The aim is to ensure the individual has adequate rest to ensure 
physiological adaptations can take place 170. Conversely, an extended 
period without adequate stress will result in a loss of adaptation. This is 
the principle of reversibility 169. 

2.5 Conclusion and statement of purpose 
Physical activity and exercise offer a range of benefits for PWMS, such as improved 

fatigue, walking ability, and quality of life. The strength of the evidence has resulted in the 

development of robust PAGs for PWMS. Despite this, exercise levels in this population are 

low, which leaves them at greater risk of secondary conditions. This suggests that the PAGs 

are not meeting the needs of PWMS. The limitations of the PAG include 1) the inclusivity of 

the recommendations, 2) the application of the guidelines in the community, and 3) the details 

of exercise prescription. 

This thesis aimed to explore the PAG for PWMS. This was completed through a series 

of studies focusing on previously discussed limitations. Despite the knowledge that exercise 

benefits PWMS, commitment and adherence to exercise in the community is challenging. The 

PAGs have the potential to influence HCPs and enhance exercise opportunities in the 

community for PWMS. This thesis aims to advance understanding of what works to help 

PWMS engage in exercise in the community with the PAG as a guide. 
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3 Developing exercise interventions for people with moderate-to-
severe multiple sclerosis disability: a qualitative study  

3.1 Overview 
MS is a progressive disease, meaning most PWMS will likely have a severe disability 

in the future. The exercise guidelines for PWMS recommend low-to-moderate intensity 

exercise for mild-to-moderate MS 25. Due to the limited research on the effects of exercise on 

people with moderate-to-severe MS 145 (EDSS >6.0), researchers cannot develop guidance or 

recommendations. However, just because people are impaired does not mean they should be 

'disqualified'. Although the recommendations do not apply to people with higher levels of 

disability, it does not mean they do not want to exercise or should not.  

This chapter describes a qualitative project involving people with moderate-to-severe 

levels of MS-related disability. The lack of guidance for exercise for people with moderate to 

severe MS exposes a gap in the existing literature. This study adopted a qualitative method to 

explore the needs and lived experiences of people with moderate to severe MS to understand 

their views on exercise and what type of intervention they would find feasible.  

The research team for this study included HCPs (MS nurses, neurologists, and neuro 

physiotherapists) and researchers. The study served as the foundation for understanding the 

current state of knowledge, identifying gaps in provision, and informing the development of an 

exercise intervention. The study involved discussions and consultations with individuals with 

moderate-to-severe MS to learn their specific needs, preferences, and challenges related to 

exercise participation for PWMS. Through interviews, participants shared their experiences, 

perspectives, and expectations regarding exercise, allowing the research team to begin the 

creation of a meaningful and relevant intervention for the target population.  

This research project builds upon the existing body of knowledge in the field of exercise 

for MS. It acknowledges the limitations of previous studies, which often focus on individuals 

with a mild-to-moderate disability and seeks to fill the gap by addressing the specific needs of 

individuals with moderate-to-severe MS disability. 

3.2 Introduction and rationale 
3.2.1 Moderate-to-severe MS-related disability 

The accumulation of neurological disability independent of relapses characterises the 

progressive forms of multiple sclerosis (MS)175. People with the condition will become 

increasingly disabled as the disease progresses176. Progression is a steady deterioration in 

neurologic function, which occurs over at least six months or 12 months 177. The patterns of 
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early relapses and slow progression during MS lead to the idea that there are two distinct phases 

of the condition177. Firstly, there is relapsing-remitting MS (RRMS), which includes periods of 

relapses alternating with dormancy 177. The second is the progressive phase, characterised by 

steady deterioration177. Chapter 2 describes the different disease phases.  

From the onset of MS to the beginning of the progressive phase is estimated to be about 

9-11 years 177. However, approximately 15% of all individuals with MS become severely 

disabled in a short time 178. Also, for 20% of patients, the disease is progressive from the onset, 

termed primary progressive MS 178. The accumulated damage in the CNS can manifest as 

physical disability, particularly mobility disability 179. Mobility disability is one of the most 

widespread and impactful consequences of MS. It is defined as an impairment in ambulation, 

including a reduction in walking speed, decreased walking endurance, and reduced postural 

stability during walking or standing 179.  

Moderate-to-severe MS-related disability is defined as a Patient Determined Disease 

Steps (PDDS) 180 score of 3-7 or an Expanded Disability Status Scale (EDSS) of ≥ 6.0 (e.g., 

Significant walking limitations that require support for gait) 176. Individuals with an EDSS 

score of ≥ 6.0 or PDDS of 3-7 have considerable impairments in muscular strength, aerobic 

fitness, mobility, and balance compared to individuals with lower disability scores181. 

Additionally, fatigue, depression, spasticity, and cognitive impairment become more severe 

with increasing disability 181. Approximately 30% of PWMS need assistance from family 

members to carry out activities of daily living 176. The resulting demand for assistance can also 

negatively affect the caregiver's health 176. The consequences of mobility disability support the 

need to identify approaches to improve or slow mobility issues in this population 179. One of 

the rehabilitation strategies to manage some of the impacts of MS is physical activity and 

exercise. 

3.2.2 Physical activity behaviour of people with moderate-to-severe MS-related disability 
The worsening of MS symptoms over five years is associated with lower self-reported 

physical activity levels independent of depression, neurological disability, and MS disease 

course 182. Furthermore, objective data show that people with high MS disability are less active 

than less disabled PWMS 166,183. PWMS who have mobility disability are sedentary for 65-76% 

of the day and engage in moderate-intensity activity for 1% of the day  176,183. Compared to 

PWMS without mobility disability, who were sedentary 60% of the day and engaged in 

moderate-intensity activity 3% of the day 183.  



54 
 

3.2.3 Exercise interventions for people with moderate-to-severe MS-related disability  

3.2.3.1 Traditional exercise 
Although there is evidence of the benefits of exercise for people with mild-to-moderate 

MS, little is known of the benefits in higher levels of disability 145. This population's most 

prescribed forms of exercise include aerobic training and progressive resistance training 184. 

Aerobic training includes treadmill walking, cycle ergometer, arm ergometer, and aquatic 

exercises. Resistance training includes weight machines, free weights, bodyweight exercises, 

cable pulleys or elastic bands 184.  

Edwards and Pilutti 181 conducted a systematic review of the literature involving 

exercise in people with severe MS. The review identified 19 studies, five of which were 

conventional exercise modes. Three studies involved aerobic exercise training, and two 

explored resistance training 181. No statistically significant outcomes were found from aerobic 

exercise, although non-significant improvements were reported in VO2peak, physical function 

tasks (balance, gait, agility, walking extremity), depression and quality of life 181. Resistance 

training significantly improved muscular strength in both studies reviewed 181. 

There are several advantages to traditional exercise training. Exercise training is cost-

effective and can be made available in community settings 184. Additionally, a combined 

aerobic training and resistance programme can benefit health and fitness, such as improved 

bone density, body composition, and comorbid disease profile 184. To date, accessibility issues 

have been found to limit the feasibility of conventional exercise training for people with higher 

MS disability 185.  

3.2.3.2 Adapted Exercise 
Several adapted forms of activity aim to overcome the issues of inaccessibility. The typical 

examples of adapted exercises are discussed below.  

3.2.3.2.1 Functional Electrical Stimulation 
Functional Electrical Stimulation (FES) is a technique that delivers brief electrical 

pulses to generate contractions in paralysed muscles 186. FES is an established management 

strategy for people with foot drop in PWMS 187. A six-month retrospective study found that 

FES training can improve walking speed (15% improvement) and quality of life187. The review 

from Edwards and Pilutti181 identified 13 studies examining adapted exercise training. Five 

studies used FES to assist stationary cycling. None of the studies reported significant 

improvements in physical function, and there was mixed evidence for the effects of FES on 

spasticity and walking speed 181. All five studies were of low quality 181. 
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3.2.3.2.2 Bodyweight-supported treadmill training 
Bodyweight-supported treadmill training (BWSTT) consists of a motorised treadmill 

with a supportive harness 184. The harness suspends the patient over the treadmill with a certain 

amount of body weight off-loaded by a counter-balancing system184. BWSTT allows 

individuals with a mobility disability to practice walking in an upright position without the risk 

of falling 184. A systematic review found that BWSTT significantly affected comfortable 

walking velocity, and treadmill training without support did not have a significant impact 188. 

The review by Edwards and Pilutti 181 included eight studies involving BWSTT, four of which 

were level-one evidence-randomised controlled trials. The review reported mixed results from 

the included studies 181. Some studies reported significant improvements in physical function, 

including walking endurance (n=3), walking speed (n=3), gait kinematics (n=2), balance (n=1), 

and agility (n=1). However, other studies reported non-significant improvements and no 

change in the same outcomes 181.  

Despite the potential benefits of BWSTT, it is expensive, requires specialised 

personnel, and is often only available in specialised settings 181. BWSTT is rarely available in 

community settings, and when it is, this is usually at a high cost to the user 184. 

3.2.3.2.3 Recumbent Stepper Training 
Recumbent stepper training (RST) allows patients to step against a graded resistive 

force from a supported seated position 184. RST allows people with mobility disability to 

participate in full-body exercise in a safe and accessible manner 185. Despite the potential 

benefit of RST, few studies have assessed its efficacy. The review by Edwards and Pilutti 181 

found one study 185. The study by Pilutti and colleagues aimed to determine the safety and 

participant-reported experience of RST in people with progressive MS with severe mobility 

impairment 185. Overall, the study found RST to be safe and well-tolerated 185.   

Compared with the FES and BWSTT, RST is cost-effective and straightforward to 

operate. RST could easily be implemented in the community or home setting 184. The main 

disadvantage is that the stepping motion is less specific to ambulation than the FES and 

BWSTT 184.  

3.2.3.3 Experiences of exercise for people with moderate-to-severe MS-related disability 
A disability can negatively impact physical, psychological, and social health 189. 

Physically individuals can experience secondary health issues, such as cardiovascular disease 
189. Psychologically, having a disability can cause mental health issues such as depression, 

anxiety, and feelings of isolation 189. For PWMS specifically, they have the additional concern 
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of the progression of disability over time, which may result in the future use of a wheelchair 
190. Previous studies have explored the perceptions of exercise for PWMS 191-193. Barriers have 

included disease-specific obstacles (e.g., weakness, fatigue), lack of accessibility to facilities, 

lack of appropriate support, and low confidence in their capabilities.  

To date, only a few qualitative studies have explored experiences, perceptions and 

preferences of exercise in those with more advanced MS. Learmonth et al. 194, and Silveira et 

al. 190 have both published qualitative studies exploring perceptions of physical activity in 

wheelchair users with MS. Both studies found that PWMS who use wheelchairs are interested 

in exercise programmes, but felt they lacked the opportunity and resources to engage. These 

highlight the lack of opportunity for people with high MS disability to be physically active. 

3.3 Study aim 
This study explored the topic of exercise with people with moderate-to-severe MS. By 

discussing participants' attitudes, preferences, and barriers to exercise and their experiences 

and needs, it is possible to develop interventions to allow this population to be physically 

active. 

3.3.1 Aims 
(1) To explore the views of people with moderate-to-severe MS-related disability (EDSS 

6.0-8.0) regarding exercise. 

(2) To discuss what type of exercise intervention may be feasible for people with higher 

levels of MS disability. 

3.3.2 Objectives 
(1) To explore the attitudes, barriers, and motivators regarding exercise using semi-

structured interviews. 

(2) Using semi-structured interviews, determine exercise preferences (type, frequency, 

duration, intensity, location). 

3.4 Methodology 
3.4.1 Study design  

The study adopted a qualitative design involving semi-structured one-to-one telephone 

interviews to explore the design of a physical activity intervention for people with higher levels 

of MS disability. Ethical approval was granted by the NRES Committee South East Coast, 

Brighton and Sussex (Reference: 14/LO/1591).  
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Recruitment was conducted via neurological clinics at Sheffield Teaching Hospital 

NHS Foundation Trust. The neurological consultants and research nurses identified individuals 

who met the inclusion and exclusion criteria. 

3.4.1.1 Inclusion criteria 
(1) Males and females aged over 18 years of age 

(2) Moderate to severe MS (determined by 6.0-7.0 on the EDSS) 

3.4.1.2 Exclusion criteria 
(1) Failure to meet the inclusion criteria 

Participants were then provided a patient information sheet (Appendix A) and completed the 

permission to contact form. The PhD candidate conducted a brief telephone call to confirm 

eligibility, answer questions regarding the study, and schedule a date and time for the interview. 

3.4.1.3 Participants 
A total of 15 participants with moderate to severe MS were recruited to participate in 

the telephone interviews (9 female, 6 male). Two individuals had RRMS, and the remaining 

participants (n=13) had progressive forms of MS. Table 7 provides the participant 

demographics.  
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Table 7: Participant Demographics 

ID Gender Age Type of MS EDSS Years since 

diagnosis  

01 Male 50 SPMS 6.0 15 

02 Female 52 SPMS 7.5 16 

03 Female 44 SPMS 6.5 10 

04 Female 42 RRMS 6.0 9 

05 Female 48 RRMS 6.5 13 

06 Male 36 PPMS 6.5 2 

07 Male 63 SPMS 6.5 28 

08 Female 47 SPMS 6.5 13 

09 Female 43 SPMS 6.0 10 

10 Female 55 SPMS 7.0 20 

11 Male 37 PPMS 6.5 2 

12 Male 53 SPMS 7.0 13 

13 Male 40 PPMS 7.5 4 

14 Female 38 PPMS 6.5 2 

15 Female 37 SPMS 6.5 3 

  44(median)  6.5 (median) 10 (median) 

EDSS= EXPANDED DISABILITY STATUS SCORE; SPMS= SECONDARY PROGRESSIVE MULTIPLE SCLEROSIS; RRMS= RELAPSING REMITTING MULTIPLE SCLEROSIS; PPMS= 
PRIMARY PROGRESSIVE MULTIPLE SCLEROSIS 

3.4.1.4 Interviews 
A guide was used during the telephone interviews (Appendix B) to ensure consistency 

across the interviews, but the semi-structured nature allowed each participant to raise important 

issues. The PhD candidate developed the guide with support from the research team. The guide 

focused on open-ended questions about living with MS, the experience of exercise, 

challenges/barriers, suitable activities, and expectations. The interview length ranged from 13 

to 55 minutes. Interviews were conducted via telephone to make participation easy for people 

with higher MS disability. All conversations were digitally recorded and transcribed verbatim. 

3.4.2 Data analysis 
Data were analysed thematically using framework analysis (discussed in Chapter 1) 195. 

This approach consists of five interconnected but distinct stages for analysis: familiarisation, 

identifying a thematic framework, indexing, charting, and mapping and interpretation 49. The 

unique aspect of this methodology is the latter stage, where associations between themes are 

made and related to the research objectives. All interviews were coded using the NVivo 
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qualitative data-indexing package (NVIVO 10), with the lead researcher (PhD candidate) 

identifying the initial thematic structure. A second researcher then independently reviewed the 

thematic framework to improve the reliability of the interpretation of the data. After 15 

interviews, there was a consensus agreement between the study team that no new data emerged, 

and therefore data saturation was achieved. 

Transcripts were coded primarily on a priori concepts guided by central questions. 

Concepts explored in the framework included a) understanding and experiences of exercise, b) 

challenges to exercising, and c) exercise options and preferences. Codes were then organised 

into themes that best described the perspective being explored. An example of the coding 

framework is presented in Appendix C. 

3.5 Results 
Results are displayed according to key themes and sub-themes derived via framework 

analysis49. I identified three main themes for PWMS. Specifically, 1) barriers to participating 

in exercise, 2) finding reasons to exercise, and 3) critical components required for exercise 

interventions in this population. These themes and their subthemes are described in Table 8. 

The themes presented illustrate the important overriding features of developing an exercise 

intervention in this population. Quotes are included to demonstrate the key themes. Figure 3 

provides an overview of the findings from the qualitative data and provides the foundation for 

designing an exercise intervention for people with moderate to severe MS.  
Table 8: Higher and lower order themes 

Higher-order theme Lower-order theme 

Barriers to exercise • Effects of MS on their ability to exercise 
• Fear of adverse effects of exercise 
• Limited accessibility to exercise 

opportunities 
 

Finding reasons to exercise • Maintain or improve functional ability 
• Improve quality of life 

 

Critical components of an intervention • Trained practitioners are essential 
• Exercise programmes need to be tailored 

to the individual 
• The pacing of the exercise programme is 

important 
• The frequency and duration of sessions 

must be realistic 
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3.5.1 Theme 1. Barriers to exercise 
This theme characterised the current exercise behaviour of the participants. Participants 

identified several barriers to being physically active even though all participants understood 

that physical activity might be positive for their health. 

3.5.1.1 Effects of MS limit their ability to exercise 
Symptoms of MS were an internal barrier to being physically active. Participants had 

been active in the past but could not be active presently. Participants discussed their lack of 

ability to be physically active and not knowing what they would be able to do. The main effects 

of their condition were a high level of fatigue and mobility problems, which considerably 

impact an individual to be active safely and effectively.  

"But I have quite a lot of fatigue now anyway, so, you know, I just have a sleep!"(P2) 

"Probably the pain and the fatigue which is preventing me from doing things."(P4) 

"In my head, I want to do all sorts of things, but realistically my body doesn't let me, you 

know do, do things."(P5) 

3.5.1.2 Fear of adverse effects of exercise 
Among the participants, 11 identified fear as a barrier. Participants commented on fear 

of worsening their condition and fear of doing too much. 
"I just want to do something that I know wouldn't adversely knacker me up too 

much."(P8) 

I think things like would I feel safe because I've had falls, and that's what always worries 

me, it worries me with, with walking that I'm going to fall over."(P12) 

"Because there's always the worry that you're going to hurt, hurt yourself more."(P3) 

3.5.1.3 Limited accessibility to exercise opportunities 
Due to difficulties in travel for this patient group, an accessible location is essential. 

Although some participants liked the idea of getting out of the house, the most preferred 

location (n=10) to exercise was within their own homes. The home was preferred as it removed 

the stress and risk of travelling to and from a community location. 

"The difficulty is getting there."(P2) 

"Doing things in the comfort of your own home is a lot nicer than going to another 

hospital or anything like that because you go to that many."(P3) 

"I've not bothered to go out because that always takes time and adds a risky 

journey."(P6) 

"Most exercise stuff I'm thinking of I can do in the house, and I'd rather do that than have 

the added barrier of can I be bothered to get there?"(P11) 
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3.5.2 Theme 2. Reasons to exercise 
The second higher-order theme identified what persons with moderate-severe MS 

hoped to achieve from participating in an exercise intervention. Participants discussed how 

they hoped to achieve physical and psychological improvements.  

3.5.2.1 Maintain or improve functional ability 
Participants anticipated that exercise would positively impact their daily lives. Ten 

interviewees stated a need to regain function and independence. Specific activities participants 

would like to improve included walking, balance and getting up from a chair. 
"I just wish I could, I'd just love to be able to walk without my crutches and just walk 

normal."(P9) 

"But to be able to keep going is the most important thing for me."(P15) 

"To be able to function yeah, normally be able to walk down the street, stand up at the 

cooker for a long period of time, have enough strength to put bedding on the bed."(P14) 

"I need to lose weight, if I have less weight, I'll have less balance problems."(P4) 

"You want to get back to being as mobile and independent as you were."(P13)  

"Not falling in public would be nice!"(P4) 

3.5.2.2 Improve quality of life 
Eight participants discussed how exercise could help them improve their quality of life 

through increased independence, improved outlook on life, and increased confidence. 
"I'd hope to gain a bit more independence really, rather than having to have my husband 

do everything for me, which can get degrading at times."(P3) 

"I would hope that I would start to feel - this will sound stupid - start to feel human again 

because I have the ability to use my body in a way that I've kind of opted out of."(P5) 

"It's like you're independence and everything."(P14) 

"Just more mobility and more outlook." (P15) 

"You would gain more confidence in yourself."(P10 

3.5.3 Theme 3. Design of the intervention 
The following theme describes the critical factors required for an ideal exercise 

intervention for people with moderate-to-severe MS. The theme describes the detail of an 

intervention that participants feel is suitable, specifically who should deliver an intervention, 

how frequent the exercise sessions should be, the intensity of the sessions and how the 

intervention should be progressed. 
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3.5.3.1 Trained practitioners are essential 
There was much discussion about who designs and delivers the exercise programmes. 

Thirteen participants stressed the need for practitioners to be experienced and knowledgeable 

in working with PWMS. It was perceived that trained practitioners could provide confidence 

that the patient's well-being was safeguarded. Six participants suggested physiotherapists as 

the ideal person to deliver the exercise intervention. 
"I think physiotherapy really, a physiotherapist because they understand all the muscles 

and everything, how they work and everything, don't they?"(P1) 

"A physio because they know what they're talking about and they know what kind of 

movements are possible with MS and which ones aren't, which ones are safe and which 

ones are dangerous and they're, they're medically trained."(P2) 

"I probably wouldn't say an exercise specialist because they've not got the medical 

background, background of the MS.  I think someone with a medical background."(P3) 

"Yeah, just someone who knows what they're on about sort of thing."(P9) 

"I would think appropriate experience and knowledge, somebody with knowledge of MS 

particularly."(P12) 

"I think obviously you'd want somebody who was trained in exercise and stuff for people 

with MS because then they could give advice, I suppose, on things, you could do when 

they're not there."(P13) 

3.5.3.2 Exercise programmes need to be tailored to the individual 
Participants stressed the need for the intervention to be tailored to the individual, 

allowing for exercise tolerance to be built gradually and responsive to the variations in the 

condition. Participants felt that any intervention would need to be broad enough to encompass 

the variability of individual experiences. 
"Well, it's the fact that we all were suffering from MS however it shows itself and 

everybody's got different problems."(P5) 

"You don't want to get to the point where you knacker yourself so much that the next day 

your body is physically unable to then do the training again… the exercise or the physio, 

or whatever it is."(P6) 

"Something I could go slowly at and find something that I am able to do"(P8) 

3.5.3.3 The pacing of the exercise programme is important 
The most discussed fear of exercising was the fear of doing too much and worsening 

their condition. Therefore, a slowly progressed physical activity programme was identified as 
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the most desirable. Ten participants discussed how they would want to take exercise slowly or 

gave examples of when they had done too much and had a negative experience. 
"Sometimes, I push myself too hard."(P12) 

"You know, you push yourself, but don't push yourself so far that your body takes two 

days to recover!"(P6) 

"It's just a case of not going too mad with yourself."(P1) 

3.5.3.4 The frequency and duration of the sessions must be realistic 
Participants varied in their views regarding the best frequency of exercise sessions, with 

suggestions ranging from one to three sessions per week. Most participants (n= 8) felt that two 

sessions per week would be realistic. A further three people suggested 1-2 sessions per week, 

and three suggested once per week. One participant suggested three sessions per week because 

that was what they had achieved prior to their MS.  

“Just basically set a target of like three times a week, er, because that’s 
what I used to do before, go three times a week” (P1) 

Participants suggested a range of times for the duration of the sessions. Five participants 

suggested one-hour person, which would allow for plenty of rest. 

“But I would say, an hour, with gaps I should imagine, yeah, but building 
up to that.” (P4) 

Two participants suggested 30-minute sessions, and 15-20 minutes was suggested by two 

participants. Three participants discussed how the sessions would need to be flexible due to the 

variable nature of the condition. 

“I think you'd, you'd do it, the say your first time and then you'll know your 
own self.  I couldn’t say to you now, because I don’t know how I would feel 
that day or sort of thing, or how tired I felt, you know.  Other days I might 
feel like I can do a little bit longer, but not the same the following day.” 

(P9) 
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Figure 3: Foundations of an exercise intervention 

 

3.6 Discussion 
This study explored the views of people with moderate-to-severe MS-related disability 

regarding exercise and provided new insights into the preferences for an attainable exercise 

intervention for this population. Participants recognised the potential benefits of exercise for 

maintaining and improving function and increasing self-confidence and independence. Barriers 

to exercise included high fatigue levels, mobility problems, fear of worsening their condition, 

and accessibility to exercise options. This population's preferred exercise intervention 

characteristics were one to two 30-60 minute home-based exercise sessions per week, tailored 

to the individual, slowly paced, and led by an appropriately trained practitioner, preferably a 

physiotherapist. People with moderate to severe MS identified barriers to participating in 

exercise that included effects of the condition (fatigue, pain, functional limitations), fear 

associated with participation in exercise (safety, making their condition worse), and 

accessibility issues (transport, safety, lack of confidence). These results concur with previous 

research on barriers to exercise in PWMS  192,196. The top three barriers for PWMS are (i) too 

tired, (ii) level of impairment and (iii) lack of time 197.  

Participants in the study discussed the main reasons they would like to exercise. These 

reasons included physical motivators (e.g. improved functional ability, walking, improved 

strength and balance, reduced fatigue, and weight management) and psychosocial motivators 

(e.g. improved confidence and increased independence). These results highlight how complex 

the decision to take part in exercise is for this population. The decision to engage in exercise is 
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not a one-off event; but rather a fluid process where the individual continually reassesses the 

decision considering new information and personal exercise experiences 198. The key factor in 

bridging the intention-behaviour gap is applying behaviour change theory199. Behavioural 

science and applying behaviour change theories could provide the missing link in promoting 

exercise and physical activity participation in MS 200. The existing research in this area has 

focused mainly on examining the application of the social cognitive theory 201 (SCT) for 

understanding exercise and physical activity in MS 200. Other popular theories include the 

transtheoretical model (TTM) 202, the theory of planned behaviour (TPB)203, and the self-

determination theory (SDT) 204. Another possible theory is the health action process approach 
205, which includes constructs from SCT, TPB, and TTM to predict engagement in a health 

behaviour 206. Behaviour change theories will be discussed in more detail in Chapter 5. 

In addition to behaviour change theory, several essential components must be included 

for an exercise intervention to be successful. The participants discussed location as a barrier to 

exercise and suggested that exercising in their homes would be preferable. Home-based 

exercise interventions could minimise multiple sclerosis-related barriers to exercise  207. 

Leisure facilities such as gyms and swimming pools often lack proper equipment for disabled 

people 208. A home-based exercise intervention offers a cost-effective alternative to facility-

based supervised exercise and reduces barriers to participation for people with moderate-to-

severe MS207. Research suggests that unsupervised home-based exercise interventions with 

PWMS may be less effective than supervised home-based training 209, indicating that 

appropriate supervision is critical. 

In the current study, improving or maintaining functional ability was cited as a positive 

reason to exercise, which supports previous research finding that PWMS are motivated by a 

desire to stay mobile 210. Interventions that target a reduction of sedentary behaviour and 

increase light-to-moderate intensity exercise levels in the person's home may be appropriate 183 

and feasible  166  in this population.  

 The results confirmed that despite an awareness of the potential benefits of exercise, 

participants do not know what exercise they should do, with fear of making their condition 

worse a barrier to engaging 198. Participants in this study discussed the importance of a 

knowledgeable practitioner delivering the intervention. Previous qualitative research supports 

the importance of quality instructors 211. Participants in the present study felt that a 

physiotherapist should lead an intervention. Physiotherapy is an accepted part of the multi-

disciplinary approach to assisting PWMS  212. Physiotherapists are well-positioned to play a 

central role in promoting exercise to PWMS213. Additionally, due to the level of impairment 
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for individuals with EDSS ≥ 6.5, their goals will be to prevent functional decline 110, which is 

well suited to the skills of physiotherapists.  

Participants discussed the need for programmes that are tailored and paced to their 

needs. Individualised programmes of exercise that account for physical limitations and the 

person's goals will minimise their perceived barriers 110. Fatigue is one of the most common 

and devastating MS symptoms214, and learning to pace themselves to avoid fatigue is a valued 

strategy for PWMS 192. Exercise pacing aims to prevent over-exertion and avoid the detriment 

associated with fatigue-induced inactivity 215. Additionally, participants suggested that the 

frequency of exercise sessions ranged from one to three sessions per week, with the majority 

saying that two sessions were the most realistic. In the review by Edwards and Pilutti 181, the 

frequency of sessions ranged from two to five, with the majority recommending between two 

and three sessions. The recommended frequency for people with mild-to-moderate MS-related 

disability is at least twice per week, dependent on the person's toleration 25.  

3.6.1 Implications for the physical activity guidelines 
Determining if the PAGs can aid people with severe MS to increase fitness and general 

health is critical. Unfortunately, the evidence for the benefits of exercise for people with severe 

disability is limited 145,160,181. The potential benefits of exercise are essential, but there are 

considerable barriers to people with severe MS engaging in exercise. For example, the 

opportunities for people with more severe MS to be in the community are low. Future studies 

should explore the effectiveness of exercise in this population with interventions delivered in 

the community and underpinned by behaviour change theory. Additionally, people with more 

severe MS may require specific recommendations due to this population's different needs and 

preferences, as highlighted in this study. Future studies could explore a weekly cumulation of 

exercise rather than more prolonged bouts of activity. 

3.6.2 Strengths and limitations of the study 
Strengths of this study include the recruitment of both male and female participants and 

the range of years since the participant's diagnosis of MS. This allowed for the collection of 

experiences from a broad range of perspectives, for example, recently diagnosed and 20 years 

post-diagnosis. Future research should explore if there are differences in perspectives of 

exercise as time progresses from diagnosis.  

Some limitations need to be taken into consideration when interpreting the results. The 

sampling strategy may have attracted individuals who have positive views on physical activity 

and exercise. Additionally, all participants were recruited from a single city; therefore, results 

may not represent PWMS from other areas. One interview was brief (13 minutes) and therefore 
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questions the quality of the data from that individual. Additionally, all interviews were 

conducted on the telephone, which has been deemed an inferior qualitative data collection 

method216. Previous research has suggested that face-to-face interviews allow the interviewer 

to build rapport with interviewees  216. Telephone interviews were chosen for this study due to 

cost-effectiveness and wanting the study to be accessible to the participants. 

3.7 Conclusions 
Overall, people with moderate-to-severe MS disability in this study supported the idea 

of exercise for managing their condition, with the most desired outcome being maintaining or 

improving functional capacity. The study findings support the need for embedding behaviour 

change theory in designing exercise interventions to help people with high MS-related 

disabilities overcome the barriers to exercise. Participants felt that an exercise intervention that 

can be carried out twice weekly, at home, with face-to-face support from a physiotherapist, 

would be safe and achievable. Nevertheless, an exercise intervention must reflect individual 

needs and variations in their ability and should be appropriately tailored, paced, and allow 

flexibility.  
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4 Exploring exercise intensity and the role of high-intensity interval 
training in people with MS 

4.1 Overview 
The exercise guidelines recommend low to moderate-intensity exercise for people with 

mild to moderate MS. The PAG for PWMS lacks depth and technical information on the actual 

exercise delivery and FITT principles. Chapter 4 will briefly overview the standardised 

exercise intensity terminology before discussing high-intensity interval training (HIIT) and its 

potential impact on PWMS, including symptom management. This chapter outlines the 

protocol for a non-randomised feasibility trial of HIIT for PWMS. The study results are 

presented and discussed in terms of the criteria for feasibility, alongside study limitations and 

recommendations for future research.   

The research team comprised professionals from various disciplines, including exercise 

scientists, neurologists, and physiotherapists. Their collective expertise ensured a 

comprehensive approach to addressing the complex interactions between exercise intensity, 

MS pathophysiology, and the potential benefits of HIIT.  

Previous studies have demonstrated the positive impact of exercise on various 

outcomes, such as physical functioning, fatigue, depression, and overall well-being. However, 

a knowledge gap remains regarding the optimal exercise intensity for individuals with MS, 

particularly concerning HIIT. Previous research has predominantly focused on moderate-

intensity continuous training in MS populations. However, HIIT has gained attention in recent 

years due to its time efficiency and potential for greater physiological adaptations. However, 

its feasibility, safety, and effectiveness in individuals with MS are yet to be fully explored. 

By conducting this feasibility study, I aimed to bridge this knowledge gap and provide 

insights into HIIT's potential benefits and safety considerations in people with MS. The 

findings from this study will contribute to a better understanding of exercise prescription for 

individuals with MS, with implications for exercise guidelines, rehabilitation programs, and 

future research endeavours. 

The results of the high-intensity interval study have been published in the International 

Journal of Therapy and Rehabilitation. Parts of the results and data are repeated in this chapter, 

with additional context provided. 

4.2 Introduction and rationale 

The PAGs for MS have been developed for adults (aged 18-64 years) with mild to 

moderate MS-related disability and recommend moderate-intensity aerobic exercise and 
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strength training 25,217. More information is required on the precise exercise dose to achieve 

optimal improvements in function and management of the disease and, alternatively, if a dose 

is too high and may cause harm218. As discussed in Chapter 2, exercise dose is determined by 

three variables: duration, frequency, and intensity 168. High-Intensity interval training (HIIT) is 

a mode of exercise that has grown in its application, including use with clinical populations219. 

HIIT is characterised by short bursts of vigorous effort followed by rest periods or low-intensity 

exercise220. HIIT is a highly variable exercise mode with sessions altered by intensity, duration, 

number of intervals, and duration of activity chosen during the rest period. HIIT is an effective 

alternative to traditional endurance training221, producing similar results to moderate-intensity 

continuous exercise despite a substantially lower time commitment220.  In healthy populations, 

HIIT has been shown to improve maximal oxygen uptake to a greater extent than continuous 

exercise222  and is reported as more enjoyable223.  

4.2.1 Definitions of exercise intensity 
Standard definitions of exercise intensity are essential for monitoring exercise, 

measuring health outcomes, and planning and guiding safe and effective exercise 

prescription224. Exercise intensity is commonly prescribed using objective and subjective 

measures. A task's metabolic equivalent (MET) is a physiological measure expressing the 

intensity of physical activities. One MET is the energy equivalent an individual expends while 

seated at rest, usually expressed as mLO2 /kg/min 4. All physical activities result in energy 

expenditure ranging from sedentary activities (e.g. sitting), which is referred to as 1 MET, to 

high-intensity exercise (over 9 METs) 224. Generally, the higher the exercise intensity, the 

higher the physiologic or metabolic stress is placed on the body 224. Definitions of exercise 

intensity are essential for professionals in various roles. For example, researchers can track 

developments over time and measure health outcomes, and practitioners can plan safe and 

effective exercise sessions and programmes. Table 9 shows the standardised exercise intensity 

terminology. 
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Table 9: Categories of exercise intensity, adapted from Norton et al. 224 

Intensity 
category 

Objective 
measures 

Subjective 
measures 

Descriptive measures Examples 
 

Sedentary < 1.6 METs 
< 40% HRmax 

< 20% HRR 
< 20% VO2max 

 

RPE < 8 • Activities that usually 
involve sitting or lying 
and that have little 
additional movement 
and low energy 
requirement 
 

Sleeping, sitting, watching 
TV, riding in a car, 
standing in line 

Light 
 
 

1.6 < 3 METs 
40 < 55% HRmax 
20 < 40% HRR 
20 < 40% VO2max 

RPE 8-10 • An aerobic activity that 
does not cause a 
noticeable change in 
breathing rate 

• An intensity that can 
be sustained for at least 
60 minutes 

Washing dishes, hanging 
washing, playing darts 

Moderate 3 < 6 METs 
55 < 70% HRmax 

40 < 60% HRR 
40 < 60% VO2max 

RPE 11-13 • An aerobic activity that 
can be conducted 
whilst maintaining a 
conversation 
uninterrupted. 

• An intensity that may 
last between 30 and 60 
minutes. 

Mopping/vacuuming, 
mowing the lawn, walking, 
gentle swimming, social 
tennis, golf 

Vigorous 6 < 9 METS 
70 < 90% HRmax 
60 < 85% HRR 
60 < 85% VO2max 

RPE 14-16 • An Aerobic activity in 
which a conversation 
generally cannot be 
maintained 
uninterrupted. 

• An intensity that may 
last up to 30 minutes. 

Jogging, cycling, aerobics, 
competitive tennis 

High ≥ 9 METs 
≥ 90% HRmax 

≥85% HRR 
≥ 85% VO2max 

RPE ≥ 17 • An intensity that 
generally cannot be 
sustained for longer 
than about 10 minutes. 

Stationary cycling at 
200W, stationary cycling 
at 200W 

RELATIVE INTENSITY MEASURES = % HRMAX (MAXIMUM HEART RATE); % HRR (HEART RATE RESERVE = HRMAX - RESTING HR) AND % 

VO2MAX (MAXIMAL OXYGEN UPTAKE) 
224; SUBJECTIVE INTENSITY MEASURES = BORG'S RPE SCALE RANGE 6 - 20 

224 

4.2.2 HIIT for people with MS 
HIIT has the potential as a training mode for PWMS, but the research evidence is 

developing in this area225. It is, therefore, not included in the exercise prescription 

recommendations for PWMS. Initially, studies were conducted in animal models 225. 

Experimental autoimmune encephalomyelitis (EAE) is an animal model useful for studying 

disease pathogenesis and potential therapeutic interventions 226. EAE exhibits the 
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characteristics associated with MS, including CNS inflammatory infiltrates, demyelination, 

and axonal damage 227.  Research has shown that high-intensity running exercise can reduce 

muscle fibre atrophy in EAE rats, compared to no impact on muscle atrophy in different 

exercise intensities225. 

Additionally, research has been conducted to investigate the effects of exercise on brain 

health 228. Brain-derived neurotrophic factor (BDNF) is a mechanism by which exercise may 

help brain health 228. BDNF is a neurotrophin that regulates CNS functions such as 

neurogenesis, neuroprotection, neuro-regulation, and cell survival 228. Acute exercise training 

results in increased expression of BDNF in the hippocampus of rodents  226,228.  

High exercise intensity can determine the impact of training on the course of EAE 225. 

This impact has led to further research investigating this hypothesis in MS, with promising 

results. A systematic review recommends HIIT as a possible effective intervention for PWMS 
229, concluding that HIIT is safe and effective at improving fitness 229. While these data are 

encouraging, the evidence of the benefits of HIIT for PWMS is in its infancy, and further 

research is needed to confirm whether PWMS enjoy HIIT and feel it is tolerable. Given the 

nature of MS, it is crucial to consider factors such as fatigue, increased temperature, and 

exacerbation of symptoms. Understanding participants' experiences and perspectives of 

engaging with programs will inform future interventions and healthcare strategies  192.  

4.3 Study aim 

This study aimed to evaluate the feasibility of delivering HIIT to people with low MS-related 

disability.  

4.3.1 Objectives 

(1) To investigate the feasibility of carrying out HIIT twice per week for six weeks 

(2) The aspects of feasibility measured were acceptability (participant experiences, 

attendance at exercise sessions, compliance with the HIIT protocol, and drop-out and 

safety (number of adverse events). 

(3) To discuss the experiences of people with low MS disability following a HIIT 

intervention. 

(4) To test the impact of HIIT on the fitness levels of people with low MS disability. 

4.4 Methodology 
4.4.1 Study design  

Methods are adapted from Humphreys et al. 217 
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4.4.1.1 Design and ethical approval 
This study was a 6-week single group, non-randomised, feasibility study. A mixed-

methods approach was used to determine feasibility and acceptability, whereby quantitative 

and qualitative data were collected and analysed. The research team conducted the study at 

Sheffield Hallam University, UK. NHS Ethical approval was obtained from the National 

Research Ethics Service Committee Yorkshire and the Humber (REF 15/YH/0441).  

4.4.1.2 Pilot and Feasibility studies 
Pilot and feasibility studies play an essential role in health research230 by providing 

evidence of whether research protocols are appropriate and warnings about whether a large 

trial could fail231.  The value of preliminary work is recognised in the extant literature  232,233, 

and researchers are encouraged to publish pilot work before a main trial 234. One issue, 

however, in the growing number of studies described as 'pilot' or 'feasibility' studies is that 

authors label a study a ‘pilot’ or ‘feasibility’ to excuse a small sample but still conduct a study 

with treatment efficacy as the primary objective234. There have been several attempts to provide 

definitions for the terms pilot and feasibility to address this232-235. In 2016, Eldridge and 

colleagues 233 developed a conceptual framework for defining a pilot and feasibility study 

(Figure 4). They decided that feasibility is the overarching concept for studies assessing 

whether a future trial is worthwhile 233. Three distinct trial types fit under the umbrella of 

feasibility study: a randomised pilot study, a non-randomised pilot study, and feasibility studies 

that are not pilot studies (other feasibility studies). Therefore, a feasibility study can be used to 

determine whether a future study can be done. A pilot is a subset of feasibility that resembles 

the main trial but aims to measure the feasibility rather than the effectiveness of a trial 233,236.  
Figure 4: Pilot and feasibility conceptual framework 

 



73 
 

There are four reasons for conducting a feasibility study232:  

(1) To inform process (e.g., the feasibility of recruitment, retention, intervention 

adherence) 

(2) To understand resource requirements (e.g., time and budget issues) 

(3) To inform management (e.g., personal challenges, data collection, or organisation) 

(4) To advance scientific enquiry (e.g., intervention safety, appropriate dose, potential 

treatment effect) 

Before starting a feasibility or pilot study, it is vital that a criterion for feasibility is 

agreed upon and that the results do not focus on intervention efficacy outcomes 232. The study 

discussed in this chapter investigated reasons one (to inform process) and four (to advance 

scientific enquiry). 

4.4.1.3 Participants and Recruitment  
Recruitment was conducted via neurological clinics at Sheffield Teaching Hospital 

NHS Foundation Trust. The neurological consultants and research nurses identified individuals 

who met the inclusion and exclusion criteria. 

4.4.1.4 Inclusion criteria 
(1) Males and females aged between 18 and 65 years of age 

(2) Mild MS (measured using the PDDS) 

(3) Clinical diagnosis of MS for more than three months 

(4) Have not had more than one relapse in the previous year 

4.4.1.5 Exclusion criteria 
(1) Failure to meet the inclusion criteria 

(2) Have comorbid condition(s) or injury that impairs their ability to exercise 

To determine the disability level of the participants, the Patient Determined Disease 

Steps (PDDS) 180 measure was used (Appendix D). The PDDS is a short, simple questionnaire 

that strongly correlates with the EDSS 237, a clinician-reported measure of disability238. The 

criterion for mild multiple sclerosis was 0–1 (mild disability).  

The PhD candidate aimed to recruit 10 PWMS. This was due to limited funding. 

However, the research team felt it would be a sufficient sample to gather qualitative 

experiences of the intervention.  Participants were then provided with a patient information 

sheet and completed the permission to contact form (Appendix E). The PhD candidate 

conducted a brief telephone call to confirm eligibility, answer questions regarding the study, 
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and schedule an initial meeting. Participants were introduced to the study laboratory at the 

initial meeting and taken through the study protocol. Informed consent was taken at the end of 

this meeting. Recruitment closed once ten eligible PWMS had consented to participate in the 

study. One person dropped out of the study. Therefore, the research team recruited one extra 

participant. 

People with mild MS-related disability were sampled, as HIIT is not part of the 

recommended exercise prescription guidelines for PWMS 25,217. We, therefore, felt it was 

essential to determine the acceptability of HIIT initially in people with mild disability. 

Additionally, early exercise initiation in the disease course has been identified as a focus area 

in research for PWMS 239. Riemenschneider and colleagues state that exercise is often initiated 

at a late disease stage, and initiating exercise earlier may have neuroprotective and disease-

modifying effects 217,239. 

4.4.1.6 Baseline Assessment 
To establish cardio-respiratory fitness, participants performed a VO2peak test on a cycle 

ergometer under the supervision of the PhD candidate. VO2peak was used because symptoms of 

MS can affect a person's ability to achieve a true VO2max 
240.  The lead researcher (PhD 

candidate) measured the participant's height and weight before the fitness test. The gas 

exchange measurement was conducted breath-by-breath using telemetric spirometry (Ultima, 

MedGraphics, St Paul, MA, USA); heart rate was measured by Polar system.  The exercise test 

began with pedalling at 60-65 revolutions per minute (rpm) with the power output set to 30 

watts.  After the first four minutes, the power output increased by 15 watts every 2 minutes.  

The test was conducted to volitional exhaustion. Heart rate and rate of perceived exertion (RPE) 

were collected at the end of each minute and the highest VO2 (ml/kg/min) observed before 

reaching volitional exhaustion determined VO2peak. This test protocol has been used previously 

in people with mild MS 241. 

Three questionnaires were administered to the participants to determine the impact of 

the exercise interventions on physical activity level (Godin Leisure Time Questionnaire 242), 

fatigue (modified fatigue impact scale 243), and health perception (MSQoL 244). The Godin 

Leisure Time Questionnaire (GLTEQ)242 is a self-administered two-item measure of usual 

physical activity with no specified time component 245. There is evidence that the GLTEQ is a 

valid measure for the physical activity levels of PWMS 246. The modified fatigue impact scale 

(MFIS) is a shortened version of the original 40-item Fatigue Impact Scale 243. The MFIS has 

good psychometric properties for PWMS and correlates well with other fatigue measures, such 
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as the Fatigue Severity Scale 247. The MSQOL-54 includes both generic and MS-specific 

quality of life question 248. It has been shown to have high test-retest reliability and construct 

validity 249. 

4.4.1.7 Intervention protocol 
Participants attended two sessions per week for the 6-week intervention. The rationale 

for using a six-week high-intensity intervention for people with MS is based on resources (e.g., 

funding) and previous research 229. Campbell and colleagues 229,  stated that HIIT interventions 

ranged from 3-to-12 weeks. The PhD candidate, therefore, decided that a six-week program 

provides enough time for participants to experience the HIIT intervention but would be short 

enough to be manageable and less intimidating for those who may be new to exercise or have 

concerns about their ability to participate in an intensive program. 

Traditional HIIT training involves repeated ‘all-out’ maximal effort (the Wingate test). 

This type of training is highly demanding and thus may not be safe or practical for some 

individuals  250. The study followed a protocol adapted from previous research251. Hood and 

colleagues (2011) reported that all-out intervals (repeated Wingate tests) were not safe, 

practical, or well-tolerated and instead suggested intervals be longer in duration (60 seconds) 

with active rest 251. The protocol has been used in clinical populations such as type 2 diabetes251 

and stroke rehabilitation252.  

Each session consisted of 6-to-10 sets of 60 seconds high-intensity intervals 

interspersed with 120 seconds of recovery. The number of repetitions increased each week, 

starting at six until the participants could complete ten repetitions per session.  The workload 

during each interval was set at 80-90% of peak power achieved during the VO2peak test. This 

was predicted to elicit 85-95% of the participant’s maximum heart rate.   After each interval, 

the PhD candidate collected the participant’s heart rate and RPE.  After each session, the PhD 

candidate completed a session feedback form (Appendix F). At the start of the next session, 

the feedback form was again used to record any issues following the previous session. Events 

included any exacerbation of multiple sclerosis symptoms, such as fatigue, or serious adverse 

events, such as hospitalisation. 

4.4.2 Feasibility criteria 
The attrition rate and semi-structured interviews assessed feasibility in terms of 

acceptability. The attrition rate was defined as any discontinuation of the intervention or loss 

to follow-up. Attendance at the exercise sessions and compliance with the prescribed intensity 
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was also measured. Compliance with the protocol was defined as; the average heart rate of the 

high-intensity intervals being between 85-95% of heart rate maximum.  

4.4.2.1 Acceptability 
Semi-structured qualitative interviews were used to explore the acceptability of 

intervention through participant's perceptions and experiences. At the end of the intervention, 

each participant was interviewed. Interviews were conducted by the lead researcher (PhD 

candidate), who is experienced in qualitative research. A semi-structured interview schedule 

was used to ensure consistency across interviews. The interview topics and example questions 

are provided in Table 10. Interviews were conducted over the telephone and recorded using a 

digital device. The interview length ranged from 14 to 34 minutes, and the mean interview 

duration was 22.5 minutes. 
Table 10: Interview topics and example questions 

Topic Example question 
Previous experiences of exercise What are your previous experiences of exercise? 
Expectations of HIIT What made you sign up for the study? 

How did you expect your body to react? 
Delivery of the HIIT sessions How did you find the exercise sessions? 

How did you feel after each session? 
How did you feel during the session? 

Impact of the HIIT sessions How did the HIIT sessions impact you? 
Would you consider this type of exercise in the future? 

4.4.2.2 Safety 
Participant safety was assessed by the number of events occurring during the exercise 

sessions. An adverse event can be serious or non-serious 253. A serious adverse event is defined 

as an event that leads to a serious risk of deterioration in health, hospitalisation, or death. Other 

reported adverse events such as pain, fatigue and a fall were defined as non-serious 253. As 

previously discussed, the PhD candidate monitored participants throughout the exercise 

sessions and completed a session feedback form. To determine whether the intervention was 

safe any adverse events were discussed with the study clinical neurologist to understand if the 

event was due to the exercise protocol.  

4.4.2.3 Estimation of intervention effect (Secondary outcome measures) 
Changes to cardio-respiratory fitness were measured using the VO2peak cycle ergometer 

test. Fatigue and general quality of life questions were used to measure changes to the impact 

of MS on the patient. Outcomes were assessed at two-time points: at baseline (week 1) and the 

follow-up assessment (week 8) after completion of the 6-week intervention (weeks 2-7). 
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4.5 Approach to data analysis 

4.5.1 Qualitative analysis 
Each of the ten interviews was transcribed verbatim. The data were analysed using 

framework analysis 254, previously discussed in Chapter 1. Framework analysis involves 

several interrelated but distinct stages 49. This methodology is increasingly used in health 

research, is considered straightforward, and enables the researcher to transparently link results 

and conclusions back to the original data 255. The transcripts were read before coding, indexing, 

and charting to create an initial thematic framework with subthemes. The themes from the 

transcripts were clustered around the participant’s experiences before and after the 

intervention. An example of the coding framework is provided in Appendix G. 

4.5.2 Quantitative Analysis 
Statistical analysis was performed using SPSS (version 24). Based on the study's 

feasibility design with a small sample size and no comparison arm, statistical comparisons of 

effectiveness would not be appropriate. As a result, inferential statistics were not performed. 

Only descriptive statistics are presented (means, standard deviations, and mean change with 

the corresponding 95% confidence intervals (95% CI)). Data for the participant who withdrew 

were removed from the analysis. 

4.6 Results 

Results are adapted from Humphreys et al. 217 

4.6.1 Participants 
In total, eleven participants consented to the study and completed baseline measures. 

The descriptive characteristics of the 11 participants (10 female and 1 male) are summarised 

in Table 11. 
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Table 11: Descriptive characteristics at baseline 

ID Gender Age MS 
Duration 
(years) 

PDDS Height 
(cm) 

Body 
weight 
(kg) 

V02peak 
(ml/kg/min) 

01 Female 28 2 1 166 61 26.2 

02 Female 27 1 1 170 107 20.6 

03 Female 50 5 1 159 54 25.1 

04 Female 37 3 1 169 60 29.1 

05 Female 45 4 1 172 63 14.7 

06 Male 36 2 1 181 117 20.3 

07 Female 34 2 1 157 74 15.2 

08 Female 31 1 1 158 94 8.3 

09 Female 37 3 1 156 78 13.6 

10 Female 43 6 1 164 60 31.4 

11 Female 45 2 1 164 75 16.7 

Mean  38 (± 
7.1) 

3 years 
(±1.6) 

1 165 (±7.6) 77 (±20.9) 20.1 (±7.2) 

PDDS= PATIENT DETERMINED DISEASE STEPS; MS= MULTIPLE SCLEROSIS; CM= CENTIMETRES; KG= KILOGRAM; VO2PEAK (PEAK OXYGEN 

UPTAKE) 

 

4.6.2 Acceptability 

4.6.2.1 Participant perspectives 
The qualitative findings are presented according to higher-order themes and lower-

order themes, in line with the framework analysis technique254. The main themes centred on 

the participants’ experiences before, during and after the intervention. These themes 

contextualise the experiences and perspectives of the participants in the study (Table 12). 

Direct quotes, with reference to participant number, illustrate the themes. 
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Table 12: Higher and lower order themes 

Higher-order theme Lower-order theme 
Feelings before the trial Participants’ concerns about high-intensity 

exercise  
 
Comments from friends and family  
 
Their motivation for taking part 

Positive impact of the HIIT 
intervention 

Increased energy levels 
 
Psychological improvements 

Negative impact of the HIIT 
intervention 

Negative impact on symptoms 
 
The dose of exercise 
 
The mode of exercise 

4.6.2.2 High order theme 1: Feelings before the trial 
Before commencing the study, participants had some doubts about taking part. These 

doubts came from their low confidence in their ability to complete high-intensity exercise and 

from the opinions of their family and friends. 

4.6.2.2.1 The participant’s concerns about high-intensity exercise 
Participants discussed having concerns about how their bodies would react with the 

high-intensity sessions. 
"I fully expected to feel awful and tired, and achy and that I would hate it, and to be 

totally honest I didn't think I'd be able to do it. So, I kept having this earwig going you're 

not going to be able to do it, you're going to hurt yourself, this is a bad idea." (P2) 

"I was thinking, you know, kind of maybe I'm not up to this." (P3) 

"When I started this study, I did not feel as though I had the energy levels required for 

strenuous or even moderate levels of exercise." (P6) 

4.6.2.2.2 Comments from friends and family  
Some participants discussed that friends and family also have concerns about them 

completing the exercise sessions. 
"My mum and dad are very protective. So, they kept saying oh don't overdo it, you'll end 

up hurting yourself." (P2) 

"My friends were concerned. My parents were uneasy about it and thought I should be 

taking it easy and weren't convinced it was a good idea." (P4) 

"My friends were worried I was doing too much." (P11) 
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Others reported having positive encouragement from friends and family, usually from 

a physically active person. 
"A couple of friends have bikes and they say you should come with us, trying to get me to 

go out." (P1) 

"My husband was supportive and keen for me to do it and thought I would enjoy it." (P4) 

4.6.2.2.3 Participant motivation for taking part 
Despite the concerns, participants signed up for the study and reported several of 

different reasons for doing so. These included; the opportunity to improve health, finding an 

alternative to pharmacological treatment and because the consultant recommended it. 
"It's not like you are pumping yourself full of drugs. It's not drugs, it's something 

completely natural." (P1) 

"I just wanted to get fit again, to be honest." (P3) 

"I just wanted to feel fitter. So it was an opportunity to actually do something in a 

controlled environment." (P11) 

"The consultant recommended it so I said yes." (P9) 

"Well it's just somebody telling you to do exercise that’s got a background in MS." (P5) 

"I think you always put your trust in the people who are supposed to know more than 

you. So if he [the neurological consultant] recommended it regardless of my personal 

view on something I think I'd probably give it a crack." (P2) 

4.6.2.3 Higher order theme 2: The positive impact of the high-intensity interval training 
intervention 

Participants reported positive and negative impacts from engaging in the study, 

including increased energy levels and psychological improvements. 

4.6.2.3.1 Increased energy levels 
Participants discussed how the HIIT intervention improved their energy and perceived 

levels of fatigue: 

 

"I'm like I'm awake, I'm not tired, you know. So, it's totally overthrown my fatigue and it 

feels awesome." (P2) 

"I have found that as my time on this study has progressed that my energy levels have 

increased and that I have been more alert and lively in the workplace and particularly at 

evenings and weekends whereby I can now go on walks with the family." (P6) 
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4.6.2.3.2 Psychological improvements 
Some participants discussed how taking part in the HIIT sessions improved their ability 

to cope and accomplish something they did not believe they could do and provided a sense of 

achievement. 
"I feel much better and able to cope with everything." (P11) 

"It was enlightening. I didn't think I'd be able to do that." (P1) 

"Really good, really positive. I come out afterwards and go oh guess what I did. I'm like 

a child." (P2) 

"It gave me confidence to do things like go jogging with one of the mums from school. I 

previously thought I'm not fit enough etc. And I just thought well I would do it and it was 

fine." (P4) 

"I actually felt quite euphoric and quite keyed up afterwards." (P4) 

"The fact that they were quite quick you just got it done and then you felt that euphoria 

afterwards." (P6) 

4.6.2.4 Higher order theme 3: Negative impact of the high-intensity interval training 
intervention 

The negative effects focused on the participant’s experiences during the intervention. 

Negative experiences can be broken down into impact on symptoms, the dose of exercise, and 

the mode of exercise. 

4.6.2.4.1 Negative impact on symptoms 
Despite some participants reporting a positive impact on fatigue and energy levels, 

participants did experience some exacerbation of symptoms. Participants discussed feeling 

nauseous during sessions and feeling wiped out. 

"I sometimes felt sick. A couple of times I went deaf. That was the only thing that worried 

me really because that is a symptom I get. One of the times it lasted all day." (P1) 

"I had some muscle aching but also generally wiped out." (P11)  

"Yes, there was one session towards the end when I went home, I couldn't get out of the 

car to go to the supermarket so I had to go home." (P11) 

4.6.2.4.2 The dose of exercise 
Participants felt that as the sessions progressed, they became too long. By the end of 

the intervention, participants were completing ten HIIT repetitions. One participant felt that 

eight intervals were the ideal number, but ten was too much. 
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"It started to get quite tedious. My optimum number was 8 [intervals]. 8 felt like a 

challenge and 10 felt hideous. I left feeling slightly deflated that it had been so hideous." 

(P4) 

4.6.2.4.3 The mode of exercise 
Some participants would have preferred other modes of exercise than the exercise bike. 

Participants discussed how uncomfortable the bike was, and this may have impacted their 

enjoyment of the sessions. 
"I do wish bikes were more comfy. I literally had a sore bum for the first couple of 

weeks." (P2) 

"The bike was horrible. I hated the bike." (P9) 

4.6.2.5 Retention 
One person dropped out of the study because of time constraints and the distance they 

had to travel. The participant completed baseline measures and one week of exercise sessions 

(n=2 sessions). The participant's exercise session data was not included in the analysis. The 

remaining 10 participants completed all phases of the study. 

4.6.2.6 Attendance at exercise sessions and compliance with the training protocol 
Through the 6-week intervention, there was a maximum of 12 sessions for each 

participant.  In total, there were 132 sessions available during the study. Participants attended 

115 sessions (87%). For the HIIT sessions, there was a mean attendance of 10.5(± 3) sessions.  

Reasons for not attending exercise sessions included: illness, work commitments, and injury. 

One person dropped out of the study after attending two exercise sessions. Participants were 

encouraged to reach 85–95% HRmax during each interval. Of the 115 attended sessions, 106 

(92%) achieved an 85–95% average HRmax for the intervals. The mean rate of perceived 

exertion for the intervals was 16.5 (± 1.2), which corresponds to hard/very hard on the rate of 

perceived exertion scale. 

4.6.3 Safety 
There were 27 events recorded during the study. One event was deemed an adverse 

event. A participant suffered glute and lower back pain while on the bike, which resulted in the 

termination of the immediate exercise session and missing two further sessions. Eight 

participants experienced an exacerbation of symptoms during exercise sessions. Table 13 

shows the category of adverse event and the number of sessions it occurred.  Exacerbation of 

symptoms included tingling in extremities, fatigue, blurred vision, partial deafness, and 

weakness down one side. The participants previously experienced exacerbated symptoms; no 
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new symptoms were discovered. All exacerbated symptoms returned to normal shortly after 

the exercise sessions. 
Table 13: Adverse event categories and frequency 

Adverse event Frequency (number of sessions) 

Pain 5 

Nausea 5 

Deafness 2 

Tingling feeling in extremities 8 

Blurred vision 2 

Weakness in legs 4 

Fatigue 1 

Total 27 

4.6.4 Estimating intervention effect 
Outcome scores for all outcome measures are shown in Table 14. These include data 

for 10 participants who completed the intervention. As the study was not designed to measure 

intervention effects, only descriptive statistics are presented. Mean changes for all outcomes 

showed positive improvements. Although some individual components of quality of life saw 

decreases, overall quality of life, mental health, and physical health showed positive mean 

change.  
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Table 14: Differences in secondary outcomes 

Characteristics Baseline 
 

Follow up 
 

Mean difference 
(95% CI) 

 
Mean (SD) N Mean (SD) N  

Physical activity (GLTEQ) 
    

 

GLTEQ score 45.8 (24.6) 10 55.5 (21.9) 
 

10 9.7 (-12.2 to 31.6) 

Fatigue (MFIS) 
    

 

Physical 14 (7.2) 10 10.6 (7.8) 10 -3.4 (-10.5 to 3.7) 

Cognitive 12.1 (8) 10 11.6 (7.4) 10 -0.5 (7.7 to 6.7) 

Psychosocial 1.6 (1.5) 10 1.6 (1.6) 
 

10 0 (-1.5 to 1.5) 

Total MFIS 27.7 (15.2) 10 23.8 (15.4) 10 -3.9 (-18.3 to 10.5) 

MSQoL-54 
    

 

Physical health 84.5(14.6) 10 83.5 (14.9) 10 -1.0 (14.9 to 12.9) 

Role limit physical 62.5 (44.1) 10 57.5 (47.2) 10 -5.0 (-47.9 to 37.9) 

Role limit emotional 90 (31.6) 10 93 (21.1) 10 3 (22.2 to 28.2) 

Pain 71.8 (5.8) 
 

10 83.7 (15.8) 10 11.9 (0.7 to 23.1) 

Emotional wellbeing 79.2 (10.8) 
 

10 82.4 (10.2) 
 

10 3.2 (-6.7 to 13.1) 

Energy 44(21.4) 10 53.4 (20.3) 10 9.4 (-10.2 to 28.9) 

Health perceptions 47.5 (21.5) 
 

10 50.5 (24.7) 10 3.0 (-18.8 to 24.8) 

Social functions 88.3 (13.7) 10 85.8 (13.1) 10 -2.5 (-15.1 to 10.1) 

Cognitive function 75.2 (22.2) 
 

10 73 (22.4) 
 

10 -2.2 (-23.2 to 18.8) 

Health distress 76.5 (14.2) 10 78 (17.2) 10 1.5 (-13.3 to 16.3) 

Sexual function 73.3 (34.2) 10 77.5 (36.4) 
 

10 4.2 (-29.0 to 37.4) 

Change in health 55 (32.9) 
 

10 62.5 (24.3) 
 

10 7.5 (-19.7 to 34.7) 

Sex satisfaction 61.1(30.9) 
 

9 55.6 (27.3) 
 

9 -5.5 (-34.6 to 23.6) 

Overall quality of life 72.5 (13.5) 
 

10 75.7 (11.7) 
 

10 3.2 (-8.7 to 15.1) 

Physical health component 120.8 (32.5) 
 

10 126.2 (37.4) 
 

10 5.8 (-27.1 to 38.7) 

Mental Health component 79.6 (13.2) 
 

10 81.8 (9.9) 
 

10 2.2 (-8.8 to 13.2) 

Fitness 
    

 

VO2 Max (ml/kg/min) 23.5 (9.2) 10 25.8 (9.4) 
 

10 2.3 (-6.4 to 11.0) 
GLTEQ= GODIN LEISURE TIME; MFIS= MODIFIED FATIGUE IMPACT SCALE; SD= STANDARD DEVIATION; CI= CONFIDENCE INTERVAL; 

MSQOL= MS QUALITY OF LIFE;  VO2MAX = MAXIMAL OXYGEN UPTAKE 
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4.7 Discussion 
The discussion is adapted from Humphreys et al. 217 

This study aimed to evaluate the feasibility of delivering HIIT to people with low MS-

related disability. The participant perspectives provide insights into patients' experiences 

following a HIIT intervention and add to the evidence from previous research 229.  

Participants reported apprehension and fear before participating in the study, mostly 

related to their perceived ability to undertake the exercise prescription. Fear and apprehension 

is the most common barrier to exercise reported in PWMS 256, which is supported by our 

finding from the HIIT intervention.  Friends and family who stressed concern for the 

participant’s health reinforced apprehension in some participants. This underlines the critical 

role that family can play in encouraging or preventing people with multiple sclerosis from 

exercising27 and the importance of their inclusion in future interventions. Despite their 

apprehension, the participants still consented to participate in the study 256. One key reason for 

participating was because their consultant recommended the study. HCPs significantly 

influence the health behaviours of patients257, which can shape a patient's behavioural intention 
258.  

As the intervention progressed, participants discussed strong feelings of achievement 

after completing the sessions. Proving to themselves that they could do the exercise had 

positive effects on their confidence. Although it was not measured in this study, the increased 

confidence to complete the exercise suggests participants had increased exercise self-efficacy. 

Self-efficacy is a person's belief in their ability to perform a given behaviour successfully259.  

Research has documented the linear relationship between self-efficacy and objective physical 

activity in PWMS 260. Recent research also found that anxiety significantly moderated this 

association261. Self-efficacy is a central construct of the Social-Cognitive Theory (SCT)262, one 

of the most applied theoretical frameworks for understanding and optimising physical activity 

behaviour263. Drawing from constructs of the SCT (behavioural capability, observational 

learning, expectations, self-efficacy)262, the HIIT intervention appeared to improve the 

participant's beliefs in their capabilities and the consequences of the behaviour (expectations). 

When a person has completed a task, they develop knowledge of one's ability to complete 

similar tasks in the future264. Participants' condition-related symptoms (e.g., fatigue) or 

perceived barriers (fear of exacerbation of symptoms) can affect their perceived capabilities 

and expectations of exercise behaviour, reducing self-efficacy. Data here suggests that building 

SCT constructs (behavioural capability, observational learning, expectations, self-efficacy) 
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into the design of HIIT exercise interventions for PWMS might help engage and sustain their 

participation. However, this would need to be explicitly explored in future research. 

Pre-intervention apprehension reported by participants was not unfounded. Six out of 

the ten participants reported feeling nauseous, exhausted, or uncomfortable during a session, 

none of which resulted in the termination of the session. In healthy populations, sprint intervals 

have been shown to cause feelings of exhaustion and severe fatigue lasting 10-to-20 minutes265.  

Eight participants reported incidents of mild symptom exacerbation during the sessions. 

Symptom exacerbations included tingling in extremities, blurred vision, partial deafness, and 

weakness down one side. These exacerbations highlight the immediate effects exercise can 

have on MS symptoms. Approximately 60-80% of PWMS experience a reversible occurrence 

of symptoms in situations that increase their body temperature (Uhthoff Phenomenon), for 

example, vigorous exercise266. One previous study examined the safety of a single exercise 

session in 34 persons with MS and observed temporary sensory changes (e.g., numbness, pain, 

tingling) 267. Over 40% of participants experienced a temporary increase in sensory symptoms, 

44% experienced an increase in the intensity of sensory symptoms, and 29% experienced an 

increase in both number and intensity immediately postexercise 267. However, these changes 

did not have any negative effects on fatigue or function 267. 

Due to the expected temporary change of symptoms during exercise these events were 

not deemed an adverse event. Therefore the present study reported two adverse events, a 

muscle strain during an exercise session and an acute episode of fatigue. The participants rested 

and were able to continue the study. Previous HIIT studies in PWMS have also shown fewer 

adverse events. According to Campbell and colleagues229, only one of the seven studies in their 

review reported any adverse events. From the study in question, seven participants experienced 

adverse events in the high-intensity groups compared to none in the lower-intensity continuous 

exercise group218. None of the studies included in the review by Campbell and colleagues 229 

defined an adverse event. This makes comparing the number of events with the present study 

difficult. For this study, we did not include a threshold at which exercise would be defined as 

safe or unsafe but reviewed each event to determine if the protocol needed to change.  

Additionally, Collett and colleagues 218 as with the present study, were specifically 

exploring safe, effective exercise intensity. In future studies, it is essential to ensure the 

participants understand the immediate effects of exercise 256. Symptom exacerbation should 

also be documented throughout any research study 256. 

The attendance at the exercise sessions was high (87%), which is similar to previous 

research on other conditions, such as cardiometabolic disease (82-85%) 266 and type 2 diabetes 
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(90%)  268. Participants also adhered to the high-intensity protocol with 92% compliance. This 

level of compliance suggests that participants were undeterred by the symptom exacerbation 

they experienced during the intervention. Several participants discussed having positive 

feelings after completing the sessions. Overall, exercise capacity improved in the participants 

over the six-week HIIT intervention. This increase in fitness is consistent with other conditions 

such as diabetes, stable angina, and heart failure 269. Participants also showed improvements in 

physical health, mental health, and overall quality of life, supporting previous research 

findings270. Although, as previously stated, the study was not designed to measure intervention 

effects. 

Participants discussed the positive and negative experiences of participating in the 

intervention, highlighting the potent nature of HIIT 265. Participants reported improved 

perceptions of fatigue, consistent with previous research 192. Some participants discussed how 

the intervention had changed their energy levels, resulting in them being able to exercise more, 

socialise, and spend time with family, which previously had been restricted. However, 

participants discussed how uncomfortable they felt during sessions and how tedious they 

became. Despite the positive experiences, the negative perspectives suggest that the sessions 

were unpleasant or not enjoyable. Enjoyment is a key predictor of long-term exercise 

adherence271. Enjoyment is a crucial predictor of long-term exercise adherence 272. Research 

investigating the effect and enjoyment of HIIT found that HIIT was rated as less pleasant and 

less enjoyable than moderate-intensity exercise 273. These results question the long-term appeal 

and sustainability of HIIT. 

Additionally, the present study was conducted in a laboratory setting, supervised by an 

experienced research team (including the PhD candidate). The likelihood of a participant 

independently completing HIIT at the correct intensity is low, especially if the sessions are not 

enjoyable 271. These results question the long-term appeal of HIIT 274. The benefit of HIIT is 

the time-efficient improvements in fitness 275. HIIT could be used as a short-term option to 

boost an individual's fitness levels, but alterations are needed to make it more appealing long 

term. 

4.7.1 Strengths and limitations 
This study was a single-group pilot study aiming to determine HIIT's potential 

feasibility, acceptability, and safety for PWMS. Strengths of the study include the addition of 

perceptions of HIIT from the participants. Using qualitative interviews produced insight into 

the participant's experiences of the intervention, which enabled a more in-depth exploration of 

the feasibility of HIIT than would have been gained from quantitative methods only. Further 
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strengths include thoroughly supervising participants through the study to measure and ensure 

safety. The laboratory setting of the study allowed the monitoring of intensity and any potential 

adverse events. 

However, the findings must be considered in light of the small sample size and lack of 

a control group. Future intervention studies should include a control group and different 

exercise intensities. It is possible that participants recruited for this study were more motivated 

to engage in exercise than people from the general MS population. Only people with mild MS-

related disability were recruited for this study, and within this group, there was heterogeneity 

in physical fitness, physical activity levels and body weight. Further research is needed to 

understand the impact and perspectives of high-intensity interval training in people with higher 

MS-related disability. Despite these weaknesses, the study's primary aim was to explore the 

perspectives and experiences of HIIT with PWMS. In this regard, the study design was suitable 

for this purpose. Qualitative investigation is a valuable tool to evaluate the suitability of an 

intervention.  

4.7.2 Implications for the physical activity guidelines 
The current PAGs25 for PWMS do not discuss high-intensity or vigorous exercise. This 

study indicates that HIIT is a feasible intervention for people with low MS-related disability. 

This adds to the promising evidence for the safety and effectiveness of HIIT in PWMS 229. 

Further research is required before HIIT can be considered for inclusion in the guidelines, but 

the data here is nevertheless encouraging. In general, clinical guidelines advise on effective 

and good-value healthcare 160 and cannot be considered inclusive if it potentially harms certain 

groups 276. However, a limitation of the guidelines is that the recommendations can erroneously 

determine what is best for patients277. The research suggests that an individual can exercise 

safely at higher intensities. Therefore, if a PWMS is experienced in exercising at higher 

intensities, they should be encouraged to continue to do so.  

4.8 Conclusion 

PWMS have routinely been advised to avoid exercise due to perceived adverse effects 

on symptoms such as muscle weakness, reduced mobility, poor balance, and fatigue278. Mild-

to-moderate intensity exercise is now accepted as safe and beneficial for PWMS279, manifesting 

in high-intensity interval training becoming an area to explore for this population 229. Our 

findings support research that suggests that HIIT is a safe form of exercise for PWMS 280, but 

negative experiences question the appeal of HIIT as a long-term exercise mode218. This study 

has identified several significant points to consider in future trials. Participants found the 
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sessions tedious and felt uncomfortable, so whilst this study suggests that HIIT is a safe form 

of exercise for PWMS, questions remain regarding the appeal in PWMS.  
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5 A scoping review of community-based exercise for people with 
multiple sclerosis 

5.1 Overview 
Chapter 2 identified the evidence for the effectiveness of exercise for PWMS. The 

effectiveness of exercise led to the development of exercise guidelines for PWMS. The exercise 

guidelines were developed to make exercise for PWMS more accessible. However, the 

guidelines provide little detail on how to apply the guidelines (e.g., where to exercise) for 

PWMS to engage in exercise. Additionally, the guidelines do not provide strategies to support 

long-term adherence to exercise or the appropriate professionals to seek support. This chapter 

outlines the need to develop evidence-based exercise interventions in the community for 

PWMS.  

In this scoping review, I aimed to explore the existing body of knowledge on 

community-based exercise programs specifically tailored for individuals with MS. By 

examining the available literature, I intended to provide a comprehensive overview of the 

context, development, implementation, and potential efficacy of community-based 

interventions for PWMS. 

From the review, I aimed to gain an understanding of the existing knowledge and 

identify gaps that warrant further investigation. This review served as a valuable stage for my 

thesis. By understanding the current landscape of community-based exercise interventions, I 

could use the findings to target and refine the subsequent research in this thesis. In this chapter, 

I will synthesise the literature, including the characteristics of community-based exercise 

programs, the outcomes reported, and the barriers and facilitators to program implementation 

for PWMS. These findings will be discussed further in succeeding chapters. 

5.2 Introduction and rationale 
So far, the studies included in this thesis have explored the limitations of the PAGs for 

PWMS. Chapter 3 explored the inclusivity of the guidelines, and Chapter 4 explored the 

prescription of exercise and the acceptability of HIIT. This study aimed to conduct a scoping 

review of published peer-reviewed studies investigating community-based exercise 

programmes for PWMS. Colquhoun and colleagues define a scoping review as; a form of 

knowledge synthesis that addresses an exploratory research question aimed at mapping key 

concepts, types of evidence, and gaps in research related to a defined area or field by 

systematically searching, selecting, and synthesising existing knowledge281. Scoping reviews 

differ from systematic reviews, as shown in Table 15282. A criticism of a scoping review is the 
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lack of attention to the quality of the studies included in the analysis283. However, a scoping 

review allows greater flexibility than a traditional systematic review or meta-analysis283. 

Related literature can be explored through general questions focusing on summarising the 

breadth of evidence rather than answering defined questions. 

Additionally, a scoping review can allow for a diverse range of relevant literature that includes 

various methodologies. Scoping reviews include theoretical and narrative reviews, grey 

literature, and qualitative and quantitative research283. Scoping reviews help examine emerging 

evidence on a subject284. They can report on the type of evidence that addresses and informs 

practice in the field and how the research has been conducted284. 

 
Table 15: Comparison between systematic and scoping reviews 282 

Systematic review Scoping review 

• Focused research question with narrow 

parameters 

• Inclusion/exclusion criteria defined at the 

outset 

• Quality filters are often applied 

• Detailed data extraction 

• Quantitative synthesis is often performed 

• Formally assess the quality of studies and 

generate a conclusion relating to the focused 

research question 

• Research question (s) are often broad 

• Inclusion/exclusion criteria can be developed 

post hoc 

• Quality is not an initial priority 

• May or may not involve data extraction 

• Synthesis is more qualitative and typically not 

quantitative 

• Used to identify parameters and gaps in a 

body of literature 

5.2.1 Behaviour change theories and models 
Currently, there is a disconnect between evidence of benefits and rates of participation 

in exercise among PWMS 200. This disconnect might be due to insufficient physical activity 

and exercise promotion200. A possible explanation is that few studies have applied behaviour 

change theories with exercise interventions to maximise participation 200. Interventions that are 

developed with theory are found to be more effective than interventions with a theoretical 

underpinning285. In the theory phase, evidence is accumulated, and a theoretical basis for the 

intervention is developed and modelled in the next phase 286. There are three main reasons for 

advocating using theory in designing interventions.  

(1) Interventions are likely to be more effective if they target causal determinants of 

behaviour and behaviour change; this requires understanding these causal 

determinants, e.g., theoretical mechanisms of change.  
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(2) Theory can be tested and developed by evaluations of interventions only if those 

interventions and evaluations are theoretically informed. 

(3) Theory-based interventions facilitate understanding what works and thus are a basis 

for developing better theories across different contexts, populations, and behaviours 
286.  

Nevertheless, selecting a theory to inform an intervention is difficult because there are 

more than 20 theories, each with multiple theoretical constructs 287. Examples of widely used 

behaviour change theories are outlined below. 

5.2.1.1 Social Cognitive Theory 
The social cognitive theory (SCT)288 proposes that personal, behavioural, and 

environmental factors operate as interacting determinants of each other 289. Not only does the 

environment affect behaviour, but behaviours also affect the environment289. A central 

construct of SCT is self-efficacy, which is an individual's confidence in successfully 

performing a behaviour290. Bandura proposed that self-efficacy is formed and affected by four 

primary sources of information: performance accomplishments (mastery), experiences 

(modelling), verbal persuasion and physiological states (emotional response) 291.  

Although self-efficacy strongly influences behaviour, it is not the sole determinant288. 

Outcome expectations are the second SCT construct and represent one’s judgment of the likely 

consequences after performing or not performing a particular behaviour  292. There are three 

classifications of outcome expectations  

(1) Physical (i.e., bodily sensations and material gains or losses) 

(2) Social (i.e., anticipated approval or disapproval) 

(3) Self-evaluative (i.e., how one expects they will feel about themselves after performing 

a behaviour) 292.  

For PWMS, the SCT is the most applied theory to increase physical activity. However, 

as discussed previously, most studies do not use a formal process by which the theory was 

applied to the intervention. Additionally, SCT is not typically used as extensively as it could 

be in developing interventions, with studies often assessing one or two components of the 

model, such as self-efficacy 293. If interventions do not describe how they applied theory, it is 

challenging for researchers to replicate the effective components in future interventions 294.  
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5.2.1.2 Self-determination theory 
Self-determination theory (SDT) distinguishes between two sources of motivation: 

intrinsic (autonomous) and extrinsic (controlled) 204. SDT suggests that intrinsic motivation is 

based on striving to satisfy the psychological needs of competence, autonomy, and relatedness 
1. Autonomy is characterised by an internal locus of control and the perception that behaviours 

are freely chosen 295. Competence is characterised by mastery and the perception of 

effectiveness in what we do 295. Relatedness is a construct characterised by satisfaction and 

involvement with the social world 295.  

Extrinsic motivation refers to doing an activity for instrumental reasons or to obtain 

some outcome separable from the activity 296. For example, when a person engages in an 

activity to gain a tangible or social reward or to avoid disapproval, they are extrinsically 

motivated 296. According to SDT, intrinsic and internally regulated behaviour leads to greater 

engagement and persistence than extrinsic or externally controlled 297. This is important as 

intrinsic motivation has been shown to associate with better physical and psychological health 

outcomes 297. 

5.2.1.3 Theory of planned behaviour and Theory of reasoned action 
The theory of planned behaviour (TPB) 203 extends the theory of reasoned action 289. 

The theory of reasoned action states that intentions are the best predictors of actual 

behaviour289. Intentions are influenced by a person’s attitude towards a behaviour and what is 

normative regarding the behaviour (subjective norm) 289. TPB extends the theory of reasoned 

action by arguing that intentions cannot be the sole predictors of behaviour, especially when 

people might lack control over the behaviour 289. Therefore, in addition to attitudes and 

subjective norms, TPB states that perceived behavioural control will also predict behavioural 

outcomes. Perceived behavioural control is the perceived difficulty or ease of enacting a 

behaviour 298.  

5.3 Study aim 

This review aimed to evaluate the evidence of community-based exercise interventions 

for PWMS. The review results will then inform the development of a community-based 

intervention for PWMS. 
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5.4 Methodology 
5.4.1 Study design  

This scoping review followed the framework proposed by Arksey and O’Malley299 and 

then advanced by Levac and colleagues300. This study included the critical phases of the 

framework (Figure 5). 
Figure 5: Framework for conducting a scoping review 299,300 

5.4.1.1 Stage One: Identifying the review question 
Scoping study research questions are broad, focusing on summarising the breadth of 

evidence300. Although scoping studies are broad, Levac and colleagues300 recommend 

combining a broad question with an articulated scope of inquiry. This includes defining the 

concept, target population and health outcomes of interest to focus the search strategy. This 

review evaluates the effect of community-based exercise interventions on the uptake and 

maintenance of exercise in PWMS. The scoping review addresses the following questions: 

(1) What are the characteristics of community-based exercise interventions for PWMS? 

(2) Are BCT incorporated into the interventions? 

(3) Are community-based exercise interventions acceptable, safe, and effective for 

PWMS? 

(4) What do PWMS see as the crucial aspects of a community exercise intervention? 

5.4.1.2 Stage two: Identifying relevant studies 
A systematic literature search was conducted to identify studies that reported the results 

of community-based exercise programmes for PWMS. The PhD candidate established the 

search strategy, which the PhD supervisors checked. PubMed, SCOPUS, Science Direct, and 

Web of Science databases were searched for publications between 2005 and 2018. Searches 

will be restricted to publications from 2005 due to this being the date of the first Cochrane 

review suggesting the health benefits of exercise for PWMS101. The PhD candidate iteratively 

developed an extensive list of primary and secondary search terms (Table 16). The primary 

search terms focused on core MS and exercise-related terms (e.g., multiple sclerosis, exercise, 

Stage 1 
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the research 
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Stage 2 
Identifying 

the relevant 
studies

Stage 3 
Study 

selection

Stage 4 
Chart data

Stage 5 
Collating, 

summarising 
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community). The secondary terms included a broader set of keywords such as behaviour 

change and promotion. The filtering methods included the date range and language (English) 

to narrow the results. 

 
Table 16: Search terms for the scoping review 

Primary search terms Secondary search terms 

Search term 1 Search term 2 Search term 3 Search term 4 

Community-based or 

community or home-

based or  

Exercise or physical 

activity or fitness or 

gym or aerobic or 

strength training 

Multiple sclerosis or 

MS 

Behaviour change or 

motivation or promotion 

5.4.1.3 Stage Three: Study selection 
Once identified, studies were imported into RefWorks web-based bibliographic 

software. The PhD candidate removed duplicates and screened titles, followed by abstracts, to 

identify papers that potentially meet the review criteria. To be included, studies had to meet all 

of the following criteria:  

(1) Published in English 

(2) January 2005 - November 2018 

(3) Include participants with a confirmed diagnosis of MS 

(4) Participants aged ≥ 18 

(5) Identified as a community-based program, defined as explicit use of the word 

"community", and/or utilising a community-based setting non-clinical setting (i.e. 

fitness/leisure centre, community centre, home) 

(6) Research that aimed to address exercise behaviour 

(7) Research that reports exercise levels as the primary or secondary outcome using a 

validated measure 

(8) Research that explores participants' perceptions of participating in community-based 

exercise 

Full-text papers were obtained for studies that satisfy the criteria. Then the PhD 

candidate screened the full text. Any uncertainty regarding the inclusion of a study was 

discussed with a second reviewer (AC). An adapted PRISMA (Preferred Reporting Items for 

Systematic Review and Meta-Analyses) flow chart (Figure 6) presents the study selection 

numbers. 
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Figure 6: PRISMA flow chart 

 
 

5.4.1.4 Stage Four: Charting of data 
Data was charted in table form to record key information from the study. Key information 

included: 

• Author(s) 

• Year of publication 

• Origin/country of origin (where the study was conducted or published) 

• Aims/purpose 

• Study population and sample size 

  

 
Records identified through database searching 

PUBMED - 617 
Scopus 1919 

Science Direct 702 
Web of Science 4400 

(n= 7638) 

Records after duplicates removed 

(n= 5382) 

Records screened 

(n= 5382) 

Records excluded 

(n=5314) 

Full-text articles 
assessed for eligibility 

(n=68) 

Full-text articles 
excluded 
(n= 59) 

Studies included 

(n= 17) 
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• Methods (design, location/setting) 

• Intervention details (type, duration, frequency, intensity) 

• Outcomes (primary and secondary measures) 

• Key findings that relate to the scoping reviews question(s) 

5.4.1.5 Stage Five: Collating, summarising, and reporting the results 
Levac and colleagues recommend three steps at this stage to increase consistency with 

which researchers undertake and report scoping review methods300: 

(1) Analysing the data - descriptive numerical summary analysis and qualitative thematic 

analysis. 

(2) Reporting results - Producing the outcome that addresses the research questions. 

(3) Applying meaning to the results - Discuss implications for future research, practice, 

and policy. 

5.4.2 Qualitative synthesis 
The purpose of synthesising qualitative studies is to develop a deeper understanding of 

the phenomenon under investigation and explore perceptions and attitudes from the 

participants’ perspective301. The number of different methods for synthesising qualitative 

research is increasing, but no method for synthesising qualitative research has become well 

established302. Popular methods include meta-ethnography, grounded theory, and thematic 

synthesis301.  

Noblit and Hare developed meta-ethnography in 1988303. Meta-ethnography is one of 

the most frequently used methodologies for qualitative evidence synthesis in health and social 

care research304. It involves selecting relevant studies to be synthesised, reading them 

repeatedly and noting down key concepts305. These concepts become the raw data to be 

synthesised305. Meta-ethnography is a method that involves induction and interpretation and, 

in this respect, resembles the qualitative methods of the studies it aims to synthesise306. It is 

suited to producing a new interpretation, model or theory that goes beyond the original 

study304.Glaser and Strauss introduced grounded theory in 1967307. Grounded theory involves 

collecting data that is 'grounded' in actual data. Essential methods and assumptions of grounded 

theory include simultaneous phases of data collection and analysis; an inductive approach to 

analysis, allowing the theory to emerge from the data; the use of the constant comparison 

method; the use of theoretical sampling to reach theoretical saturation; and the generation of 

new theory302.  
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Thematic synthesis combines and adapts approaches from both meta-ethnography and 

grounded theory302. Thematic synthesis uses techniques commonly described as 'thematic 

analysis' to formalise the identification and development of themes308. The framework 

approach 47 was used to synthesise the qualitative data, as discussed in Chapter 1. Per 

framework analysis, the results sections of the studies were transferred verbatim into NVivo 

software for qualitative data analysis.  

Generating themes is the most controversial stage as it depends on the reviewer's 

judgment and insights308. Generating the themes is described as 'going beyond’ the content of 

the original studies. This was achieved by using descriptive themes to answer the review 

questions. The focus of the qualitative synthesis was specified to explore PWMS's perspectives 

on community-based exercise programmes. Any study that did not meet the synthesis topic 

was eliminated from the review.  

5.5 Results 
The database search identified 7638 potentially eligible articles. See Figure 6 for the 

number and reasons for exclusion through the screening process. A total of 18 studies met all 

the inclusion criteria and were included for data extraction18,158,309-324. One study317 was a 

secondary analysis of the primary study316  and, therefore, will be discussed as one study 

leaving 17 studies for analysis. Four studies 320,321,323,324 were refined interventions from the 

original protocol310. 

5.5.1 Programme characteristics  
Articles were published between 2005 and 2018. Studies included randomised 

controlled trials 309,310,312-314,316,319,321-323 and pre-post cohort studies with two or more follow-

ups18,158,311,318,320. Ten studies were described as pilot or feasibility studies 158,310-312,314-

316,318,319,322. Table 17 provides a detailed summary of each study. 
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Table 17: Summary of included studies 

Citation Participants: 
total number; 
gender 
(male/female); 
age 

Disability 
level 

Type of MS Frequency Intensity Time 
(duration and 
length of 
intervention) 

Type (of 
activity/exercise) 

Community 
location 

Led by Guidelines? Behaviour 
change theory 

Physical 
activity 

Hayes (2017) 
316 

65; 10/55; 42.6 
(9.6) 

Measure: 
EDSS; median 
3.3, IQR (0.7) 

Benign 4 
RRMS 27 
SPMS 1 
PPMS 1 
Don't know 4 

Moderate 
intensity 
aerobic 
exercise 2 
times per 
week and 
strength 
training for 
major muscle 
groups 2 
times per 
week 

Aerobic: 100 
steps per 
minute 
measured 
with 
pedometers; 
Strength 1-2 
sets 10-15 
reps 

30 minutes; 
10 weeks 

Aerobic and 
strength training 

Multicentre; 
community 
delivery 

Physiotherapist Latimer 
Cheung 
(2013) 

SCT education Measure: 
GLTEQ; 
pre-post ∆ 
in PA: 
p=0.01, d = 
0.31 

Mandelbaum 
(2015) 311 

10; 3/5; 49.5 
(11.8) 

Measure: 
PDDS; mean 
1.1, SD (1.2) 

RRMS 7 
SPMS 1 

2 classes per 
week and one 
practise 
session at 
home 

 
60 minutes 
per class; 30 
minutes for 
home 
practice; 4 
weeks 

 Salsa dance 
intervention 

Not specified Professional 
Dance 
Instructor 

Not specified Not specified Measure: 
GLTEQ; 
pre-post ∆ 
in PA: p = 
0.01; d = 
0.34 

Thomas 
(2017) 315  

30; 3/27; 49.3 
(8.7 

Measure: 
APDDS; mean 
4.2, SD (1.1) 

Benign 1  
RRMS 21 
SPMS 5 
PPMS 1 
Don't know 2  

Participant 
directed 

Participant 
directed 

Participant 
directed 

Nintendo Wii Home-based Physiotherapist Not specified MI; SCT; SDT; 
and 
incorporates 
behaviour 
change 
techniques 

Measure: 
GLTEQ; 
pre-post ∆ 
in PA: 
statistical 
significance 
not 
reported, d 
= 0.7 
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Citation Participants: 
total number; 
gender 
(male/female); 
age 

Disability 
level 

Type of MS Frequency Intensity Time 
(duration and 
length of 
intervention) 

Type (of 
activity/exercise) 

Community 
location 

Lead by Guidelines? Behaviour 
change theory 

Physical 
activity 

Elsworth 
(2011) 309 

99 (24 with 
MS); 51/48; 56 
(12.9) 

Not specified Not specified Number of 
sessions was 
determined 
by the 
individual. 

The intensity 
of sessions 
determined 
by the 
individual 

Length of 
session 
determined 
by the 
individual 

Gym based 
exercise 

Gym - IFI Fitness 
instructor with 
support from a 
physiotherapist 

Based on 
general public 
guidelines (at 
least 5 a 
week) 325. 

Intervention 
includes 
Physical 
Activity Support 
System (PASS); 
information, 
practical advice 
and support. 

Measure: 
PASE; pre-
post ∆ in 
PA: p = 
0.11, d = 
0.26 

Kinnett-
Hopkins 
(2018) 158 

32; 2/29; 51.6 
(9.4) 

Measure: 
PDDS; mean 
1.5, SD (4) 

RRMS 26 
SPMS 1 
PPMS 3 

Aerobic 
training 2x 
week; 
strength - 2x 
week  

1-2 sets, 10- 
15 reps up to 
10 exercise 

10-30 
minutes 
aerobic 
training; 12 
weeks 

Aerobic and 
strength training 

Internet/Home-
based 

not clear Latimer 
Cheung 
(2013) 25 

SCT; 
Behavioural 
coaching 

Measure: 
GLTEQ; 
pre-post ∆ 
in PA: p = 
0.01, d = 
1.5 

Learmonth 
(2017) 314 

57; 2/55; 48.4 
(9.7) 

Measure: 
EDSS; median 
1.5, IQR (3.5)  

RRMS 51 
SPMS 1 

Aerobic 
training - 10-
30minutes 2x 
week; 
strength - 2x 
week  

1-2 set 10- 15 
reps up to 10 
exercise 

10-30 
minutes 
aerobic 
training; 16 
weeks 

Home-based 
resistance and 
strength training 

Internet/Home-
based 

Physio Latimer 
Cheung 
(2013) 25 

SCT; 
Behavioural 
coaching 

Measure: 
GLTEQ; 
pre-post ∆ 
in PA: p = 
0.01; d = 
0.64 

Turner (2016) 
313 

64; 41/23; 53.2 
(12.4) 

Measure: 
Mobility 
items of the 
performance 
scales; Mean 
2.5, SD (1.4)  

RRMS 42; 
Other 22 

Long-term 
goal of 
achieving or 
exceeding 
physical 
activity 
guidelines of 
90 minutes or 
more of 
moderate 
activity per 
week. 

Participant 
directed 

Long-term 
goal of 
achieving or 
exceeding 
physical 
activity 
guidelines of 
90 minutes or 
more of 
moderate 
activity per 
week. 

Physical activity 
DVD with 
examples of in-
home exercises 
for multiple 
physical ability 
levels. Or self-
selected exercise 

Home-based Study therapist 
trained in MI 

Not specified MI based 
Telephone 
counselling 

Measure: 
GLTEQ; 
pre-post ∆ 
in PA: p = 
0.732; d = 
0.92 

Citation Participants: 
total number; 

Disability 
level 

Type of MS Frequency Intensity Time 
(duration and 

Type (of 
activity/exercise) 

Community 
location 

Lead by Guidelines? Behaviour 
change theory 

Physical 
activity 
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gender 
(male/female); 
age 

length of 
intervention) 

Tallner (2016) 
312 

126; 32/94; 
40.8 (9.9) 

Measure: 
EDSS; mean 
2.7, SD (0.8) 

RRMS 109 
SPMS 17 

Strength 
training 2 
times per 
week; 
endurance 
training once 
per week. 

2-3 sets per 
exercise; 11-
16 RPE 

12 weeks Internet-based 
exercise training 
(e-training) for 
PWMS  

Internet/Home-
based 

Physiotherapist Dalgas et al 
2008 107 

Internet 
support; the 
application of 
theories, and 
models of 
behavioural 
change, 
considering 
needs, 
preferences, 
motives, and 
perceived 
barriers 

Measure: 
Baecke; 
pre-post ∆ 
in PA: p = 
0.001; d = 
0.33 

Learmonth 
(2011) 319  

32; 9/23; 51.6 
(8.0) 

Measure: 
EDSS; mean 
5.98, SD 
(0.87) 

Not specified Twice per 
week 

Varied 60 minutes 
per class 

Leisure centre-
based circuit 
training class; 
Participants 
completed a 
circuit of 8–12 
different 
exercises for 1 
minute each, 
having a rest (of 
a minimum of 1 
minute) before 
moving to the 
next exercise. 

Leisure centre-
based exercise 
class 

One 
physiotherapist 
and one fitness 
instructor 

ACSM 
exercise 
management 
for persons 
with chronic 
disease and 
disabilities 
326 

Nothing 
specified but 
included goal 
attainment 
scale 

Measure: 
PhoneFITT; 
pre-post ∆ 
in PA: p = 
0.001; d = 
1.05 

Plow (2014) 
322 

30; 0/30; 47.5 
(9.5) 

Measure: 
PDDS; mean 
1.9, SD (1.5) 

Not specified Three-to-five 
days per 
week  

Moderate 30-to-45 
minutes 

The prescribed 
exercise program 
consisted of 
indoor cycling, 
stretching, 
balance, and 
strength training.  

Community-
based in 
metropolitan 
area 

Lead author Not specified The 
intervention 
was guided by 
SCT and 
transtheoretical 
model. 

Measure: 
GLTEQ; 
pre-post ∆ 
in PA: p = 
0.02; d = 
1.08 

Citation Participants: 
total number; 
gender 
(male/female); 
age 

Disability 
level 

Type of MS Frequency Intensity Time 
(duration and 
length of 
intervention) 

Type (of 
activity/exercise) 

Community 
location 

Lead by Guidelines? Behaviour 
change theory 

Physical 
activity 
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Pilutti (2014)    
324  

82; 20/62; 49 
(9.1) 

Measure: 
PDSS; Median 
2.5, IQR (3.5) 

RRMS 65; SP 
10; PP 7  

Participant 
directed 

Participant 
directed 

Participant 
directed 

Internet 
intervention 
based on SCT 

Internet/Home-
based 

Highly trained 
doctoral 
students or a 
postdoctoral 
fellow 

Not specified SCT Measure: 
GLTEQ; 
pre-post ∆ 
in PA: p = 
0.01; d = 
0.77 

Motl (2011) 
310 

54; 5;43; 
46(10) 

Measure: 
PDDS; mean 
2.5, SD(1.5) 

Not specified Participant 
directed 

Participant 
directed 

Participant 
directed 

Internet 
intervention 
based on SCT 

Internet/Home-
based 

Study 
coordinator 

Not specified SCT Measure: 
GLTEQ; 
pre-post ∆ 
in PA: p = 
0.01; d = 
0.72 

Feys (2013) 
18 

57; 9/33; 43.5 
(10) 

Measure: 
PDDS; mean 
2.1, SD (0.8) 

RRMS 33; PP 
4; SP 5 

Participant 
directed 

Participant 
directed 

Participant 
directed 

 One day 
education 
program about 
exercises and 
sports. 

Self-directed 
exercise 

physiotherapists 
and researchers  

Not specified Not specified Measure: 
GLTEQ; 
pre-post ∆ 
in PA: p= 
0.08; d = 
0.28 

Plow (2011) 
318 

30;  7/23; 43.2 
(9.3) 

Measure: 
PDDS; mean 
1.4; SD (1.1) 

RRMS 30 3 times per 
week 

Participant 
directed 

10-30 
minutes; 14 
weeks 

Wii-Fit exercise 
programme 
consisting of 
yoga, balance, 
strength, and 
aerobic activity. 

Home-based Not specified Not specified No theory 
specified but 
included fort 
nightly phone 
calls to discuss 
barriers and 
goal setting. 

Measure: 
PADS; pre-
post ∆ in 
PA: p = 
0.001; d = 
0.65 (at 7 
weeks) 

Dlugonski 
(2012) 321 

45; 6/39; 46.7 
(9.6) 

Measure: 
PDDS; 
median 1.0; 
Range (0-6) 

RRMS 45 Participant 
directed 

Participant 
directed 

Participant 
directed; 12 
weeks; (6 
months) 

Internet 
intervention 
based on SCT 

Internet/Home-
based 

Health 
behaviour 
coach 

Not specified SCT Measure: 
GLTEQ; 
pre-post ∆ 
in PA: p= 
0.001; d = 
0.98 

Citation Participants: 
total number; 
gender 
(male/female); 
age 

Disability 
level 

Type of MS Frequency Intensity Time 
(duration and 
length of 
intervention) 

Type (of 
activity/exercise) 

Community 
location 

Lead by Guidelines? Behaviour 
change theory 

Physical 
activity 

Dlugonski 
(2011) 320 

21; 2;19; 46.4 
(8.1) 

Measure: 
PDDS; 
median 1.0; 
Range (0-5) 

RRMS: 21 Participant 
directed 

Participant 
directed 

Participant 
directed; 12 
weeks 

Internet 
intervention 
based on SCT 

Internet/Home-
based 

Study 
coordinator 

Not specified SCT Measure: 
GLTEQ; 
pre-post ∆ 
in PA: p = 
0.07; d = 
0.43 
Measure: 
IPAQ; pre-
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post ∆ in 
PA: p = 
0.03; d = 
0.6 

Sandroff 
(2014) 323 

82; 19/57; 49.5 
8.3) 

Measure: 
PDDS; Mild to 
moderate 
disability 
(data not 
reported) 

RRMS 60 Participant 
directed 

Participant 
directed 

Participant 
directed; 6 
months 

Internet 
intervention 
based on SCT 

Internet/Home-
based 

Study 
coordinator 

Not specified SCT  Measure: 
IPAQ; p = 
0.03; mild 
disability d 
= 1.63, 
moderate 
disability d 
= 0.24 
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The studies included 778 PWMS (range 10-126); most participants had relapsing-

remitting MS (80%). Two studies did not specify the type of MS309,319. One study included 

various neurological conditions, including MS and therefore, did not specify the type of MS or 

level of MS-related disability 309. All remaining studies included participants with mild-to-

moderate MS 18,158,310-318,320-324. To measure the participant’s disability levels, four studies used 

the EDSS237 312,314,316,319. Eleven studies used the PDDS18,158,310,311,316,318-324 or an adapted 

version (APDDS)315. The PDDS is a self-report disability measure mapped to the EDSS327. 

One study used the mobility item of the performance scale, which is highly associated with the 

EDSS (r=.9)313. 

Sixteen of the seventeen studies reported reasons for exclusion/non-

enrolment18,158,309,310,312-324. Common reasons were not eligible, declined/not interested, 

unwilling to travel, illness, other commitments, and too high baseline activity. All studies 

reported the number of participants lost to follow-up 18,158,309-324. The average programme 

completion rate was 84% ±10.6 (range 61%-98%).  

Programme duration was median = 12 weeks (IQR 3 weeks). The duration of 

interventions ranged from one education day18 to 12 months315. Nine studies involved 12-week 

interventions 158,309,310,312,313,319-322. 

Six of the seventeen interventions were delivered by physiotherapists 18,312,314-316,319. A 

professional dance instructor delivered one intervention311. Two studies included behavioural 

coaches/therapists313,321. One study reported that the lead author, a highly trained researcher, 

delivered the exercise prescription322. Five studies reported internet-based interventions, and 

support was provided by the lead author, study coordinator, or doctoral students 158,310,320,323,324 

Two studies reported the use of fitness instructors with the support of a physiotherapist309,319. 

Six studies based their exercise prescription on established exercise guidelines. Four 

studies used guidelines explicitly developed for PWMS 158,312,314,316. Three studies 158,314,316 

based their intervention on the MS exercise guidelines developed by Latimer-Cheung and 

colleagues 25. Tallner et al. 312 based their intervention on the recommendations developed by 

Dalgas and colleagues 107. Elsworth et al. 309 based their intervention on the recommendations 

from the Chief Medical Officer's report, at least five a week325. Learmonth and colleagues 319 

used the ACSM guidelines for people with chronic disease or disabilities326 to develop their 

exercise prescription. 

Ten studies explicitly specified the use of behaviour change theory 158,310,314-316,320-324. 

All ten studies based their interventions on the social cognitive theory (SCT) 158,310,314-316,320-

324. SCT and the transtheoretical model322 guided the intervention from Plow and colleagues. 
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Thomas and colleagues315 drew on frameworks and theories such as motivational interviewing, 

social cognitive, cognitive behavioural, and self-determination theory. Seven studies did not 

specify the behaviour change theory underpinning the interventions 18,309,311-313,318,319. Tallner 

et al., 312 and Learmonth et al. 319 did not specify a behaviour change theory, but the 

interventions include behaviour change techniques such as training participants, one-to-one 

online support, exercise booklets, and goal setting, respectively. Turner and colleagues' 313  

intervention included physical activity counselling grounded in the principles of motivational 

interviewing but was not underpinned by a behaviour change theory. Elsworth and colleagues 
309 discussed the development of a Physical Activity Support System but did not specify the 

theories involved in the development. Mandelbaum and colleagues 311 state that dance classes 

are a method to facilitate self-efficacy, autonomy, relatedness, enjoyment, and social 

engagement.  

5.5.2 Efficacy/effectiveness and safety  
Ten studies (59%) reported whether any adverse events occurred or not during the 

intervention 158,309,311,313-316,318,321,324, of those three reported no adverse events 311,313,321. In 

total, 56 (7%) participants reported an adverse event, and no adverse events were considered 

serious. Two studies reported exacerbation of MS symptoms (n= 7), such as increased fatigue, 

vision problems, and drop foot  158,314.  

Eleven of the seventeen studies measured physical activity using the GLTEQ 
158,310,311,313-316,320-322,324. Other measures of physical activity included the German version of 

the Baecke Questionnaire312, Physical Activity Scale for the Elderly309, Physical Activity Scale 

for Individuals with Physical Disabilities18 and PhoneFITT 319. Dlugonski and colleagues320 

compared the use of GLTEQ and the IPAQ. Fifteen studies reported improved physical activity 

levels from pre-to-post intervention (p<0.05)158,309-312,314-324. The average effect size was 

moderate d= 0.74 ±0.33 (range=0.26-1.5). Five studies achieved a small effect size (d≤ 

0.5)18,309,311,312,316. Twelve studies achieved a moderate to large effect size (d≥ 0.5) 158,310,313-

315,318-324.   

5.5.3 Participant perspectives 
Seven qualitative studies were included in the review 328-334, and Table 18 provides a 

detailed summary of each. The qualitative studies included 152 participants with MS. The 

studies included participant perceptions of interventions at community venues (e.g., leisure 

centres, MS Society branch)328-330. Two studies discussed experiences of home-based games 

console activity (e.g., Nintendo Wii, X-Box Kinect)331,332. One study explored the perceptions 

of PWMS after participating in a home-based intervention333. One study includes participants' 
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perceptions of physical activity support of an experienced community-based physiotherapist 

(Blue Prescription)334. 
Table 18: Summary of qualitative studies 

Citation Participants: total 

number; gender 

(male/female); age 

Disability level Type of MS Community 

location of 

intervention 

Analysis 

Clarke and Coote 

(2015) 335 

14; gender not 

specified; 53.9 

(±13) 

Not specified 11 RRMS, 3 SPMS Multicentre Thematic analysis 

Learmonth 

(2013)329 

14; 4/10; 51  EDSS 6.1 Not specified Leisure centre General inductive 

approach 

Plow and Finlayson 

(2014) 331 

30; 7/23; 43.2 

(±9.3) 

Mild to moderate 13 RRMS Home-based, Wii 

Fit 

Pre and post-

interviews. 

Inductive-category 

and theme 

development 

approach 

Palacios-Cena 

(2016) 332 

24; 11/13; 36.7 

(±8.1) 

EDSS 4 16 RRMS, 3 SPMS; 

5PPMS 

Home-based, 

Kinect 

Thematic analysis 

Learmonth 

(2018)333 

18; 0/18; 50  (±10) EDSS 1 18 RRMS Home-based Inductive-category 

and thematic 

analysis 

Smith (2013) 334 27; 4;23; 51 (±11.1) Not specified 8 RRMS, 7 SPMS, 3 

PPMS, 9 unknown 

Blue-prescription 

participants choose 

the activity 

General inductive 

approach 

Aubrey (2012) 330 25; 11/14; not 
specified 

Not specified Not specified Community MS 
Society branch 

Thematic analysis  

 

Analysis of the study's results sections uncovered four higher-level themes: (1) effects 

of the intervention; (2) barriers to exercise; (3) peer support; (4) structure of the 

programme/intervention. Table 19 shows the themes and subsequent lower-order themes. 
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Table 19: High-level and lower-order themes 

Main themes Subthemes 

Effects of the intervention Physical changes 

Changes in fatigue 

Build confidence and motivation 

Barriers to exercise Physical 

Environmental 

Psychological 

Peer Support Group-based 

Non-group based 

(No third lower-order theme) 

Structure of the interventions/programme The sessions 

Instructors 

5.5.4 Effects of the intervention 

5.5.4.1 Physical changes 
Participants in all studies discussed the physical benefits of participating in physical activity.  

"To begin with, it was really really slow…no sense of gain to start 

with and then somewhere one day I think,’ Oh god, I can do more of 

these." 334 

“I found that this year was the first year in four years that I started doing a bit of 

gardening, it was a great feat for me to be able to finish it.” 328 

5.5.4.2 Changes in fatigue 
Participants discussed the positive changes in their perceived levels of fatigue as a result of 

being more active. 
"I feel a lot more energetic . . . really I feel much more alert, my head 

feels clearer I can think things through better." 329 

"I could not move, and after several weeks of playing, I realised that I was not as tired, 

that I was moving again... it was like recovering the control over my body and over the 

disease.” 332 

Other participants discussed how their fatigue didn't improve or even got worse. 

"My fatigue’s got worse, but my balance has improved." 329 
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5.5.4.3 Build confidence and motivation 
Participants from all six studies discussed how participating in more activity helped increased 

their confidence and motivation to continue being active. 

"Well I got a lot more confident, I was going completely introverted kind of.” 328 

"It also gave me self-esteem to try things and do them." 331 

5.5.5 Barriers to exercise 
Barriers to participating in exercise were regularly discussed in the included studies. 

Barriers can be categorised as physical (e.g., limitations due to condition), environmental (e.g., 

transport problems), and psychological (e.g., fear of making the condition worse). 
"You don’t always want to be reminded about … not your MS but … your inability to do 

things”. 330 

"It is difficult and expensive to go into town for rehabilitation. But if you don’t do it, you 

worsen" 332 

“I’d be kind of worried about doing more damage than good when I wouldn’t know how 

to use the equipment or something like that.” 328 

5.5.6 Peer support 
Participants spoke highly of the importance of having social support during the 

intervention. The social benefits of being in the group created a sense of comradery. 
“If anybody with MS is carrying a load of trouble on their shoulders then they come 

here, many others have the same problem. We ignore the problem, amongst ourselves … 

[we] enjoy things … we all do the best we can and that’s what makes it” 330 

"I think because everyone is in the same boat, it stops you from feeling sorry for yourself, 

feeling oh I can’t do this, you see everybody else getting on with it and it inspires you to 

try harder." 329 

Participants from the studies involving no group-based activity also discussed how having 

support is essential. 

“It’s great for people like me to have somebody…show any interest” 334   

“It’s just fun to see other people participate in it, and it’s fun to see how good somebody 

is at something.” 331 

“Before we had to suffer treatments and battle it out, be disciplined. Now all I have to do 

is to play and have fun with my friends and family" 332 
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5.5.7 Structure of the interventions/programmes 
Participants in the studies offered feedback on aspects of the interventions, such as the exercise 

sessions and the instructors. 

5.5.7.1 The sessions 
Some participants discussed how sessions could be too easy and would have liked to be pushed 

to do more. 

“I have to admit … without sounding cocky, I do find a lot of it quite easy”. 330   

"When I first started the exercises I could do them easily, but I realised that many other 

people don't so you have to start from somewhere." 333 

Others felt that they were provided with an appropriate range of difficulties.  

"I was really impressed with the fact that there were [exercise] options for different 

levels of difficulty and because you were writing things down [progress cards] at what 

level you had been exercising at. It was encouraging because after a few weeks you 

could look back and see, oh, yes I am getting better." 329 

5.5.7.2 Instructors 
The participants discussed the importance of having a knowledgeable instructor and 

how it makes them feel safe. In one study, nine participants gave positive comments about how 

their behaviour coach was encouraging, knowledgeable, and possessed listening skills333 
“It helps that there are so many people that are trained to help you because you feel 

more secure”. 330   

"[the instructors] have been very professional and their knowledge has been outstanding 

. . . always there for moral support." 329   

5.6 Discussion 
This study aimed to conduct a scoping review of published peer-reviewed studies 

investigating community-based exercise programmes. Seventeen studies were included 

providing data for 778 PWMS.  

5.6.1 What are the characteristics of community-based exercise interventions for people 
with MS? 
There was a significant degree of heterogeneity amongst the community interventions, 

with differences in location, mode of exercise, and length of the intervention. The interventions 

incorporated various delivery methods (duration, staff, web-based). Home-based/internet-

based behavioural support programmes are the most common community-based setting for 
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exercise interventions. Home-based exercise allows patients to minimise MS-related barriers 

to being physically active336. Barriers to attending a fitness facility include lack of accessibility 

(e.g., uneven terrain), costs for membership and transportation to and from the centre 336.  

Studies with PWMS have primarily included participants with mild-to-moderate disability or 

relapsing-remitting MS. Evidence is weak for progressive forms of MS and those with severe 

disability337. Currently, there are no exercise guidelines for people with severe MS 337. 

Six studies incorporated PAGs into their interventions. The guidelines developed by 

Latimer-Cheung and colleagues 25 were most frequently used to inform the interventions. 

Latimer-Cheung et al. created their guidelines using the rigorous, internationally accepted 

consensus approach outlined in AGREE II 25. The AGREE II comprises 23 items grouped into 

six domains338. These domains are scope and purpose, stakeholder involvement, the rigour of 

development, clarity of presentation, applicability, and editorial independence 338. The 

instrument is designed to assess the quality of practice guidelines across the spectrum of health, 

provide direction on guidelines development and guide what specific information should be 

reported in the guidelines 149. Guidelines developed with this rigour provide a foundation for 

future exercise research and a benchmark to facilitate exercise monitoring and surveillance 151.  

The most popular lead for interventions is a physiotherapist. Physiotherapy plays a 

significant role in the healthcare of PWMS 339. Because fitness professionals may be 

inexperienced in working with people with disabilities, physiotherapists are preferred to 

develop fitness programmes340. However, current physiotherapy services are not meeting the 

needs of PWMS 339. PWMS have reported dissatisfaction with the lack of information about 

available services, excessive waiting times for appointments and the lack of accessibility and 

flexibility of physiotherapy services 339. These findings suggest that services for PWMS need 

to be reviewed to provide greater access to physiotherapy services or a suitable alternative. In 

other conditions, such as people affected by cancer, the use of 'real-world' practitioners has 

been recommended to enhance the scalability of community-based interventions rather than 

rely on the physiotherapy profession 341. 

Additionally, previous research suggests that physiotherapists are not trained to 

prescribe exercise. One study found that 66% of lecturers of undergraduate physiotherapy do 

not have the knowledge or confidence to educate physiotherapy students about exercise 

prescription342. Another study found that only one-third of responders to a survey (319 

physiotherapists and 270 students) could name the national physical activity 

recommendations343. To fulfil the role of exercise prescribers, physiotherapists would need to 

expand their role from the treatment of impairment to include health-focused practice 343. 
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Another option is to partner physiotherapists with exercise professionals to provide exercise 

support, which has been successfully used in PWMS344. 

5.6.2 Are BCT incorporated into the interventions? 
Researchers have highlighted the need to embed behaviour change theory to enhance 

long-term change 59. The appropriate use of theory and theoretical determinants is believed to 

enhance intervention effectiveness 345. Theories are needed to explain and predict health 

behaviour and design and evaluate interventions 346. Most studies in this review specified or 

suggested using behaviour change theory. The interventions included in this study are generally 

theory-informed (e.g. those that vaguely describe theory use 345 ) rather than theory-driven (e.g. 

those that integrate theory throughout programme planning, design, and evaluation 345). Most 

studies did not report using a formal process by which the intervention and theory were 

developed. A systematic approach to intervention development, such as intervention mapping 
347, the Theoretical Domains Framework  348 or the Behaviour Change Wheel 349, could enhance 

the planning and reporting of theory application and contribute to evidence for appropriate 

behaviour change strategies 345. The interventions tended to be informed by SCT, the most 

applied theory in the reviewed papers. SCT is the most consistently applied theory for 

understanding exercise for PWMS 260. Previous research has highlighted self-efficacy as the 

significant variable from SCT to increase exercise behaviour263.  A crucial theoretical mediator 

within SCT that links self-efficacy to behavioural success is goal setting 350. People with greater 

confidence in their ability tend to set more challenging goals and persist to a greater extent in 

the face of adversity 350. This highlights the importance of building self-efficacy in PWMS, as 

fear of worsening their condition is a barrier for PWMS 192. 

5.6.3 Are community-based exercise interventions acceptable, safe, and effective for 
people with MS? 
Overall, the evidence suggests that community-based exercise interventions result in a 

statistically significant result for increasing exercise behaviour. Participants discussed the 

positive changes experienced from the community-based interventions, including physical 

changes, improvements in fatigue, and confidence. The results suggest that community-based 

interventions are safe. Although participants in several studies experienced adverse events, 

none were serious. Exercise training is not associated with an increased risk of relapse, and 

adverse events are not higher in MS patients than in healthy populations 351 Safety was 

identified as an essential consideration for PWMS when deciding whether to exercise. PWMS 

have previously discussed the need to exercise in a safe environment 193. 
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5.6.4 What do people with MS see as the important aspects of a community exercise 
intervention? 
Several factors need to be met for a community-based exercise intervention to be 

successful. For PWMS barriers to exercise include, the built environment, access to exercise 

equipment, access to information about programs, fatigue, emotional and psychological 

factors, economic factors, and transportation 352. The relative proximity of exercise resources 

is related to exercise participation 353. Eliminating the need to travel is a possible reason that 

home-based exercise is the most common mode of delivery for community-based exercise 

interventions. However, exercising under supervision in an exercise facility can have a more 

significant effect than exercising at a person’s home without supervision 103. Participants in the 

reviewed papers appear to find each mode of intervention delivery valuable in supporting them 

to be more physically active. It is, therefore, difficult to determine which model is preferred. 

Fitness instructors delivered only two of the community-based exercise programmes. The 

PAGs for MS were developed to increase the availability and development of more fitness 

programmes and facilities for PWMS 25. The need for knowledgeable instructors was identified 

as a factor for the success of a community-based intervention in the qualitative synthesis. In 

other conditions, such as people affected by cancer, qualified professionals are central to an 

exercise pathway354. NICE guidelines stipulate minimum qualifications for exercise 

professionals devising exercise programmes for referral programmes355. These qualifications 

are a level four exercise referral qualification and relevant CPR training 355. Level 4 refers to a 

‘specialist exercise instructor’ and is endorsed by the Chartered Institute for the Management 

of Sport & Physical Activity (CIMSPA) 356,357. The challenge is finding a better clinical care 

model in which health professionals and exercise specialists work more closely together to 

provide medically directed exercise programmes appropriate for each individual358. Carter and 

colleagues completed a 12-week supervised exercise programme led by experienced exercise 

specialists with support and input from neuro-physiotherapists. Participants valued access to 

knowledgeable practitioners192. Physiotherapists working in partnership with community 

physical activity providers are one way to develop the confidence of health professionals and 

PWMS in community-based exercise 329. 

5.6.5 Strengths and limitations of the review 
To the candidate's knowledge, this is the first scoping review of community-based 

exercise interventions for PWMS. There are also several limitations to this scoping review. I 

did not consider the quality of the article designs nor whether any of the modes of exercise or 

the applied behaviour change theories was superior. Due to the studies in this review having 
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methodological flaws (e.g., small sample size, no comparison group), we must interpret the 

results cautiously. Also, I restricted the search strategy to databases that cover health and public 

health literature (e.g., PubMed, SCOPUS, Science Direct, and Web of Science). I could not 

search all science databases and restricted our search to English-language articles published 

from 2005 to 2018. Therefore, there is the risk that I did not identify all relevant studies. There 

are 24 papers included in this review (17 intervention papers and seven qualitative papers) 

which prohibits a comprehensive assessment of a complex research area.  

5.6.6 Implications for the physical activity guidelines 
Research suggests that the current PAGS for PWMS are only being used sporadically 

in the community.  This suggests a paucity of research investigating the implementation of the 

PAGs in the community. PAGs provide a benchmark for community-based practitioners to 

facilitate and monitor exercise 151.  However, for the guidelines to be effective in the 

community, they should be presented along with evidence-based resources that teach and 

encourage people to achieve them. By engaging stakeholders (PWMS and HCPs) in the 

development of PAG-informed community-based interventions, I can ensure that I address any 

concerns and preferences, which will result in evidence-based interventions (using the PAGs) 

and meaningful to the potential end users (PWMS). 

5.7 Conclusion 

Findings from this scoping review suggest that the evidence base for community-based 

exercise interventions for PWMS is in its infancy. There need to be community-based 

practitioners capable of working with PWMS to increase the availability and access to exercise 

support. The NICE guidelines offer recommendations of the appropriate qualifications for 

exercise professional prescribing exercise for people with chronic conditions 355. 

Theory-driven interventions are essential for the successful promotion of healthy 

behaviours. Community-based interventions should be based on the relevant theory that guides 

the intervention design, delivery, and evaluation. The results from the review will be used to 

inform the development of a community-based intervention for PWMS. 

5.8 Additional papers 
The scoping review aimed to explore the current literature on community-based 

exercise interventions for PWMS. The original search criteria for the study was for research 

conducted between 2005 and 2018. Whilst in the write-up phase of the research, the PhD 

candidate repeated the literature search to include studies conducted from 2018-2022. The 

search found seven eligible intervention papers 359-365 and three qualitative papers 333,366,367.  
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All seven intervention papers included home-based activity, possibly due to the impact 

of the COVID-19 pandemic during this period. However, two studies included a mix of home 

and venue-based interventions 364,365. The studies by Fleming and colleagues 361,365, included a 

feasibility and subsequent randomised controlled trial to explore the effects of a home-based 

Pilates intervention. Three interventions based the exercise prescription on the MS-specific 

PAGs 25. Only two studies specified the use of behaviour change theory. Baird and colleagues 
360 used SCT, whilst Van Geel et al., 363 used goal setting and coaching. 

The qualitative literature search found three additional papers that met the inclusion 

criteria 333,366,367. Qualitative findings for interventions in a community venue (e.g. gym) 

included the importance of a supportive and inclusive environment 366 and the need for 

knowledgeable and supportive trainers 366. Findings from home-based interventions included 

reduced accessibility 367. Participants valued Pilates exercise due to its low intensity and did 

not exacerbate fatigue 367. Participants from one study acknowledged the importance of having 

behaviour change theory throughout an intervention 333 

These additional findings from the updated literature search suggest that the evidence 

base for community-based exercise interventions has not significantly progressed between 

2018 and 2022. The use of evidence-based guidelines and behaviour change theory are still 

used sporadically. 
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6 Exploring patient and professionals’ views on the key 
components of a community-based exercise intervention to 
support PWMS to be physically active 

6.1 Overview 
Chapter 3 discussed a qualitative project with people with moderate-to-severe MS. 

Whilst there are PAGs for people with mild-to-moderate MS 25, the literature does not include 

recommendations for people with higher levels of MS 145. Nevertheless, as discussed in chapter 

2, despite the evidence of the beneficial effects of exercise, people with mild-to-moderate MS 

are inactive368  The discrepancy between the benefits of exercise and the lack of engagement 

highlights an essential question in this PhD "how do we support PWMS to exercise in the 

community?" 

This study aimed to explore the perspectives of both patients and healthcare 

professionals regarding the critical components of a community-based exercise intervention 

specifically designed to support PWMS in maintaining an active lifestyle. By gathering insights 

from multiple stakeholders, I was able to develop a framework that can inform the design and 

implementation of effective exercise interventions tailored to the needs of PWMS, which will 

be discussed in succeeding chapters. 

To ensure the comprehensive representation of perspectives, this study involved the 

participation of two key groups: PWMS and healthcare professionals with expertise in MS 

management. A holistic understanding of the essential components of a community-based 

exercise intervention for PWMS can be achieved by including both patient and professional 

perspectives. 

This study builds upon previous research investigating the benefits of physical activity 

for PWMS and their challenges in engaging in exercise. Incorporating the perspectives of 

patients and professionals expands upon existing knowledge by providing a deeper 

understanding of the critical components necessary for successful community-based exercise 

interventions. 

6.2 Introduction and rationale 
Chapter 5 highlighted that more work is needed to develop community-based 

interventions for PWMS. Despite the existence of the PAGs, community-based exercise 

opportunities are not widely available. As discussed in Chapter 5, for the PAGs to be 

implemented in the community, capable practitioners must work with PWMS to increase the 

availability and access to exercise support.  An additional challenge for researchers and HCPs 
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is to stimulate PWMS to independently start exercising in their community and continue to be 

active 18  In other health conditions, such as cardiovascular disease and stroke, multifaceted 

and multidisciplinary disease rehabilitation and exercise programmes are recognised as an 

integral part of disease care 369. Over time comprehensive and detailed guidelines on cardiac 

rehabilitation have been developed 370. There are no comparable recommendations for PWMS, 

highlighting a gap in research and an opportunity to develop care for PWMS.  

This study aimed to explore the views of PWMS and health professionals regarding a 

community-based exercise programme. The research questions included: 1) what critical 

components are needed to create a model of community exercise for PWMS? 2) What are the 

needs and preferences for a future exercise programme? 

6.3 Study aims  
(1) To explore the views of people with mild-moderate MS and HCPs on exercise 

participation for PWMS 

(2) To explore the views of people with mild-moderate MS-related disability and allied 

health professionals regarding the development, implementation, and delivery of a 

community-based exercise intervention 

6.3.1 Objectives 
(1) To explore the attitudes and barriers regarding participation in exercise. 

(2) To explore the attitudes and barriers to prescribing exercise for PWMS 

(3) To discuss and identify crucial components PWMS would like to see in an 

intervention and how this should be delivered 

(4) To discuss ideas regarding the content of a community-based intervention 

6.4 Methodology 
6.4.1 Study design  

The study adopted a qualitative design involving semi-structured interviews and focus 

groups to explore the design of a community-based exercise intervention. Ethical approval was 

granted by Sheffield Hallam University Ethics Committee (ER5147628). NHS ethical approval 

was not sought for this study. The PhD candidate completed the HRA decision tool, which 

determined that NHS REC was not required. Exclusions from NHS ethics include: Research 

where participants have been identified independently of the NHS but because they have a 

condition that was diagnosed by the NHS. Research involving NHS or social care staff 

recruited as research participants by virtue of their professional role. 
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Participants could choose a preferred mode; an interview (face-to-face or telephone) or 

a focus group; this allowed the project to be more accessible and practical to participants. Semi-

structured interviews were chosen as they provide an evidence-based structure yet remain 

flexible, allowing participants to discuss topics that naturally emerge through conversation. All 

participants provided informed written consent before involvement in the trial. Discussion 

groups were led by a researcher experienced in facilitating group discussions (PhD candidate). 

The semi-structured interviews and focus groups followed schedules (Appendix H and I) to 

ensure that the same topics were covered across all modes of data collection. The research team 

developed the interview schedules. 

6.4.2 Setting 
Interviews were scheduled at a time and place convenient to the participant. Telephone 

interviews were also an option for participants. Focus groups were held at a venue within the 

participant’s local area. 

6.4.3 Participants 
Adults (over 18 years) with a diagnosis of MS were invited to participate in this study. 

Potential participants were purposefully sampled from community-based MS clinics in 

Sheffield and Rotherham, the local community, and Facebook groups. An individual with mild-

to-moderate MS-related disability was the targeted strategy. The PDDS 180 measure was used 

to determine the disability level of participants. The PDDS is a simple questionnaire that 

strongly correlates with the EDSS 238. Interested individuals were given a participant 

information sheet. The lead researcher (PhD candidate) contacted the person later to see if they 

would like to participate. Potential participants had the opportunity to ask questions and clarify 

any issues. 

Collaborating with the Sheffield Teaching Hospitals and local MS clinics identified a 

comprehensive list of vital professional stakeholders. Professionals were those individuals who 

have a role in the treatment and management of PWMS or who work closely with PWMS in 

the community and could have a role in recommending PWMS to a future community-based 

exercise intervention. The lead researcher (PhD candidate) contacted the professional 

stakeholders via email. Individuals who replied to the emails expressing an interest in 

participating were contacted within 48 hours by telephone to schedule an interview or focus 

group.  

6.4.3.1 People with MS 
Participants (n=10) were recruited from community neurological therapy centres in 

Sheffield and Rotherham. Characteristics of PWMS are displayed in Table 20. 
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Table 20: Characteristics of PWMS 

Participant ID Gender Age (y) PDDS 

P1 Female 48 2 

P2 Female 40 1 

P3 Male 37 1 

P4 Female 28 1 

P5 Female 52 2 

P6 Female 56 2 

P7 Female 46 5 

P8 Female 30 1 

P9 Male 59 5 

P10 Male 45 3 

 Female = 70%; Male 30% Mean = 44 ±9.9 Mean = 2.3 

6.4.3.2 Professionals  
Professionals (n=9) were approached from community neurological therapy centres in 

Sheffield and Rotherham. Professionals included consultants (n=1), MS specialist nurses 

(n=3), physiotherapists (n=4), and rehabilitation specialists (n=1). Characteristics of 

professionals are displayed in Table 21. 
Table 21: Characteristics of professionals 

Participant ID Gender Age Job role 

HCP1 Female 52 MS Nurse 

HCP2 Female 41 Neuro Physiotherapist 

HCP3 Female 51 Neuro Physiotherapist 

HCP4 Female 26 Rehabilitation Specialist 

HCP5 Female 28 Neuro Physiotherapist 

HCP6 Female 54 MS Specialist Nurse 

HCP7 Female 49 Neuro Physiotherapist 

HCP8 Female 45 MS Specialist Nurse 

HCP9 Female 55 Neurologist 

 Female = 100% Mean 45 ±10.3  

HCP= HEALTHCARE PROFESSIONAL 
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6.4.4 Data collection 
Two focus groups (n=3 and n=4) for professionals and PWMS were held at a 

community facility. Each focus group lasted up to 60 minutes. The lead researcher (PhD 

candidate) conducted 12 interviews: six with PWMS and six with health professionals. 

Interviews with PWMS lasted between 15 and 45 minutes (median = 27 minutes). Interviews 

with professionals lasted between 24 and 44 minutes (median = 31 minutes). All interviews 

and focus groups were audio-recorded. The audio recordings were transcribed verbatim by an 

independent source and checked for accuracy by the researcher (PhD candidate).  

6.4.5 Data analysis 
Framework Analysis (chapter 1) was used to analyse the data generated from focus 

groups and interviews 371. Framework Analysis is a practical approach for analysing rich data 

in pragmatic health services research371. NVivo Version 10 data analysis software was used to 

facilitate the framework analysis as this is a valid and reliable tool, enhancing the data analysis 

procedure372. A second researcher then independently reviewed the thematic framework to 

improve the reliability of the data. Themes were discussed and refined before a consensus was 

agreed. 

6.5 Results 
Results are displayed according to higher-order and lower-order themes from the data, 

in line with the framework analysis technique 371. Table 22  illustrates these higher-order 

themes and corresponding subthemes. Three higher-order themes were identified across 

PWMS and HCPs.  Specifically, views on exercising for PWMS, barriers to exercise and 

critical factors for an exercise service were identified as higher-order themes. Appendix J and 

K are examples of coding frameworks. Quotes are included to illustrate the themes for PWMS 

and HCPs. 
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Table 22: Higher and lower order themes 

Higher-order themes Lower-order themes 

Views on exercise for PWMS The benefits of exercise 

Negative experiences from exercise 

Barriers to participating in exercise for PWMS The physical effects of MS 

The debilitating effects of fatigue 

Fear of making their condition worse 

There are challenges to promoting exercise to 
PWMS, and is not often a priority 

Critical factors to ensure a community-based 
exercise service is effective for PWMS 

We need to create a sociable environment 

Deliverers of the service must be appropriately 
trained 

Participants may need to be stratified by level of 
disability  

Improving physical function is an important 
outcome 

 

6.5.1 Theme 1: Views of exercising for PWMS 
PWMS recognised the value of exercise and described this in terms of physical and 

psychological benefits. Participants also raised some negative experiences regarding 

exercising. 

6.5.1.1 The benefits of exercise  
PWMS discussed how exercising could help manage their condition, alleviate 

symptoms, and possibly slow their functional decline. Some participants (n=2) felt that exercise 

helped their psychological well-being. 
“I feel better in general; the symptoms seem to subside slightly, or I notice them less. 

They become easier to live with.”  (P1, female, 40) 

“I like walking, and some poor souls with MS don’t have that skill, so I walk as much as 

possible, so I don’t lose the ability.”  (P5, female, 52) 

“I want to be high up so that as I decline, I’m declining from a higher functioning 

system. Now hopefully I could go longer, that was my logic. Probably true actually.” 

(P9, male, 59) 

“It’s more a state of mind as well, I think. The state of mind, it makes you a bit more 

positive.” (P8, female, 30) 

It was evident during the interviews that professionals felt that exercise is essential for PWMS. 
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Perceived benefits included the management of MS symptoms, improved movement, quality 

of life, and reduced risk of comorbidities.  
“Very many of the common symptoms that affect patients with MS such as limb 

weakness, spasticity, low mood, and MS fatigue, exercise plays an important part in 

improving that for patients.” (HCP8, MS nurse specialist) 

“To gain better movement and better life quality exercise is part of it.” (HCP7, neuro-

physiotherapist) 

“In terms of preventing onset of comorbidities, someone’s had their diagnosis at 30, 

what we don't want is because they become sedentary maybe their BMI gets high but by 

the time they're in the mid-50s they've also got type 2 diabetes and all other risk factors 

that come with a sedentary lifestyle as well.” (HCP2, neuro-physiotherapist) 

6.5.1.2 Negative experiences from participating in exercise.  
Although PWMS understood the benefits of exercise, eight participants also discussed 

how they had negative experiences after engaging in exercise, primarily because of fatigue. 

“I was supposed to feel better the next morning, but that never happened! I used to get 

rid of all my energy doing the exercise class and knock out the next day as well.” (P7, 

female, 46) 

“It does make you feel tired and fatigued if you do it wrong.” (P10, male, 45) 

6.5.2 Theme 2: Barriers to participating in exercise 
Despite acknowledging that exercise is positive for their health, PWMS identified 

several barriers to exercising. These barriers included their condition, making them physically 

and psychologically unable to exercise. Participants discussed having difficulties with balance, 

mobility, fatigue,  

6.5.2.1 The physical effects of MS 
PWMS felt that the condition's impact on them physically, such as mobility (n=5), balance 

(n=6), and bladder control (n=1) made participating in exercise challenging. 
“Apart from fatigue, impact on daily life in my case is the distance that I can go and on a 

really, really good day with the wind behind me and a perfect surface, I can go a mile, 

but on a bad day I can go nowhere.” (P6, female, 56) 

“I have all this stiffness, and my balance is off.” (P10, male, 45) 

“The one thing we’re probably too polite to mention is your bladder, which in some 

people that is just the most horrendous symptom, no bladder control at all.” (P5, female, 

52) 



 

122 
 

6.5.2.2 The debilitating effects of fatigue 
PWMS also discussed the effects of fatigue and how it impacts all aspects of life. HCPs also 

identified fatigue as a major barrier for PWMS engaging in exercise. 

“You might get up one morning, and you feel as if you can rush through everything and 

get everything done and you get partway there and then boom, that’s it.” (P5, female, 

52) 

“It’s like you’ve run into a wall, and then it’s like I’m walking through water or treacle. 

My mind is wanting to go three steps in front, but my legs and arms and whatever I’m 

trying to do won’t keep up.” (P6, female, 56) 

“Not having the energy to do something else. So, if you’ve got a limited amount of 

energy, you’ve got to ration it. It’s like having a glass of beer. When you’ve drunk it all, 

it’s all gone, so you’ve got to make sure that you have a sip to quench your thirst and a 

sip to make you kind of tipsy, and it’s the same idea with MS really.” (P7, female, 46) 

“MS fatigue, I think, is one of the biggest blockers” (HCP8, MS specialist nurse) 

6.5.2.3 Fear of making their condition worse 
Fear was identified as a significant barrier to exercising. PWMS are afraid of doing too much 

or the wrong exercise and making their condition worse. 

“I’m just frightened of getting really tired or whether I’m frightened that actually 

through exercising I might make myself have a relapse which I don’t think that’s true." 

(P5, female, 52) 

“I think on a personal level I have to say is it going to harm me?” (P9, 59, male) 

HCPs acknowledged the barriers that PWMS face when engaging in exercise. Professionals 

discussed how PWMS often feel self-conscious and intimidated by conventional exercise 

opportunities (i.e., a gym). Other barriers include fatigue, balance issues, and joint issues can 

affect the individual's confidence and inability to be physically active. 
“They are often self-conscious about going to classes or gyms and worried about 

whether they could keep up with them.” (P11, MS specialist nurse) 

“People have reported in the past feeling intimidated exercising in a normal class.” 

(HCP8, neuro-physiotherapist) 

Even if they look well, they might have balance issues and things. Also, the whole hour is 

sometimes a lot for someone to do which most classes are. If they get really bad fatigue 

trying to do that, whole hour can be difficult. (HCP6, MS Specialist Nurse) 
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6.5.2.4 There are challenges to promoting exercise to PWMS, and it is not often a priority 
A further barrier to PWMS engaging in exercise is the promotion of exercise from 

HCPs. Some HCPs (n=3), specifically MS specialist nurses, said they did speak to patients 

about exercise but acknowledged that it is easier if the individual is previously or already active. 

Most professionals discussed how it is difficult to talk to PWMS about exercise and that, often 

it is not the priority.  
“The newly diagnosed will ask am I all right to carry on exercising, and we say yeah, 

you know, providing there's no issues.” (P11, MS specialist nurse) 

“It can be easy if the person has been previously active but someone that has not been 

active for a long time it is difficult to get them to see the need” (HCP9, neurologist) 

“I think in the past we were possibly wary of prescribing exercise, particularly strength 

work because of fears around muscle tone changes but also fatigue as well.” (P12, 

neuro-physiotherapist) 

“We work under a very medical model, so clinical management will always take 

priority” (HCP9, neurologist) 

6.5.3  Theme 3: Critical factors for an exercise service 

6.5.3.1 Opportunities to socialise are important to PWMS 
The majority of PWMS and HCPs felt that the social aspects of exercise would be 

beneficial and therefore preferred group exercise. 
 “I’m quite sociable, so it’s nice to go to a group. Like going to the gym on my own is 

always a little bit daunting and a bit boring.” (P8, female, 30) 

“Getting people together and the sociable part of the exercise is vital, and people with 

neurodegenerative diseases will have problems with socialising and introducing new 

ways of socialising for them. And that’s great.” (P9, male, 59) 

“I think it would be nice if you want to do an exercise and you can’t bring yourself to do 

it because you’ve got MS then it would be nice to think, oh I’ll go to a class where I’ll fit 

in.” (P6, female, 56) 

“It might be more beneficial for the people with the condition to actually go somewhere 

as a class more. Because it’s not only that, it’s the social side of it.” (HCP1, MS 

specialist nurse) 

“People improve because they left their home environment and groups are going are you 

all right today? That sort of thing, and they will always go for a coffee after. I think 

that’s the other thing we're forgetting is the social.” (HCP7, neuro-physiotherapist) 
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6.5.3.2 The need for appropriately trained personnel 
Both PWMS and HCPs stressed the importance of a service being led by a person with 

knowledge of MS. Physiotherapists were discussed as an ideal option, but any person with an 

understanding of the condition would be acceptable. Neuro-physiotherapists (n=2) suggested 

an ideal model would be exercise professionals supported by neuro-physiotherapists. 
“I’m very reluctant to join a gym or anything like that without having somebody that’s 

got the expertise and knows a bit about the condition” (P1, female, 48) 

“I think if it’s something that merits a physio because if you have a condition like this, 

you can understand what they are, and you trust them instinctively.” (P7, female, 46) 

“I think as long as they’re sufficiently trained I would be happy because I don’t 

necessarily think that I’m, I, at the moment, require physio. I’d just like people to be able 

to say, you know, exercise like this or try that.” (P2, female, 40) 

“The physios views do carry more weight” (HCP8, MS specialist nurse) 

“They will need to work with a personal trainer. someone who has an understanding of 

the condition.” (HCP4, rehabilitation specialist) 

“The ideal would be this, that a physio is part of the structure involved, but I don’t see 

how an exercise professional isn’t part of that structure. So I see them working 

alongside.” (HCP7, neuro-physiotherapist) 

6.5.3.3 Groups may need to be stratified by level of disability  
Professionals suggested that any exercise groups for PWMS would need to be stratified 

by disability levels. Professionals felt that having mixed disability levels would be difficult to 

manage and demotivating for some participants. Although PWMS thought group exercise 

would be beneficial, they also felt that any exercise group would need to be stratified by level 

of impairment. PWMS discussed how seeing people with higher disability than them would 

have a negative impact. 
“I try to kid myself that I’m normal and try to be as normal as possible, so I wouldn’t 

like to go to a group where there’s a lot of wheelchair-bound people that sort of thing 

that are quite progressed with the disease really.” (P1, female, 48) 

“What I would absolutely hate would be to go to a class where there were people who 

were more visibly limited, with limited functionality than I have, because that would 

serve no purpose other than to terrify me.” (P2, female, 40) 

“I think it’d probably be a good idea to put people in, in groups where they’re all very 

similar, and you can share your experiences and probably not scare the people who 

aren’t some experiences.” (P4, female, 28) 
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“Having people who are minimally disabled and people with mobility in the same group 

will be very challenging.” (HCP7, neuro-physiotherapist) 

“even in our clinics in waiting rooms, people will say that they don’t like being sat in the 

waiting room. They say they always feel awful for saying it, but they’re saying no I don’t 

want to see that might happen to me.” (HCP5, neuro-physiotherapist) 

“people who are early on with MS or quite well, they often don’t want to mix with people 

whose MS is worse because they don’t want to see how they might be. And I think if 

people went to a class where there were a lot of disabled people, they’ll probably not 

want to carry on.” (HCP6 MS specialist nurse) 

6.5.3.4 Improving physical function is an important outcome.  
PWMS discussed what goals they would like to achieve from an exercise programme. 

The outcomes were varied but centred around functionality and improving symptoms. 
“How fast can I open the pages of a book, do I find that difficult? How fast can I take my 

coins out of my wallet, because I found that difficult, and those sort of things that matter, 

can I carry a cup of tea and a bowl of cereal across the room to have my breakfast, that 

sort of measurement I think is very useful. (P6, female, 56)  

“If you were doing some form of exercise and you felt it was benefitting your symptoms, 

then obviously that is, that’s a good thing to do.” (P1, female, 48) 

“I mean improve my balance and my walking.” (P10, male, 45) 

6.6 Discussion 
This qualitative study explored the views of PWMS and HCPs regarding exercise for 

PWMS and the development, implementation, and delivery of a community-based exercise 

intervention. Despite HCPs and PWMS's knowledge of exercise benefits, both groups 

interviewed in this study identified numerous barriers that prevent PWMS from engaging in 

exercise. The findings presented suggest that both PWMS and HCPs support community-based 

physical activity. Identified critical success factors were appropriately trained deliverers, social 

support, and stratification of groups. 

6.6.1 Exercise for PWMS 
For people with mild-to-moderate MS, physical activity is safe and worthwhile. This 

has led to statements indicating that exercise training is one of the best approaches for 

managing MS that can be included in comprehensive care 373. Overall, professionals and 

PWMS agreed that exercise is beneficial for PWMS. Professionals discussed how exercise 

could help manage MS symptoms, improve quality of life, and reduce the risk of developing 
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comorbidities. Additionally, PWMS identified benefits such as helping to manage the 

condition, alleviate symptoms, and slow their functional decline.  

Results from this study highlighted the ambivalence PWMS and HCPs feel toward 

exercise in this population. MS is a variable disease, and a person can have several symptoms 

that affect their ability to be physically active. Kayes and colleagues 198 stated that due to the 

variable nature of the condition, the decision to be physically active is made daily. In the present 

study, PWMS discussed effects such as poor balance, high levels of fatigue, and poor bladder 

control. Additionally, PWMS expressed fear in different ways; participants spoke of the fear 

of exacerbating MS symptoms through exercise, fear of being given exercise advice from an 

exercise specialist inexperienced in working with PWMS, and fear of being in situations with 

people with higher MS impairment than themselves. These views are consistent with previous 

research showing that PWMS felt poorly informed about exercise and perceived a lack of 

appropriate services 330.  

Physical activity promotion by HCPs is known to influence physical activity behaviour 

in a range of clinical populations 374. Discussions with HCPs suggested that exercise promotion 

is not a priority in MS care.  It has been reported that 75% of PWMS do not have conversations 

about exercise with HCPs373. This is also an issue in other conditions, such as cancer, where 

56% of clinicians do not discuss exercise with their patients 375. A possible reason for this is a 

lack of education on the benefits of physical activity within medical schools376. Previous 

research found that HCPs want to receive further education on exercise promotion, as they 

currently feel ill-equipped to have the conversation377. In the present study, the main barriers 

for HCPs discussing exercise appear to be weariness due to the patient’s MS symptoms (e.g., 

fatigue), prioritising medical intervention and perceived lack of interest from the patient. This 

echoes previous research in which HCPs related physical activity to the person’s condition, 

framing risks and benefits in this context378. A biomedical focus on physical activity by HCPs 

could lead to overemphasising the physical and functional aspects of physical activity and 

ignoring the social and psychological benefits 374,378. HCPs can play a crucial role in changing 

the behaviour of people with chronic conditions 379 by emphasising the benefits for overall 

health and quality of life as well as symptom management and assuring that it will not worsen 

their MS 380.  

Uptake of exercise is an issue for PWMS, with fewer than 20% of PWMS engaging in 

sufficient levels 381.  Increases in exercise behaviour correspond with decreased rates of change 

in functional limitation 382. Therefore, connecting PWMS to exercise opportunities early in 

their MS care could significantly impact the progression of their condition. Introducing 
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exercise early in the disease course could be a window of opportunity where disease-modifying 

therapy is particularly effective  239. 

6.6.2 Critical factors for a community-based exercise intervention for PWMS 
Presently, community-based physical activity opportunities for PWMS are limited 256. 

Progress in cardiac and stroke rehabilitation could serve as examples to help accelerate 

community-based accessibility 383,384. Cardiac rehabilitation programmes have become a 

fundamental part of standard care in modern cardiology 385. This was not always the case as 

early cardiac rehabilitation pioneers experienced opposition to advocating physical activity for 

patients385. Over the past 50 years, cardiac rehabilitation has evolved into a multidisciplinary 

approach focusing on patient education, individually tailored exercise training, and the patients' 

overall well-being383. However, even when offered, only a minority of eligible patients attend 

cardiac rehabilitation programs.  

MS participants felt the social side of exercise is vital, in line with previous research 
192,329,335. Once diagnosed, PWMS can feel isolated; helping them get out of the house and meet 

other people in a supportive environment is desired. Nevertheless, the present study's data 

suggest that an exercise class's group dynamics must be managed carefully. The PWMS felt 

anxious about being in a group with people with higher levels of impairment because of the 

progressive nature of MS. Previous research has highlighted the anxiety PWMS feel towards 

future disability, and a significant motivator to being active is avoiding 

impairment/disability386. ‘Move it or lose it’ is a commonly used expression by PWMS, 

highlighting the potential to conflate exercise promotion with the prevention of disability 386. 

HCPs also felt that without stratification, the classes would be unmanageable. Due to the varied 

nature of MS, people can have vastly different symptoms, including people with mild 

impairment from MS 387. PWMS expressed a desire that exercise programmes in a group setting 

still be tailored to the individual, for example, to help people with balance issues or unilateral 

imbalances. This finding is consistent with previous recommendations that PWMS require an 

individual plan that starts with a functional assessment, and any issues found in the assessment 

will then determine the mode of exercise prescribed 110.   

In the present study, PWMS indicated that they did not trust exercise professionals' skill 

and knowledge levels in the fitness industry.  The importance of quality instructors is supported 

by previous qualitative research in other conditions, such as cancer 329. HCPs also voiced 

apprehension about PWMS exercising under the supervision of exercise professionals. Both 

groups felt that a physiotherapist should see PWMS, which matches the findings from Chapter 

3. Additionally, most community-based interventions are led by physiotherapists. However, 
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several health professionals felt there are no reasons exercise professionals should not see 

people with mild-to-moderate MS in community exercise facilities as long as the instructor is 

appropriately trained. This is supported by researchers who feel the needs of PWMS can be 

met by fitness instructors in gyms providing a non-medical environment for exercise 

participation 388. This recommendation was limited to individuals with MS who can walk 

independently or use one stick to walk outside 388. One health professional suggested that 

physiotherapists are often too cautious with patients and that many PWMS do not need 

physiotherapist support but would benefit from physical activity and exercise advice. PWMS 

most desire physiotherapy services 339, because they value professionals/leaders who have 

specialist, accurate knowledge about their conditions 389. The challenge is to find a better 

clinical care model in which HCPs and exercise specialists work more closely together to 

provide medically directed exercise programmes that are appropriate for everyone 358. Carter 

and colleagues 390 completed a 12-week supervised exercise programme that was led by 

experienced exercise specialists and had support and input from neuro-physiotherapists. 

Participants valued this access to knowledgeable practitioners 192. Physiotherapists working in 

partnership with community exercise providers is one way to develop the confidence of HCPs 

and PWMS about community-based exercise 329.  

6.7 Summary and conclusion 
6.7.1 Strengths and limitations 

Conducting interviews and focus groups with PWMS and HCPs meant this study could 

explore the stakeholders' views on a potential community exercise intervention. The open-

ended nature of the interview schedules allowed the participants to raise the issues that were 

significant to them. Nevertheless, the sample was small and drawn from a single UK city. All 

participants participated in the study by choice; therefore, it is possible the project only spoke 

to people with positive views towards physical activity. Additionally, all HCPs involved in the 

study were female, presenting a gender bias. Caution should therefore be applied in 

generalising these findings to other populations.  

Furthermore, as the research is qualitative, researcher bias could have affected how data 

is interpreted and analysed. The primary researcher has worked extensively within exercise for 

PWMS research. By the researcher acknowledging this bias and agreeing to use peer evaluation 

of findings, the potential for researcher bias is reduced, and the credibility of results is increased 
391. At the end of chapter 9, a short personal reflection section will be included that critically 

discusses these assumptions and their possible impact on the research. 
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6.7.2 Implications for the physical activity guidelines    
The PAGs for PWMS recommend that people with mild-to-moderate MS participate in 

at least 30 minutes of moderate-intensity aerobic exercise plus muscle strengthening exercise 

twice weekly. However, as discussed in the current and previous chapters, PWMS face several 

multi-level barriers to participating in exercise or physical activity, such as fatigue, mobility 

issues, pain, fear, transportation, facility and equipment access, and appropriate training 

amongst fitness professionals. Given these barriers, it is unsurprising that PWMS are less active 

than the general population 27,157,159.  PAGs should be formulated by considering the benefits, 

risks, barriers, and preferences of the people whom the guidelines are targeting. For example, 

in the current chapter, the participants discussed how an exercise programme should be 

individually tailored and paced, primarily because of the varied and unpredictable nature of 

MS. Future iterations of the guidelines should include findings from qualitative research to 

ensure barriers, facilitators, and preferences are described.  

6.7.3 Conclusions 
The current study progresses the understanding of patient barriers and enablers to 

physical activity for PWMS. Physical activity is now accepted as safe and beneficial for mild-

to-moderate MS. However, there is a need to build on research findings and increase the 

accessibility to physical activity for this population. Future community programmes should 

consider working more closely with local physical activity providers, increasing the knowledge 

and skills of fitness professionals, and providing PWMS with practical support to help physical 

activity be part of their everyday lives. With the evidence supporting exercise for PWMS, it is 

now time to make exercise support a part of standard care  392. 
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7 Developing a theory-informed community-based exercise 
intervention for people with multiple sclerosis 

7.1 Overview 
Previous chapters in this thesis have explored the limitations of the PAGs for PWMS. 

Chapter 5 explored community-based exercise interventions for PWMS and identified the need 

to develop evidence-based community interventions for PWMS. Chapter 6 presented data 

relating to PWMS and HCP’s perceptions of barriers and enablers to physical activity for 

PWMS, and the key concepts required to develop an intervention.  

To address these challenges, I felt there was a growing need for theory-informed, 

community-based exercise interventions that are specifically tailored to the unique needs and 

preferences of individuals living with MS. The following chapter aims to develop a theory-

informed community-based exercise intervention for PWMS in response to this need. The 

intervention was developed using the UK Medical Research Council (MRC) guidance steps for 

developing complex interventions393 and the behaviour change wheel (BCW) 59. 

The MRC guidance emphasises the importance of using theory in intervention design. 

However, it does not provide any suggestions on how to do this 394. As discussed in Chapter 5, 

the social cognitive theory is the most used behaviour change theory in the MS literature. 

However, these interventions have been used in a top-down approach with minimal detail on 

the process of developing the intervention using theory 294. 

There are over 100 behaviour change theories with no clarity on how to select an 

appropriate theory to impact the intended behaviour395. The BCW has been developed to 

provide a detailed framework for developing behavioural interventions 59. The MRC guidance 

and the BCW will provide a transparent ‘bottom-up’ approach to intervention development. 

Additionally, the BCW includes the COM-B and the theoretical domains framework, which 

provide numerous theoretical constructs to use that one singular model could not. 

The development of this theory-informed community-based exercise intervention 

builds upon previous chapters in this thesis, which have explored the experiences, barriers, and 

facilitators to exercise among individuals with MS. By incorporating the insights and findings 

from these studies, the intervention seeks to address the identified barriers and leverage the 

facilitators to promote sustained engagement in exercise in the community.  

The comprehensive understanding of behaviour change provided by the BCW and the 

incorporation of qualitative research findings allowed for the development of an evidence-

based intervention. Following chapters will build upon this foundation by evaluating the 
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acceptability and potential impact of the developed intervention, exploring potential 

modifications or adaptations to meet specific subpopulations' needs, and identifying strategies 

to facilitate the implementation and dissemination of the intervention in diverse community 

settings. 

7.2 Introduction  
Policymakers, health professionals, patient groups, the public, designers, and researchers 

develop interventions, programmes, or innovations to improve health 396. The UK MRC 

guidance for developing complex interventions emphasises the importance of using theory 

when designing interventions393. Chapter 5 outlined the main reasons for advocating the use of 

theory. These include 1) more effective interventions, 2) enhanced evaluation, and 3) increased 

understanding of what works.  In Chapter 5, ten studies included behaviour change theory, 

specifically the SCT. However, the studies did not report using a formal process by which the 

intervention and theory were developed together. 

Currently, there is conflicting evidence on the use of theory in intervention design. 

Some evidence suggests that reporting the use of theory results in larger effects397, whilst others 

found no effects from applying theory in intervention design345. One review found that the 

studies which reported using theory to inform intervention design (n=2) had less impact than 

the interventions which did not report a theory base 398. A further review highlights the potential 

for inconsistencies in applying theories to interventions 293. Of the 190 studies included in the 

review, 56% (n=107) were explicitly based on theory. However, less than 10% of the 107 

interventions (n=10) reported targeting all the constructs within a specified theory 293. The 

review also found no difference in outcomes whether a theory was applied or not293. Several 

frameworks have been developed to design and evaluate complex interventions that give the 

theory a central role in the process 399.  One of these approaches is intervention mapping. 

7.2.1 Intervention Mapping 
Intervention mapping is a planning framework that provides a systematic process for practical, 

step-by-step decision-making for intervention development, implementation, and evaluation 
400. The steps and procedures included in intervention mapping provide a system for integrating 

theory, empirical findings from the literature, and information collected from the target 

population 347. Intervention mapping consists of six steps401. 

(1) Develop a logic model of the problem on a needs assessment 

(2) State program outcomes and objectives – a logic model for change 
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(3) Develop the program plan, including scope, sequence, change methods, and practical 

applications 

(4) Produce the intervention, including program materials and messages 

(5) Plan program use, including adoption, implementation, and maintenance 

(6) Develop an evaluation plan 

A limitation of intervention mapping is that it requires a significant investment of time 

and financial resources to implement 402. Additionally, intervention mapping does not cover 

the full range of intervention options that may be important 349,396.  

7.2.2 MRC Framework 
The MRC published guidance on developing and evaluating complex interventions in 

2006393, with revisions made to the framework that was published in 2000 403. The guidance 

was being updated whilst this PhD was being completed. The latest version was published in 

2021404. Additionally, process evaluation is now included in this framework and guidance on 

this has been published 405. The MRC guidance focuses on four key phases: development; 

piloting/feasibility; evaluation; implementation (Figure 7). Each phase includes three steps to 

complete. This chapter will focus on the development phase of the MRC guidance. 

The first step in the development phase is to identify the evidence base. The second 

step is identifying and developing the latest theory to underpin the intervention. The third step 

is to the process and outcomes of the intervention. These three steps must be completed before 

feasibility and piloting or a full-scale trial is completed. This allows for identifying intervention 

weaknesses and further iterations of the intervention design before a full trial is conducted 393. 
Figure 7: Phases of the development of complex interventions 

 

7.2.3 Behaviour Change Wheel 
The MRC complex interventions framework does not suggest the most appropriate 

theory for intervention design nor how to implement a theory 294,394. The lack of guidance 
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creates the potential for intervention designers to miss critical theories from the vast number 

of theoretical models 394. The behaviour change wheel (BCW) has helped to address this gap59.  

The main strength of the BCW, which includes the COM-B, Theoretical Domains 

Framework (TDF), and the intervention functions, is that it provides a wide range of theoretical 

constructs allowing researchers to ‘cherry pick’ relevant constructs from a variety of models59. 

Creating an intervention on a single model does not allow this flexibility. Using a broad 

theoretical framework for behaviour change, rather than a single model or theory, is a more 

thorough method of examining potential barriers, enablers, and possible mechanisms linking 

them to the target clinical behaviour 406.  

To develop the BCW, Michie and colleagues59 reviewed existing frameworks according to 

three criteria: 

(1) comprehensiveness 

(2) coherence 

(3) links to an overarching model or behaviour 

The review included 19 frameworks covering nine intervention functions and seven 

policy categories. The authors developed a new framework (BCW) from this. At the core of 

the BCW is the COM-B model (Figure 8), in which behaviour change is determined by 

requiring a shift in a person's capacity (C), opportunity (O), and motivation (M). The central 

idea of the model is that for any behaviour to occur, there must be the capability to do it, the 

opportunity for the behaviour to occur, and sufficient motivation to perform the behaviour 349. 



 

134 
 

Figure 8:The COM-B model 

 

Each component of the COM-B model can be divided into two parts. Capability 

considers if an individual has the psychological (e.g., knowledge, skill) and physical capability 

(physical strength, skill) to engage in a behaviour59. For example, as discussed in chapter 6, 

PWMS often do not feel they can exercise because of their condition. Opportunity includes 

social opportunity, factors such as social norms or support, and physical opportunities such as 

time, resources, and location. Motivation includes reflective motivation, the individual’s 

beliefs and goals, and automatic motivation, which considers habits and desires. As shown in 

figure 1 by the arrows, capability and opportunity can influence motivation 59. 

The COM-B is at the core of the BCW 407 ( and maps directly on the TDF (Figure 10)) 
408. The TDF provides a comprehensive, theory-informed approach to identifying determinants 

of behaviour.  The TDF is a synthesis of 33 behaviour and behaviour change theories clustered 

into 14 domains 408. The TDF is a theoretical framework rather than a theory; it does not 

propose testable relationships between elements but provides a theoretical lens to view the 

cognitive, affective, social, and environmental influences on behaviour 408. The 14 domains of 

the TDF are knowledge, skills, memory, attention and decision processes, behavioural 

regulation, social/professional role and identity, beliefs about capabilities, optimism, beliefs 

about consequences, intentions, goals, reinforcements, environmental context, and resources, 

and social influences 407.  

Unlike intervention mapping, the BCW encourages intervention designers to consider 

all the possible behaviours that might be needed to meet the aims of the intervention and select 

potentially relevant intervention functions and behaviour change theories as appropriate.   
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Figure 9: The Behaviour Change Wheel 

 

Figure 10: Theoretical domains framework domains mapped onto the COM-B model 

 

The two outer layers of the BCW (Figure 9) include nine intervention functions and 

seven policy categories 59. Intervention functions are categories of ways that an intervention 
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can change behaviour. When developing an intervention, all the intervention functions must be 

considered. The policy categories can support the delivery of the intervention functions. 

Having selected the intervention functions and policy categories most likely to be effective in 

changing the targeted behaviour, these can be linked to more specific behaviour change 

techniques (BCTs) 409. A BCT is defined as an observable, replicable, and irreducible 

component of an intervention designed to alter or redirect causal processes that regulate 

behaviour (the “what” rather than the “how” of intervention) 409. The taxonomy, generated by 

multi-disciplinary experts, aims to provide a standardised language regarding BCT to enable 

transparent reporting in interventions 409. Once the BCTs have been chosen for the intervention, 

the mode of delivery needs to be decided. At the concept stage of intervention development, 

the APEASE criteria can be applied to make critical decisions about the mode of delivery349. 

The APEASE criteria is an acronym for Affordability, Practicality, Effectiveness/cost-

effectiveness, Acceptability, Safety/side-effects, and Equity 349. 

7.2.3.1 Positives and negatives of the BCW 
Since the BCW was developed in 201159, it has been used extensively to develop 

interventions to change a broad range of health behaviours. Examples include improving 

adherence to treatments 410, medication management 394, substance abuse 411, acute mental 

health therapy 412, and smoking cessation 413. Regarding physical activity and exercise 

behaviour, the BCW has been used to develop interventions to reduce sedentary behaviour at 

work 414, increase physical activity levels in cardiovascular disease 415 and cancer 416, and 

increase the delivery of physical activity advice from HCPs417,418. The BCW has also been used 

to develop a web-based physical activity resource for PWMS 294. 

Despite the wide-ranging application of the BCW, there are challenges associated with 

its use 394. During the development process, the researcher must make a series of subject and 

pragmatic decisions which can seem at odds with the scientific approach 394. Additionally, the 

BCW is time-consuming, and the volume of choice can be overwhelming417. However, the 

BCW provides a highly systematic and structured approach 394, which can improve the 

replicability of an intervention and assist in its evaluation 417.  Also, the BCW allows developers 

to access multi-factor models and more than one theory of change 411. Ogden 419 argued that 

the BCW's standardised approach to patient behaviour, theory, and practice is not feasible or 

desirable if health psychology is to retain its creativity and professional respect 420. Attempting 

to build a Theory of Everything of behaviour change will impair the effectiveness of behaviour 

change science and its ability to progress 421. Although, incorporating multiple theories 
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encourages the researcher to consider the complexity of designing behaviour change 

interventions to gain a broad understanding 421. Overall, the systematic process of the BCW 

enables it to provide a more robust starting point for the development of interventions than was 

possible before its creation 59. 

7.3 Study aim 
This study aimed to describe the process of developing a community-based physical 

activity intervention for PWMS.  

7.3.1 Objectives 
(1) To map the MRC Framework onto the BCW to enhance the generalisability and 

clarity of the intervention design 394. 

(2) Complete the steps of the MRC guidance and BCW using five sources of data, 

including extant literature, a scoping review and three original research studies. 

(3) Develop theory-based content to support engagement in a community-based exercise 

intervention. 

7.4 Methods and results 

The methods and results have been presented together to provide clarity for the reader. 

7.4.1 The rationale for the proposed frameworks 
As discussed in previous chapters, getting PWMS to exercise more is likely to be 

challenging. Chapters 4, 5 and 6 highlight the interacting components and barriers for PWMS, 

resulting in the need to develop a complex intervention. The MRC guidance and the BCW were 

used as complementary frameworks to develop the community-based intervention to address 

these complexities. Figure 11 presents the MRC, BCW stages, and BCW steps.  

The MRC and BCW have the potential to complement each other well. The MRC 

guidance focuses on the process of designing an intervention, providing advice on the broader 

overarching steps required to develop an intervention but does not provide guidance on how to 

incorporate theory and evidence 393 422. The BCW focuses on developing the content of an 

intervention, building on the MRC guidance by offering a practical guide on how to incorporate 

theory into the intervention development59,285. Therefore, combining the two approaches 

provides an extensive framework for designing an intervention. 
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Figure 11: Combined use of the MRC framework and the BCW 

 

7.4.2 Process for developing the intervention 
The BCW guide 349 provides worksheets to aid the development of behaviour change 

interventions. These worksheets were completed using information from the research 

programme. Critical information from the worksheets is presented in the thesis, with examples 

of the completed worksheets provided as appendices (Appendix L to Q). Table 23 displays the 

data sources used to inform the development of the community-based exercise intervention. 

These included two qualitative studies (chapters 3 and 6) scoping review (chapter 5), and a 

mixed-methods study (chapter 4). Data from Chapter 3 was included due to the participants in 

that study including individuals at the higher limit of moderate MS-related disability. 

Therefore, the PhD candidate felt that the thoughts and experiences of these participants were 

still relevant and appropriate to consider in the intervention development process. 
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Table 23: Summary of included data sources 

Data source title Methodology Thesis chapter 

1. "Not falling in public would be nice": 
Exercise for people with moderate-to-
severe multiple sclerosis disability 

A qualitative study with semi-
structured interviews 

Chapter 3 

2. Feasibility and participant 

perspectives of high-intensity interval 

training in people with low multiple 

sclerosis impairment. 

Mixed-method feasibility study Chapter 4 

3. Scoping review of community-based 

exercise for people with multiple 

sclerosis 

Scoping review Chapter 5 

4. Exploring patient and professionals’ 

ideas to form the development of a 

community-based exercise intervention 

for people with multiple sclerosis 

A qualitative study with PWMS and 
health professionals, utilising semi-
structured interviews and focus groups 

Chapter 6 

7.4.2.1 Extracting the data 
Creating the community-based exercise intervention involved the reanalysis of data 

from previous studies. Secondary analysis of quantitative data is regularly conducted 423. 

However, secondary analysis of qualitative studies is less common 423, but there is a growing 

interest in the potential for this methodology 424. A reason researchers use existing data is to 

answer a new question which was not the focus of the original study 425. There are concerns 

about the secondary analysis of qualitative data, such as the scientific rigour of the analysis 426. 

For example, secondary qualitative data analysis can involve interpreting subjective data 

inappropriate to its original context 426.  

The secondary analysis involves reusing pre-existing qualitative data from previous 

research studies 424. This chapter will include the reanalysis and synthesis of three qualitative 

datasets by mapping quotations from the studies onto the steps of the BCW. Secondary analysis 

involving comparing two or more qualitative data sets is known as ‘amplified analysis’ 424. 

7.4.3 MRC development stage 1: identifying the evidence base; BCW stage 1: understand 
the behaviour  

Data sources 1-3 were used for this stage and includes steps 1-4 from the BCW (Table 23).  
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7.4.3.1 Step 1 Define the problem in behavioural terms 
Defining the problem in behavioural terms means being explicit about349: 

(1) The target group or population involved in the behaviour 

(2) The behaviour itself  

I completed worksheet one using information extracted from chapters 2 and 5 of this 

thesis to define the problem. Chapter 2 discussed the literature for exercise and MS, including 

physical activity levels in this population and outlined PAGs for PWMS. The information from 

Chapter 2 helped us understand the problems associated with exercise for PWMS, such as 

barriers to exercise and limitations of the PAGs. Chapter 5 presented a scoping review of 

community-based exercise for PWMS. 

The chosen population for the intervention was adults with mild-to-moderate MS-

related disability. The behavioural problem is the low levels of PWMS meeting the 

recommended exercise levels. As discussed in Chapter 2, despite the benefits of exercise and 

the publication of exercise guidelines, PWMS are less active than the general population 155. 

The completed worksheet from the BCW manual is provided in Appendix L. 

7.4.3.2 Step 2 Selecting the target behaviour 
For step two, I completed worksheet two (Appendix M). Firstly, I created a list of all 

the potential behaviours relevant to the problem identified in step one (low levels of PWMS 

meeting the recommended exercise levels). The second part of worksheet two required 

prioritising the target behaviour based on the following criteria 349: 

(1) How much of an impact changing the behaviour will have on the desired outcome 

(2) How likely is it that the behaviour can be changed 

(3) How likely is it that the behaviour will have a positive or negative impact on other 

related behaviours 

(4) How easy it will be to measure the behaviour 

Data from the scoping review (chapter 5) was used to complete step two. Firstly, I 

created a list of target behaviours that could affect the behaviour specified in BCW stage one. 

For this intervention, I decided that PWMS required access to exercise opportunities in the 

community. The number of barriers facing PWMS when engaging in exercise can be reduced 

by providing exercise opportunities. Opportunities to exercise in the community include home-

based, reduction in sedentary behaviour, internet-based interventions, or community-based 

exercise classes.  As discussed in Chapter 5, eliminating the need for PWMS to travel 
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eliminates a significant barrier. Consequently, home-based interventions are the most common 

community-based intervention for this population. However, home-based exercise does not 

provide the opportunity for PWMS to socialise. After creating the list of target behaviours, I 

then considered each behaviour and the barriers and enablers for the behaviour (Figure 12). 

This process involved completing worksheet 3 (appendix N) for each opportunity to complete 

the behaviour (home-based, reduction in sedentary behaviour, internet-based interventions, or 

community-based exercise classes). The top strategies selected to reduce barriers for PWMS 

engaging in exercise were providing exercise opportunities in a community-based facility, 

access to knowledgeable fitness instructors and physiotherapists, and peer support.  

7.4.3.3 Step 3 Specifying the target behaviour 
After selecting the behaviour in step two, step three required specifying the behaviour 

in detail and context 349. For step three, I completed worksheet three, assisted by the developed 

guidelines 25  (discussed in Chapter 2), the scoping review (Chapter 5), and qualitative data 

from interviews with people with higher MS-related disability (Chapter 3). Worksheet 3 

requires the intervention designer to specify behaviour in terms of: 

• Who needs to perform the behaviour? 

• What does the person need to do differently to achieve the desired change? 

• When will they do it? 

• How often will they do it? 

• With whom will they do it? 

The target population for the intervention was PWMS who are ambulatory, with or 

without a walking aid, due to the different needs of individuals with higher MS-related 

disability (outlined in Chapter 3) and the limited research in the higher disability population 
427. Figure 12 showcases the barriers and enablers model, which defines the target behaviour, 

the target population, the target behaviour options and the barriers and enablers to each. 
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Appendix N contains worksheet 3, highlighting who needs to do what, when, where, how often, 

and with whom for two community-based exercise behaviours. 

7.4.3.4 Step 4 identify what needs to change  
In step three, I specified the target behaviour that I wish to change, and step four 

required identifying what needs to change to achieve this. In step four, I completed worksheets 

4 and 4a. I used qualitative data (chapter 6) and data from the scoping review (chapter 5) to 

complete the worksheets. Data was mapped onto the different domains of the COM-B model 

(worksheet 4, Table 24), the chosen COM-B model domains, and TDF (worksheet 4a, Table 

25). By mapping data from the different studies, I developed a comprehensive theoretical 

understanding of what needs to change for PWMS to exercise in the community. The model 

(Figure 12) and Worksheet four (Table 24) guided the completion of the behavioural analysis 

to estimate what needs to change to achieve the target behaviour (increased community-based 

physical activity).  

Our behavioural diagnosis (Table 24) indicated that to achieve the target behaviour, there is a 

need for change in several domains of the COM-B model (physical capability, psychological 

Figure 12: Model of barriers and enablers for performing the behaviour 
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capability, physical opportunity, social opportunity, reflective motivation, automatic 

motivation). Table 25 presents the results of Worksheet 4a. Worksheet 4a provides a more 

detailed understanding of the behaviour using the TDF to expand on the COM-B components 

I identified in Worksheet 4 (Table 24). Our data identified the following TDF domains as 

important; knowledge, cognitive and interpersonal skills, behavioural regulation, 

environmental context and resources, social influences, beliefs and capabilities, optimism, 

beliefs and consequences, intentions, goals, reinforcement, and emotion.  
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Table 24: Worksheet 4 - Identify what needs to change 

COM-B 
components 

What needs to happen for the 
target behaviour to occur? 

Is there a need to for change? Evidence of the need to change Chapter source 

Physical 
capability 

Have the strength and stamina to 
be able to perform the behaviour 

 

Change needed; the intervention 
will be scalable to all fitness levels 

"Well, it's the fact that we all were 
suffering from MS however it shows itself 
and everybody's got different 
problems."(P5) 

Chapter 3 (Person 
with MS) 

Psychological 
capability 

Have the confidence and 
knowledge to perform the 
behaviour 

 

Change needed as PWMS do not 
feel they can perform exercise 

"When I started this study I did not feel as 
though I had the energy levels required for 
strenuous or even moderate levels of 
exercise." (P6) 

“I’m just frightened of getting really tired 
or whether I’m frightened that actually 
through exercising I might make myself 
have a relapse which I don’t think that’s 
true." (P5, female, 52) 

Chapter 4 (Person 
with MS) 

 

 

Chapter 6 (Person 
with MS) 

Physical 
opportunity 

Have the time to perform the 
behaviour 

No change needed N/A  

 Have a location to perform the 
behaviour 

 

Change needed as opportunities 
for PWMS are limited 

“People improve because they left their 
home environment and groups are going 
are you all right today?” (P17, neuro-
physiotherapist) 

Chapter 6 (health 
professional) 

 Have access to knowledgeable 
instructors 

Change needed as there are no 
neurological fitness qualifications 

“I’m very reluctant to join a gym or 
anything like that without having 
somebody that’s got expertise and knows 
a bit about the condition” (P1, female, 48) 

Chapter 6 (Person 
with MS) 
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“They will need to work with a personal 
trainer. someone who has an 
understanding of the condition.” (P14, 
rehabilitation specialist) 

Chapter 6 (health 
professional) 

 Have the correct clothing (trainers 
etc.) to perform the behaviour 

No change needed N/A  

Social 
opportunity 

See other PWMS performing the 
behaviour 

 

Change needed as MS exercise 
groups are rare 

“Getting people together and the sociable 
part of exercise is vital and people with 
neurodegenerative diseases will have 
problems with social, socialising and 
introducing new ways of socialising for 
them. And that’s great.“ (P9, male, 59) 

“It might be more beneficial for the 
people with the condition to actually go 
somewhere as a class more. Because it’s, 
it’s not only that, it’s the social side of it.” 
(P11, MS specialist nurse) 

Chapter 6 (Person 
with MS) 

 

 

Chapter 6 (health 
professional) 

 Have the behaviour 
recommended/endorsed by health 
professionals 

Change needed as exercise is not 
routinely promoted 

“We work under a very medical model so 
clinical management will always take 
priority” (P19, neurologist) 

"I think you always put your trust in the 
people who are supposed to know more 
than you. So if he recommended it 
regardless of my personal view on 
something I think I'd probably give it a 
crack." (P2) 

Chapter 6 (health 
professional) 

 

Chapter 6 (Person 
with MS) 

 

Reflective 
motivation 

Hold beliefs that they can perform 
the behaviour 

Change needed “I’m just frightened of getting really tired 
or whether I’m frightened that actually 

Chapter 6 (Person 
with MS) 
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through exercising I might make myself 
have a relapse which I don’t think that’s 
true." (P5, female, 52) 

"Because there's always the worry that 
you're going to hurt, hurt yourself 
more."(P3) 

 

 

Chapter 3 (Person 
with MS) 

 Believing that consistent exercise 
will be beneficial 

 

No change is needed as PWMS 
understand the potential benefits 

“I feel better in general; the symptoms 
seem to subside slightly or I notice them 
less. They become easier to live with.”  
(P1, female, 40) 

"I feel much better and able to cope with 
everything." (P11) 

"It's like you're independence and 
everything."(P14) 

Chapter 6 (Person 
with MS) 

 

Chapter 4 (Person 
with MS) 

Chapter 3 (Person 
with MS) 

Automatic 
motivation 

Understanding that they may feel 
symptom exacerbation, but this 
will only be temporary 

Change needed “I think on a personal level I have to say 
is it going to harm me?” (P9, 59, male) 

Chapter 6 (Person 
with MS) 

 Have an established routine for the 
behaviour (scheduled sessions) 

Change needed “You might get up one morning and you 
feel as if you can rush through everything 
and get everything done and you get 
partway there and then boom, that’s it.” 
(P5, female, 52) 

Chapter 6 (Person 
with MS) 

Behavioural 
diagnosis of 
the relevant 
COM-B 
components 

Psychological capability, physical opportunity, social opportunity, 
reflective motivation, automatic motivation 
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Table 25: Worksheet 4a - Identify what needs to change using the TDF  

COM-B TDF Relevance of the domain Evidence of the relevance of the domain Chapter source 

Physical Capability Training Relevant as PWMS need to 
increase fitness levels 

 

Psychological 
capability 

Knowledge Relevant as PWMS need to 
know how to perform 
exercise and at what 
frequency, intensity, time, 
and type 

“I think as long as they’re sufficiently trained I would 
be happy because I don’t necessarily think that I’m, I, 
at the moment, require physio. I’d just like people to 
be able to say, you know, exercise like this or try 
that.” (P2, female, 40) 

Chapter 6 (Person 
with MS) 

Cognitive and 
interpersonal skills 

Relevant as PWMS need to 
develop their ability to 
plan, pace, and self-
manage PA. 

"Sometimes, I push myself too hard."(P12) 

"You know, you push yourself, but don't push 
yourself so far that your body takes two days to 
recover!"(P6) 

Chapter 3 (Person 
with MS) 

Chapter 3 (Person 
with MS) 

Memory, attention, and 
decision processes 

Relevant as PWMS need to 
remember good 
experiences from exercise, 
enhancing capability. 

I don’t know [why I stopped], because I always felt 
better. When I’d done my exercises I could, as I said 
I had more energy, I felt, whether it was just, you 
know, mood lift” (P4, female, 28) 

Chapter 6 (Person 
with MS) 

Behaviour regulation Relevant as PWMS need to 
develop skills of goal-
setting and self-monitoring 

“If you were doing some form of exercise and you felt 
it was benefitting your symptoms then obviously that 
is, that’s a good thing to do.” (P1, female, 48) 

Chapter 6 (Person 
with MS) 

Physical 
opportunity 

Environmental context 
and resources 

Relevant as PWMS need 
access to appropriate 
environment and resources 
(i.e. equipment and 
instructors) to perform PA  

“The ideal would be this, that a physio is part of the 
structure involved, but I don’t see how an exercise 
professional isn’t part of that structure. So I see them 
working alongside.” (P17, neuro-physiotherapist) 

Chapter 6 (health 
professionals) 
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Social opportunity Social influences Relevant as PWMS require 
access to PA opportunities 
that encourage social 
interaction. Groups also 
need to be stratified 
depending on their 
disability level 

“Getting people together and the sociable part of 
exercise is vital and people with neurodegenerative 
diseases will have problems with social, socialising 
and introducing new ways of socialising for them. 
And that’s great.“ (P9, male, 59) 

 

“people who are early on with MS or quite well, they 
often don’t want to mix with people whose MS is 
worse because they don’t want to see how they might 
be. And I think if people went to a class where there 
were a lot of disabled people they’ll probably not 
want to carry on.” (MS specialist nurse) 

Chapter 6 (Person 
with MS) 

 

 

 

Chapter 6 (health 
professionals) 

Reflective 
motivation 

Professional/social role 
and identity 

Relevant as PA is not 
universally endorsed by 
care team and people in the 
community. 

“It can be easy if the person has been previously 
active but someone that has not been active for a long 
time it is difficult to get them to see the need” (P19, 
neurologist) 

Chapter 6 (health 
professionals) 

Beliefs and capabilities Relevant as PWMS can 
lack confidence in 
participating in PA 

 

“I was supposed to feel better the next morning, but 
that never happened! I used to get rid of all my energy 
doing the exercise class and knock out the next day as 
well.” (P7, female, 46) 

Chapter 6 (Person 
with MS) 

Optimism Relevant as optimism can 
be low in PWMS 

 

“I want to be high up so that as I decline, I’m 
declining from a higher functioning system. Now 
hopefully I could go longer, that was my logic. 
Probably true actually.” (P9, male, 59) 

Chapter 6 (Person 
with MS) 

Beliefs and 
consequences 

Relevant as PWMS can 
express fear of being active 

"My mum and dad are very protective. So, they kept 
saying oh don't overdo it, you'll end up hurting 
yourself." (P2) 

Chapter 4 (Person 
with MS) 
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and address the negative 
beliefs 

 

 

"My husband was supportive and keen for me to do it 
and thought I would enjoy it." (P4) 

“I think in the past we were possibly wary of 
prescribing exercise, particularly strength work 
because of fears around muscle tone changes but also 
fatigue as well.” (P12, neuro-physiotherapist) 

 

Chapter 4 (Person 
with MS) 

 

Chapter 6 (health 
professionals) 

Intentions Relevant as PWMS need 
support to formulate a plan 
to be more active and 
implement PA goals 

“I think it would be nice if you want to do an exercise 
and you can’t bring yourself to do it because you’ve 
got MS then it would be nice to think oh I’ll go to a 
class where I’ll fit in.” (P6, female, 56) 

Chapter 6 (Person 
with MS) 

Goals Relevant as PWMS need to 
explore desired outcomes 
and realistic goals 

"I just wanted to feel fitter. So it was an opportunity 
to actually do something in a controlled 
environment." (P11) 

Chapter 6 (Person 
with MS) 

Automatic 
motivation 

Reinforcement Relevant as PWMS need to 
establish a routine of PA, 
which is difficult with the 
condition. 

Reinforce habits and 
routines 

“Not having the energy to do something else. So, if 
you’ve got a limited amount of energy you’ve got to 
ration it. It’s like having a glass of beer. When you’ve 
drunk it all, it’s all gone, so you’ve got to make sure 
that you have a sip to quench your thirst and a sip to 
make you kind of tipsy and it’s the same idea with MS 
really.” (P7, female, 46) 

Chapter 6 (Person 
with MS) 

 Emotion Relevant as PWMS have 
expressed fear of PA and 
this needs to be addressed 

There is a need to promote 
positive emotions towards 
PA and a sense of fun 

"When I started this study I did not feel as though I 
had the energy levels required for strenuous or even 
moderate levels of exercise." (P6) 

Chapter 4 (Person 
with MS) 
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7.4.4 MRC development stage 2: identifying/developing theory; BCW stage 2: Identify 
intervention options 

7.4.4.1 Step 5 Identify intervention functions 
I extracted relevant results from chapters 4, 5, and 6 to identify essential intervention 

functions for a community-based exercise intervention. Results were deemed relevant if they 

added to the understanding of exercise behaviour in PWMS and could be altered in a 

community-based intervention. Results extracted from the data sources were mapped onto the  

COM-B  and  TDF. The COM-B and TDF highlight what needs to change to generate the 

desired change in behaviour 349. Table 26 shows the links between the COM-B, TDF, and the 

intervention functions. 
Table 26: Links between COM-B, TDF, and intervention functions 

COM-B TDF Intervention functions 

Physical capability Physical skills Training 

Psychological capability Knowledge Education 

Cognitive and interpersonal 

skills 

Education 

Memory, attention and 

decision processes 

Training 

Environmental restructuring 

Enablement 

Behavioural regulation Education 

Training 

Modelling 

Enablement 

Reflective motivation Professional/social and role 

identity 

Education 

Persuasion 

Modelling 

Beliefs and capabilities Education 

Persuasion 

Modelling 

Enablement 

Optimism Education 

Persuasion 

Modelling 

Enablement 

Beliefs and consequences Education 



 

151 
 

Persuasion 

Modelling 

Intentions Education 

Persuasion 

Incentivisation 

Coercion 

Modelling 

Goals Education 

Persuasion 

Incentivization 

Coercion 

Modelling 

Enablement 

Automatic Motivation Reinforcement Training 

Incentivisation 

Coercion 

Modelling 

Enablement 

Emotion Persuasion 

Incentivisation 

Coercion 

Modelling 

Enablement 

Physical opportunity Environmental context and 

resources 

Training 

Restriction 

Environmental restructuring 

Enablement 

Social opportunity Social influences Restriction 

Environmental restructuring 

Modelling 

Enablement 

The results from step four were then mapped onto the COM-B and the intervention 

functions. Intervention functions were selected according to the APEASE criteria as 

recommended by Michie and colleagues349. Where possible, I used evidence from professionals 

and patient interviews to support the APEASE criteria. If data was unavailable, I made the 

selection based on judgement, and the supervisory team then reviewed the selections. 
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Intervention functions included education, persuasion, incentivisation, training, environmental 

restructuring, modelling, and enablement. Table 27 (worksheet 5) presents the intervention 

functions.  
Table 27: Worksheet 5 - Intervention Functions 

Candidate intervention 
functions 

Does the intervention function meet the APEASE criteria? 

Education Yes 

Persuasion Yes 

Incentivisation Yes 

Coercion No 

Training Yes 

Restriction No 

Environmental 
restructuring 

Yes 

Modelling Yes 

Enablement Yes 

Selected intervention 
functions: 

Education, persuasion, incentivisation, training, environmental 
restructuring, modelling, enablement  
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7.4.4.2 Step 6 Identify policy categories 
Step six of the BCW aims to consider what policies would support implementing the 

intervention functions identified in step five. The BCW identifies seven policy categories 

communication/marketing, guidelines, fiscal measures, regulation, legislation, 

environmental/social planning, and service provision. 

The next step in developing an intervention strategy is to consider what policies would 

support the delivery and implementation of a community-based intervention. The BCW 

identifies seven policy categories 349. To select the appropriate policy categories, I mapped the 

categories onto the selected intervention functions (see Appendix O). The selected policy 

categories were communication/marketing, service provision, and environmental/social 

planning.  

7.4.5 MRC development stage 3: model processes and outcomes; BCW stage 3: Identify 
content and implementation options 
In stage two, I identified the relevant intervention functions and policy categories. The 

chosen intervention functions are education, persuasion, incentivisation, training, 

environmental restructuring, modelling, and enablement. In stage three, I identified the 

intervention content, such as choosing the appropriate BCTs and mode of delivery (e.g., face-

to-face or online).  

7.4.5.1 Stage 7 Identify behaviour change techniques 
In step seven, I identified BCTs based on the intervention functions selected in step 

five.  Having identified the intervention functions and policy categories required for PWMS to 

achieve the target behaviour, the next step was to identify which BCTs underpin the 

interventions and which mode of delivery is appropriate for the intervention 349. I used the 

definition and labels of BCTs that are included in the BCT Taxonomy version 1 (BCTTv1) 409. 

A BCT is an active component of an intervention designed to change behaviour 349.  

Proposed BCTs were matched to the selected intervention functions. BCTs are presented in 

worksheet 7 (Table 28) and were selected according to the APEASE criteria. BCTs identified 

during the qualitative data analysis from interviews with HCPs and PWMS are highlighted in 

bold. I identified 13 BCTs to support implementing a community-based exercise programme 

for PWMS. Table 28 shows each chosen BCT, a description of how it will be used and how it 

meets the components of the COM-B model. Appendix P highlights the BCTs chosen using 

the APEASE criteria. 
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Table 28: Worksheet 7: Chosen BCTs, a description of how it will be used, and how it meets the components of the COM-B model 

   Capability Opportunity Motivation 
   Physical Psychological Social Physical Reflective Auto 
BCT Functions Text description 

Skills 

Know
ledge 

M
em

ory, attention 
&

 decision process 

Behavioural 
regulation 

Social influences 

Environm
ental 

context and 
resources 

Beliefs about 
capability 

Beliefs about 
consequences 
 Social/professional 
role &

 identity 

O
ptim

ism
 

Goals 

Em
otions 

Information 
about health 
consequences 

Education, 
persuasion 

Participants were told of the 
possible benefits regular 
exercise 

            

Feedback on 
behaviour 

Education, 
persuasion, 
incentivisation, 
training,  

Verbal feedback will be given 
to participants throughout 
the supervised exercise 
session. At the start of each 
session the exercise 
professionals will discuss 
how each individual felt after 
the previous session. 

            

Feedback on 
outcome(s) of the 
behaviour 

Education, 
persuasion, 
incentivisation, 
training, 

            

Self-monitoring of 
behaviour 

Education, 
incentivisation, 
training, 
enablement 

Participants will be informed 
of the physical activity 
guidelines and encouraged to 
build towards achieving 
them. They will attend one 
supervised session per week 
and perform one 
unsupervised session. 

            

Credible source Persuasion 
 

Participants were supervised 
by two experienced exercise 
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Demonstration of 
the behaviour 

Training, 
modelling 

professional who specialise 
in chronic conditions. The 
exercise professionals also 
had contact with neuro-
physiotherapists to contact 
for advice. 

            

Instruction on 
how to perform a 
behaviour 

Training             

Behavioural 
practice/rehearsal 

Training The participants will attend a 
class once a week to perform 
the exercise behaviours 

            

Adding objects to 
the environment 

Environmental 
restructuring 

Participants will be given 
thera-bands to use at home 
and instructions on how to 
use them safely 

            

Goal setting 
(behaviour) 

Enablement At the initiation of the 
exercise programme 
participants will be asked to 
set SMART goals that they 
would like to achieve. 
Goals will be reviewed at the 
start of each supervised 
session and at the end of the 
programme 

            
            

Action planning Enablement 
 

            

Verbal persuasion 
about capability 

Persuasion The exercise professionals 
will spend time with each 
individual. Exercise will be 
graded to suit all levels and 
abilities 

            

Social support 
(emotional) 
 

  

Enablement The supervised exercise 
sessions will be group based 
and have a social session at 
the end with free tea and 
coffee. 

            

7
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7.4.5.2 Step 8 Mode of delivery 
The mode of delivery was selected after considering the relevant findings presented in 

chapter five and practical issues identified in the qualitative data collected in chapter 6. For 

step eight, I completed worksheet eight (appendix Q). In worksheet eight, I identified the modes 

through which the intervention would be delivered. Based on the preferences of PWMS, face-

to-face group delivery was selected for the intervention. Distance delivery at a population level, 

such as print media (written materials), outdoor media (billboards, posters), digital media 

(internet, mobile phone app), and broadcast media (TV, Radio) or individual level, such as 

phone (text messages), and email were deemed not appropriate or undesirable. The agreed 

intervention was a face-to-face group programme delivered by two experienced exercise 

professionals with knowledge of MS and behaviour change. The optimal group size was set 

between 8 and 12 patients. This group size was deemed manageable for the instructors to offer 

sufficient individual support and ensure patient safety during sessions. Due to the level of 

resources (e.g. cost and access to the venue), sessions were set to one supervised session per 

week and one unsupervised session. An outline of the intervention is presented in Table 29. 

Appendix R lists the selected BCTs, their BCT taxonomy codes, and which session they were 

introduced. 

The session content was guided by data generated from previous studies and chosen 

based on preferences of PWMS and HCPs, as indicated in focus groups and workshops (chapter 

6). The content was also informed by existing literature (Chapter 2) and guided by the PAGs 

for PWMS.   The supervisory team and the instructors delivering the intervention reviewed the 

intervention content.
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Table 29: Overview of the intervention content 

Week 
number 

Pre exercise session discussion Supervised exercise session Home tasks and support materials 

1 
• Introduction to the programme, aims and 

objectives 
• Discussions: experiences of exercise 
• Discussions: Benefits of exercise for PWMS 
• Introduction to goal setting 

• Demonstration of exercises 
• Patient choice of exercise levels 
• Example aerobic exercises: static bike, 

step ups, shuttle walk 
• Example strength exercises: TRX row, 

light dumbbell exercises, wall squats 

• Participants given a TheraBand and 
instructions on exercises to use 

• Task: consider what form of activity 
individual can do for unsupervised exercise 

• Task: Participants encouraged to write 
down how they feel the day after the 
session. 

2 
• Discuss how the participant felt after previous 

session 
• Introduce pacing and energy management 

• Demonstration of exercises 
• Patient choice of exercise levels 
• Introduce Borg scale for self-monitoring 

of exertion 

 

• Task: Goal setting, establish a baseline for 
chosen unsupervised exercise 

3 
• Discuss how the participant felt after previous 

session 
• Review goals 

 

• Demonstration of exercises 
• Patient choice of exercise levels 
• Progression of exercise as appropriate 

• Continue with unsupervised exercise 
sessions 

4 
• Discuss how the participant felt after previous 

session 
• Review progress, and discuss barriers and 

potential solutions 

• Demonstration of exercises 
• Patient choice of exercise levels 
• Progression of exercise as appropriate 

• Continue with unsupervised exercise 
sessions 

5 
• Discuss how the participant felt after previous 

session 
• Review progress 

• Demonstration of exercises 
• Patient choice of exercise levels 
• Progression of exercise as appropriate 

 

• Continue with unsupervised exercise 
sessions 
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6 
• Discuss how the participant felt after previous 

session 
• Discuss progression of supervised and 

unsupervised exercise 

• Demonstration of exercises 
• Patient choice of exercise levels 
• Progression of exercise as appropriate 

 

• Continue with unsupervised exercise 
sessions 

• Refresher on the use of TheraBand if 
participants are using them 

7 
• Discuss how the participant felt after previous 

session 
• Begin discussion of exercise options long-

term 

• Demonstration of exercises 
• Patient choice of exercise levels 
• Progression of exercise as appropriate 

 

• Continue with unsupervised exercise 
sessions 

 

8 
• Discuss how the participant felt after previous 

session 
• Reminder of the PA recommendations, are 

participants closer to the recommended 
levels? 

• Demonstration of exercises 
• Patient choice of exercise levels 
• Progression of exercise as appropriate 

 

• Continue with unsupervised exercise 
sessions 

• Reminder of unsupervised exercise 
progressions 

 

9 
• Discuss how the participant felt after previous 

session 
• Demonstration of exercises 
• Patient choice of exercise levels 
• Progression of exercise as appropriate 

 

• Continue with unsupervised exercise 
sessions 

 

10 
• Discuss how the participant felt after previous 

session 
• Discuss what support participants need to be 

active long-term 
• Review individual goals 

• Demonstration of exercises 
• Patient choice of exercise levels 
• Progression of exercise as appropriate 

 

• End of intervention celebration 
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7.5 Discussion 
This chapter describes the methods used to design a community-based exercise 

intervention for PWMS. I demonstrated a systematic approach to developing the intervention, 

incorporating health professionals' perspectives and people with varying degrees of MS-related 

disability. The process should optimise the safe delivery of a disease-specific exercise 

programme. If shown to be effective, both the method and the intervention can be adapted for 

community-based exercise interventions for other clinical populations.  

Although other exercise interventions for PWMS have used theory, such as the social 

cognitive theory, these interventions often do not detail the process of how the theory was used 

in the process of intervention development 294. The MRC framework and the BCW allow for 

enhanced transparency to intervention development and, subsequently, future repetition of the 

intervention 394. Transparency of intervention components is crucial within exercise research, 

as it helps researchers to enhance replicability and trust in interventions 428. Therefore, this 

chapter contributes to the exercise for MS and other chronic disease literature by enhancing 

our understanding of developing theory-informed community-based interventions. 

I identified 13 BCTs to support the delivery of a community-based exercise 

intervention. The intervention includes constructs from more than one theory. For example, the 

SCT 263 is often used in interventions for PWMS (as discussed in Chapter 5). The intervention 

includes techniques to improve skills (demonstration of behaviour), educate participants 

(Information about health consequences), and improve beliefs about capabilities (feedback of 

behaviour, goal setting, action planning). These theories draw from constructs of the SCT 

(behavioural capability, observational learning, expectations, self-efficacy). BCTs such as 

social support, credible source, information on health consequences, demonstration of the 

behaviour, and instruction on how to perform the behaviour all draw on constructs from the 

TPB  203. Furthermore, information about health consequences, feedback on behaviour, action 

planning and goal setting all draw on constructs of the Health Belief Model 429 and social 

support, behavioural practice/rehearsal, and feedback on behaviour draw from constructs of the 

SDT 204. This highlights a benefit of the BCW process as it allows the intervention developer 

to apply constructs from several behaviour change models59. 

7.5.1 Strengths and limitations 
The main strength of the intervention development process is its systematic and 

rigorous methods. The combined use of the MRC framework and the BCW allowed for the 
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gathering of data from numerous sources, such as existing literature, primary research, 

perspectives of PWMS across the spectrum of disability levels, and perspectives of HCPs. 

Although the intervention has been developed using a systematic approach, there 

remains a significant element of subjectivity in selecting intervention content 406. The choice 

of BCTs from the many options was based on the evidence developed from this programme of 

research. However, the decisions still had to be made that relied on the judgement of the 

research team. The candidate's background as an exercise professional, primarily with clinical 

populations, must also be considered.  

Although using the BCW to develop an intervention has its strengths (as discussed 

above), the intervention design process is lengthy. The process included completing the data 

sources, scoping review, and subsequent proof of concept (chapter 8). The intervention has yet 

to be assessed for effectiveness, which would require a fully powered trial. It is beyond the 

scope of this research programme to test the theory-based intervention against a control group 
399. Therefore, the study will not be able to assess whether the multiple theory-based 

intervention is more effective than single theories. This timeframe of development and testing 

must be considered for future funding applications in which the BCW is proposed.  

7.5.2 Implications for the physical activity guidelines 
Chapter 7 has highlighted the complexity of developing a community-based 

intervention for PWMS. The PAGs for PWMS do not provide any information on behaviour 

change theory or how it can be applied to support PWMS increase their activity levels. This 

chapter has also highlighted how the recommendations provided in the guidelines are just one 

component required to create an environment where PWMS feel capable, have the opportunity, 

and the motivation to engage in exercise. Therefore, it is critical to develop an ecosystem within 

the community that supports PWMS to overcome these barriers (e.g. including strategies to 

increase self-efficacy), and the PAGs are just one resource in this process. Future research is 

needed on implementing the PAGs with behaviour change programmes to help increase and 

maintain exercise levels long-term.  

7.6 Summary and conclusion 
This chapter has presented a systematic process for developing a community-based 

exercise intervention for PWMS. The process involved the MRC complex interventions 

framework and the BCW. The existing evidence and exploratory data presented comprise two 

parts of the development phase from the MRC guidelines. Combining the two approaches 
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provided an extensive framework for designing an intervention adding to the quality of the 

intervention and progressing what is currently known about intervention development. 

 The next phase of development is the modelling process and outcomes. Chapter 8 will 

present a proof-of-concept study, which includes a preliminary exploration of the acceptability 

of the proposed intervention.
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8 Exploring the acceptability of a community-based exercise 
intervention for people with multiple sclerosis 

8.1 Overview 
This thesis aimed to understand the experiences, preferences, and support needs of 

PWMS using the PAGs as a guide. Three limitations of the guidelines were stated as 1) the 

inclusivity of PWMS, 2) the exercise prescription, and 3) the application of the guidelines. To 

explore the application of the guidelines, Chapter 5 described a scoping review of community-

based interventions, and Chapter 7 described the systematic development of a community-

based exercise intervention for PWMS. The process combined the MRC guidance 393 and the 

BCW 430. The developed intervention incorporated data generated in each of the chapters in 

the thesis. This included three original research studies and a scoping review. 

The implementation of the intervention in the community occurred through a 

collaborative effort involving multiple stakeholders. Key stakeholders included researchers, 

healthcare professionals specialising in MS, community facilities, and community exercise 

organisations.  The intervention was intended to be set up as an exercise referral scheme. HCPs 

could refer MS patients to the community-based intervention to access exercise support. 

The following chapter will evaluate the acceptability of the community-based 

intervention in a proof-of-concept study to identify weaknesses and undertake refinements. 

Evaluation is critical in determining whether the intervention has had the desired outcomes349. 

The following chapter will outline the implementation of the intervention and present 

preliminary results of the feasibility and acceptability of the intervention. The information 

presented in this chapter will provide recommendations for the future development of the 

intervention and inform the initiation of a pilot study as recommended by the MRC guidance 
393. The chapter will begin by reiterating the need for community exercise options for PWMS. 

8.2 Introduction and rationale 
Exercise is a safe, effective, low-cost intervention for managing MS-related disability 

431. Numerous Systematic reviews and meta-analyses have reported that exercise training 

promotes improvements in aerobic capacity, muscular strength, balance, walking performance, 

and gait kinematics, reducing fatigue and depression 103,108,112,432-434. There is also evidence that 

exercise can reduce the rate of relapses and slow disability progression  200.  

Despite the reported benefits, only 20% of PWMS meet the public health guidelines for 

moderate to vigorous physical activity 157. The low participation rates highlight a disconnect 

between the evidence of the benefits of exercise and levels of inactivity among PWMS200,435.  
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Such an observation highlights the need for developing accessible opportunities for PWMS to 

engage in exercise 200, such as providing exercise support in the community 436. Indeed, a key 

issue identified regarding the long-term adoption of exercise behaviour is the gap between 

direct healthcare services and community-based exercise support and programs 436,437. Chapter 

5 described the current literature involving community-based exercise for PWMS.  

People with disabilities (including PWMS) have limited access to fitness and leisure 

facilities192,438. Barriers to access include inexperienced staff, insufficient resources to pay for 

the program, transportation costs, and lack of social support from friends or family 438. Findings 

from Chapter 6 reinforced these barriers for PWMS, and Chapter 3 highlighted how the barriers 

are enhanced for people with high MS disability. Currently, there are often no connections 

between healthcare and community-based health programmes meaning PWMS would have to 

seek support themselves 438. Furthermore, community-based fitness facilities often do not have 

support systems (e.g., knowledgeable staff, accessible equipment, adaptive programs) to 

accommodate PWMS 438. As well as these external barriers, PWMS perceive their condition 

as a limitation in improving their health 196. A finding consistent throughout this thesis 

(discussed in chapters 3, 4, and 6) is how fear is a barrier to exercise for PWMS. Therefore, 

expecting PWMS to exercise independently or seek support is unlikely. As a result, PWMS 

find it challenging to integrate or reintegrate into community exercise following their diagnosis 
439. The aim should be to make it as easy as possible to help PWMS engage in exercise. 

Opportunities to safely exercise in the community will help individuals with 

neurological conditions, such as MS, maintain or improve health 440. Even minor improvements 

in accessibility could substantially reduce the access barriers discussed above 438. Previous 

research has recommended a healthcare-recreation partnership model for increasing access to 

exercise programmes in the community441, which involves physiotherapists supporting fitness 

instructors to deliver exercise programmes in leisure facilities 441. Previous research has 

successfully combined the expertise of fitness instructors with physiotherapists in PWMS390, 

which was received favourably by the participants192. Chapter 6 explicitly aimed to explore the 

ideas and aspirations of the target population to help design a community-based intervention. 

Interviews with HCPs focus groups and interviews with PWMS helped identify crucial factors 

for a community-based intervention, including the need for knowledgeable instructors. 

8.3 Study aims  
The study aims were to explore the feasibility and acceptability of a behavioural theory-driven 

community-based exercise intervention for PWMS. 
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8.3.1 Objectives 
(1) To explore the feasibility of the mode of delivery of the intervention 

(2) Explore the acceptability of completing a range of potential outcome measures for use 

in future evaluations 

(3) Develop a refined exercise programme model. 

8.4 Methodology 
8.4.1 Study design  

A proof-of-concept study was conducted to assess whether the community-based 

exercise intervention was acceptable to PWMS. A mixed-methods approach was used to collect 

and analyse qualitative and quantitative data. The evaluation was independent of the delivery 

of the exercise programme. Ethical approval was granted by Sheffield Hallam University 

Ethics Committee (ER5147628). 

8.4.2 Intervention 
8.4.2.1 Referral 

An integral component of community-based exercise interventions is health 

professional referral. This step encourages communication between primary and secondary 

healthcare (e.g., physiotherapists, nurses, consultants, and GPs) and community-based exercise 

providers. The delivery team (Functional Fitness) and the PhD candidate had several meetings 

with local rehabilitation services to develop these relationships. Additionally, the programme 

did not want to rely solely on referrals from health professionals. The team promoted the project 

via GP surgery, MS centres, and social media (Facebook). It was also decided that PWMS 

could self-refer into the programme to maximise accessibility.  

After receiving a referral, all potential participants were contacted by a member of the 

project team and the programme was explained to them, and they were provided with a 

participant information sheet (sent via email). The information sheet stated that the study would 

explore the delivery and acceptability of a community-based exercise intervention for PWMS. 

Interested individuals who met the inclusion criteria (see Table 30) were invited to attend an 

initial session to give informed consent and undergo baseline measures. 

It was crucial to understand the reasons for not participating to help determine the 

acceptability of the intervention. Individuals who declined were asked to indicate why they did 

not want to participate. 
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Table 30: Inclusion criteria 

Inclusion 

Aged over 18 

PDDS score of less than 6 

Clinical diagnosis of MS 

8.4.2.2 Venue 
The venue chosen for the programme delivery was based on several factors, including 

ample free parking, accessibility for bus routes, abundant space in the room, easy access to 

facilities, and space for social interaction. The chosen venue was Park Rehabilitation Centre 

(PCR), a community hub in Rotherham. This was to create a healthcare-recreation partnership 

model recommended in previous research441. PCR offers therapy services, such as 

physiotherapy and occupational therapy, and acts as a community venue for activities such as 

dance classes, exercise classes and swimming lessons for children.  

8.4.2.3 Qualified deliverers 
Both professionals and PWMS in chapter 6 stressed the need for experienced deliverers 

of an exercise programme, preferably physiotherapists. Given the established benefits of 

exercise, there is a need for exercise professionals who can provide appropriate 

programming442. Unfortunately, an exercise qualification for neurological conditions was not 

available during this study. The Wright Foundation has since created a level four qualification 

for neurological conditions.  

Functional Fitness delivered the exercise sessions for the intervention. Functional 

fitness/training is a broad and confusing concept and one of the most misunderstood terms in 

the fitness industry 443. This is due to its combined use in rehabilitation and sports performance 
443. In this context, ‘functional’ means to restore or maintain function. Functional Fitness is a 

team of exercise specialists with experience in delivering exercise programmes for people with 

health conditions including cancer, stroke, COPD, falls prevention, and mental health. 

Functional fitness staff were given an awareness-raising session (delivered by the candidate) 

to build their knowledge and understanding of MS. An example of the awareness-raising 

content is presented in Appendix S and covers topics such as exercise training, guidelines, and 

special considerations. Two instructors supervised each session to ensure participant safety.  

8.4.3 Exercise programme overview 
Following is a summary of the exercise sessions, including frequency, intensity, time 

and type (FITT). The exercise guidelines for PWMS determined FITT 25. All sessions followed 

the same overall format; the session began with a short discussion of a particular topic (i.e. 
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introduction to goal setting, pacing and energy management) and a discussion of how the 

participant felt after the previous session (for an outline of the designed intervention, see Table 

30. Following the discussion, the participants completed the exercise class and then finished 

with a social gathering with tea and coffee. In total, each session lasted approximately 90 

minutes. Including the assessment sessions, the intervention lasted 12 weeks. The intervention 

length was chosen because this was the median length of the interventions included in the 

scoping review (Chapter 5). 

8.4.3.1 Frequency  
Sessions were once a week for ten weeks on a Monday afternoon at a community 

facility. Participants were encouraged to engage in one self-directed exercise session in their 

leisure time, although this was not recorded. Participants were provided with resistance bands 

for home-based exercise but could choose their preferred mode of activity. 

8.4.3.2 Intensity 
Participants were instructed to complete exercises at a low-to-moderate level, 

depending on how they felt that day. Participants were encouraged to work at 12-14 on the 

Borg rating of perceived exertion scale. Each station lasted 30-60 seconds, with participants 

encouraged to aim for 10-15 repetitions of strength exercises. Throughout the session, 

participants were encouraged to rest if required. 

8.4.3.3 Time (duration) 
Each session lasted 60 minutes, including a 10-minute warm-up, 40 minutes of activity 

(including rest time between activities), and a 10-minute cooldown. Time was incorporated at 

the end of the sessions to socialise.  

 
8.4.3.4 Type of exercise 

The programme was a circuit-based class that offered aerobic, strength, and balance 

exercises. Aerobic exercises included walking, cycling, and arm cranking. Strength exercises 

included wall press-ups, squats, sit-to-stand, lift-to-press, balance, and core exercises. All 

exercises were adapted to each individual's ability. The circuit included ten exercises, allowing 

2 minutes per station (including the rest period). Exercises were set up in an alternating pattern 

(e.g. upper body, lower body, aerobic, core, balance) to ensure maximal restoration time. The 

hall was set up with laminated cards to illustrate suggested graded exercises. Each card had 

instructions on what to do and how to progress the exercise. At the start of each exercise 

session, the instructors demonstrated how to perform each exercise. Equipment used for the 
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sessions included suspension trainers (TRX), ViPRs for increasing movement load, 

TheraBands, and light dumbbells. 

8.4.4 Data collection 
At the initial assessment, participants were asked to provide demographic information, 

such as age, gender, MS disease duration, and employment status. 

8.4.4.1 Programme evaluation 
The primary outcome of the study was the acceptability of the intervention. At the end 

of the intervention, participants were asked to attend a focus group to discuss their experiences. 

Appendix T shows the interview schedule used for the focus group. A telephone interview was 

offered as an alternative if participants could not attend the focus group.  It was essential to 

hear the views and experiences of participants who withdrew from the intervention. Therefore, 

anyone who left the study was invited to conduct a telephone interview. 

8.4.4.2 Outcome measures 
The study explored possible outcome measures that might be used in the future piloting 

of community-based exercise interventions. The outcomes were chosen based on the length of 

the questionnaire, the time it takes to complete (participant burden), and the perceived 

importance of the outcomes. Participants in chapters 3, 4, and 6 all discussed how fatigue is a 

debilitating effect of their condition. Participants also declared functional improvements as a 

key motivator for exercise. Outcome measures were completed at the initial session (week 1) 

and the follow-up session (week 12). The outcome measures are presented in Table 34.  

8.4.5 Approach to data analysis 
For consistency with previous chapters, framework analysis was used to analyse the 

qualitative data  371. Data was collected via one focus group (n= 7 participants) and three 

telephone interviews. NVivo Version 11 data analysis software was used to facilitate the 

framework analysis444. Appendix U presents an example from the coding framework. 

Outcome data were entered into Microsoft Excel and analysed using descriptive 

statistics to summarise changes in outcome measures. The results are presented as medians and 

minimum and maximum values unless specified. Due to this being a proof-of-concept study 

with no comparison arm, it was not powered to identify intervention effectiveness. As a result, 

inferential statistics were not performed on the data. 
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8.5 Results 
8.5.1 Participants 

8.5.1.1 PWMS 
A total of 18 participants expressed an interest in the community intervention. Of these, 

10 (55%) volunteered to participate in the study. However, one participant withdrew after 

completing baseline measures, but before attending the first exercise session. Nine participants 

(n=6 female) consented to take part in the study. Participant demographic information is 

presented in Table 32.  
Table 31: Participant demographics 

ID Gender Age Ethnic group Work status PDDS Access into the 
intervention 

01 Male 66 White British Retired 6 Advertisement in 
GP surgery 

02 Female 55 White British Permanently 
sick/disabled 

2 Social Media 

03 Female 59 White British Permanently 
sick/disabled 

5 Social media 

04 Female 61 White British Permanently 
sick/disabled 

5 Local newspaper 
advertisement 

05 Female 57 White British Permanently 
sick/disabled 

5 Social media 

06 Male 44 White British Employed - Full 
time 

3 Physiotherapist 
referral 

07 Female 62 White British Retired 3 Word of mouth 

08 Male 45 White British Permanently 
sick/disabled 

1 Social Media 

09 Female 46 White British Employed - part-
time 

5 Word of mouth 

10 Male 44 White British Employed - Full 
time 

2 Physiotherapist 
referral 

  53.9 
±8.4 

  3.7  

±1.7 

 

PDDS= PATIENT DETERMINED DISEASE STEPS 
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8.5.2 Acceptability 

8.5.2.1 Attendance and attrition 
The programme offered a maximum of ten exercise sessions (one session per week for 

ten weeks). The sessions were well attended, with a median attendance of 9 (range= 7 - 10). 

Four participants attended all ten sessions. Three participants attended seven sessions which 

was the lowest level of attendance. Three participants were employed (n=2 full-time) but were 

permitted to attend by the employers to assist in managing their condition.  

8.5.2.2 Participant experience 
Table 33 presents the higher- and lower-order themes derived from the qualitative 

interviews with participants following the programme. Participants discussed the positives and 

negatives of participating in the programme. The themes highlight the difficulties PWMS face 

when increasing the amount of physical activity they do. PWMS often enjoy physical activity 

and social interaction but are affected by their physical and psychological condition 445. 
Table 32: Higher and lower order themes from PWMS 

Higher-order themes Lower-order themes 

Thoughts on the design of the community-based 

intervention 
• The social aspect of the community-based 

intervention was vital 
• The content of the exercise sessions was 

initially worrying  
• Having a trained, knowledgeable instructor 

was valuable 
• Referral into the community-based 

intervention was not well designed 
Overall experiences of participating in the 

community-based intervention 
• Positive effects of exercise 
• Negative effects of exercise 
• Barriers to continuing to exercise following 

the completion of the intervention 

8.5.3 Theme 1: Thoughts on the design of the community-based intervention  

8.5.3.1 The social aspect of the community-based intervention was vital   
Participants discussed how social interaction in the group was an essential factor. All 

participants discussed the importance of making friends, having fun, and talking to people in a 

similar position to themselves.  
"Doing it on my own, I find it boring. In a group, you have people such as [P1] because 

he pushes himself, it makes you push yourself. I mean, he is amazing. If he can do that 

then I can do it. " (P9, female, 40)  
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"After that first meeting, I walked out of here, and I thought it's going to be good this. We 

had a laugh even at that session, and nobody knew each other, but everybody gelled. I 

thought, yeah this is going to be good."  (P2, female, 55) 

"It gave me the confidence to do a different type of exercise but knowing that there were 

people around that weren't going to criticise me." (P3, female, 59) 

8.5.3.2 The content of the exercise sessions was initially worrying 
The content of the exercise sessions was different from what the participants were 

expecting. Initially, several participants questioned whether they were capable of doing the 

exercises. 
"When I first saw it, I was like oh god, I won't be able to do that." (P5, female, 57) 

"Yeah, I was like horrified when he showed us. He pulled straps and was like, we are 

going to do this. I was like ha no way." (P4, female, 61) 

“It was a different type of exercise to what I thought we'd be doing. I thought it would be 

like a treadmill or a bike like you do when you go to physio. I thought it would just be 

basically like physio stuff." (P7, female, 62) 

8.5.3.3 Participants soon realised they were capable of doing the exercises 
After taking part in the intervention, the participants understood the reasons for the 

exercises. Several participants discussed how the exercises were challenging but enjoyable. 
"I preferred the fact it wasn't treadmill or a bike. You can stand on a treadmill or 

exercise bike as long as you want, but you're not building any core strength, just burning 

calories. We were doing more functional moving." (P3, female, 59) 

"Well, it was definitely better than coming in to use treadmills. Doing exercise this way I 

could feel how it was working and feel why I was doing it." (P2, female, 55) 

8.5.3.4 Having trained and knowledgeable instructors were invaluable 
The participants were very pleased with the instructors who ran the programme. 

Participants were looking for a friendly, approachable, knowledgeable, experienced, and 

empathetic instructor. Knowing MS was an essential attribute for the instructor. This gave the 

participants confidence.  
"The instructor is so good, he explains things well, and he doesn't make you feel 

embarrassed or intimidated, and that is half the battle." (P7, female, 62) 

"The good thing is he can tailor it so he can make it harder for you. Make it different for 

everyone's ability. So you not all doing the same thing." (P1, male, 66) 

"Good instructors adapt to the situation they don't just say this is what we are doing. You 

can't do that with MS without even looking at them." (P8, male, 45) 



 

171 
 

8.5.3.5 Referral into the community-based intervention was random and not well designed.  
The intervention was unable to establish a reliable referral pathway for participants for 

HCPs such as neurologists or MS nurses. Participants entered the service via numerous routes 

such as social media (n=4), local newspaper advertisements (n=1), physiotherapist referral 

(n=2), advertisement in local GP (n=1), and word of mouth (n=2) as participant 2 encouraged 

two individuals to join to the class  
"My wife went to the doctors, and she heard about it." (P1, male, 66) 

"There was a post on Facebook." (P5, female, 57) 

"I just got a referral from the physio to join your sessions." (P6, male, 44) 

"I saw it in the local paper. I thought I have nothing to lose just come and if I don't like I 

don't come back. And I love it, absolutely love it." (P4, female, 61) 

“If it wasn't for [P2] I wouldn’t have known.” (P9, female, 46) 

8.5.4 Theme 2: Overall experiences of participating in the community-based intervention  

8.5.4.1 Positive effects of exercise 
Participants discussed how they had benefitted from the programme. Some felt they 

had benefitted physically, including walking better and further. Others felt the programme had 

improved strength and balance.  
“Some people can do the exercise better than others. The walking for me that’s the 

hardest thing. I can do all the others, but walking up and down I have really got to 

stretch myself to make my legs stretch out. Otherwise, I am shuffling. Which is a positive 

that I have learnt, lift your foot put your heel down.” (P1, male, 66)  

"It has taught me to walk straight and tall whereas before I was that scared you are 

always staring at your feet."(P5, female, 57) 

"I have felt that I can do more rather than less. So I have been on trips out whereas I 

would have been reluctant to do it before."(P3, female, 59) 

"Yes, a couple of days after the missus would say my walking was a little bit better, and I 

had a bit more strength.." (P6, male, 44) 

8.5.4.2 Negative effects of exercise 
Participants also discussed how they felt exhausted because of the exercise. Participants 

would have to factor the exercise into their day to allow themselves the energy to engage. They 

would then go home and have to lie down for the afternoon. Participants discussed how fatigue 

management is a constant aspect of their lives. Because of their fatigue, they must plan all parts 

of their lives to ensure enough energy. 
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"After the sessions, I would say to the missus I am not going to be doing very much now. 

She'd know that I had used up my energy and would need more help in the evening. 

During it as well was quite tiring." (P6, male, 44)) 

"I was laid out the next day, but I came back, and I thought if I can't do it I can't do it, 

but I want to be incorporated in it." (P9, female, 46) 

"You have got to think ahead at all times. Even having a shower, you have to organise 

it." (P7, female, 62) 

8.5.4.3 Motivation to continue exercising following the completion of the intervention 
Participants were not confident in their ability to continue to exercise after completing 

the 10-week intervention. Several participants felt that 10-weeks was insufficient and would 

prefer a continuous programme. Participants stressed that they would be willing to pay to attend 

a weekly exercise class. 
"It’s a bit more difficult at home. We have been given bands to do some. But the sessions 

are there, and you know you are going to do it. It is planned and part of your routine." 

(P2, female, 55) 

"It needs to be sustained ten weeks is not enough. It drives people to do more than they 

do in their normal lives." (P6, male, 44) 

"Ten weeks just seems to be the magic number, and I don’t know, it just feels like it’s 

been plucked out of nowhere really I think what’s more important is what the strategy for 

what happens at the end." (P4,  male, 44) 

"I would probably pay three to four quid for an exercise class in an hour rather than 

thinking about doing it myself at home." (P9, female, 46) 

8.5.5 Outcome measures 
Outcome scores at baseline and post-intervention are shown in Table 34. The table 

includes data for nine participants who completed the intervention. Data for the participant who 

withdrew was removed before the analysis. Completion rates for all measures were 100%.  

Compared to baseline, participants undertook physical activity on more days after the 

programme (baseline median = 2 days per week; follow-up median = 4 days per week). As 

seen in Table 34, median weekly physical activity levels increased from 132 MET minutes at 

baseline to 231 MET minutes of exercise post-intervention. The median total MFIS improved 

from 48 at baseline to 45 at follow-up. Physical fatigue had the largest change, reducing from 

28 to 20. Quality of life was measured using the median visual analogue scores (VAS). The 

VAS increased from 50 to 70 after the programme. Self-efficacy improved from 11.25 at 

baseline to 40 at follow up.  The median distances for the 6MWT test improved by 80 metres 
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at follow-up. Participant grip strength increased in the right hand from baseline to follow-up, 

and the left-hand grip strength had a negligible reduction in the median score. 

 
Table 33: Outcome measures 

Measure Baseline  Follow up   

 Median  
(Minimum and 
maximum 
values) 

N Median 
(Minimum and 
maximum 
values) 

N 

Change in 
scores 

Physical activity      

IPAQ 132 MET minutes 
(0 - 693)  

9 231 MET 
minutes (0 - 
1440) 

9 +99 MET 
minutes 

Fatigue      

Physical 28 (14 - 31) 9 20 (12 - 28) 9 -8 

Cognitive 19  (0 - 28) 9 20 (0-28) 9 +1 

Psychological 4 (2 - 7) 9 4 (2 - 7) 9 No change 

Total MFIS 48 (32 - 64) 9 45 (14 - 53) 9 -3 

Quality of Life      

VAS 50 (30 - 80) 9 70 (55-70) 9 +20 

Self-efficacy      

Exercise self-
efficacy scale 

11.25 (0 - 56.3) 9 40 (0 - 70) 9 +28.75 

Functional tests      

6MWT 440 metres (80 - 
780) 

9 520 metres (240 - 
810) 

9 +80 metres 

Grip strength 
(right hand) 

23.5 (19.5 - 43.25) 9 25 (16.5 - 40.3) 9 +1.5 

Grip strength (left 
hand) 

18.8 (8.75 - 40.25) 9 18.5 (12.5 - 42.5) 9 -0.3 

IPAQ=INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE; MET= METABOLIC EQUIVALENT; VAS=VISUAL ANALOGUE SCALE; MFIS= 
MODIFIED FATIGUE SCALE; 6MWT= SIX MINUTE WALK TEST 
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8.6 Discussion 
The findings from this study suggest that the format, content, and processes of a 

community-based exercise intervention for PWMS were acceptable to the study population. 

High attendance (median: 9; range 7-10) and low attrition (n=1) rates, positive participant 

experiences, and improvements in outcome measures provide evidence of acceptability. The 

intervention was deemed safe as there were no adverse events during the intervention. 

However, three participants discussed how they experienced increased fatigue levels the day 

after the exercise sessions. A central part of the development of the intervention was the COM-

B model. Figure 13 frames the results from the evaluation, both positive and negative, in the 

context of the COM-B constructs.  

 
Figure 13: Evaluation results framed in the COM-B Constructs 

 

+ = positive results; - = negative results 
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8.6.1 Capability 
These results suggest that the participant's psychological and physical capability was 

improved. However, outside of the supervised sessions and at the end of the intervention, they 

did not feel capable of self-managing their exercise and wanted continued support through 

supervised sessions. This highlights a crucial area of research for this population; developing 

strategies to increase self-management and long-term exercise adoption in PWMS. 

Similar to results found in the HIIT intervention (Chapter 4), participants discussed 

apprehension about the mode of exercise. Participants doubted their capability to perform the 

exercises, with results highlighting the importance of self-efficacy for PWMS when deciding 

to participate in the exercise. The behaviour techniques applied in the intervention (i.e., 

behavioural capability, observational learning, expectations, self-efficacy)201 aimed to improve 

the participant's beliefs in their capabilities (e.g., feedback on behaviour) and included 

techniques to improve their skills (e.g., demonstration of behaviour). Behaviour change 

interventions incorporating these constructs have been shown to reduce sedentary behaviour in 

PWMS 446. Specifically, self-efficacy is positively associated with physical activity and 

reduced sedentary behaviour in PWMS 447. Self-efficacy is vital in increasing exercise levels 

in PWMS 260. Once PWMS believe they can exercise, they are more likely to engage in the 

behaviour. 

Similar to previous studies 192,375 and aligning with Chapters 3, 5 and 6, participants 

discussed how important it was to have knowledgeable instructors leading the intervention. 

The need for trained instructors (credible source) was a critical factor addressed in Chapter 7. 

However, the instructors who delivered the exercise intervention did not have a recognised 

qualification for prescribing exercise for people with neurological conditions such as MS. 

However, the instructors were experienced in delivering exercise to clinical populations and 

were provided with an MS awareness-raising session. The instructors were well-liked and 

trusted by the participants. However, one participant acknowledged that the instructors did not 

have much knowledge of MS but appreciated how the instructors were open to learning. These 

results highlight that community-based exercise does not have to be delivered by 

physiotherapists. Upskilling exercise professionals will provide increased opportunities for 

PWMS to be active in the community. Future research should aim to build HCPs’ and PWMSs’ 

trust in the expertise of exercise professionals.  

Quantitative results from this programme suggest that the programme could improve 

the physical capability of people with mild to moderate MS. Questionnaire completion rates 

(100%) suggest that the measures were acceptable and were not too burdensome for the 
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participants. The small sample size limits the strength of the evidence presented here; 

nevertheless, outcomes did improve for most measures. This provides preliminary evidence 

that the exercise programme is safe and effective in improving the physical, psychological, and 

social well-being of PWMS. Participants experienced a range of benefits from the programme, 

including increased exercise levels, self-efficacy, and walking distance, reduced physical and 

total fatigue, and improved quality of life.  

PWMS consider walking an essential bodily function 448. To measure walking 

performance, I used the 6MWT. When the 6MWT is used, a standard is required to determine 

if a real change occurred, defined as the Minimal Clinically Important Difference (MCID)449. 

An improvement of 54 meters has been the value most used as the minimum change 6MWT 

that results in clinically meaningful change 450. In other conditions, it has been reported as 14-

35.4 metres 449. In MS specifically, it has been reported as 22 metres 448. The median difference 

in 6MWT in the programme was 80 metres suggesting that this group had clinically meaningful 

changes in their function. This supports the use of 6MWT in future community-based 

programmes. 

8.6.2 Opportunity 
The intervention offered the participant a physical opportunity (location, time, and 

resources) to exercise. The intervention was designed to be as accessible as possible for 

PWMS. The intervention was delivered at a community facility with ample parking and an 

accessible entrance (automatic doors, no stairs). The exercise sessions were delivered in a 

spacious ground floor hall with space between exercise stations and abundant seating available 

for participants to rest. The exercise sessions were delivered in the early afternoon, identified 

as the participants' preferred time in Chapter 6. However, times and locations were not 

convenient for everyone. Travelling around work commitments was a problem for some, which 

will apply to other PWMS. Future studies should explore this to further our understanding of 

intervention acceptability. 

Participants valued social opportunities offered by the intervention, with supervised 

practical sessions boosting confidence and motivation and interaction with other MS patients 

providing peer support, fun, and vicarious learning. Vicarious learning is a mechanism that can 

improve self-efficacy451. Providing vicarious opportunities can foster an environment to 

support peer modelling, social engagement, and motivation 451. Peer support and camaraderie 

with other PWMS have been highlighted as essential facilitators for exercise among PWMS 
192,452. Previous research demonstrated that group-based exercises eliminate feelings of 

isolation and loneliness 210. 
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Additionally, social support is seen as a catalyst for behaviour change, highlighted in 

most theoretical frameworks such as social cognitive theory190. The sessions' format appeared 

to help increase coping skills and provide peer support and encouragement. All participants 

discussed how they struggle with low confidence, especially in an exercise environment. 

Feelings of embarrassment are barriers for PWMS to engage in exercise. Participants discussed 

feeling intimidated and judged when they go to conventional fitness environments. These 

findings emphasise that creating a supportive social environment is vital to a community-based 

exercise intervention. However, not all PWMS want to exercise in group-based settings, as 

evidenced by data from Chapters 3 and 6. People with higher MS disability preferred the option 

of home-based exercise. Also, participants in Chapter 6 discussed how they would not want to 

exercise in groups with people with higher disability than themselves. 

The programme could not establish a referral pathway from HCPs, limiting the 

opportunity for more PWMS to access the intervention.  Potential participants (n=18) were 

referred via various methods (self-referral, social media, newspaper adverts, and word of 

mouth). The study received two referrals from physiotherapists but no referrals from other 

health professionals (i.e., MS nurses). Health professionals are often under time pressures, so 

referral to an exercise programme is a low priority, resulting in missed opportunities to refer 

patients. Referral into an exercise programme depends on a health professional starting a 

discussion with the patient and then completing, signing, and sending a referral form453. 

Completing cumbersome paperwork is a barrier to HCPs referring to a programme454. A short 

referral form is preferred when referring to physical activity support to ensure that referring a 

patient is quick and straightforward  375. This will increase the likelihood of a HCP engaging 

in a programme 455. Future community-based exercise referral programmes for PWMS should 

factor in time to develop an effective referral process. HCP require a clear understanding of 

who is suitable for the programme 455. A lack of information about the eligibility criteria or the 

nature of the intervention and a lack of feedback about the patient's progress are significant 

factors that negatively affect health professional engagement 454,456. Therefore, regular 

communication between the HCPs and programme delivery staff is essential. In hindsight, it 

was perhaps unrealistic to expect NHS clinicians to refer to a new community-based 

intervention. Previous research has highlighted lack of trust as a barrier for a HCP referring a 

patient to a service 349. A referral to a service was identified as an endorsement of that service 
349.   Future proof of concept studies should allow NHS clinicians to support recruitment to a 

specified research study to ensure clinical engagement. 
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HCPs have a valuable role in helping patients navigate the health system into 

community-based provision 457. Part of the referral role for health professionals is to give 

‘permission’ for patients to engage in exercise 457. Due to this, health professionals often have 

concerns about patient safety when referring to a community-based exercise programme 454 A 

survey found that 48% of physicians were concerned with certified exercise professionals 458. 

This may suggest a lack of understanding of the level of knowledge of certified exercise 

professionals or a disregard for the qualifications in general 458.  

Further work to develop communication and integration between HCPs and the fitness 

industry is required459. A partnership between community-based interventions and the health 

service sector would allow the formal development of referral pathways. Promoting the 

programme or inviting health professionals to visit the sessions might help develop trust and 

initiate referrals.  

8.6.3 Motivation 
Participants expressed that the intervention was a motivating experience and 

encouraged them to be more active. Elements of reflective motivation were described, such as 

altered beliefs in their ability and desire to achieve exercise goals. Descriptions of positive 

emotional responses suggested the potential for the intervention to influence automatic 

motivation to exercise sessions, such as improved mood and reduced fear. Although, 

participants discussed managing their fatigue by resting for the remainder of the day following 

the session. This behavioural compensation is a potential area for further research to investigate 

if exercise training decreases NEPA. Additionally, future studies could explore different 

approaches to meeting the guidelines, for example, aiming to cumulate 60 minutes of aerobic 

activity across the week rather than two 30-minute sessions per week. 

All participants felt positive effects from participating in the intervention. Participants 

discussed how the intervention had improved their walking ability and the distance they could 

walk. Some participants felt they could do more and had increased strength. Despite the 

positive experiences, participants also experienced high levels of fatigue post-exercise. To help 

manage their fatigue, participants discussed how they had to rest for the remainder of the day 

following the session, affecting the completion of usual daily activities. People who participate 

in structured exercise training compensate behaviourally by decreasing their non-exercise 

physical activity (NEPA) 460. Older adults may be more susceptible to the negative impact of 

exercise training on NEPA due to increased fatigue and functional impairment 460. This is also 

the case for PWMS, as fatigue plays a substantial role in NEPA compensation 461. This possibly 

explains why PWMS were previously advised not to exercise to preserve energy107. MS-related 
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fatigue is aggravated by deconditioning and disuse. Excessive fatigue combined with low 

fitness levels leads to reduced levels of activities of daily living 462. It is, therefore, possible 

that the increased fatigue experienced post-exercise will decrease as the participants’ fitness 

levels increase. 

Additionally, MS-related fatigue has been observed to increase the perception of leg 

fatigue following exercise 463. Therefore, recovery from exercise may be an essential 

consideration for prescribing tolerable exercise programmes in PWMS 463. More research is 

needed to investigate NEPA compensation in PWMS following structured exercise sessions.   

Participants unanimously agreed that maintaining self-managed exercise after 

completing the intervention would be challenging. The group identified the programme's short-

term (10 weeks) nature as an issue. These findings compare with previous qualitative research 

where PWMS stated how difficult it was to maintain self-regulated exercise 192. Participants 

reported honouring appointments (related to supervised exercise), weekly structure, enjoyment, 

and feelings of guilt as essential facilitators for engaging in exercise 192. After the programme, 

the participants reported that they still did not feel capable of exercising in conventional 

environments (e.g., fitness facilities). The issues of feeling self-conscious, judged, and out of 

place were not overcome by participating in the programme. Future interventions need to 

consider increasing the confidence of PWMS to exercise in conventional environments. It 

seems the studied intervention positively impacted the participant's capability to exercise, but 

only in the small group environment. This suggests that PWMS require a group-based exercise 

programme of indefinite length to facilitate long-term exercise adoption. 

8.6.4 Feasibility of Outcome Measures: 
When designing exercise intervention studies, selecting appropriate outcome measures 

is vital to capturing meaningful data. Outcome measures should be easily accessible and cost-

effective, allowing researchers to collect data efficiently, especially in a community setting. 

Accessibility can be determined by factors such as availability of equipment, ease of 

administration, and participant burden. All outcome measures were acceptable as all 

participants completed all questionnaire questions. The 6MWT was deliverable because the 

exercise venue had a large sports hall. Other community venues may need more space to deliver 

the test as intended. In future community-based interventions, I would include exercise self-

efficacy. Self-efficacy has been identified as a crucial component in exercise engagement for 

PWMS. Including exercise self-efficacy as an outcome measure in exercise intervention studies 

can provide valuable insights into participants' confidence levels and motivation 260. 
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8.7 Summary and conclusion 
8.7.1 Strengths and limitations 

Strengths of the community-based intervention include the combined use of literature, 

patient and HCP perspectives, and theoretical underpinning of the intervention. As discussed 

in Chapter 5, these aspects are lacking in community-based exercise interventions for PWMS. 

The process allowed for transparency of the intervention development and will help with the 

replication of the intervention. A strength of the evaluation is the use of mixed methods to help 

determine the acceptability of the intervention, which allows for an understanding of what 

works (e.g., group-based sessions led by an experienced exercise professional) and what has 

not worked in the intervention (e.g., referral process). These findings allow for refinement of 

the intervention prior to a potential future trial. 

Several limitations need to be considered when interpreting the results of the evaluation. 

Firstly, the study sample size was small, and no comparison group was incorporated.   

Secondly, the study failed to create a functional referral system for the intervention. Creating 

partnerships between healthcare and community providers is essential for PWMS to access 

exercise 344,436,440. However, it was unrealistic to expect NHS clinicians to refer to a new 

community-based intervention in which they would have not developed a sufficient degree of 

trust. The intervention relied on PWMS to self-refer, meaning that the participants included in 

the study were already motivated to exercise. Therefore, the participants who would benefit 

most from the intervention were not recruited. Thirdly, there was a lack of diversity in the 

recruited participants as all participants were White British. Future iterations of the intervention 

will require innovations to help recruit, engage, retain, and promote health among diverse 

communities 464. Previous research has suggested adapting programmes to tailor the design to 

the needs of a particular cultural group 465. Finally, cost data were not collected during this 

study. Cost implications are essential in assessing acceptability and must be considered in 

future testing of this intervention. 

8.7.2 Implications for the physical activity guidelines 
As discussed in previous chapters, even though PAGs exist, PWMS are still largely 

inactive. Chapter 6 discussed how discussing exercise or physical activity was not a priority 

for health professionals. In this chapter, results showed that a physiotherapist referred two 

participants, but no referrals were received from other HCPs. No standardised referral process 

exists to transition PWMS from hospital or rehabilitation services into community services 

such as exercise programmes. Therefore, future research should explore the development of 
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referral into community-based programmes and assess the effects of health professional referral 

to community-based interventions in PWMS. 

8.7.3 Conclusions  
The arrangement of this theory-designed community-based exercise intervention was 

acceptable to the group participants. Participants initially felt apprehensive about completing 

the exercise programme but ultimately found it a positive experience. Social interaction was a 

key factor in this. Allowing people to exercise in a safe, supportive environment removed 

several barriers to exercise participation. Following the proof of concept study, the next stage 

of the MRC guidance58 is ‘feasibility and piloting’, which includes three stages 1) Testing 

procedures, 2) estimating recruitment and retention, and 3) determining sample size. An 

important aspect would be establishing the recruitment criteria with HCPs, an area untested in 

this study.   
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9 Summary and discussion of research findings and implications for 
research and clinical practice   

9.1 Chapter summary 
This thesis explored the suitability of the PAGs developed for PWMS. The research 

process has offered a deep understanding of the exercise experiences, preferences, and needs 

of PWMS. This led to developing, delivering, and evaluating an exercise intervention delivered 

in the community. The intervention was developed based on existing evidence, and the PAGs, 

combined with the ideas, experiences, and preferences of patients and HCPs, underpinned by 

a systematic theoretical framework of behaviour change. The findings from this thesis have 

contributed uniquely to the factors that enable PWMS to exercise safely and effectively in the 

community and lay the foundation for updating the PAGs for PWMS.  

Throughout this thesis, the research has explored PWMS’s subjective experiences and 

needs around exercise, which has enabled the research to contribute to gaps in the literature. 

To answer the research question, the PhD set out six research objectives. The thesis consisted 

of three associated studies, a scoping review, and culminating in the development and 

evaluation of a community-based exercise intervention underpinned by the BCW 349 and MRC 

guidance393. This concluding chapter presents the novel contribution of the thesis and addresses 

the essential question: so what? The chapter also discusses the key findings from the studies, 

the implications, and will conclude with reflections from the author. 

9.2 Novel contributions of the thesis 
The overarching research question explored in this thesis is ‘using the PAGs as a guide, 

what works to help people with multiple sclerosis engage in exercise in the community?’ The 

golden thread, tying together each study, was the common purpose of exploring the views of 

PWMS to provide context around exercise experiences, preferences, and needs. The studies in 

this thesis present evidence of the scale of the problem of supporting PWMS to be physically 

active and the additional facets required to enhance the PAGs, but also broader factors 

necessary to meet the exercise support needs of PWMS. 

Exercise behaviour is a multidimensional behaviour that is influenced by intrapersonal 

(Chapters 3, 4 and 6: feeling incapable, fear of making things worse), interpersonal (Chapter 

6: not wanting to exercise with people more disabled than themselves), environmental (Chapter 

3 and 6: inaccessible facilities), and political factors (Chapters 5, 6 and 8: HCPs not having the 

time to discuss exercise). Ultimately, the research in this thesis emphasises that evidence-based 

PAGs are ineffective without the infrastructure in place for PWMS to enact the behaviour. 
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When transferring evidence into practice, PAGs are just one tool 466. A review by Motl and 

colleagues467 stated that a reason for the low participation in physical activity for PWMS is the 

absence of a conceptual framework and tool kit for translating the evidence into practice. The 

data from this thesis demonstrates the additional components required to create an ecosystem 

where PWMS feel capable and have the opportunities and motivation to engage in exercise.  A 

crucial finding from this thesis is that the PAGs may exist to help support PWMS to exercise 

in the community, but it appears the community is not ready to provide that support. For 

example, despite its multiple benefits, exercise is not integrated into medical practice for 

PWMS, rehabilitation services are not widely available for people with higher disability MS, 

and exercise professionals are not trained sufficiently to support PWMS safely.  

Figure 14 presents a logic model which maps the additional strategies required to 

provide better PAGs and create the ecosystem required to enable PWMS to exercise. The figure 

presents the problem statement underpinning this research, the reason for the problem, and the 

solution and subsequent research question explored in this thesis. The logic model uses levels 

of the social-ecological model to connect activities and outcomes. The logic model highlights 

the complexity of meeting the exercise support needs of PWMS explored in this thesis. Key 

drivers to improve exercise support for PWMS are increasing the engagement of HCPs and 

developing communication between healthcare and exercise provision. The following sections 

will expand on the findings of the thesis. 

The social-ecological model of health highlights that the health of individuals is 

influenced not only by their attitudes and behaviours but also by community and societal 

structures 468. Socio-ecological models of health offer a framework for health promotion 

initiatives as they acknowledge different levels of health behaviour 469.  This includes 

individual level (e.g., genetics, motivation, experience, capability), interpersonal level (e.g., 

interpersonal interactions, social support), community level (e.g., environment, local services, 

transport), and societal level (e.g., public policy, health infrastructure), all of which influence 

health behaviours 469. 

Exercise for PWMS is an important strategy for MS management to explore within the 

context of socio-ecological models 470. Using a social-ecological (i.e., addressing exercise 

participation across the individual, interpersonal, organisational, community and public policy) 

approach to understand the influences on exercise participation will offer insight into 

identifying the opportunities to initiate uptake in and continued participation in exercise 470. By 

applying the different social-ecological levels and identifying how they interact, we can better 



 

184 
 

understand the complex factors that impact exercise behaviour in people with MS. This can 

help develop additional strategies for promoting exercise to complement the PAGs. 

• Individual Level: At the individual level, PAGs can be promoted through education and 

outreach efforts that emphasise the benefits of exercise, such as improved physical health, 

mental health, and quality of life. These efforts can target individuals of all ages and 

backgrounds and be tailored to their needs and interests. An important aspect is increasing 

an individual’s capability to exercise and, ultimately, their self-efficacy. Interpersonal 

Level: At the interpersonal level, PAGs can be promoted through social support networks, 

such as family, friends, and co-workers. This can involve creating social norms around 

exercise and encouraging others to engage in physical activity with them. The interpersonal 

level can help to increase an individual’s motivation to exercise. 

• Community Level: At the community level, physical activity guidelines can be supported 

by creating safe environments that encourage access to exercise. This can include 

accessible facilities and services, training HCPs to discuss exercise, and upskilling 

community-based exercise professionals. The community level is about increasing the 

opportunity for PWMS to be more active. 

• Society Level: At the societal level, PAGs can be supported through policy and 

environmental changes prioritising exercise. This can include creating policies addressing 

inequalities (e.g., older adults, higher disability), continuously updating evidence through 

research and further investigation of long-term behaviour change in people with MS. 
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Figure 14: Logic model for the exercise support needs of PWMS 
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9.3  Key findings 
9.3.1 Exploring the limitations of the physical activity guidelines 

Chapter 2 discussed three main limitations of the PAGs for PWMS; 1) the lack of 

inclusivity in the guidelines, 2) the limited exercise prescription details, and 3) the absence of 

information on how to apply the guidelines in the community.   

9.3.1.1 People with severe MS have additional support needs 
Chapter 3 focused on perceptions of an ideal exercise intervention for people with high 

MS disability.  The study targeted questions that elicited information regarding the effects of 

living with MS, experiences of exercise, and expectations of participating in exercise. Research 

suggests that disability status should direct efforts to develop appropriate physical activity 

interventions 471. This was supported by findings in chapter 6, where PWMS and HCPs 

suggested stratifying exercise sessions by disability levels. Participants discussed two sessions 

per week of home-based activity led by a physiotherapist. However, studies like these will be 

resource-intensive and logistically challenging, potentially making them unaffordable and 

impractical for implementation (and at scale)472. As discussed in chapter 3, Silveira and 

colleagues190 published a qualitative study to design an exercise programme for PWMS who 

use a wheelchair. The study results compare well with the findings from chapter 3. For 

example, the mode (aerobic and strength), frequency (2 days per week), and duration (30+ 

minutes) were the same in both studies. Additionally, both studies had the same opinions on 

exercising at home to “avoid the hassle of going into the community” 190. However, participants 

in the study by Silveira and colleagues 190 expressed an interest in group-based exercise, 

although some suggested it be online.  

The novelty of the study discussed in this thesis is that it explored what they would 

hope to achieve from participating in an exercise intervention and why. This is evident by the 

outcomes that PWMS wanted from participating in an exercise study. Participants emphasised 

that their main goal was maintaining or regaining their functional ability and avoiding using 

walking aids or a wheelchair.  The overarching aim of this study was to identify perceptions of 

exercise from people with high MS disability as they are not included in the PAGs. The goal 

was to explore the concept of an exercise intervention that would likely be acceptable to this 

population. Chapter 3 provided the foundation for designing an exercise intervention for people 

with moderate to severe MS (Figure 3). The next steps for this area of research are to use this 
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foundation and incorporate theoretical constructs that can underpin the preferences, hopes, and 

fears of participating in an exercise intervention.  

In 2019, the Chief Medical Office published PAGs for disabled adults 473. Figure 15 

shows the infographic for the PAGs for disabled adults. The infographic provides limited 

advice on the frequency, intensity, or type of exercise. Also, the guidelines recommend that 

individuals complete at least 150 minutes of moderate-intensity activity per week, which is 

considerably more than the PAGs for people with mild-moderate MS 25.  However, the 

guidelines do state that ‘doing some physical activity is better than doing none 473. However, 

the aim should be to develop specific PAGs that provide people with high-disability MS with 

specific recommendations for exercise. 
Figure 15: Physical activity guidelines for disabled adults 

 

9.3.1.2 High-intensity interval training is safe and feasible but lacks long-term appeal 
Chapter 4 explored the feasibility of PWMS exercising at a high intensity. HIIT has 

become an area to explore for this population229. HIIT is a mode of exercise that has grown in 

its application, including with clinical populations219. Data from chapter 4 indicated that HIIT 

is a feasible intervention for people with low MS-related disability, which aligns with previous 

HIIT research in this population 229. However, the novel findings from chapter 4 are the 

participant’s perceptions of the intervention. The participants discussed how they experienced 
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some worsening symptoms during the sessions. So, whilst this study suggests that HIIT is a 

safe form of exercise for PWMS, questions remain regarding the long-term appeal in PWMS. 

This is supported by a systematic review that found that when unsupervised individuals do not 

adhere to the intensity prescribed 474. Nevertheless, if PWMS can and want to exercise at a 

higher intensity, they should be encouraged to do so. Future PAGs should guide PWMS on 

exercising at various intensities, broadening their exercise options.  

The PAGs lack detail in the recommended exercise prescription. The PAGs25 

recommends 30 minutes of moderate-intensity aerobic exercise (2 days per week) and strength 

training for major muscle groups (2 days per week). The PAGs do not provide details on 

progressing the aerobic or strength training programmes.  Additionally, the PAGs for PWMS 

do not provide recommendations for vigorous activity. The guidelines developed by WHO in 

2020 recommend that the general population, adults with chronic conditions (such as cancer, 

hypertension, and type 2 diabetes), and adults living with a disability (such as multiple 

sclerosis, Parkinson’s, and spinal cord injury) undertake at least 75 to 150 minutes of vigorous-

intensity exercise per week 475. There is a sizeable discrepancy between the MS-specific 

guidelines and the more general PAGs. 

9.3.1.3 Use of the guidelines in the community 
A third limitation in the MS-specific PAGs discussed in this thesis is the absence of 

strategies for applying the guidelines in the community. Chapter 5 presented a scoping review 

that explored the evidence of community-based exercise interventions for PWMS. The study 

investigated the characteristics of community-based interventions, such as whether PAGs were 

applied. Six of the seventeen interventions included in the review based their exercise 

prescription on established guidelines 158,309,312,314,476,477. Four studies 158,312,314,316 used 

guidelines explicitly developed for PWMS, with the guidelines by Latimer-Cheung25 and 

colleagues being the most frequently cited (n=3) 158,314,316.  

These novel results suggest that the guidelines are being developed but not 

communicated or applied with PWMS in the community. Despite evidence for the benefits of 

exercise and the development of exercise guidelines, PWMS are less active than the general 

population155. Given the evidence for the benefits of exercise for PWMS, programmes need to 

support this population to be more active. 

Since completing the research in this thesis, Canning and colleagues have published 

research testing the effectiveness of the PAGs for PWMS 148. The study involves PWMS 

attending a community-based exercise programme based on the PAGs. The results found that 
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adhering to the PAGs at least 75% of the time over 16 weeks significantly improved aerobic 

capacity, strength, fatigue symptoms, mobility, and QOL 148. 

9.3.2 Developing community-based exercise interventions 

9.3.2.1 Barriers to exercising in the community 
Chapter 6 highlighted several key issues to be addressed in helping PWMS access 

exercise opportunities in the community, such as the impact of the condition, fear of making 

their condition worse, and lack of trust in exercise instructors. In chapter 6, PWMS discussed 

physical effects such as poor balance, high levels of fatigue, and poor bladder control as some 

of the physical effects of their MS, as well as psychological issues due to their condition, such 

as fear.  Additionally, PWMS and HCPs indicated that they did not trust the skill and 

knowledge levels of exercise professionals in the fitness industry.  The importance of quality 

instructors is supported by previous qualitative research 329. Physiotherapists were reported as 

the most desirable option. However, this would not enhance the availability of exercise support 

in the community. The challenge is to develop a better clinical care model in which health 

professionals and exercise specialists work more closely to provide medically directed exercise 

programmes appropriate for everyone358. Physiotherapists working in partnership with 

community physical activity providers are one way to develop the confidence of HCPs and 

PWMS in community-based exercise 329. Additionally, HCPs require education on the 

knowledge and expertise of exercise professionals to reassure them of their competence. 

Participants with MS felt that the social side of exercise was vital, consistent with 

previous research 192,328,329. Once diagnosed, PWMS can feel isolated; providing them with an 

opportunity to get out of the house and meet other people in a friendly and supportive 

environment was desired. Nevertheless, the group dynamics of an exercise class would need to 

be carefully managed. Many PWMS felt anxious that being in a group with people with higher 

levels of impairment would make them feel dejected because of the progressive nature of the 

condition, so a stratified approach to an exercise group would need to be applied. This notion 

was supported by HCPs, who felt that a group would be unmanageable without stratification. 

As discussed throughout this thesis, the PAGs are for people with mild to moderate MS, and 

data from chapter 3 confirms that people with high MS disability have different needs 

(exercising at home to avoid travel) and goals for being active (increasing or maintaining 

independence). Data from chapter 5 suggests that community-based interventions are primarily 

aimed at minimal disability. One study477 recruited people who are moderately affected by MS 

(EDSS 6.0 ±0.6) with positive results such as improved activity levels, balance, and strength.  
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9.3.2.2 Physical activity is not a priority for HCPs 
Previous research has highlighted that HCPs are crucial in changing the behaviours of 

people with chronic conditions 379. PWMS identify HCPs as the most credible source for 

physical activity information 364. However, previous research has identified how PWMS 

receive minimal or conflicting advice on exercise from HCPs 478. In Chapter 6, health 

professionals discussed the challenges of promoting exercise for PWMS and how it is not a 

priority. This is supported by findings from chapter 8, where only two patients were referred 

to the community-based intervention by an HCP (physiotherapist). However, as discussed 

previously, expecting NHS clinicians to refer to a community-based intervention without 

developing trust in the service was perhaps unrealistic. That being said, previous research has 

explored the priorities of neurologists for exercise promotion in PWMS care and provided 

suggestions for how the low importance might be addressed in practice 381. The research 

identified several barriers regarding neurologists promoting exercise to PMWS. All 

neurologists in the study endorsed exercise as a critical component of patient care 381. Although, 

lack of time during a patient’s appointment was a barrier to discussing exercise with patients. 

A priority for neurologists was “What are the prescriptions/guidelines for exercise among 

persons with MS?” This suggests that neurologists are unfamiliar with the published guidelines 

for PWMS 381. Previous research has found that HCP referral to an exercise program is twice 

as effective as providing written information about the PAGs to PWMS 364. An option for future 

research is to provide training on the PAGs for HCPs. However, there is a clear need for 

developing specialised community-based exercise programs PWMS, and the next steps are to 

empower HCPs to start discussing exercise with their patients and developing links with local 

exercise opportunities. 

9.3.2.3 Using MRC and BCW to develop interventions  
Engagement with and maintaining exercise is challenging for those with long-term 

conditions such as MS  479. Exercise recommendations alone are insufficient for behaviour 

change. Therefore, an intervention that aims to improve exercise participation must also 

employ techniques to facilitate engagement in exercise behaviour. Chapter 5 discussed how 

exercise self-efficacy, a construct of the social cognitive theory, is likely to support and 

improve the activity levels of PWMS 480. Theory-driven interventions are more effective than 

interventions without theory as they outline the mechanisms of behaviour change 481.  

A strength of the intervention developed in this thesis is its systematic development, 

achieved through a robust systematic process underpinned by behaviour change theory using 

the BCW  349 and MRC guidance393. Although previous exercise interventions for PWMS have 
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been developed using theory, such as the social cognitive theory 263, these interventions often 

do not detail the intervention development process 294. Hoddinott defined intervention 

development studies as “A study that describes the rationale, decision-making processes, 

methods and findings which occur between the idea or inception of an intervention until it is 

ready for formal feasibility, pilot or efficacy testing prior to a full trial or evaluation” 482. 

Development frameworks such as BCW and MRC guidance have been developed to tackle 

issues such as interventions designed without using theory59 or methodological rigour482. 

However, frameworks also have problems, as discussed in chapter 7, such as the time required 

to develop an intervention and the standardised approach impairing the creativity of behaviour 

change science 419.  Nevertheless, this thesis provides an excellent example of developing a 

complex community-based intervention and highlights the complexities of the process.  

Previous research in exercise for PWMS has recommended using the social cognitive 

theory  200. The studies conducted in this research programme identified 13 BCTs to support 

the delivery of a community-based exercise intervention. Due to the complexity of the 

behaviour, the intervention required a theoretical framework that considered multiple 

intervention options483. Therefore, constructs from more than one theory were used to underpin 

the intervention rather than a single psychological theory.  The advantage of the BCW is the 

incorporation of a broader range of theories. The TDF bridged the gap between what needed 

to change and identifying the appropriate theory 408. 

Additionally, using the BCT taxonomy when developing the intervention allowed for 

selecting evidence-based techniques most likely to succeed. The 13 BCTs chosen in the 

intervention draw from constructs of behaviour change theories such as social cognitive theory 
263,  Theory of Planned Behaviour 203, Health Belief Model  429, and Self Determination Theory 
204. This thesis demonstrates that using the MRC guidance combined with the BCW theoretical 

framework can provide a comprehensive, structured method for developing and evaluating 

behaviour change interventions in PWMS. 

9.3.3 Community-based intervention enhances constructs of COM-B 
Participants in the proof-of-concept study (Chapter 8) suggested that the intervention 

format, content, and processes were acceptable, backed by the high attendance and low attrition 

rates. Additionally, the participant experiences explored in the evaluation were positive. 

However, these findings must be considered cautiously due to the small sample size (n=9 

completing the intervention, n=1 withdrew due to travel issues). Figure 13 in chapter 8 

highlights the evaluation results framed in the COM-B constructs. More work is needed to 

increase the evidence of community-based exercise interventions to encourage health 
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professional engagement in community-based referral programmes. Creating well-defined 

referral criteria and a simple referral process will help bridge the gap between health 

professionals and community-based referral programmes.  Additionally, future community 

programmes should consider working more closely with local physical activity providers, 

increasing the knowledge and skills of fitness professionals, and providing PWMS with 

practical support to help physical activity be part of their everyday lives.  

The research in community-based exercise for PWMS is growing. Combined with the 

access to exercise professionals with knowledge and skills for working with PWMS, the 

opportunities for access to exercise opportunities will increase. However, inequalities in access 

will remain for those of lower socio-economic status and those with higher disability. 

Nonetheless, exercise participation can be improved if all HCPs encourage and promote 

physical activity recommendations to their patients as soon as possible and as often as possible. 

9.4 Implications  
The logic model (Figure 14) presented above shows the work required to support 

PWMS to be active. The following sections discuss the implications for the physical activity 

guidelines, research, and community/practice. 

9.4.1 Implication for the physical activity guidelines 
Ongoing and future studies will continue to extend the knowledge and evidence of 

exercise for PWMS. The PAGs must be updated to incorporate the advancing evidence. The 

guidelines explored in this thesis were developed in 2013 and must be updated. The research 

discussed in this thesis highlights numerous areas that updated guidelines should consider and 

opportunities for the guidelines to impact more PWMS. These are presented below: 

• There is a need for specific PAGs for PWMS currently excluded from the PAGs. 

These include young (under 18) PWMS, older (over 65) PWMS, and people with 

higher disability MS.  

• Data from Chapter 6 highlighted that HCPs understand the benefits of exercise for 

PWMS but do not see it as a priority. Future PAGs should provide implementation 

strategies to ensure the intended users benefit. Examples include the development 

of resources to raise awareness of the PAGs with PWMS, HCPs, and leisure 

providers. 

• Tailoring exercise is vital for PWMS, and future PAGs should guide how to tailor 

the recommendations to the individual. For example, aiming to cumulate 60 
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minutes of aerobic activity across the week rather than two 30-minute sessions per 

week.  

9.4.2 Implications for research 
This thesis has highlighted areas that require further investigation. These include further 

expansion of the PAGs, testing of the community-based intervention and exploring strategies 

for the long-term adoption of exercise in PWMS.  

9.4.2.1 Expansion of the PAGs 
• Chapter 3 showed that exercise behaviours in people with higher disability MS were 

impacted by numerous barriers, including fear and environmental factors, such as 

the ability to travel and access to exercise opportunities. Future research should 

explore supporting people with higher disability to move more to reduce sedentary 

time.  

• The PAGs for the general population, people with cancer, and people with 

disabilities127 all recommend vigorous-intensity exercise.  Future research should 

look at the impact of vigorous activity on PWMS. 

• Data from Chapter 8 suggested that PWMS rested for the remainder of the day after 

participating in the exercise class, potentially reducing daily physical activity. 

Future research should explore this potential response to bouts of exercise.  

9.4.2.2 Further development of the intervention 
• Further research is needed to establish the effectiveness of the community-based 

exercise intervention. The second phase of MRC guidance 58 is ‘feasibility and 

piloting’, which includes three stages 1) Testing procedures, 2) estimating 

recruitment and retention, and 3) determining sample size. The study does not need 

to be a scale model of the planned full-scale trial but should examine the critical 

uncertainties identified in the development phase 393. During the feasibility and 

piloting phase, the evaluation should adopt several focus areas, for example, further 

investigation of the acceptability, implementation, and practicality of the 

intervention considering learnings from the proof-of-concept evaluation 393 (chapter 

8). Examples of potential outcomes include treatment fidelity, resource 

requirements, factors affecting implementation, participant experiences, and effects 

on participants. The feasibility and piloting phase should also include identifying 

suitable methods for a future randomised controlled trial (RCT), including outcome 

measures, recruitment strategies, data analysis, and cost-effectiveness.  



 

194 
 

9.4.2.3 Strategies for long-term adoption of exercise in PWMS. 
• Participants involved in the proof-of-concept study (chapter 8) stated that they 

wanted continued support beyond the completion of the intervention. Therefore, the 

intervention needs further development to increase participants’ self-efficacy to 

self-manage their exercise behaviour. An option is to explore which additional 

BCTs are needed to elicit the required behaviour change, such as self-management.  

• It is also possible that the design and delivery of the community-based intervention 

heightened participants' apprehension to exercise. Developing an intervention in 

patients' best interests could build further anxiety about exercise rather than 

cultivate independence and self-efficacy. 

• Long-term follow-up of research outcomes should also be included in the future 

evaluation of the intervention. Long-term follow-up data is frequently unavailable 

in published literature, preventing an understanding of the long-term maintenance 

of exercise over time. These options should be explored in future development work 

to identify the most appropriate ones. 

9.4.3 Implications for practice and community 
The practical implications for real-world application were imperative in this research 

programme. The research findings in this thesis highlight that supporting all PWMS to exercise 

is complex. Developing PAGs is a good step in the right direction. However, developing an 

ecosystem that supports and encourages active behaviour in PWMS is crucial. Implications for 

practice and community include routine exercise promotion and access to community-based 

opportunities.  

9.4.3.1 Promotion of exercise for PWMS  
• For people with mild-to-moderate MS, physical activity is safe and worthwhile, 

resulting in PAGs being developed 25. In Chapter 6, professionals and PWMS 

agreed that exercise benefits PWMS. Professionals discussed how exercise could 

help manage MS symptoms, improve quality of life, and reduce the risk of 

developing comorbidities. However, PWMS express apprehension and fear toward 

exercise. Chapter 6 reported how HCPs do not routinely discuss exercise with their 

patients. HCPs stated that exercise promotion is not a priority for health 

professionals in MS care. Research reports that medical students and doctors do not 

discuss physical activity with their patients 376. Fear of offending or alienating 

patients, lack of knowledge and time are the three most common barriers to giving 
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physical activity advice 376. Discussing exercise with PWMS using the PAGs as a 

resource could help alleviate PWMS's fears about engaging in exercise. 

9.4.3.2 Community-based exercise opportunities and support 
• During the intervention development phase (chapter 7), one must consider how an 

intervention can be adapted and adopted within the community. The need to 

promote physical activity in individuals with chronic health conditions such as MS 

remains, so new community-based opportunities need to be provided. The target 

population for the developed community-based intervention was ambulatory 

PWMS, with or without a walking aid. This population was chosen due to the 

extensive evidence and the robust development of the PAG25. The findings in this 

thesis support previous reviews that recommend the need for more effort to promote 

physical activity in the MS community 484,485. Several implications can be gathered 

from the findings in the thesis, including improvement of self-management support, 

giving advice on symptom management, and improving access to the intervention.  

• Work is needed to increase the knowledge and competencies of all stakeholders 

(HCPs, PWMS, and leisure providers). Since the commencement of this research 

programme, a level four exercise qualification has been developed for working with 

neurological patients. The next step is to upskill exercise professionals, making 

access to exercise support in the community easier for PWMS. This will also 

present an opportunity to create links between HCPs and community leisure 

providers to provide ongoing support.  

9.5 Thesis strengths and limitations 
The strengths and limitations of the individual studies are discussed in the preceding 

chapters. This section considers the strengths and limitations of the thesis as a whole. 

MS is a complex, variable, and progressive condition. A mixed methods approach was 

used to understand the priorities and experiences PWMS attributed to exercise and physical 

activity. The thesis included one scoping review, three qualitative projects, theory mapping, 

and one proof-of-concept study. A strength of this approach is the flexibility it allows for the 

topic to be explored from different perspectives, allowing a richer understanding not provided 

using one method 30. The combination of the extensive patient experiences and preferences 

(chapters 3, 4, 6, and 8), thoughts of HCPs (chapter 6), review of the evidence (chapters 2 and 

5), and the theoretical underpinning (chapter 7) were strengths of the intervention development. 

However, the small sample size of the HIIT intervention (chapter 4) and the proof-of-concept 
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study (chapter 8) means the quantitative results were only exploratory and question whether 

the findings represent the MS population. This highlights a fundamental limitation and an area 

for future research: the effect of the developed intervention (chapter 8) is yet to be tested. 

However, findings from the evaluation can feed into future iterations of the intervention, where 

effectiveness can be measured.  

9.6 Personal reflections 
In Chapter 1, I discussed the importance of reflexivity as a component of research, 

particularly within qualitative research. This section presents a brief reflexive account of my 

experiences of undertaking this research, what I have learnt from the process and how it has 

developed me as a researcher. The section will discuss my reflections on the methodologies 

used in the thesis, the data collection, and the data analysis. 

9.6.1 Reflections on the methodology 
While reading extensively about research paradigms, I realised that my philosophical 

position is not in any particular theory. I am interested in how best to address the research 

problem and apply the research methods at my disposal.  The word pragmatism is originally 

derived from the Greek word “pragma,” which means action and is the central concept of 

pragmatism 486. As a research paradigm, pragmatism aims to solve practical problems in the 

real world 486. It emerged as a method of inquiry for more practical-minded researchers 486. I 

am a researcher who aims to explore the application of research in the real world, and this is 

the path I expect my academic career to follow. 

In this thesis (chapter 7), I combined the MRC guidance and the BCW to develop an 

intervention using data from the scoping review (chapter 5) and other projects within the PhD.   

The BCW has been developed from a comprehensive synthesis of behavioural change 

frameworks and promotes the integration of theoretical constructs to help researchers and 

HCPs select and design interventions that more effectively target and change behaviours  430. I 

felt that using a tool such as this would progress our understanding and facilitate the translation 

of research into practice. However, using the BCW wheel was challenging and required me to 

constantly consider the reasons for my decisions from the context of the research data. A 

significant challenge came when choosing the behaviour change techniques (BCTs) for each 

intervention function. The BCTTv1 includes 93 techniques, and I became concerned with 

selecting the right ones for the interventions. Questions I asked myself included are these the 

right choices for PWMS? Will they work in practice (the community)? Are my opinions 

influencing the choices as well as the data? At this point in my PhD, I realised that I required 
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training to ensure I was able to select the correct BCTs. The BCTTv1 provides online training 

to code and select BCTs. Using these online modules to practice selecting the relevant 

techniques combined with my critical reflections allowed me to be confident with the final 

selections. Consequently, when using a technique such as the BCW, it is crucial to understand 

the experience and training level of the researcher leading the process. 

Throughout the research, I was the lead researcher. However, for the delivery of the 

community-based intervention (chapter 8), I took a back seat and allowed the project to develop 

organically. I chose this way of delivery to make the research as real-world as possible, which 

included not engaging in the recruitment or delivery of the programme. I learned a lot as a 

pragmatic researcher from this process, as it allowed me to reflect on the project in action. An 

example is the lack of referral to the programme from the HCPs. In chapter 6, HCPs highly 

supported a community-based intervention but stressed that recommending exercise to patients 

is not a priority. I found the lack of referrals from HCPs disappointing, and this is an area of 

research I would like to explore in the future. However, in hindsight, it was unrealistic to expect 

NHS clinicians to refer to a community-based intervention without evidence. It would have 

been more realistic to ask NHS clinicians to support recruitment to a specified research study 

rather than a referral. 

9.6.2 Reflections on data collection and analysis 
This thesis's most prominent means of data collection was through semi-structured 

interviews. A large amount of participant input has strengthened this thesis and reinforced my 

belief that understanding participants' perspectives is crucial to research. Working with the 

participants during each study was a particular highlight of the research and provided me with 

real-world context. Conversing with PWMS with various levels of disability and HCPs 

highlighted the complexity of the issues of exercise behaviour in PWMS, which was critical in 

understanding the participant’s perspectives and priorities. Although I believe in everyone 

being physically active, working with PWMS reminds me that an individual’s capabilities, 

opportunities, and motivation are different. I feel this is important for developing future 

research to increase exercise participation in this population. I remember one participant 

(chapter 8) discussing how having MS removed all spontaneity from life "You have got to 

think ahead at all times. Even having a shower, you have to organise it". Moments like this 

helped me to realise how complex behaviour change can be and how it will be different for 

everyone. Due to this appreciation of the differences between people, I felt that a qualitative 

focussed mixed-methods approach (discussed in chapter 1) was justified. This approach 

allowed me to collect rich participant data and learn from their experiences.  
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However, I was always aware that I was a researcher, asking questions and probing 

about their experiences of the condition to which I could not relate. Nevertheless, I feel that 

perhaps the participants found it acceptable to work with a researcher who understands MS but 

has no lived experience with the condition. During this process, I was also aware that 

everyone's lived experience of MS differs. Conducting the interviews allowed me to develop 

listening, reflecting, compassion, and empathy skills to build a rapport with all participants.  

I have strived to reflect on my background and acknowledge my personal and 

professional biases, mainly when conducting and analysing qualitative research. I have learned 

that preventing my experiences from guiding the PhD throughout the research process is 

essential. The support of my supervisors and academic colleagues reminded me to remove 

myself from the research, thus ensuring the study was as unbiased as possible. Nevertheless, 

my previous experiences gave me a deeper insight during qualitative interviews and allowed 

me to better understand and empathise with the participants.   

I chose framework analysis as the form of qualitative analysis for each study because 

of its systematic and transparent approach. As discussed in chapter 1, framework analysis is 

not aligned with a particular epistemological, philosophical, or theoretical approach49. I feel 

the framework analysis was justified due to the nature of the studies. For example, in chapter 

6, the study aimed to learn the critical constructs required for a community-based exercise 

intervention. The analysis for this required an inductive and deductive approach to the analysis 

as I sought to explore their thoughts and experiences of living with MS and the preconceived 

themes of developing the intervention. I found that the development of matrices allowed me to 

intuitively reduce and compare large amounts of data.  

9.6.3 Reflections on myself as a researcher 
My academic career has not followed the typical degree, master's degree (MSc), and 

PhD approach. My education and study have primarily been completed whilst in employment. 

After completing my MSc, I began work as a research assistant on a large RCT with PWMS 
192,390,487. Therefore, at the start of the PhD research programme, I had a solid knowledge of 

multiple sclerosis and its management. I have always had a keen interest in physical activity, 

exercise, and behaviour change in clinical populations following my previous career in the 

fitness industry. Since my time as a research assistant, I have progressed to a research fellow 

and now a senior research fellow. As a full-time academic, I have completed my PhD part-time 

(and raised a young family) since 2017. Conducting the research and writing this thesis has 

been incredibly challenging yet rewarding. Over the last five years, my knowledge and ability 

as a researcher have changed considerably, and I hope this is demonstrated in the thesis. 
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An interesting development was altering my philosophical position as my research 

progressed. Braun and Clarke 488 define a ‘small q’/’Big Q’ distinction in qualitative research. 

‘Small q’ is described as a positivist-orientated approach to coding reliability approaches, 

whilst ‘Big Q’ is defined as an organic and flexible approach. At the start of my PhD journey, 

my approach to qualitative research was very much ‘small q’. I was concerned with the 

reliability of the data I was collecting because I believed that for it to be reliable, the coding 

should be replicable 489. My coding decisions should be the same if a second researcher 

analyses the data.  

However, I began to become aware of the subjectivity of qualitative research. My 

subjectivities not only shaped how the research was designed, data was collected, and results 

were analysed but also how they were presented and discussed 490. For example, qualitative 

researchers often incorporate quotes into the findings to ground their interpretations in 

participants' voices, an approach encouraged to show rigour 490. Furthermore, I became aware 

that the data does not strictly mirror the voices of participants; instead, it reflects the voices of 

participants as I have interpreted them 490. 

As I progressed through the research programme, my perspective shifted along a big Q/ 

small q continuum towards a more organic and reflexive researcher. I moved away from terms 

such as ‘data saturation’ (used in chapter 3) and themes ‘emerging’ from the data (used in 

chapters 1 and 3).   

Data saturation is when no new information, codes or themes are yielded from data 

(Braun and Clarke). Data saturation raises the philosophical question of whether theories, data 

or themes can ever be genuinely saturated 491. Rather than data saturation, the sample sizes for 

the studies discussed in this thesis were pragmatic and shaped by the limited time and resources 

available. Braun and Clarke suggest that data saturation is often deployed as a post-hoc 

rationale or acceptable rhetorical justification for a more pragmatically determined sample size 
488. 

Themes emerging from the data suggest that the researcher’s role is to unearth the truth 

buried in the data, allowing it to emerge without becoming biased by the researcher's 

subjectivity 491, which means that any research would find the same themes within the data. 

This language of thematic emergence preserves an appearance of objectivity, removing the 

researcher's subjectivity from the research process 491. However, the idea that a researcher can 

set aside their own background knowledge, experience, and theoretical leanings whilst 

conducting the research and be a passive, objective observer seems outdated and implausible 
492 
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Through my studies, I learned that becoming a qualitative researcher occurs through 

intentional, directed effort and informal, implicit learning 491. As my understanding progressed 

and my philosophical position altered, I became more reflexive about the research process. To 

ensure rigour, I acknowledged my beliefs, values and subjective perceptions and how they 

shaped my analysis and, ultimately, the results and conclusions.  

The purpose of a PhD is to prepare an individual for becoming an independent 

researcher. A particular area I developed as a researcher was the ability to manage projects. 

Research project management requires the researcher to make decisions to ensure the project 

progresses. Project management also involves the management of numerous stakeholders, such 

as HCPs, patients, funders, and collaborators. Sometimes I found I was making concessions on 

the quality of research methods due to time or resources to deliver the project. 

An example is a need for qualified instructors to deliver the community intervention 

when no qualification existed for exercise professionals to work with PWMS. However, I felt 

the PhD process has taught me to be confident to make pragmatic decisions for the delivery 

and ensure robust science. Completing the research in this PhD has undoubtedly set me on the 

road to becoming an independent researcher. It has enabled me to develop professionally, as a 

researcher, and personally. It has improved my understanding of the scientific process, and I 

hope the experience stands me in good stead for continuing to progress as an academic. 

However, there is still so much to learn. 
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11 Appendices  

11.1 Appendix A: Participant Information Sheet 
Developing exercise interventions for people with moderate to severe multiple sclerosis. 

Version 1 
 
Introduction 
Living with multiple sclerosis (MS) can be a difficult experience both physically and 
psychologically. Exercise is increasingly becoming accepted beneficial for the health and 
wellbeing of people with multiple sclerosis.  Whereas the benefits of exercise have been 
established in people with mild to moderate degrees of disability due to MS, little is known 
about the benefits of exercise in people with a higher degree of disability from MS. 
 
To provide you with all the key information for the study, we have pulled together a list of 
questions and answers. We hope this will allow you to make an informed decision about 
whether to be involved in this project. 
 
Frequently asked questions 
 
Q. What is the main purpose of the study? 
A. The main aim of this study is to find out what types of physical activity people with severe 
MS would find feasible. We would like to determine what would be their preferable types of 
exercise and what they would like to achieve from an exercise programme. We would also like 
to explore ways of limiting periods of inactivity in people with MS. 
 
Q. Why has my doctor told me about this study? 
A. You have been selected as a suitable patient from your medical history, and because you are 
receiving treatment for your multiple sclerosis. 
 
Q. What will I have to do? 
A. If you have advised your neurologist that you are interested in taking part in the study you 
will be contacted by a researcher. The researcher will contact you to discuss the information in 
this document and you will have an opportunity to ask any questions you might have. You will 
then be sent a consent form to complete, and a freepost return envelope. Once the research 
team has received the consent form you will then be contacted by telephone for an interview. 
 
Interview 
The interview will last a maximum of 45 minutes and will be an informal discussion of you 
experiences and opinions of exercise.  
 
Q. How long will the study last? 
A. Your involvement in the study will finish once we have completed the telephone interview. 
 
Q. Will there be any effect on my follow-up treatment? 
A. No, your participation in this study will not affect your follow up treatment in any way. 
 
Q. What are the potential benefits of taking part in this study? 
 
A. Previous research suggests that exercise can have a positive impact on your physical and 
mental wellbeing. Very little research has been done with people with more severe MS. By 
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gaining the opinions of people with the condition we can begin to design exercise research 
interventions for people with more severe MS. 
 
Q. What are the potential disadvantages and risks of taking part? 
A. The potential risks of taking part in this study are minimal, although the interviews may 
discuss subjects of a sensitive nature. If you feel distressed during the interview, the interview 
will be stopped and the researcher who will be able to counsel you.  
 
Q. If I decide to take part will my GP be informed? 
A. With your consent, we will write and inform your doctor that you are taking part in this 
study. 
 
Q. Do I have to take part? 
A. No. It is up to you to decide whether or not to take part. If you decide to take part you will 
be given this information sheet to keep and be asked to complete a consent form. 
 
Q. What if I do not wish to take part? 
A. Your participation is completely voluntary. If you decide not to take part, this will not affect 
the standard of care you receive from the hospital or any health professional. 
 
Q. What if I change my mind during the study? 
A. You are free to withdraw at any time without it affecting your future treatment.  
 
Q. What will happen to the information from the study? 
A. The information from the study will be used anonymously to help design a larger scale 
exercise trial for people with multiple sclerosis, with results and some quotes published in 
academic journals. The overall conclusions from the study will be made available to you; 
however, it will not be possible to produce an individualised report. 
 
Q. Will the information obtained in the study be confidential? 
A. Yes, the confidentiality of our study participants and their data is of utmost importance. All 
data from the study is anonymised. This means you will be allocated a number during the study, 
and this will be used to store data. In addition, we need to obtain your permission to allow the 
research team access to your medical records, and to information collected during the study. 
This is one of the clauses, which you will sign in agreement on the consent form. 
 
Our procedures for handling, processing, storage, and destruction of data are compliant with 
the Data Protection Act 1998.  
 
Q. Who is organising the research? 
A. The study is organised by the Centre for Sport and Exercise Science, Sheffield Hallam 
University in collaboration with the Academic department of Neurology at the Sheffield 
Teaching Hospitals NHS Foundation Trust. 
 
 
Q. Who has reviewed the study? 
A. The South Yorkshire Research Ethics Committee has reviewed the study. 
 
Q. What if I have further questions? 
A. If you have any questions with regards to this study you may phone: 
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Name: Professor Basil Sharrack (Consultant Neurologist) Tel: 0114 2719303 
Name: Mr Liam Humphreys (Study researcher) Tel: 0114 2255645 
 
Q. What if I wish to complain about the way this study has been conducted? 
A. if you have any cause for complaint about any aspect of the way in which you have been 
approached or treated during the course of this study, the normal National Health Service 
complaints mechanisms are available to you and are not compromised in any way because you 
have taken part in a research study. The normal complaints procedure applies, and you should 
contact the following person: 
Name: David Throssell (Medical Director) Tel: 0114 2711900 
 
You can also voice your complaint to any individual of the research team: 
Name: Professor Basil Sharrack (Consultant Neurologist) Tel: 01142719303 
Name: Mrs Anouska Carter (Project Co-ordinator) Tel: 0114 2255633 
Name: Liam Humphreys (Study researcher) Tel: 0114 2255645 
 
Sheffield Hallam University has the following policies in place for the legal liability of the 
university; (a) Professional indemnity (£10 million); and (b) Public liability (£20 million). 
 

Thank you for taking the time to consider participating in this study. 
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11.2  Appendix B: Chapter 3 interview schedule 
MS and Exercise for people with mod-severe MS: Telephone Interview Guidelines 
 
Thank you for agreeing to take part in this interview, your time is much appreciated. My name is XXXX, 
I am researching how people with more severe MS feel about exercise. We hope that this will help to 
guide further research into exercise for people with more severe MS.  

I will be recording the whole interview, which should take no longer than 45 minutes. If at any point 
you want to end the interview, please just say. Also, if there are any questions you do not understand 
just let me know and I will try my best to rephrase them. 

General Background: daily living 
It will be helpful to understand the nature of your MS, so could you please tell me a little about how 
MS has affected you?  

• What symptoms do you have? 
o Weakness? 
o Stiffness, spasms or spasticity? 
o Problems with balance or coordination? 

• What are the key limitations that you have in terms of daily activities? 
• How important is exercise to you? 
• Do you feel exercise will help your MS? 
• Do you use any aids or orthotics to help you to be more active? 

o AFO 
o walking aids 
o FES 

 
Exercise Background: Building a rationale for an exercise intervention 
 
Understanding of sedentary behaviour 
 
Sedentary behaviour refers to any waking activity that occurs whilst sitting or reclining posture 
that involves very little movement and hence requires very low energy expenditure. Common sedentary 
behaviours include TV viewing, video game playing, computer use (collective termed “screen time”), 
driving automobiles, and reading. Being less sedentary regardless of your levels of physical activity can 
have health benefits. 
 

• Can you give examples of when you might be sedentary? 
• Are you happy with your level of sedentary behaviour? 
• Is this something that you would like to change? 

 
Understanding Physical Activity and Exercise 

We would like to get an impression of how you feel about Physical Activity and Exercise.  

Physical activity is any body movement that works your muscles and requires more energy than 
resting. Physical activity generally refers to movement that enhances health. Exercise is a type of 
physical activity that's planned and structured. 

• Currently do you feel that you do any physical activity? 
• Are you aware of any exercise recommendations for Mod-severe MS?  

o Have your doctors or therapists talked to you about exercise? 
o Do you have any thoughts about what type of exercise might be appropriate? 
o Do you have any thoughts about why exercise might help? 
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Experience of exercise  
Can you now tell us a little about your experiences of exercise. We would like to know about what 
sort of activities and exercise you enjoyed before you developed MS and also more recently. 

• What sort of exercise did you enjoy doing before you developed MS? 
• What sort of exercise have you done since you developed MS? 
• What types of exercise have worked well for you? 
• What has motivated you to exercise in the past? 
• What opportunities have helped you in the past?  
• Do you have exercise equipment that you use? 
• What hasn't worked for you? 

o Have you felt worse as a result of exercising? 
o Have you types of exercise would you not consider? 
o In the past, what are the main things that have stopped you from exercising? 

 
 
Challenges to making it happen /barriers to exercise/reduction in sedentary behaviour 
 

• What do you feel are the barriers that prevent you from exercising more? 
o Which MS symptoms make exercise challenging for you?  

 Fatigue 
 Balance & walking 
 Muscle spasms & stiffness 
 Bladder & bowel problems 
 Low mood, anxiety & depression 
 Muscle weaknesses 

o Which is the most important to you? 
o Might it be difficult to fit exercise alongside other commitments? 
o Do you struggle to know what sort of exercise you might do? 

 
Exercises that might be helpful 
 
There are a number of possible approaches to exercise that have been found to be helpful for others. I 
would like us to go through a few of these together but if there are other approaches that you are aware 
of, it would be very helpful if you could share these with me. 

 
Some people find it helpful to exercise in a gym environment where there is equipment that they can 
use despite not being very mobile, such as an exercise bikes (arm or leg). 

• How would you feel about exercising in a gym environment? 
• Would it be important to you that you were exercising with other people with a similar level 

of ability to yourself or would you be comfortable exercising with anyone? 
• Would it be practical for you to have gym equipment at home? 

 
Some exercise equipment is designed to be used specifically for people with limited movement. For 
example, the machines help you move parts of your body that you might not be able to move easily 
yourself.  

• How would you feel about using this type of exercise machine? 
• These machines would only be available in centres created for this purpose; if there was one 

local to you, do you think you might use it? 
• Would you have someone who might be able to help you? 
• Do you think you might go with friends or by yourself? 

 
Some people with more limited movement prefer to exercise in their home environment. 

• Would you be motivated to do this? 
• Would you be more comfortable exercising at home by yourself? 
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• Do you prefer the company of others when you exercise? 
• Do you prefer to exercise to music? 
• Have you ever tried exercise videos? If so, which and did you find these helpful? 
• Have you access to a Wii game or Wii Fit game? Have you tried using this and if so, how did 

you get on with this? 
 
Some people enjoy group activities and team sports (seated sports such as ping pong, adapted cycles 
available for hire in the Peak District). Is this something that you might find attractive? 

• How important is it to you to exercise outdoors? 
• Are competitive activities attractive to you? 
• How important is it to you to do activities with your family and friends? 

 
Would you be prepared to travel to exercise with others or use exercise facilities? 

• How long might you be willing to travel for? 
• How would you travel - car, community transport? public transport? 

 
Some people benefit from an individual to work with them, for example, an exercise professional or a 
therapist to assist with exercise, to monitor progress and activity levels and to give encouragement. 

• Do you think this would help you? 
• If so, do you think support from a distance would be enough, such as over the telephone or 

online or would you need to see someone in person? 
 
Do you have any other ideas for activities that you may be able to do given the right support? 

• How might you simply be more active in your day-to-day activities? 
 
Expectations 
Could you tell us a little about your expectations of exercise? 

• If you were to do more exercise, what do you expect the impact of that might be? 
• How do you think your body might respond to exercise? 
• What do you think the benefits might be? 
• What do you think the difficulties might be? 

 
 
Research Design and Feasibility 
 
If you were to take part in an exercise programme… 
 

• What would you like to see included? 
• Who would you like to see running the sessions? i.e. exercise specialist, physiotherapist, gym 

instructor 
• Would you prefer to exercise on your own or in a group? 

 
Having thought about the types of things you might do, we should consider what might be achievable. 

• Do you have any thoughts about what might be achievable for you? 
o How many times a week could you engage with exercise? 
o How could you increase your activity levels? 
o How long do you think you may be able to exercise for? 
o How would you expect the exercise to feel?  

 
 
Incentives and social influences 
 
What incentives would make exercise happen for you? What sort of support might you need? 



 

278 
 

• Exercise advice? 
• Getting together with others with similar interests? 
• Support from those around you, partner, friends or family? 
• Help with transport? 

 
What do you think those around you (your family and friends) would feel about you trying to exercise? 

• Would they be supportive? 
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11.3 Appendix C: Example from the coding framework 
Participant Effects of MS Fear Location 

P3: Female; 
44; SPMS; 
EDSS 6.5 

 

Um, if I don’t fall twice a day, it’s, it’s, it’s a 
good day! 

 

It would be embarrassing, because obviously 
I went to the gym when I was fine, and going 
and seeing everybody that’s all healthy and 
skinny and working, running on a treadmill 
might be 

 I don’t want to aggravate my leg pains 

I don’t want MS to take over my life! 

It’s, it’s something I kind of worry about, but 
I don’t know, I wouldn’t know, I don’t know 
which way to handle it.  I don’t know if it is 
like exercising, the more you do it the easier 
it’ll get, or if it’s going to be one day it’ll be 
easy-ish, the next day it’ll be a no-go, do you 
know what I mean? because there’s always 
the worry that you’re going to hurt, hurt 
yourself more. 

I don’t know how much it would knock you 
out really. 

Doing things in the, yeah, doing things in the 
comfort of your own home is a lot nicer than 
going to maybe, say, another hospital or 
anything like that, because you go to that 
many.  I mean, I’m under three; there’s the 
Northern General, the Hallamshire and 
Chesterfield. 
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P4: Female; 
42 RRMS; 
EDSS 6.0 

I have problems with, with, um, walking  

Pain and fatigue. probably the pain and the 
fatigue which is preventing me from doing 
things, 

but the problem is if I was to go and utilise 
the limited, you know, the limited energy that 
I have doing, you know, going to do some 
kind of activities, I would, I would be 
struggling.  But then I think I would be 
struggling anyway.  When I go to the physios 
they only give me a limited amount of stuff 
to do, you know like.  

but the problem is if I was to go and utilise 
the limited, you know, the limited energy that 
I have doing 

Oh no, (in the home) that would be great, 
yeah.  I mean that would be, um, that would 
be a good, really good option for me, in my 
situation that, that I am, find myself in at, at 
the moment, yeah. 

P5: Female; 
48; RRMS; 
EDSS 6.5 

 I can join a gym but it’s the embarrassment 
of showing my inadequacies to other people. 

in my head I want to do all sorts of things, 
but realistically my body doesn’t let me, you 
know do, do things 

well in my own home 

I wouldn’t want to go there with people who 
really fit and making me look stupid. 
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11.4 Appendix D: PDDS: Patient-determined Disease Steps 
Please read the choices listed below and choose the one that best describes your own 
situation. 

This scale focuses mainly on how well you walk. You might not find a description that 
reflects your condition exactly, but please mark the one category that describes your situation 
the closest. 

0 – normal 

I may have some mild symptoms, mostly sensory due to MS but they do not limit my 
activity. If I do have an attack, I return to normal when the attack has passed. 

1 – mild disability 

I have some noticeable symptoms from my MS, but they are minor and have only a small 
effect on my lifestyle. 

2 – moderate disability 

I don't have any limitations in my walking ability. However, I do have significant problems 
due to MS that limit daily activities in other ways. 

3 – gait disability 

MS does interfere with my activities, especially my walking. I can work a full day, but 
athletic or physically demanding activities are more difficult than they used to be. I usually 
don't need a cane or other assistance to walk, but I might need some assistance during an 
attack. 

4 – early cane 

I use a cane or a single crutch or some other form of support (such as touching a wall or 
leaning on someone's arm) for walking all the time or part of the time, especially when 
walking outside. I think I can walk 25 feet in 20 seconds without a cane or crutch. I always 
need some assistance (cane or crutch) if I want to walk as far as 3 blocks. 

5 – late cane 

To be able to walk 25 feet, I have to have a cane, crutch or someone to hold onto. I can get 
around the house or other buildings by holding onto furniture or touching the walls for 
support. I may use a scooter or wheelchair if I want to go greater distances. 

6 – bilateral support 

To be able to walk as far as 25 feet I must have 2 canes or crutches or a walker. I may use a 
scooter or wheelchair for longer distances. 
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7 – wheelchair / scooter 

My main form of mobility is a wheelchair. I may be able to stand and/or take one or two 
steps, but I can't walk 25 feet, even with crutches or a walker. 

8 – bedridden 

Unable to sit in a wheelchair for more than one hour. 
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11.5 Appendix E: Permission to contact form 
Study title: High intensity Interval Training for People with Mild Multiple Sclerosis: A Feasibility Study 

 

Study Aim: The aim of the proposed study is to assess whether high intensity interval training is a 
safe, enjoyable and effective exercise option for people with mild multiple sclerosis. 

Chief Investigator:  Professor Basil Sharrack, Consultant Neurologist 

 

---------------------------------------------------------------------------------------------------------- 

I can be phoned at this phone number/numbers 

___________________________________________________________ 

The best days and times to phone me are  

 

 

Signed_______________________________________________________________ 

Date______________________________________ 

  

Yes, you can phone me to discuss my interest in this project once I have had time 
to consider the information given to me 

 

 

The phone call is to discuss if I am interested in participating in the research 
project. 

 

 

The phone call does not mean I agree to be in the project. 

 

 

I understand that I can change my mind at any time.  

 

 

I understand that my contact details are confidential. They will only be used to 
tell me about this research project that is currently being done at Sheffield 
Hallam University. 

 

 

I wish to be phoned by the project researcher Liam Humphreys to discuss the 
project. 

 

 



 

 

11.6 Appendix F: Session feedback form (adverse event) 
High intensity Interval Training for People with Mild Multiple Sclerosis: A Feasibility Study 

Participant number: 

Session number: 

Participant comments: 

Has the participant had any Adverse Events during this session? Yes      No    (If yes, please list all Adverse Events below) 

 

 

Severity Action Taken Regarding Study 
Intervention 

Outcome of AE Expected Serious 

1 = Mild 
2 = Moderate 
3 = Severe 

 

1 = None 
2 = Discontinued session 
3 = Discontinued from study 
 

1 = Resolved, No Sequel 
2 = AE still present- no treatment 
3 = AE still present-being treated 
4 = Residual effects present-not                   

treated 
 

1 = Yes 
2 = No 

1 = Yes 
2 = No 
(If yes, 
complete SAE 
form) 

Adverse Event Start Date Stop Date Severity Relationship to 
Study Treatment 

Action 
Taken 

 

Outcome 

of AE 

Expected? Serious 
Adverse 
Event? 

Initials 

 

1. 

    

 

     

 

2. 

         

3. 

         



 

 

 

11.7 Appendix G: Example of the coding framework 
 

 
Feelings before the trial Negative impact of the trial 

 
B : Apprehension or  
fear 

L : Peer support O : Why signed up I : Motivation A : Adverse event K : Negatives of 
HIIT 

P1: 
Female

, 28; 
MS 

Um, I'd probably be 
in a lot of pain. I 
thought I was going 
to be, um, I thought 
I was going to be 
really bored, um. 
 
Um, I was 
anticipating the pain 
in my knees. 
 
I wasn't like, yeah, I 
was, I suppose, 
really, 
apprehensive. But I 
didn’t go in to it 
with a negative 
mindset anyway.  

Some of them 
thought it was really 
good. You know are 
you going to keep it 
up and some of 
them were like, oh 
God, I don’t know 
how you do that 
(laughs). And a 
couple of my friends 
have got bikes and 
they were just like, 
you need to go 
spinning, like, 
spinning’s, like 
awful (laughs). 
When they go out, 
those actually go out 
on bikes in real life, 
and they are like 
actual cyclists, and 
they say you should 
come with us, trying 
to get me to go and 
all that, oh (laughs), 
clinical trials.   

Um, it's, one 
research, I like 
research. Just get 
involved; otherwise, 
nobody will ever 
know anything. Um, 
it didn't sound like a 
horrible, yeah, I 
thought it was pretty 
good actually. It’s a 
good opportunity.  
 
It’s not like you are 
pumping yourself 
full of drugs, like, 
the other one, you 
know.  It’s not 
drugs, it’s 
something 
completely natural. 

Um, this is where I 
have trouble 
because I always 
refuse to believe it's 
my MS that’s 
making me tired. 
There’s always of 
other stuff, um, but, 
because I don't 
really know what, I 
struggle. It's like 
you say, you 
struggle to 
differentiate 
between whether 
you're tired or not. I 
just have to kind of 
compare myself to 
the people I'm 
working with, and at 
the minute they’re 
tired as well. Um, I 
think mainly it’s to 
do with stress,  

Um, sometimes I 
felt sick. A couple 
of times I went deaf 
(laughs). That was 
the only thing that 
worried me really 
because that's a 
symptom that I got 
when I first, um, I 
just went blind. 
  

That was it. It was 
just like my legs 
went numb (laughs). 
You know when 
you stop like, stop 
exercising, you feel 
a little bit sick 
(laughs) can't walk 
properly. 



 

 

P02: 
Female

; 27 

I fully expected to 
feel awful and tired 
and achy and that 
I’d hate it, and to be 
perfectly honest, I 
didn't think I'd be 
able to do it, 
because I have so 
little, sort of, I don't 
feel like I can push 
myself sometimes 
with a lot of simple 
things, and I try not 
to use it as a crutch, 
but I always  think 
oh what if I hurt 
myself, or what if I, 
you know, do 
myself some 
damage and it takes 
me ages to feel 
better 
 
Am I going to end 
up like, you know, 
in a total pickle?  
  

And my mum and 
dad are quite 
protective. So they 
kept saying oh don't 
overdo it, you’ll end 
up hurting yourself.  
 
Yeah, and with my 
mum having, um, 
sort of mobility 
issues as well, um, 
she’d kind of got the 
view of, she used to 
go and do physio, 
and she always felt 
worse after the 
physio. So I think 
she'd got a sort of 
predetermined 
opinion that I was 
going to be similar 
to her. That I was 
going to do 
something intense 
and feel terrible and 
take ages to get over 
it and kind of not 
reap any benefit. 
But obviously it’s 
gone the other, 
which is nice. 
  

Well, I, it’s one of 
those things. I think 
you always put your 
trust in the people 
who are supposed to 
know more than 
you. So if he 
[neurologist] told 
me, it’s kind of, if he 
said jump, I'm going 
to say how high, 
because he's telling 
me something for 
my own sort of 
benefit. 
 
So if he 
recommended it, I 
think regardless of 
my personal view 
on something I think 
I'd probably, you 
know, give it a 
crack. Um, 
especially with him 
saying it was to do 
with research. I 
thought well if it is 
going to benefit me, 
it’ll benefit others. 
So even if I'm 
terrible at it, may as 
well give it a shot 
 
. 

 
No, I kept expecting 
to kind of, I flake 
out of things really 
easily if I don't think 
I can do them, but 
with what I said to 
you I kind of saw it 
as more of a, I put 
my feelings second 
and thought I’ve got 
to do this because 
it's your research. 
So that kind of 
staved off the I can't 
do this, or I don't 
want to do this, I 
treated it more like 
an appointment that 
I had to do. And I 
think doing that 
made it more of a, I 
don’t know, that 
made me enjoy it 
more because it 
wasn't a hassle, it 
was just something I 
was doing. 
 
. 

First couple of 
sessions, quite tired. 
I think the first 
couple I possibly 
went home and 
vegged, um, 
because I wasn't 
used to doing 
anything that wasn't 
sitting down after 
work or just going 
to the gym for an 
hour. But, as it 
progressed, I think 
maybe like the 
second week, I 
started, you know, 
going home, taking 
the dog for a walk 
afterwards, to kind 
of keep on that high. 
 
I literally had a sore 
bum for the first 
couple of weeks … 
 
. 

Um, yeah, first 
week I thought oh 
God what have I let 
myself into. 
 
Um, not 
particularly, just 
because I'm, I tend 
to get quite tired, so 
I wasn't particularly 
worried that it was 
anything 
detrimental. I just 
kind of thought oh, 
you know, I'm doing 
more strenuous 
activity so it's going 
to be a longer 
recovery time. 



 

 

P03: 
Female

; 50 

I thought I might be 
ti- a bit tired, um, I 
thought I might ache 
a lot more. Um, but 
I didn’t have any, I 
didn’t have any 
worries or concerns 
about it.  
 
. So that, that was 
the only time I was a 
little bit concerned. 
And I was thinking 
oh no, you know, 
kind of maybe, um, 
maybe I’m not up to 
this. 

I wanted to get back 
into the habit. Um, 
and they thought it 
was great but, you 
know, I was going 
to, um, you know, 
get this opportunity 
to. But, a lot, like I 
say a lot of people 
don’t know I’ve got 
MS because I don’t 
really, the few, the 
friends that I do 
know that I don’t 
see very often their 
first question is and 
how’s your MS? 

I think I just, I just, 
well I think I just 
wanted to get fit 
again to be quite 
honest. I m-, I’d, I’d 
started swimming, 
um, and I just, yeah, 
I had, like I say it 
was a six week 
course. I had the six 
week summer 
holidays in front of 
me. I think I might 
have thought twice 
had, had it not had 
the six week 
holidays in front of 
me. Um, just 
because, I, I hit, I hit 
such busy times 
coming down to, to 
where you are. So it 
just worked really 
well, that, you 
know, the holidays 
were on the horizon 
and it, and, you 
know, kind of that 
fitted in with you all 
right. 

Yeah I think, I think 
I just enjoyed, um, I 
think there is 
something about, 
kind of something 
kicks in doesn’t it 
when you’re kind 
of, your heart’s 
racing. Or when, 
when I have to say 
when I get, when I 
get the beeps 
coming on I think, 
oh no, not the beep - 
very funny! But in 
general, you know, 
there is something 
about pushing 
yourself. Um, I’ve 
never been 
competitive with 
other people but I 
do, I, I am quite 
competitive with 
myself, do you 
know what I mean.  
  

A couple, of times I 
felt kind of not 
pulling up, possibly 
not, from the, the, 
straight after but, a 
kind of towards a 
day later, um, a bit 
stiff. But in general, 
you know, , I don’t 
whether I’m 
pushing myself 

I feel a bit, a bit tired 
afterwards, you 
know, kind of you 
know, kind of after 
you got off the bike, 
you know, kind of 
I’d, I’d go to the car 
and I’d kind of drive 
home and think oh I 
just want to sit down 
and have a cup of 
tea.  

I I do wish bicycle 
seats were more 
comfy.  
  



 

 

P04: 
Female

; 37 

 Husband was 
supportive and keen 
for me to do it and I 
thought I would 
enjoy it my friends 
were concerned. 
Saying you know 
are you okay and all 
that kind of thing. 
How did it go. Some 
of them thought it 
was quite funny 
cause they just 
thought it was there 
idea of hideous. My 
parents were uneasy 
about it and thought 
I should taking it 
easy and weren't 
convinced it was a 
good idea. .  
 
.  

I used to do this but 
haven't done 
recently so why not 
give it a go. It might 
be good to also 
really give reasons 
for other people. 
But you know it's 
kind of a good 
feeling to feel like 
you may have 
contributed in some 
way to something at 
the time to do it. So 
there there's not a 
good reasons not to 
quite interested in 
things so interested 
in this experience 
but in here you do 
the VO2 monitoring 
and all that 
business. .  
 

It gave me a bit of 
confidence to do 
things like go good 
jogging from one of 
the mums from 
school who 
previously thought 
to I'm not fit enough 
for etc. and I just 
thought well I didn't 
do it and it was fine. 
.  

Well this is quite 
embarrassing 
because of skin 
trauma to the point 
that there was 
bleeding. .  
 
I get very tight up 
my left side at any 
way. It's just the side 
that's more effected. 
Hamstrings on the 
left hand right 
happens just 
through jogging and 
working and things. 
But I suspect it was 
possibly a little 
more pronounced 
with cycling. I 
actually had some 
massages because it 
was quite painful 
but that isn't unusual 
to have happened 
anyway and the 
person who did the 
massage said that 
she thought it was 
particularly tight. .I 
found the bike very 
uncomfortable. 

It started to get 
tedious towards the 
end. if it had carried 
on any longer I that 
would have wanted 
to vary it 
 
My optimum 
number was 8. 6 
seemed pretty 
quick. . It as hard as 
you make it isn't it 
but six didn't seem 
to hard and I could 
literally go flat out 
right from the first 
one. 8 felt Like a 
challenge and 10 I 
wasn't given 
everything at the 
beginning. 
 

 

 



 

 

11.8 Appendix H: Healthcare professionals interview schedule 

Version 3 

 
Demographics 

 

• What is your current role and job title? 
• Who is your employer? 
• Where does your service / role operate? ( i.e. Sheffield, S.Yorks, Rotherham) 

 

Your views on exercise for people with MS 

• What are your views regarding physical activity (PA) /exercise for MS patients? 
• Tell me about your current delivery of PA advice 

o On a scale 1 - 10 how confident are you in giving PA advice? 
o What are your thoughts on training of staff? 

 Would you be interested in receiving brief training? 
 

• What are your thoughts on the current physical activity opportunities available to your patients? 
o Do you know of any examples of good practice? 

 
• What are your views about having a specific MS and exercise rehabilitation service in Sheffield and 

Rotherham?  

 

Community physical activity service 

 

• If you had lots of money and could design a service tomorrow what would it look like? 
o Who would be involved? 

 Who should run the service? 
o Where? 
o What? modes of exercise 
o how would people access the service (i.e. through GP exercise referral scheme, from hospital i.e. 

treating clinicians, AHP's, community referrals, or self-referral) 
 Who needs to be involved in referral? 

o What would be the main aim of the service? 
 Symptom management? 
 General wellbeing? 



 

 

• Do you see any potential challenges or barriers to the successful integration of such a service within your 
organisation?  

o How would you overcome them? 

 

 

Outcomes of exercise for people with MS 

• What benefits would you like to see your patients receive from the service? 
• Do we need to collect health outcome data alongside exercise participation?  

o What are the most important outcomes to be measured? 
 

• What do you feel would be the key performance indicators for such a service? 

 

 

  



 

 

11.9 Appendix I: People with MS interview schedule 

Version 4 

 

Experience of physical activity  

 

• Tell me about your experiences of physical activity before you developed MS? How has this 
changed pre/post MS? 

• tell me about your movement’s day to day?  
• tell me about your positive experiences of physical activity? 
• Currently do you feel that you do any physical activity? 

o Did you PA levels fall following diagnosis? 
o What sort of physical activity have you done since you developed MS? 

• Tell me about times when you have found it difficult? 
o What hasn't worked for you? 
o Have you felt worse as a result of exercising? 
o Have you types of physical activity would you not consider? 

• What do you think are the main barriers to exercising for someone living with MS? 
o How can we overcome them? 

• How can we help people MS to be more active and stay active? 
• What are the important questions you need answering if you are thinking about physical 

activity 
 

General Background 

It will be helpful to understand the nature of your MS, so could you please tell me a little about how 
MS has affected you?  

• What symptoms do you have? 
o Weakness? 
o Stiffness, spasms or spasticity? 
o Problems with balance or coordination? 

• What are the key limitations that you have in terms of daily activities? 
• How important is physical activity to you? 
• Do you feel physical activity will help your MS? 

o In what way? 
• Do you use any aids or orthotics to help you to be more active? 

o AFO 
o walking aids 
o FES 

Physical activity advice 



 

 

 
Physical activity and MS Rehabilitation Service 

• If you could design a service to support PWMS to move more and be active, what would 
that look like? 

• What type of service would you like to see? 
o What would it include?  

 What type of activities/ exercise? 
o Is it group based or individual? 
o How long would it last? 
o Would it be free? Would you be willing to pay towards the cost? 
o Where should it be offered? Who should deliver it?  
o Who would be eligible to take part?   
o Is it important that the service is just for PWMS? Would you be happy to exercise 

with others who have different clinical conditions or none at all? 
 

 

Important outcomes 

 

• If you are physically active do you think it's important to measure progress? 
o What should be measured?  

 Fatigue?  
 Strength? 
  Fitness? 
 Other? 

 

  

• Were you given any advice about exercise from your clinical team regarding physical 
activity? 

o When was this advice given? 
o Was the advice useful? 
o Did your clinical team encourage / endorse /advocate physical activity for helping 

with rehabilitation or recovery? 
o Who gave the advice? doctor, GP, surgeon, oncologist, nurse, physio, fitness 

instructor, other? 
o Who do you feel is the right person to give advice? 

• What has been your experience, if any, of accessing physical activity support for someone 
living with MS in the community?  

o Are you aware of any services? 
o Have you tried to access them? 
o Do you feel as though you have been well-supported, and your needs 

understood? 
 



 

 

11.10 Appendix J: Example of healthcare professional coding framework 
 

Participant Exercise is beneficial Talking about exercise Not a priority Effects of condition 

HP2: Female; 41 
Neuro-

physiotherapist 

Finding solutions to taking 
part in exercise is really 
important for the MS 
population. 
 
I think just for management 
of the primary symptoms 
you know so particularly 
motor control, strength, 
sensory, and 
proprioceptive awareness 
exercise I think is really 
positive for all those. 

It is about keeping people 
active and finding 
something that they're 
going to stick with 

As an NHS physio, I don't 
think I ever spoke to 
individuals about exercise, 
about whether or not 
they went to a gym or 
not, or if they'd like to. 
We very much focused 
upon a more kind of 
medical approach to 
physio 
  

The onset of MS is usually in 
young adulthood and people 
see that their peers are still 
active. I think what we're seeing 
at the minute, particularly 
amongst certain demographics 
is that there's a wave of 
exercise and physical activity 
that is kind of popular thing to 
do. 

HP3: Female; 51; 
Neuro-

physiotherapist 

To gain better movement 
and better life quality 
exercise is part of it. 

I do almost always refer 
people to a physio even if 
they’ve not got any 
particular problems, just to 
talk about sort of like 
suitable exercises and things 
like that. So, we do tend to 
always refer and to neuro-
physios, in the local area.  

 
Even if they look well, they 
might have balance issues and 
things. Also, the whole hour is 
sometimes a lot for someone to 
do which most classes are. If 
they get really bad fatigue trying 
to do that, whole hour can be 
difficult. 



 

 

HP4: Female; 26; 
rehabilitation 

specialist 
 

What they need is advice on 
exercise and advice on just 
getting out and keeping that 
up and knowing there is a 
support system. 

 People have reported in the past 
feeling intimidated exercising in 
a normal class because of their 
condition.  

HP5: Female; 28; 
neuro-

physiotherapist 

Very many of the common 
symptoms that affect 
patients with MS such as 
limb weakness, Spasticity, , 
low mood, and MS fatigue, 
exercise plays an important  
part in improving that for 
patients. 

I would say every 
consultation I am talking to 
patients about exercise. 

MS patients are a group 
that don’t necessarily 
access support. They can 
keep themselves quite 
isolated. For a number of 
reasons, some people 
don't like seeing other 
PWMS, some don't like 
talking about their 
diagnosis. 

MS fatigue I think is one of the 
biggest blockers 

 

 



 

 

11.11 Appendix K: An example of PWMS coding framework 
ID Trained Physio Goals Duration 

of 
session 

Cost Location Social Stratified 

P8: 
Female; 

30; 
PDDS 

1 

 I’m thinking like a 
physio, an 
instructor that kind 
of knows a bit 
about the anatomy 
and sort of body. 
And I think it’s 
quite important 
especially with 
PWMS that you 
know a little bit 
about what you’re 
doing 

  
45 
minutes 
would 
be 
enough.  

 I would be 
willing to pay 
something. 
Something, 
not a gym 
membership 
though. I’m 
not talking 
like, you 
know, 35 
quid a month. 
It would have 
to be, you 
know, like a 
class, maybe 
if there was a 
class and it 
could cover 
the cost of a 
venue and, 
you know, 
something for 
the instructor 
than yeah. 

 I’d like to see 
a bit more, um, 
obviously 
having, having 
to go out the 
house to, you 
know, it has to 
be local. It has 
to be easy, it 
has to be 
accessible, 
because one, 
you know, I 
know since 
I’ve lost my 
driving licence 
it was a lot 
harder to 
motivate 
myself to get 
to, you know, 

I’m quite sociable 
so it’s nice to go to 
a group. Like 
going to the gym 
on my own is 
always a little bit 
daunting and a bit 
boring.  

 I think the benefit 
of having the 
level, levels of MS 
in the same group 
would be, you 
know, you’ve got 
more people who 
are similar and it’s 
a bit more 
encouraging, I 
think. Um, if 
people have got 
depression or, you 
know, they’re 
really, I don’t 
know, I can’t think 
of another word 
for jealous but, 
you know, they 
wish they were 
like somebody 
else or, you know, 
it could probably 
make someone 
feel a little bit bad.  



 

 

P9: 
Male; 

59; 
PDDS 

5 

Does it have to be 
a neurophysio? I 
think it has to be 
somebody who 
you really trust. 

 Do try to get the 
advice of a proper 
neuro, 
neurophysiotherapist 
in order to work out 
what’s the right 
exercise for you, and 
then hopefully you 
will get the physical 
benefit and 
hopefully you will 
get the BDNF, 
disease modifying 
treatment, effective 
neuro exercise. 

 how fast can 
I open the 
pages of a 
book, do I 
find that 
difficult? 
How fast can 
I take my 
coins out of 
my wallet, 
because I 
found that 
difficult, and 
those sort of 
things that 
matter, can I 
carry a cup 
of tea and a 
bowl of 
cereal across 
the room to 
have my 
breakfast, 
that sort of 
measurement 
I think is 
very useful.  

 
Would all 
exercise be, 
would 
exercise be 
free? Should 
it be funded 
through the 
state? No, I 
don’t think it 
should be 
funded 
completely. 
give people a 
free starter, 
free four 
weeks, 

 
Getting people 
together and the 
sociable part of 
exercise is vital 
and. And people 
with 
neurodegenerative 
diseases will have 
problems with 
social, socialising 
and introducing 
new ways of 
socialising for 
them. And that’s 
great.  

The client in 
different levels of 
severity. And I 
would see that if 
we take the 
example, we had 
of recently 
diagnosed, not 
bad, moderate 
disabilities to 
severe, I would 
want any of those 
people to refer 
themselves into an 
exercise scheme. 
But it doesn’t have 
to be at the gym 
only 



 

 

 
 if in my early 
stages of MS, um, I 
had gone to a gym 
and had, there’d 
been fitness 
instructors there 
who had done 
rehab of 
neurological 
diseases and 
neurodegenerative, 
generative 
diseases, um, I 
would think great 
that I can, I would 
listen to that sort of 
person. 

I think you’ve got to 
somehow gain the 
confidence of the 
patient. And when I 
come here, the 
neurophysios give a 
lot of advice on 
physiotherapy-type 
things. They don’t 
push particularly at 
the aerobic exercise 
BDNF story. 

  
But if you put 
some money 
in yourself, 
um, they 
commit more. 

  
 I don’t think 
referral has to be 
stratified too 
much. I just tend to 
think of those 
categories. But 
ultimately the 
same thing is 
people need to get 
in. I think group 
exercise to be 
pragmatic is good 
for people. 

 

 



 

 

11.12 Appendix L: BCW worksheet 1 - Define the problem in behavioural terms 
 

 

What behaviour? People with multiple sclerosis meeting the 
recommended levels of physical activity. 

 

 

Where does the behaviour occur? In the community (home or fitness facility) 

Not in a hospital 

 

 

Who is involved in performing the behaviour? 

 

PWMS, physiotherapists, fitness instructors, 
health professionals 

 

 

  



 

 

11.13 Appendix M: Worksheet 2 - Define the problem in behavioural terms 
 

Task 1: Generate a 'long list' of candidate target behaviours that could bring the desired outcome  

Intervention aim: Provide PWMS with a theory-based community exercise intervention to help 
them be more active. 

 

Intervention designer response 

Providing physical activity opportunities: 

• Home-based 

• Internet-based 

• Self-directed exercise 

• Leisure/community facility 

Reduction in the barriers for PWMS engaging in exercise 

• Education on the effects of exercise for PWMS 

• Communication of physical activity recommendations for PWMS 

• Develop peer support groups 

• Access to knowledgeable appropriately trained instructors 

• Health professionals promote/endorse exercise 

• Access to physiotherapy 

  



 

 

Task 2: Prioritise the behaviours 

Potential target 
behaviours 

Impact of 
behaviour 
change 
(unacceptable, 
unpromising but 
worth 
considering, 
promising, very 
promising) 

Likelihood of 
changing 
behaviour 
(unacceptable, 
unpromising but 
worth 
considering, 
promising, very 
promising) 

Spill over score 
(unacceptable, 
unpromising but 
worth 
considering, 
promising, very 
promising) 

Measurement 
score 
(unacceptable, 
unpromising but 
worth 
considering, 
promising, very 
promising) 

Providing home-based PA 
opportunities 

Promising promising Unpromising Unpromising 

Internet-based Promising promising promising promising 

Self-directed exercise 

 

Unpromising Unpromising Unpromising Unpromising 

Leisure/community 
facility 

 

Promising Promising Promising Promising 

Education on the effects of 
exercise for PWMS 

Promising Unpromising Unpromising Unpromising 

Communication of 
physical activity 
recommendations for 
PWMS 

Unpromising Unpromising Unpromising Unpromising 

Develop peer support 
groups 

Promising Promising Promising Unpromising 

Access to knowledgeable 
appropriately trained 
instructors 

Promising Promising Promising Promising 

Health professionals 
promote/endorse exercise 

Promising Promising Promising Promising 

Record selected target 
behaviour here: 

• Exercise in a leisure/ community facility,  

• access to knowledgeable appropriately trained instructors and physios 

• Peer support 

 

  



 

 

11.14 Appendix N: Worksheet 3 – Specify the target behaviour 
 

Target behaviour Increase physical activity levels of PWMS in the 
community 

Who needs to perform the behaviour? 

 

People with low-to-moderate MS related disability 

What do they need to do differently to achieve the 
desired change? 

 

Attend a community-based exercise intervention 
for 12 weeks 

When do they need to do it? 

 

Community-based intervention will be one day per 
week 

Self-managed physical activity will can be done 
whenever they can 

Where do they need to do it? 

 

Community/leisure facility 

Home 

Local area 

How often do they need to do it? 

 

Adults (aged 18-64 years) with MS: 

30 minutes of moderate intensity exercise 2 times 
per week 

 

Strength training exercise for major muscle groups 
2 times per week 

 

With whom do they need to do it? 

 

Can be done by themselves if individual is 
confident 

With friends and family 

With a fitness instructor 

In a group 

 

  



 

 

11.15 Appendix O: Worksheet 7 – policy categories 

Intervention function Policy categories Does the policy category meet 
the APEASE criteria? 

Education Communication/marketing Yes 

Guidelines Guidelines around physical 
activity already exist and will 
form the prescription 

Regulation N/A 

Legislation N/A 

Service Provision Yes 

Persuasion Communication/marketing Yes 

Guidelines Guidelines around physical 
activity already exist and will 
form the prescription 

Regulation N/A 

Legislation N/A 

Service provision Yes 

Incentivisation Communication/marketing Yes 



 

 

Guidelines Guidelines around physical 
activity already exist and will 
form the prescription 

Fiscal measures N/A 

Regulation N/A 

Legislation N/A 

Service Provision Yes 

Training Communication/marketing Yes 

Guidelines 

 

Guidelines around physical 
activity already exist and will 
form the prescription 

Fiscal measures N/A 

Regulation N/A 

Legislation 

 

N/A 

Service Provision Yes 



 

 

Environmental restructuring Guidelines 

 

Guidelines around physical 
activity already exist and will 
form the prescription 

Fiscal measures N/A 

Regulation N/A 

Legislation N/A 

Environmental/ social planning Yes 

Modelling Communication/marketing Yes 

Service provision Yes 

Enablement Guidelines 

 

Guidelines around physical 
activity already exist and will 
form the prescription 

Fiscal measures N/A 

Regulation N/A 

Legislation N/A 

Environmental/social planning Yes 



 

 

Service provision Yes 

Policy categories selected: Communication/marketing, service provision, environmental/social 
planning 

 

  



 

 

11.16 Appendix P: Worksheet 7 - Identifying Behaviour Change Techniques (APEASE criteria) 
 

Intervention 
function 

COM-B 
component 

Frequently used BCTs Does the BCT meet 
the APEASE criteria 

Less frequently BCTs 
identified in qualitative 
analysis 

Does the BCT meet 
the APEASE 
criteria 

Education Physical Capability 

Reflective 
motivation 

Information about social and 
environmental 

No Self-monitoring of 
outcomes of the 
behaviour 

No 

Information about health 
consequences 

Yes   

Feedback on behaviour Yes   

Feedback on outcome(s) of the 
behaviour 

Yes   

Prompts/cues No   

Self-monitoring of behaviour Yes   



 

 

Persuasion Automatic 
motivation 

Reflective 
motivation 

Credible source Yes Verbal persuasion about 
capability 

No 

Information about social 
environmental consequences 

No   

Information about health 
consequences 

No   

Feedback on behaviour Yes   

Feedback on outcome(s) of the 
behaviour 

Yes   

Incentivisation Automatic 
motivation 

Reflective 
motivation 

Feedback on behaviour Yes   

Feedback on outcome(s) of the 
behaviour 

Yes   

Monitoring of behaviour by others 
without evidence of feedback 

No   



 

 

Self-monitoring of behaviour Yes   

Training Physical capability 

Psychological 
capability 

Physical 
opportunity 

Automatic 
motivation 

Demonstration of the behaviour Yes Self-monitoring of 
outcomes of the 
behaviour 

No 

Instruction on how to perform a 
behaviour 

Yes   

Feedback on the behaviour Yes   

Feedback on outcome(s) of 
behaviour 

Yes   

Self-monitoring of behaviour Yes   

Behavioural practice/rehearsal Yes   

Adding objects to the environment Yes   



 

 

Environmental 
restructuring 

Physical 
opportunity 

Social opportunity 

Prompts/cues No   

Restructuring the physical 
environment 

No   

Modelling Social opportunity 

Automatic 
motivation 

Demonstration of the behaviour Yes   

Enablement Physical capability 

Psychological 
capability 

Physical 
opportunity 

Social opportunity 

Automatic 
motivation 

Social support (unspecified) No Social support 
(emotional) 

Yes 

Social support (practical) 

 

No Self-monitoring of 
outcomes of the 
behaviour 

Yes 

Goal setting (behaviour) 

 

Yes   

Goal setting (outcome) Yes   



 

 

Adding objects to the environment No   

Problem solving No   

Action planning Yes   

Self-monitoring of behaviour Yes   

Restructuring of the physical 
environment 

No   

Review behaviour goal(s) Yes   

Review outcome goal(s) Yes   



 

 

11.17 Appendix Q: Worksheet 8 – Identify mode of delivery 
 

Mode of delivery Does the mode of 
delivery meet the 
APEASE 
criteria? 

Face-to-face Individual No 

Group Yes 

Distance Population Level Broadcast media TV  

Radio 

Outdoor media Billboard 

Poster 

Print media Newspaper 

Leaflet 

Digital media Internet 

Mobile phone app 

Individually-level Phone Phone helpline 

Mobile phone test 

Individually accessed computer 
programme 

 

  



 

 

11.18 Appendix R: BCT used in each session 
 BCT (taxonomy code, 

Michie et al, 2013) 
Session 
1 

Session 
2 

Session 
3 

Session 
4 

Session 
5 

Session 
6 

Session 
7 

Session 
8 

Session 
9 

Session 
10 

1 Information about health 
consequences (5.1) 

          

2 Feedback on behaviour 

(2.2) 

          

3 Feedback on outcome(s) 
of the behaviour (2.7) 

          

4 Self-monitoring of 
behaviour (2.4) 

          

5 Credible source 

(9.1) 

          

6 Demonstration of the 
behaviour (6.1) 

          

7 Instruction on how to 
perform a behaviour 
(4.1) 

          

8 Behavioural 
practice/rehearsal (8.1) 

           

9 Adding objects to the 
environment (12.5) 

          

10 Goal setting (behaviour) 
(1.1) 

          

11 Action planning 

(1.4) 

          



 

 

12 Review behaviour 
goal(s) (1.5) 

          

13 Social support 
(emotional) (3.3) 

          

 

  



 

 

11.19 Appendix S: Instructor MS awareness raising booklet 
 

Introduction 

Multiple sclerosis (MS) is a complex condition and has many consequences, such as impaired 

muscle strength, mood, fatigue, and mobility. Exercise has been shown to be a safe and 

effective treatment strategy for people with MS (PWMS). Despite the suggested benefits of 

exercise, PWMS are often reported to be less physically active than the general population, 

with symptoms being linked to physical activity levels and partially accounted for by low 

exercise self-efficacy (situation-specific self-confidence). This low physical activity can lead 

to secondary complications such as obesity, cardiovascular disease and osteoporosis. 

Historically PWMS have been advised to avoid exercise to conserve energy and prevent 

increases in body temperature that could worsen symptoms (Uhthoffs syndrome) (Petajan and 

White, 1999). Early research focused on rehabilitation-based physiotherapy treatments (Oligati 

and Prampero, 1986) and water-based exercise (Gehlsen et al., 1984); these studies generally 

had small sample sizes and lacked the robust de- sign of a randomised-control trial (RCT). 

Research in the area has since gained momentum, with the Cochrane review on ‘Exercise 

therapy for Multiple Sclerosis’ (Rietburg, 2005) recognising nine RCT’s of high technical 

quality, concluding that exercise is efficacious for improved outcomes in MS. However, it was 

recognised that further research of high technical quality is required. Further reviews by Heesen 

et al., (2006), Dalgas et al., (2008), Motl and Pilutti (2012), La- timer-Cheung et al., (2013) 

and Sá (2013) supported these findings and concluded that supervised exercise (aerobic and or 

strength) training is beneficial for people with mild-to-moderate MS. Moreover, a recent 

review on exercise safety for PWMS suggested that exercise causes no increase in re- lapse 

rate or the number of exercise-related adverse events reported in PWMS (Pilutti et al., 2014), 

indicating it is both a safe and effective treatment strategy for this patient group. 

Current evidence suggests that exercise may do more than improve function and better manage 

symptoms in MS, but may slow down the disease pro- cess, with some evidence to indicate a 

possible disease-modifying effect. This indicates that guidance for long-term prescription is 

required (Dalgas and Stenager, 2012). 

Depending on the nature and level of impairment associated with the dis- ease, PWMS may 

experience a variety of symptoms that may directly affect their responses to exercise. 

These symptoms include: 

• Spasticity 

• Incoordination 



 

 

• Impaired balance 

• Fatigue 

• Muscle weakness, paresis (partial paralysis), and weakness 

• Sensory loss and numbness 

• Cardiovascular dysautonomia (problems with cardio acceleration and reduction in 

blood pressure response) 

• Tremors 

• Heat sensitivity 

Review of the Literature 

BRIEF OVERVIEW OF THE RESEARCH 

 
 
It is now generally accepted that exercise and physical activity is safe and beneficial for people 

with mild-to-moderate multiple sclerosis. Research suggests that exercise therapy is safe (Sa, 

2014) and there is no evidence that exercise increases relapse rates (Pilutti et al, 2014). 

The majority of physical activity research is in people with mild-to-moderate MS research is 

limited in people with moderate-to-severe MS (Langeskov-Christensen et al, 2015). Research 

is required that investigates the feasibility and safety of exercise in people with higher 

impairment levels. 

Evidence indicates that significant physiological deconditioning occurs in persons with MS, 

particularly due to disability progression (Motl et al 2013). PWMS can find themselves in a 

cyclical situation; their condition leads to physiological deconditioning, which leads to physical 

inactivity, which results in further physiological deconditioning. 

 

MS has a wide range of effects on a person’s health. Compared to healthy people MS patients 

have reduced aerobic capacity, decreased muscle strength, reduced muscle endurance, 

impaired balance, impaired motor control and high levels of fatigue (Doring et al, 2012). Due 

to this range of debilitating effects of MS physical activity research interventions consider 

outcomes beyond standard indicators of fitness. Physical activity and exercise interventions for 

PWMS tend to consider the impact of physical activity on multiple outcomes. There is evidence 

that physical activity has positive effects on health-related quality of life, physical function, 

fatigue, aerobic fitness, and mental health. The results from the literature show promise for the 



 

 

use of physical activity in PWMS. 

 

Latimer-Cheung and colleagues (2013) provided exercise prescription recommendations for 

PWMS. The guidelines are set for people between 18-65 years of age and mild to moderate 

disability. The main recommendations are for individuals to complete at least 30 minutes of 

moderate intensity aerobic activity 2 times per week and strength training exercise for major 

muscle groups 2 times per week. The guidelines offered by Latimore-Cheung and colleagues 

(2013) are vague and offer very little advancement on previous recommendations offered by 

Rietberg and colleagues (2004). Rietberg and Colleagues (2004) recommended that future 

research should use a core set of outcome measures; more research was needed for people with 

higher disability, and older ages. These recommendations are still relevant for the research 

today as there seems to have been no further development in these areas. 

Future research: 

• Include behavioural strategies to promote long-term exercise and physical activity 

adherence. 

• Clearly embed a treatment fidelity framework for randomised and quasi 

experimental studies in order to ensure consistency and replicability; design, 

interventionist training, intervention delivery, receipt by the participant, enactment 

by the participant. 

• Explore the benefits of exercise and physical activity interventions in people with 

more severe MS and those with different types of MS. 

• Determine the optimum dose of exercise for PWMS in relation to important 

symptoms such as fatigue. 

• Bespoke tailored interventions based on severity of MS, type of MS and individual 

symptoms. 

• Training and competence assessment of service deliverers to ensure consistency of 

delivery. 

• Consistency of outcome measures used to allow for comparison across studies. 

• Design, implement, and evaluate community based physical activity opportunities 

for PWMS. 

 

 

 



 

 

The MS Patient 

HOW A PERSON IS AFFECTED BY MS 

Physiological profile of MS patients 

MS patients, especially with more severe impairments, may exhibit some differences in their 

physiological characteristics in comparison to healthy age-matched people in terms of 

cardiovascular and muscle physiology. Decreased aerobic capacity and cardiorespiratory 

fitness, in expression of VO2 max or maximal oxygen consumption, among MS patients has 

been about 30% lower than the healthy controls. Respiratory dysfunction due to respiratory 

muscle weakness and external causes like muscle defect and tiredness are contributing factors 

in reducing aerobic fitness. Other cardiac factors such as resting heart rate and resting blood 

pressure are noted to be increased in multiple sclerosis because of impairments in the 

autonomic control of cardiovascular function that has been estimated about 7% to 60% among 

MS patients. Also, decreased muscle force calculated by isokinetic and isometric muscle 

contractions and endurance, muscle mass in total body and increased muscle atrophy are seen 

in MS patients. It must be shown that muscle strength defect appears particularly clear in the 

lower extremities in comparison to the upper extremities. Flexibility is another physiological 

characteristic that has diminished in MS patients specially in those with spasticity. About 80% 

of MS patients feel high temperature intolerance that may be correlated with temporary 

exacerbation of clinical manifestations of the MS. This is an important concern about MS and 

exercise. Physical activity is beneficial and important for PWMS, but it should not cause 

overheating symptoms. 

 

Secondary Disuse 

PWMS who suffer from loss of muscle activation and control often experience difficulty 

participating in both activities of daily living and leisure activities. This can lead to a gradual 

decrease in physical activity. It has been shown that in PWMS, physical limitations are 

positively correlated with physiological changes. These limitations have been shown to be 

similar to those that occur in healthy people who have experienced prolonged physical 

inactivity. 

 

Examples of such changes include: 

Reduced muscle force as a consequence of: 

• Changes in metabolic levels 



 

 

• Failure of the excitation–contraction coupling mechanism 

• Reduced muscle fibre size and number. 

• Reduced cardiorespiratory fitness as a consequence of: 

• Lower VO2 maximum (maximum capacity to transport and utilise oxygen during 

exercise) 

• Higher overall oxygen consumption per activity 

• Earlier achievement of the anaerobic threshold. 

Traditionally, PWMS have sought advice on exercise or rehabilitation once they have developed 

functional movement difficulties. However, recent evidence highlights the benefits of exercise as 

an early intervention, even before clinical symptoms of MS are observed. It has been shown that 

people with a recent diagnosis of MS, who have no observable physical disability (Expanded 

Disability Status Scale [EDSS] score of between 0–2) already have kinematic, kinetic, balance, 

and muscle activation changes. This sub-group of people are the most likely to experience brain 

adaptations as neuroplasticity and increased central activation is more effective in people with 

fewer lesions. Furthermore, higher exercise levels have been shown to relate to slower 

accumulation of functional limitations, and improved quality of life over time in PWMS. It is 

important to encourage PWMS to start a regular exercise program early in the disease course. 

Targeting identified deficits can maximise their physical abilities through neuroplastic 

adaptations. It is important to note that in PWMS, respiratory muscle strength may also be 

impaired due to either the disease process or disuse influences. The weakness in respiratory 

muscles is correlated with higher levels of inactivity and disability. A study involving severely 

disabled PWMS reported that respiratory muscle weakness correlated with significant 

reduction in quality of life and exercise participation (as a consequence of a reduced forced 

vital capacity, inspiratory and expiratory maximal pressures and secretion clearance). 
 
Exercise Training 

The highest level of evidence for the benefits of exercise training (strength and cardiovascular) in 

PWMS shows that exercise can improve: 

• Muscle force production 

• Improved walking speed and endurance 

• Improved self-efficacy 

• Improved gait kinematics 

• Improved immune system function 



 

 

• Improved respiratory muscle strength 

• Reduced fatigue 

• Reduced physical and social disability 

• Reduced symptoms of coronary artery disease. 

Some PWMS have reported that exercise preceded an MS exacerbation, but no studies have been 

able to identify exercise as the cause of exacerbations. It should be noted that exercise can result in 

a temporary increase in existing symptoms or onset of new previously silent symptoms in 

PWMS. This is probably related to a heat-induced reduction in nerve conduction velocity. Such 

symptoms tend to resolve within thirty minutes of rest. 

Strength training using functional weight bearing positions may provide greater improvements in 

functional measures than free- weights. It is important to use positions and equipment that are 

accessible and safe, and to consider an individual’s mobility, balance, cognitive status, co-

morbidities and any other existing MS symptoms. Thus, free-weights and resistance machines 

may be useful when functional training is not possible and when the person has significant focal 

weakness. 

In PWMS weakness, poor endurance and functional impairment can be a result of loss of muscle 

activation or muscle control. This is due to the disease process of MS and/or secondary effects 

from prolonged disuse. The secondary effects of disuse can be prevented or reversed in PWMS. 

The earlier the interventions the better. Exercise does not make MS worse but may lead to a 

temporary worsening of existing symptoms or onset of new symptoms. 
 

Strength training 

• Progressive resistive strength training improves the strength of targeted muscles in 

PWMS. 

• Allow full recovery between strength training sessions by alternating between 

strength and cardiorespiratory training on separate days completing a maximum of 

two-to-three strength training sessions per week. 

• PWMS who experience fatigue will require a flexible approach to weight progression 

in their strength training program. 

 

Cardiorespiratory training 

• Endurance exercise can significantly improve poor cardiorespiratory functions and 

many other symptoms reported by PWMS. 



 

 

• PWMS who have greater than two risk factors for cardiorespiratory disease should 

undergo formal testing. This will establish their working heart rate to achieve the 

desired percentage VO2 maximum. 

• Starting an exercise program at a lower intensity, such as 50–60% THR or workload 

maximum, and exercising for shorter duration, may help to prevent undue fatigue and 

symptom aggravation. 

  



 

 

Exercise Guidelines 

DEVELOPED BY LATIMER-CHEUNG ET AL (2013) 

 
  



 

 

 
Exercise Guidelines 

DEVELOPED BY LATIMER-CHEUNG ET AL (2013) 
 
 

 
  

 



 

 

Special Considerations 
 
MS patients are especially susceptible to exercise-related fatigue, heat intolerance, and falling. 

Furthermore, some problems such as spasticity, neurologic or cognitive deficits, and urinary 

incontinence may influence the exercise program. So, special measures should be considered in 

these cases. 
 
Fatigue 

There are some concerns about the potential effect of exercise on exacerbation of fatigue in MS 

patients. However, the existing evidence supports the fact that regular exercise training is linked 

with a small but important reduction in fatigue among persons with MS. 

 

The table below identifies areas that need to be considered when exercising a person with MS. 
 

Special Consideration Precaution 

Fatigue Consider separate resistance and cardiovascular days 

Spasticity Foot or hand straps, limit use of free weights 

Heat intolerance Keep hydrated, keep room cool. 

Cognitive issues Provide written instruction, verbal cues. Start 

programmes with low resistance. Some may need 

additional supervision 

Impaired coordination Ensure all exercises are well balanced/stable. 

Sensory loss/impaired balance Use bands or straps instead of free weights, perform 

exercise in seated position if possible. 

Daily variation in symptoms Make daily modifications 

Urinary incontinence Make sure toilets are available 

Symptom exacerbation Discontinue exercise and refer to neuro-physiotherapist 

or consultant. 

 
References: 

(1) ACSM’s Exercise Management for Persons with Chronis Diseases and Disabilities 

(2) Practice for Health Professionals. Strength and cardiorespiratory exercise for people with 
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Wheeler G, Persad R, Smith K. Development of Evidence-Informed Physical Activity 

Guidelines for Adults with Multiple Sclerosis. sol: Physical Medicine and Rehabilitation, 

2013. 94; 1829-1836. 

  



 

 

11.20 Appendix T: Interview schedule - Evaluation of a community-based physical 
activity pathway for people with MS 

Version 2 

Experience of physical activity  
 

• To start with, we are just going to go around the room and introduce ourselves. 

• Tell me about your experiences of physical activity before you developed MS? How 
has this changed pre/post MS? 
 

• What do you think are the main barriers to exercising for someone living with MS? 

o How can we overcome them? 

 
 

 
 

Experiences of the programme 
 

• Why did you decide to take part in the programme? 

• Can you tell me about any positive outcomes from attending the programme? 

• Can you tell me about any problems you had from attending the programme? 

o Any lasting effects after the session? 

• Do you have any thoughts about the leaders of the programme? 

o Did you have any apprehensions before the programme started? 

• Tell me about how you felt about exercising in a group of people with multiple 

sclerosis? 

Physical activity advice 
 

• What has been your experience (before this programme) of accessing exercise support for 

someone living with MS in the community?  

o Are you aware of any services? 

o Have you tried to access them? 

 



 

 

• What did you think about the exercises used in the programme? 

o What about the equipment used? 

• What were your thoughts on the location of the sessions? 

 

Opinions and Future of the programme. 
 

 
• What would you change about the programme to suit you better? 

• Do you have any thoughts on how we could make the programme sustainable? 

o Would you be willing to pay? 

 What would you suggest as an amount? 

• Would you recommend the programme to other PWMS? 

• Do you see yourself continuing to exercise one the programme has finished? 

o What support would you need to continue being active? 

o What will stop you from being active? 

• So, to sum up, if you had one thing to say about the programme, what would it be? 

 
Any other comments? 

 



 

 

11.21 Appendix U: Example from coding framework 
 
 

Thoughts on the design of the community-based intervention 
 

Social Content Capability Instructors Referral 

P1: 
Male; 
66; 
PDDS 
6 

 
The good thing is he can 
tailor it so he can make it 
harder for you. Make it 
different for everyone’s 
ability. So you not all doing 
the same thing. 

Well, it was definitely 
better than coming in to 
use treadmills. Doing 
exercise this way I could 
feel how it was working 
and feel why I was doing 
it 

The good thing is he can 
tailor it so he can make it 
harder for you. Make it 
different for everyone's 
ability. So you not all 
doing the same thing 

My wife went to the 
doctors, and she heard 
about it 

said why don't we try it 
and give it a go. I will 
give anything a go 

P2: 
Female; 
55; 
PDDS 
2 

After that first 
meeting, I walked out 
of here, and I thought 
it's going to be good 
this. We had a laugh 
even at that session, 
and nobody knew 
each other, but 
everybody gelled. I 
thought, yeah this is 
going to be good. 

Yeah we all look daft 
together 

We all laugh at one 
another 

If you want to make it harder 
you could but you didn't have 
to 

I preferred the fact it wasn't 
treadmill, bike 

You can stand on a treadmill 
or exercise bike as long as 
you want, but your not build 
any core strength just burning 
calories. We were doing 
more functional moving 

 
[the instructor] is so 
good, he explains things 
well and he doesn't make 
you feel embarrassed or 
intimidated and that is 
half the battle. 

It was all over Facebook. 



 

 

P3: 
Female; 
59; 
PDDS 
5 

It gave me the 
confidence to do a 
different type of 
exercise but knowing 
that there were people 
around that weren't 
going to criticise me 

Then I send her a text. 
After that first 
meeting, I walked out 
of here and I thought 
it’s going to be good 
this. We had a laugh 
even at that session, 
and no body knew 
each other but 
everybody gelled. I 
thought yeah this is 
going to be good 

There is different levels to 
each exercise. Some of us are 
not very stable so we have to 
sit down. I couldn't stand up 
for all those things we were 
doing today. I'd be on the 
floor. 

Well it was definitely better 
than coming in to use 
treadmills 

I preferred the fact it 
wasn't treadmill or a 
bike. You can stand on a 
treadmill or exercise 
bike as long as you want, 
but you're not building 
any core strength, just 
burning calories. We 
were doing more 
functional moving 

I say the instructor] has 
been brill 

I saw it on the Facebook 
group 



 

 

 

 

1. Biddle S, Mutrie N. Psychology of physical activity: Determinants, well-being, and 

interventions. Second ed. USA: Routledge; 2008:75-117. 

2. Casperson CJ, Powell KE, Christenson GM. Physical activity, exercise, and physical fitness: 

Definitions and distinctions for health-related disease. Public Health Rep. 1985;100(2):126-131. 

3. Dasso NA. How is exercise different from physical activity? A concept analysis. Nursing 

forum (Hillsdale). 2019;54(1):45-52. https://onlinelibrary.wiley.com/doi/abs/10.1111/nuf.12296. 

doi: 10.1111/nuf.12296. 

4. Bull FC, Al-Ansari SS, Biddle S, et al. World health organization 2020 guidelines on physical 

activity and sedentary behaviour. Br J Sports Med. 2020;54(24). 

5. Motl R. Lifestyle physical activity in persons with multiple sclerosis: The new kid on the MS 

block. Multiple Sclerosis Journal. 2014;20(8):1025-1029. 

http://journals.sagepub.com/doi/pdf/10.1177/1352458514525873. doi: 

10.1177/1352458514525873. 

6. Goldenberg MM. Multiple sclerosis review. P&T®. 2012;37(3):175-184. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3351877/pdf/ptj3703175.pdf. 

7. Walton C, King R, Rechtman L, et al. Rising prevalence of multiple sclerosis worldwide: 

Insights from the atlas of MS, third edition. Multiple sclerosis. 2020;26(14):1816-1821. 

https://onlinelibrary.wiley.com/doi/abs/10.1111/nuf.12296.
http://journals.sagepub.com/doi/pdf/10.1177/1352458514525873.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3351877/pdf/ptj3703175.pdf.


 

 

https://www.narcis.nl/publication/RecordID/oai:pure.atira.dk:publications%2Fcccdadee-3479-

4baf-89fc-76df1efcad25. doi: 10.1177/1352458520970841. 

8. Benito-León J, Manuel Morales J, Rivera-Navarro J, Mitchell AJ. A review about the impact 

of multiple sclerosis on health-related quality of life. Disability and rehabilitation. 

2003;25(23):1291-1303. https://www.tandfonline.com/doi/abs/10.1080/09638280310001608591. 

doi: 10.1080/09638280310001608591. 

9. Huang WJ, Chen WW, Zhang X. Multiple sclerosis: Pathology, diagnosis and treatments 

(review). Experimental and Therapeutic Medicine. 2017;13(6):3163-3166. doi: 

10.3892/etm.2017.4410. 

10. Koch-Henriksen N, Koch-Henriksen N, S orensen S. And danish multiple sclerosis registry ( 

the changing demographic pattern of multiple sclerosis epidemiology. The Lancet Neurology. 

2010;9:520-532. 

11. Svendsen B, Grytten N, Bø L, Aarseth H, Smedal T, Myhr K. The economic impact of 

multiple sclerosis to the patients and their families in norway. Eur J Health Econ. 

2018;19(9):1243-1257. https://www.jstor.org/stable/45156964. doi: 10.1007/s10198-018-0971-5. 

12. Petajan JH, White AT. Recommendations for physical activity in patients with multiple 

sclerosis. Sports Med. 1999;27(3):179-191. 

13. Stennett A, De Souza L, Norris M. Physical activity and exercise priorities in community 

dwelling people with multiple sclerosis: A delphi study. . 2018;40(14):1686-1693. 

https://www.narcis.nl/publication/RecordID/oai:pure.atira.dk:publications%2Fcccdadee-3479-4baf-89fc-76df1efcad25.
https://www.narcis.nl/publication/RecordID/oai:pure.atira.dk:publications%2Fcccdadee-3479-4baf-89fc-76df1efcad25.
https://www.tandfonline.com/doi/abs/10.1080/09638280310001608591.
https://www.jstor.org/stable/45156964.


 

 

http://www.tandfonline.com/action/journalInformation?journalCode=idre20. doi: 

10.1080/09638288.2017.1309464. 

14. Rodríguez-Fuentes G, Silveira-Pereira L, Ferradáns-Rodríguez P, Campo-Prieto P. 

Therapeutic effects of the pilates method in patients with multiple sclerosis: A systematic review. 

JCM. 2022;11(3). doi: 10.3390/jcm11030683. 

15. O Deane K,H., Flaherty H, Daley DJ, et al. Priority setting partnership to identify the top 10 

research priorities for the management of parkinson's disease. . . http://dx.doi.org/. doi: 

10.1136/bmjopen-2014-006434. 

16. MS Society. MS society research strategy 2018-22. . 2018. 

17. Latchem-Hastings J, Randell E, Button K, et al. Lifestyle, exercise and activity package for 

people living with progressive multiple sclerosis (LEAP-MS): Protocol for a single-arm 

feasibility study. Pilot and Feasibility Studies. 2021;7(111):1-14. https://doi.org/10.1186/s40814-

021-00852-w. doi: 10.1186/s40814-021-00852-w. 

18. Feys P, Tytgat K, Gijbels D, De Groote L, Baert I, Van Asch P. Effects of an 1-day education 

program on physical functioning, activity and quality of life in community living persons with 

multiple sclerosis. NeuroRehabilitation. 2013;33(3):439-48. 

https://www.researchgate.net/profile/Peter_Feys/publication/255958197_Effects_of_an_1-

day_education_program_on_physical_functioning_activity_and_quality_of_life_in_community_

living_persons_with_multiple_sclerosis/links/58f5faeba6fdcc11e56a06c6/Effects-of-. 

http://www.tandfonline.com/action/journalInformation?journalCode=idre20.
http://dx.doi.org/
https://doi.org/10.1186/s40814-021-00852-w.
https://doi.org/10.1186/s40814-021-00852-w.
https://www.researchgate.net/profile/Peter_Feys/publication/255958197_Effects_of_an_1-day_education_program_on_physical_functioning_activity_and_quality_of_life_in_community_living_persons_with_multiple_sclerosis/links/58f5faeba6fdcc11e56a06c6/Effects-of-.
https://www.researchgate.net/profile/Peter_Feys/publication/255958197_Effects_of_an_1-day_education_program_on_physical_functioning_activity_and_quality_of_life_in_community_living_persons_with_multiple_sclerosis/links/58f5faeba6fdcc11e56a06c6/Effects-of-.
https://www.researchgate.net/profile/Peter_Feys/publication/255958197_Effects_of_an_1-day_education_program_on_physical_functioning_activity_and_quality_of_life_in_community_living_persons_with_multiple_sclerosis/links/58f5faeba6fdcc11e56a06c6/Effects-of-.


 

 

19. Balady GJ, Ades PA, Bittner VA, et al. Referral, enrollment, and delivery of cardiac 

rehabilitation/secondary prevention programs at clinical centers and beyond A presidential 

advisory from the american heart association. . 2011;124:2951-2960. http://circ.ahajournals.org. 

doi: 10.1161/CIR.0b013e31823b21e2. 

20. Campbell KL, Winters-Stone KM, Wiskemann J, et al. Exercise guidelines for cancer 

survivors : Consensus statement from international multidisciplinary roundtable. Medicine and 

science in sports and exercise. 2019;51(11):2375-2390. 

https://www.narcis.nl/publication/RecordID/oai:dspace.library.uu.nl:1874%2F387125. doi: 

10.1249/MSS.0000000000002116. 

21. Spence RR, Sandler CX, Newton RU, Galvão DA, Hayes SC. Physical activity and exercise 

guidelines for people with cancer: Why are they needed, who should use them, and when? 

Seminars in oncology nursing. 2020;36(5):151075. 

https://dx.doi.org/10.1016/j.soncn.2020.151075. doi: 10.1016/j.soncn.2020.151075. 

22. Church G, Ali A, Smith CL, Broom D, Sage K. Examining clinical practice guidelines for 

exercise and physical activity as part of rehabilitation for people with stroke: A systematic 

review. International journal of environmental research and public health. 2022;19(3):1707. 

https://www.ncbi.nlm.nih.gov/pubmed/35162730. doi: 10.3390/ijerph19031707. 

23. Management of patients with stroke: Rehabilitation, prevention and management of 

complications, and discharge planning scottish intercollegiate guidelines network. . 2010. 

http://circ.ahajournals.org./
https://www.narcis.nl/publication/RecordID/oai:dspace.library.uu.nl:1874%2F387125.
https://dx.doi.org/10.1016/j.soncn.2020.151075.
https://www.ncbi.nlm.nih.gov/pubmed/35162730.


 

 

24. Vollmer TL, Benedict R, Bennett SE, et al. Comprehensive strategies in multiple sclerosis. 

International journal of MS care. 2012;14(S3):1-28. http://ijmsc.org/doi/pdf/10.7224/1537-2073-

14.S3.1?code=cmsc-site. doi: 10.7224/1537-2073-14.S3.1. 

25. Latimer-Cheung AE, Martin Ginis KA, Hicks AL, et al. Development of evidence-informed 

physical activity guidelines for adults with multiple sclerosis. Archives of Physical Medicine and 

Rehabilitation. 2013;94:1829-1836. 

26. Sadeghi Bahmani D, Calabrese P, Merkt H, et al. Multiple sclerosis: Associations between 

physical disability and depression are not mediated by self-reported physical activity. Percept 

Mot Skills. 2017;124(5):974-991. 

27. Kalb R, Brown TR, Coote S, et al. Exercise and lifestyle physical activity recommendations 

for people with multiple sclerosis throughout the disease course. Mult Scler. 2020:1-11. 

https://doi.org/10.1177/1352458520915629. Accessed Jul 23, 2020. doi: 

10.1177/1352458520915629. 

28. Selby A, Smith-Osborne A. A systematic review of effectiveness of complementary and 

adjunct therapies and interventions involving equines. Health Psychol. 2013;32(4):418-432. 

29. Kaushik V, Walsh CA. Pragmatism as a research paradigm and its implications for social 

work research. Social Sciences. 2019;8(9):255. 

https://search.proquest.com/docview/2302830223. doi: 10.3390/socsci8090255. 

30. Cresswell JW, Creswell JD. Research design: Qualitative, quantitative and mixed methods 

approaches. fifth ed. California, USA: SAGE; 2018:3-23. 

http://ijmsc.org/doi/pdf/10.7224/1537-2073-14.S3.1?code=cmsc-site.
http://ijmsc.org/doi/pdf/10.7224/1537-2073-14.S3.1?code=cmsc-site.
https://doi.org/10.1177/1352458520915629.
https://search.proquest.com/docview/2302830223.


 

 

31. Rehman AA, Alharthi K. An introduction to Research paradigms. International Journal of 

Educational Investigations. 2010;3(8):51-59. 

32. Fox NJ. Postpositivism. In: Given LM, ed. The SAGE encyclopedia of qualitative research 

methods. Thousand Oaks: SAGE Publications, Inc; 2012:660-664. 

33. Tubey RJ, Rotich JK, Bengat JK. Research paradigms: Theory and practice. Research on 

Humanities and Social Sciences. 2015;5(5):224-228. 

34. Snape D, Spencer L, Ormston R, Barnard M. The foundations of qualitative research. In: 

Ritchie J, Lewis J, McNaughton Nicholls C, Ormston R, eds. Qualitative research practice: A 

guide for social science students and researchers. Thousand Oaks: SAGE Publications, Inc; 

2013:2-10. 

35. Williamson K, Burstein F, McKemmish S. Chapter 2 - the two major traditions of research. 

In: Williamson K, Bow A, Burstein F, et al, eds. Research methods for students, academics and 

professionals (second edition). Chandos Publishing; 2002:25-47. 

https://www.sciencedirect.com/science/article/pii/B9781876938420500095. 

https://doi.org/10.1016/B978-1-876938-42-0.50009-5. 

36. Keating DP, I. Demidenko M, Kelly D. Cognitive and neurocognitive development in 

adolescence☆. In: Reference module in neuroscience and biobehavioral psychology. Elsevier; 

2019. https://www.sciencedirect.com/science/article/pii/B9780128093245236365. 

https://doi.org/10.1016/B978-0-12-809324-5.23636-5. 

https://www.sciencedirect.com/science/article/pii/B9781876938420500095.
https://doi.org/10.1016/B978-1-876938-42-0.50009-5.
https://www.sciencedirect.com/science/article/pii/B9780128093245236365.
https://doi.org/10.1016/B978-0-12-809324-5.23636-5.


 

 

37. Spencer R, Pryce JM, Walsh J. Philosophical approaches to qualitative research. In: Leavy P, 

ed. The oxford handbook of qualitative research. Oxford, UK: Oxford University Press; 

2014:81-98. 

38. Given L. The SAGE encyclopedia of qualitative research methods. SAGE Publications, Inc; 

2012. 10.4135/9781412963909. 

39. Morgan DL. Pragmatism as a paradigm for social 

research. Qualitative Inquiry. 2014;20(8):1045-1053. 

40. Shan Y. Philosophical foundations of mixed methods research. Philosophy Compass. 

2022;17(1):n/a. https://onlinelibrary.wiley.com/doi/abs/10.1111/phc3.12804. doi: 

10.1111/phc3.12804. 

41. Morgan DL, Hoffman K. Searching for qualitatively driven mixed methods research: A 

citation analysis. Qual Quant. 2020;55(2):731-740. 

https://link.springer.com/article/10.1007/s11135-020-01025-2. doi: 10.1007/s11135-020-01025-

2. 

42. Morse JM, Cheek J. Making room for qualitatively-driven mixed-method research. 

Qualitative health research. 2014;24(1):3-5. 

https://journals.sagepub.com/doi/full/10.1177/1049732313513656. doi: 

10.1177/1049732313513656. 

43. Cohen G, Schroeder J, Newson R, et al. Does health intervention research have real world 

policy and practice impacts: Testing a new impact assessment tool. Health Research Policy and 

https://onlinelibrary.wiley.com/doi/abs/10.1111/phc3.12804.
https://link.springer.com/article/10.1007/s11135-020-01025-2.
https://journals.sagepub.com/doi/full/10.1177/1049732313513656.


 

 

Systems. 2015;13(1):3. https://www.ncbi.nlm.nih.gov/pubmed/25552272. doi: 10.1186/1478-

4505-13-3. 

44. Cypress BS. Rigor or reliability and validity in qualitative research: Perspectives, strategies, 

reconceptualization, and recommendations. Dimensions of critical care nursing. 2017;36(4):253-

263. https://www.ncbi.nlm.nih.gov/pubmed/28570380. doi: 10.1097/DCC.0000000000000253. 

45. Saumure K, Given LM. Rigor in qualitative research. In: Given LM, ed. The SAGE 

encyclopedia of qualitative research methods. London: S; 2008:795-796. 

46. Barbour R. Quality of data analysis. London: SAGE Publications Ltd; 2013:496-509. 

https://search.credoreference.com/content/entry/sageukqda/quality_of_data_analysis/0. 

10.4135/9781446282243.n34. 

47. Ritchie J, Spencer L. Qualitative data analysis for applied policy research. ; 1994:173-194. 

https://search.proquest.com/docview/56748690. 

48. Ritchie J, Spencer L, O'Connor W. Carrying out qualitative analysis. In: Ritchie J, Spencer L, 

eds. Qualitative research practice: A guide for social science students and researchers. London: 

SAGE Publications Ltd; 2003:220-262. 

49. Gale NK, Heath G, Cameron E, Rashid S, Redwood S. Using the framework method for the 

analysis of qualitative data in multi-disciplinary health research. BMC Medical Research 

Methodology. 2013;13(117):1-8. http://www.biomedcentral.com/1471-2288/13/117. doi: 

10.1186/1471-2288-13-117. 

https://www.ncbi.nlm.nih.gov/pubmed/25552272.
https://www.ncbi.nlm.nih.gov/pubmed/28570380.
https://search.credoreference.com/content/entry/sageukqda/quality_of_data_analysis/0.
https://search.proquest.com/docview/56748690.
http://www.biomedcentral.com/1471-2288/13/117.


 

 

50. Alabri SS, AlYahmady HH. Using nvivo for data analysis in qualitative research. 

International interdisciplinary journal of education. 2013;2(2):181-186. 

http://platform.almanhal.com/Summon/Preview/?id&#61;2-42766. doi: 10.12816/0002914. 

51. Goldsmith L. Using framework analysis in applied qualitative research. Qualitative report. 

2021;26(6):2061-2076. https://search.proquest.com/docview/2552127851. doi: 10.46743/2160-

3715/2021.5011. 

52. Dowling M. Reflexivity. In: Given LM, ed. The SAGE encyclopedia of qualitative research 

methods. London: SAGE Publications Ltd; 2008:747-748. 

53. Perry B, May T. Reflexivity and the practice of qualitative research. London: SAGE 

Publications Ltd; 2013:109-122. 

https://search.credoreference.com/content/entry/sageukqda/reflexivity_and_the_practice_of_qual

itative_research/0. 10.4135/9781446282243.n8. 

54. Stige B. Do we need general criteria for the evaluation of qualitative research articles, and if 

we do, how could such criteria be formulated? Nordic journal of music therapy. 2002;11(1):65-

71. https://www.tandfonline.com/doi/abs/10.1080/08098130209478048. doi: 

10.1080/08098130209478048. 

55. Kelly LM, Cordeiro M. Three principles of pragmatism for research on organizational 

processes. Methodological innovations. 2020;13(2):205979912093724. 

https://journals.sagepub.com/doi/full/10.1177/2059799120937242. doi: 

10.1177/2059799120937242. 

http://platform.almanhal.com/Summon/Preview/?id&#61;2-42766.
https://search.proquest.com/docview/2552127851.
https://search.credoreference.com/content/entry/sageukqda/reflexivity_and_the_practice_of_qualitative_research/0.
https://search.credoreference.com/content/entry/sageukqda/reflexivity_and_the_practice_of_qualitative_research/0.
https://www.tandfonline.com/doi/abs/10.1080/08098130209478048.
https://journals.sagepub.com/doi/full/10.1177/2059799120937242.


 

 

56. Yvonne Feilzer M. Doing mixed methods research pragmatically: Implications for the 

rediscovery of pragmatism as a research paradigm. Journal of mixed methods research. 

2010;4(1):6-16. https://journals.sagepub.com/doi/full/10.1177/1558689809349691. doi: 

10.1177/1558689809349691. 

57. Stige B, Malterud K, Midtgarden T. Toward an agenda for evaluation of qualitative research. 

Qualitative health research. 2009;19(10):1504-1516. 

https://journals.sagepub.com/doi/full/10.1177/1049732309348501. doi: 

10.1177/1049732309348501. 

58. Moore GF, Audrey S, Barker M, et al. Process evaluation of complex interventions UK 

medical research council (MRC) guidance. .  

59. Michie S, van Stralen MM, West R. The behaviour change wheel: A new method for 

characterising and designing behaviour change interventions. Implementation Science. 2011;6. 

60. Patsopoulos NA. Genetics of multiple sclerosis: An overview and new directions. Cold 

Spring Harbor Perspectives in Medicine. 2018;8(7):1-12. doi: 10.1101/cshperspect.a028951. 

61. Koch-Henriksen N, Sørensen PS. The changing demographic pattern of multiple sclerosis 

epidemiology. The Lancet Neurology. 2010;9(5):520. doi: 10.1016/s1474-4422(10)70064-8. 

62. Gilmour H, Ramage-Morin PL, Wong SL. Multiple sclerosis: Prevalence and impact. Health 

Reports. 2018;29(1):3-8. 

63. Zajicek J. Multiple sclerosis. In: Handbook of clinical neurology. Vol 110. ; 2013:461-470. 

10.1016/B978-0-444-52901-5.00039-3. 

https://journals.sagepub.com/doi/full/10.1177/1558689809349691.
https://journals.sagepub.com/doi/full/10.1177/1049732309348501.


 

 

64. Davidson SS. Davidson's principles and practice of medicine. 20th ed. Philadelphia, PA: 

Elsevier; 2006:1212-1216. 

65. Baranzini SE, Oksenberg JR. The genetics of multiple sclerosis: From 0 to 200 in 50 years. 

Trends in Genetics. 2017;33(12):960-970. http://dx.doi.org/10.1016/j.tig.2017.09.004. doi: 

10.1016/j.tig.2017.09.004. 

66. Belbasis L, Bellou V, Evangelou E, Ioannidis JPA, Tzoulaki I. Environmental risk factors 

and multiple sclerosis: An umbrella review of systematic reviews and meta-analyses. The Lancet 

Neurology. 2015;14(3):263-273. http://dx.doi.org/10.1016/S1474-4422(14)70267-4. doi: 

10.1016/S1474-4422(14)70267-4. 

67. Confavreux C, Vukusic S. Natural history of multiple sclerosis: A unifying concept. Brain. 

2006. doi: 10.1093/brain/awl007. 

68. Bogdan F, Popescu G, Pirko I, Lucchinetti C. Pathology of multiple sclerosis: Where do we 

stand? Continuum. 2013;19(4):901-921. doi: 10.1177/135245850000600609. 

69. McNicholas N, Hutchinson M, McGuigan C, Chataway J. 2017 McDonald diagnostic 

criteria: A review of the evidence. Multiple Sclerosis and Related Disorders. 2018;24:48-54. doi: 

10.1016/j.msard.2018.05.011. 

70. Solomon AJ, Naismith RT, Cross AH. Misdiagnosis of multiple sclerosis: Impact of the 2017 

McDonald criteria on clinical practice. Neurology. 2019;92(1):26-33. doi: 

10.1212/WNL.0000000000006583. 

http://dx.doi.org/10.1016/j.tig.2017.09.004.
http://dx.doi.org/10.1016/S1474-4422(14)70267-4.


 

 

71. McDonald WI, Compston A, Edan G, et al. Recommended diagnostic criteria for multiple 

sclerosis: Guidelines from the international panel on the diagnosis of multiple sclerosis. Ann 

Neurol. 2001;50(1):121-127. doi: 10.1002/ana.1032. 

72. Brownlee WJ, Hardy TA, Fazekas F, Miller DH. Diagnosis of multiple sclerosis: Progress 

and challenges. The Lancet. 2017;389(10076):1336. doi: 10.1016/s0140-6736(16)30959-x. 

73. Selchen D, Bhan V, Blevins G, et al. NoMS, MRI, and the 2010 McDonald criteria A 

canadian expert commentary title. Neurology. 2012;79(23):2. 

74. Thompson AJ, Banwell BL, Barkhof F, et al. Diagnosis of multiple sclerosis: 2017 revisions 

of the McDonald criteria. The Lancet Neurology. 2018;17(2):162-173. doi: 10.1016/S1474-

4422(17)30470-2. 

75. Confavreux C, Vukusic S. The clinical course of multiple sclerosis. Multiple Sclerosis and 

Related Disorders. 2014;122:343-369. 

76. Kheradmand M, Afshari M, Nasehi MM, et al. Prevalence of subtypes of multiple sclerosis 

and the most common clinical symptoms in iranian patients: A meta‐analysis. Clin Exp 

Neuroimmunol. 2018;10(1):33. doi: 10.1111/cen3.12489. 

77. De Angelis F, John NA, Brownlee WJ. Disease-modifying therapies for multiple sclerosis. 

BMJ (Online). 2018;363:1-10. http://dx.doi.org/doi:10.1136/bmj.k4674. doi: 10.1136/bmj.k4674. 

78. Tremlett H, Zhao Y. Primary and secondary progressive MS have a similar age at onset of 

progression – NO. Multiple sclerosis. 2017;23(5):640-642. 

http://dx.doi.org/doi:10.1136/bmj.k4674.


 

 

https://journals.sagepub.com/doi/full/10.1177/1352458516684559. doi: 

10.1177/1352458516684559. 

79. McKay KA, Kwan V, Duggan T, Tremlett H. Risk factors associated with the onset of 

relapsing-remitting and primary progressive multiple sclerosis: A systematic review. BioMed 

Research International. 2015;2015:817238-11. https://dx.doi.org/10.1155/2015/817238. doi: 

10.1155/2015/817238. 

80. Kaymakamzade B, Kiliç AK, Kurne AT, Karabudak R. Progressive onset multiple sclerosis: 

Demographic, clinical and laboratory characteristics of patients with and without relapses in the 

course. Noro-Psikiyatri Arsivi. 2019;56(1):23-26. 

https://search.proquest.com/docview/2197895688. doi: 10.5152/npa.2017.19269. 

81. Rolak LA. Multiple sclerosis: It's not the disease you thought it was. Clinical medicine 

&amp; research. 2003;1(1):57-60. https://www.ncbi.nlm.nih.gov/pubmed/15931287. doi: 

10.3121/cmr.1.1.57. 

82. Mirmosayyeb O, Brand S, Barzegar M, et al. Clinical characteristics and disability 

progression of early- and late-onset multiple sclerosis compared to adult-onset multiple sclerosis. 

JCM. 1326;9(5). doi: 10.3390/jcm9051326. 

83. Cappa R, Theroux L, Brenton JN. Pediatric multiple sclerosis: Genes, environment, and a 

comprehensive therapeutic approach. Pediatr Neurol. 2017;75:17-28. 

https://doi.org/10.1016/j.pediatrneurol.2017.07.005. doi: 10.1016/j.pediatrneurol.2017.07.005. 

https://journals.sagepub.com/doi/full/10.1177/1352458516684559.
https://dx.doi.org/10.1155/2015/817238.
https://search.proquest.com/docview/2197895688.
https://www.ncbi.nlm.nih.gov/pubmed/15931287.
https://doi.org/10.1016/j.pediatrneurol.2017.07.005.


 

 

84. Mackenzie IS, Morant SV, Bloomfield GA, MacDonald TM, O'Riordan J. Incidence and 

prevalence of multiple sclerosis in the UK 1990-2010: A descriptive study in the general practice 

research database. Journal of Neurology, Neurosurgery and Psychiatry. 2014;85(1):79-84. doi: 

10.1136/jnnp-2013-305450. 

85. Aarli JA, Stien R. Chapter 41 the history of neurology in scandinavia. Vol 95. 3rd ed. 

Elsevier B.V.; 2009:657-666. http://dx.doi.org/10.1016/S0072-9752(08)02141-6. 

10.1016/S0072-9752(08)02141-6. 

86. Gourraud P, Harbo HF, Hauser SL, Baranzini SE. The genetics of multiple sclerosis: An up-

to-date review. Immunological reviews. 2012;248(1):87-103. 

https://api.istex.fr/ark:/67375/WNG-7T3PW10Z-3/fulltext.pdf. doi: 10.1111/j.1600-

065X.2012.01134.x. 

87. Leray E, Moreau T, Fromont A, Edan G. Epidemiology of multiple sclerosis. Rev Neurol. 

2016;172(1):3-13. http://dx.doi.org/10.1016/j.neurol.2015.10.006. doi: 

10.1016/j.neurol.2015.10.006. 

88. Jörg S, Grohme DA, Erzler M, et al. Environmental factors in autoimmune diseases and their 

role in multiple sclerosis. Cellular and Molecular Life Sciences. 2016;73(24):4611-4622. doi: 

10.1007/s00018-016-2311-1. 

89. Sintzel MB, Rametta M, Reder AT. Vitamin D and multiple sclerosis: A comprehensive 

review. Neurology and Therapy. 2018;7(1):59-85. https://doi.org/10.1007/s40120-017-0086-4. 

doi: 10.1007/s40120-017-0086-4. 

http://dx.doi.org/10.1016/S0072-9752(08)02141-6.
https://api.istex.fr/ark:/67375/WNG-7T3PW10Z-3/fulltext.pdf.
http://dx.doi.org/10.1016/j.neurol.2015.10.006.
https://doi.org/10.1007/s40120-017-0086-4.


 

 

90. Cosh A, Carslaw H. Multiple sclerosis: Symptoms and diagnosis. InnovAiT. 2014;7(11):561-

657. doi: 10.1177/1755738014551618. 

91. Crayton HJ, Rossman HS. Managing the symptoms of multiple sclerosis: A multimodal 

approach. Clinical therapeutics. 2006;28(4):445-460. 

https://dx.doi.org/10.1016/j.clinthera.2006.04.005. doi: 10.1016/j.clinthera.2006.04.005. 

92. Sorensen PS. Safety concerns and risk management of multiple sclerosis therapies. Acta 

Neurol Scand. 2017;136:168-186. https://onlinelibrary.wiley.com/doi/pdf/10.1111/ane.12712. 

doi: 10.1111/ane.12712. 

93. Namaka M, Melanson M, Major J, Klassen L, Carriere M, CPJ Canadian Michelle. 

Therapeutic management of multiple sclerosis. Can Pharm J. 2001;134(8):31. 

94. Tallner A, Pfeifer K, Mäurer M. Multiple sclerosis and physical activity. an historical 

perspective. Nervenarzt. 2013;84(10):1238-1244. doi: 10.1007/s00115-013-3838-0. 

95. Perkin GD, Rose FC. Uhthoff ' s syndrome. Briti J Ophthal. 1976;60:60-63. 

96. Smith RM, Adeney-Steel M, Fulcher G, Longley WA. Symptom change with exercise is a 

temporary phenomenon for people with multiple sclerosis. Arch Phys Med Rehabil. 

2006;87:723-727. 

97. Geisler WO, Jousse AT. Rehabilitation in disseminated sclerosis: An evaluation of 28 

patients. Cana.Med.Ass.J. 1963;88:189-191. doi: 10.1001/jama.1963.03700090151093. 

https://dx.doi.org/10.1016/j.clinthera.2006.04.005.
https://onlinelibrary.wiley.com/doi/pdf/10.1111/ane.12712.


 

 

98. Olgiati R &dPP. Effect of physical exercise on adaptation to energy expenditure in multiple 

sclerosis. Schweizerische Medizinische Wochenschrift. 1986;116(12):374-377. 

99. Gehlsen GM, Grigsby SA, Winant DM. Effects of an aquatic fitness program on the 

muscular strength and endurance of patients with multiple sclerosis. Physical Therapy. 

1984;64(5):653-657. 

100. Petajan JH, Gappmaier E, White AT, Spencer MK, Mino L, Hicks R. Impact of aerobic 

training on fitness and quality of life in multiple sclerosis. Annuls of Neurology. 1996;39(4):432-

441. 

101. Rietberg MB, Brooks D, Uitdehaag BM, Kwakkel G. Exercise therapy for multiple 

sclerosis. In: Kwakkel G, ed. Cochrane database of systematic reviews. Chichester, UK: John 

Wiley {\&} Sons, Ltd; 2005. http://doi.wiley.com/10.1002/14651858.CD003980.pub2. 

10.1002/14651858.CD003980.pub2. 

102. Pilutti L, Greenlee T, Motl R, Nickrent A, Petruzzello. Effects of exercise training on 

fatigue in multiple sclerosis: A meta-analysis. Psychosom Med. 2013;75. 

https://www.researchgate.net/profile/Lara_Pilutti/publication/240310019_Effects_of_Exercise_T

raining_on_Fatigue_in_Multiple_Sclerosis_A_Meta-

Analysis/links/5755882a08ae10c72b66a454/Effects-of-Exercise-Training-on-Fatigue-in-

Multiple-Sclerosis-A-Meta-Analy. doi: 10.1097/PSY.0b013e31829b4525. 

103. Snook EM, Motl RW. Effect of exercise training on walking mobility in multiple sclerosis: 

A meta-analysis. Neurorehabilitation and Neural Repair. 2009;23(2):108-116. 

http://doi.wiley.com/10.1002/14651858.CD003980.pub2.
https://www.researchgate.net/profile/Lara_Pilutti/publication/240310019_Effects_of_Exercise_Training_on_Fatigue_in_Multiple_Sclerosis_A_Meta-Analysis/links/5755882a08ae10c72b66a454/Effects-of-Exercise-Training-on-Fatigue-in-Multiple-Sclerosis-A-Meta-Analy.
https://www.researchgate.net/profile/Lara_Pilutti/publication/240310019_Effects_of_Exercise_Training_on_Fatigue_in_Multiple_Sclerosis_A_Meta-Analysis/links/5755882a08ae10c72b66a454/Effects-of-Exercise-Training-on-Fatigue-in-Multiple-Sclerosis-A-Meta-Analy.
https://www.researchgate.net/profile/Lara_Pilutti/publication/240310019_Effects_of_Exercise_Training_on_Fatigue_in_Multiple_Sclerosis_A_Meta-Analysis/links/5755882a08ae10c72b66a454/Effects-of-Exercise-Training-on-Fatigue-in-Multiple-Sclerosis-A-Meta-Analy.
https://www.researchgate.net/profile/Lara_Pilutti/publication/240310019_Effects_of_Exercise_Training_on_Fatigue_in_Multiple_Sclerosis_A_Meta-Analysis/links/5755882a08ae10c72b66a454/Effects-of-Exercise-Training-on-Fatigue-in-Multiple-Sclerosis-A-Meta-Analy.


 

 

104. Motl RW, Gosney JL. Effect of exercise training on quality of life in multiple sclerosis: A 

meta-analysis. Multiple sclerosis. 2008;14(1):129-135. 

https://journals.sagepub.com/doi/full/10.1177/1352458507080464. doi: 

10.1177/1352458507080464. 

105. Multiple sclerosis in adults: Management multiple sclerosis in adults: Management clinical 

guideline. . 2014. https://www.nice.org.uk/guidance/cg186/resources/multiple-sclerosis-in-

adults-management-pdf-35109816059077. 

106. Heesen C, Bruce J, Gearing R, et al. Adherence to behavioural interventions in multiple 

sclerosis: Follow-up meeting report (AD@MS-2). . . 

http://journals.sagepub.com/doi/pdf/10.1177/2055217315585333. 

107. Dalgas U, Stenager E, Ingemann-Hansen T, Hansen T, Ingemann-Hansen T. Multiple 

sclerosis and physical exercise: Recommendations for the application of resistance-, endurance-

and combined training. Multiple Sclerosis. 2008;14:35-53. 

108. Motl RW, Pilutti LA. The benefits of exercise training in multiple sclerosis. Nature Reviews 

Neurology. 2012;8:487-497. doi: 10.1038/nrneurol.2012.136. 

109. Sa MJ. Exercise therapy and multiple sclerosis: A systematic review. J Neurol. 

2013;261(9):1651-1661. https://link.springer.com/article/10.1007/s00415-013-7183-9. doi: 

10.1007/s00415-013-7183-9. 

https://journals.sagepub.com/doi/full/10.1177/1352458507080464.
https://www.nice.org.uk/guidance/cg186/resources/multiple-sclerosis-in-adults-management-pdf-35109816059077.
https://www.nice.org.uk/guidance/cg186/resources/multiple-sclerosis-in-adults-management-pdf-35109816059077.
http://journals.sagepub.com/doi/pdf/10.1177/2055217315585333.
https://link.springer.com/article/10.1007/s00415-013-7183-9.


 

 

110. Vollmer TL, Benedict R, Bennett SE, et al. Exercise as prescriptive therapy in multiple 

sclerosis : A consensus conference white paper. Supplement to the International Journal of MS 

Care. 2012;14(3):2-16. 

111. Amatya B, Khan F, Ng L, Galea M. Rehabilitation for people with multiple sclerosis: An 

overview of cochrane systematic reviews. Cochrane Database Syst Rev. 2017;2017(7):1-11. 

112. Platta ME, Ensari I, Motl RW, Pilutti LA. Effect of exercise training on fitness in multiple 

sclerosis: A meta-analysis. Arch Phys Med Rehabil. 2016;97(9):1564-1572. 

http://dx.doi.org/10.1016/j.apmr.2016.01.023. doi: 10.1016/j.apmr.2016.01.023. 

113. Pettersson H, Alexanderson H, Poole JL, et al. Exercise as a multi-modal disease-modifying 

medicine in systemic sclerosis: An introduction by the global fellowship on rehabilitation and 

exercise in systemic sclerosis (G-FoRSS). Best Practice & Research Clinical Rheumatology. 

2021;35(3):101695. https://www.sciencedirect.com/science/article/pii/S1521694221000371. doi: 

10.1016/j.berh.2021.101695. 

114. Motl RW, Learmonth YC, Pilutti LA, Gappmaier E, Coote S. Top 10 research questions 

related to physical activity and multiple sclerosis. Res Q Exerc Sport. 2015;86(2):117-129. 

115. Dalgas U, Stenager E. Exercise and disease progression in multiple sclerosis: Can exercise 

slow down the progression of multiple sclerosis? Therapeutic Advances in Neurological 

Disorders. 2012;5(2):81-95. 

116. Majdinasab N, Motl RW, Mokhtarzade M, et al. Acute responses of cytokines and 

adipokines to aerobic exercise in relapsing vs. remitting women with multiple sclerosis. 

http://dx.doi.org/10.1016/j.apmr.2016.01.023.
https://www.sciencedirect.com/science/article/pii/S1521694221000371.


 

 

Complementary therapies in clinical practice. 2018;31:295-301. 

https://dx.doi.org/10.1016/j.ctcp.2018.03.004. doi: 10.1016/j.ctcp.2018.03.004. 

117. Lassmann H. Multiple sclerosis pathology. Cold Spring Harbor Perspectives in Medicine. 

2018;8(3):1-16. doi: 10.1101/cshperspect.a028936. 

118. Negaresh R, Motl RW, Mokhtarzade M, et al. Effects of exercise training on cytokines and 

adipokines in multiple sclerosis: A systematic review. Multiple sclerosis and related disorders. 

2018;24:91-100. https://dx.doi.org/10.1016/j.msard.2018.06.008. doi: 

10.1016/j.msard.2018.06.008. 

119. Prosperini L, Piattella MC, Giannì C, Pantano P. Functional and structural brain plasticity 

enhanced by motor and cognitive rehabilitation in multiple sclerosis. Journal of neural 

transplantation & plasticity. 2015;2015:481574-12. 

https://www.airitilibrary.com/Publication/alDetailedMesh?DocID=P20160530001-201512-

201702180015-201702180015-808-819-069. doi: 10.1155/2015/481574. 

120. Voss P, Thomas ME, Cisneros-Franco JM, de Villers-Sidani É. Dynamic brains and the 

changing rules of neuroplasticity: Implications for learning and recovery. Frontiers in 

psychology. 2017;8:1657. https://www.ncbi.nlm.nih.gov/pubmed/29085312. doi: 

10.3389/fpsyg.2017.01657. 

121. Devasahayam AJ, Downer MB, Ploughman M. The effects of aerobic exercise on the 

recovery of walking ability and neuroplasticity in people with multiple sclerosis: A systematic 

review of animal and clinical studies. Multiple Sclerosis International. 2017;2017:4815958-12. 

https://dx.doi.org/10.1016/j.ctcp.2018.03.004.
https://dx.doi.org/10.1016/j.msard.2018.06.008.
https://www.airitilibrary.com/Publication/alDetailedMesh?DocID=P20160530001-201512-201702180015-201702180015-808-819-069.
https://www.airitilibrary.com/Publication/alDetailedMesh?DocID=P20160530001-201512-201702180015-201702180015-808-819-069.
https://www.ncbi.nlm.nih.gov/pubmed/29085312.


 

 

https://www.airitilibrary.com/Publication/alDetailedMesh?DocID=P20151210011-201712-

201801250017-201801250017-30-41. doi: 10.1155/2017/4815958. 

122. Sandroff BM, Jones CD, Baird JF, Motl RW. Systematic review on exercise training as a 

neuroplasticity-inducing behavior in multiple sclerosis. Neurorehabilitation and Neural Repair. 

2020;34(7):575-588. https://journals.sagepub.com/doi/full/10.1177/1545968320921836. doi: 

10.1177/1545968320921836. 

123. Motl RW, Sandroff BM. Physical exercise in multiple sclerosis is not just a symptomatic 

therapy: It has a disease-modifying effect—Yes. Multiple sclerosis. 2022;28(6):859-861. 

https://journals.sagepub.com/doi/full/10.1177/13524585211061651. doi: 

10.1177/13524585211061651. 

124. Heesen C, Rosenkranz SC. Physical exercise in multiple sclerosis is not just a symptomatic 

therapy, it has a disease-modifying effect: No. Multiple sclerosis. 2022;28(6):861-862. 

https://journals.sagepub.com/doi/full/10.1177/13524585211064968. doi: 

10.1177/13524585211064968. 

125. Weed M. Evidence for physical activity guidelines as a public health intervention: Efficacy, 

effectiveness, and harm-a critical policy sciences approach. HEALTH PSYCHOLOGY AND 

BEHAVIORAL MEDICINE. 2016;4(1):56-69. 

126. Budzynski-Seymour E, Milton K, Mills H, et al. A rapid review of communication 

strategies for physical activity guidelines and physical activity promotion: A review of 

worldwide strategies. . 2020. doi: 10.31236/osf.io/bhrky. 

https://www.airitilibrary.com/Publication/alDetailedMesh?DocID=P20151210011-201712-201801250017-201801250017-30-41.
https://www.airitilibrary.com/Publication/alDetailedMesh?DocID=P20151210011-201712-201801250017-201801250017-30-41.
https://journals.sagepub.com/doi/full/10.1177/1545968320921836.
https://journals.sagepub.com/doi/full/10.1177/13524585211061651.
https://journals.sagepub.com/doi/full/10.1177/13524585211064968.


 

 

127. WHO. WHO guidelines on physical activity and sedentary behaviour. World Health 

Organisation. 2020. 

128. Ladwig MA, Hartman ME, Ekkekakis P. Affect-based exercise prescription: An idea whose 

time has come. ACSM's health & fitness journal. 2017;21(5):10-15. www.acsm-

healthfitness.org. doi: 10.1249/fit.0000000000000332. 

129. Warburton DER, Bredin SSD. Reflections on physical activity and health: What should we 

recommend? Can J Cardiol. 2016;32(4):495-504. 

130. Sallis JF, Bull F, Guthold R, et al. Progress in physical activity over the olympic 

quadrennium. The Lancet. 2016;388(10051):1325-1336. http://dx.doi.org/10.1016/S0140-

6736(16)30581-5. doi: 10.1016/S0140-6736(16)30581-5. 

131. Sallis R. Developing healthcare systems to support exercise: Exercise as the fi fth vital sign. 

British Journal Sports Medicine. 2011;45(6). http://bjsm.bmj.com/. doi: 

10.1136/bjsm.2010.083469. 

132. UK Chief Medical Office. UK chief medical officers' physical 

activity guidelines  . . 2019. 

133. Rhodes RE, McEwan D, Rebar AL. Theories of physical activity behaviour change: A 

history and synthesis of approaches. Psychology of sport and exercise. 2019;42:100-109. 

https://dx.doi.org/10.1016/j.psychsport.2018.11.010. doi: 10.1016/j.psychsport.2018.11.010. 

134. van der Ploeg HP, Hillsdon M. Is sedentary behaviour just physical inactivity by another 

name? International Journal of Behavioral Nutrition and Physical Activity. 2017;14(1):142. 

http://dx.doi.org/10.1016/S0140-6736(16)30581-5.
http://dx.doi.org/10.1016/S0140-6736(16)30581-5.
http://bjsm.bmj.com/
https://dx.doi.org/10.1016/j.psychsport.2018.11.010.


 

 

https://www.narcis.nl/publication/RecordID/oai:pure.atira.dk:publications%2Fdcff9a14-05d2-

42d5-830b-c52a3e552b04. doi: 10.1186/s12966-017-0601-0. 

135. Park JH, Moon JH, Kim HJ, Kong MH, Oh YH. Sedentary lifestyle: Overview of updated 

evidence of potential health risks. Korean journal of family medicine. 2020;41(6):365-373. 

https://search.proquest.com/docview/2465440895. doi: 10.4082/KJFM.20.0165. 

136. Pedersen BK, Saltin B. Exercise as medicine - evidence for prescribing exercise as therapy 

in 26 different chronic diseases. Scand J Med Sci Sports. 2015;25:1-72. 

137. Nunan D. Doctors should be able to prescribe exercise like a drug. BMJ. 2016;353:i2468. 

http://dx.doi.org/10.1136/bmj.i2468. doi: 10.1136/bmj.i2468. 

138. Berryman JW. Exercise is medicine: A historical perspective. Current sports medicine 

reports. 2010;9(4):195-201. https://www.ncbi.nlm.nih.gov/pubmed/20622536. doi: 

10.1249/JSR.0b013e3181e7d86d. 

139. Josephson RA, Mehanna E. Exercise prescription: The devil is in the details. American 

College of Cardiology. 2016. 

140. Segar ML, Guérin E, Phillips E, Fortier M. From a vital sign to vitality: Selling exercise so 

patients want to buy it. Translational Journal of the ACSM. 2016;1(11):98-102. 

http://www.acsm-tj.org. 

141. Saito Y, Oguma Y, Tanaka A, et al. Community-wide physical activity intervention based 

on the japanese physical activity guidelines for adults: A non-randomized controlled trial. Prev 

https://www.narcis.nl/publication/RecordID/oai:pure.atira.dk:publications%2Fdcff9a14-05d2-42d5-830b-c52a3e552b04.
https://www.narcis.nl/publication/RecordID/oai:pure.atira.dk:publications%2Fdcff9a14-05d2-42d5-830b-c52a3e552b04.
https://search.proquest.com/docview/2465440895.
http://dx.doi.org/10.1136/bmj.i2468.
https://www.ncbi.nlm.nih.gov/pubmed/20622536.
http://www.acsm-tj.org./


 

 

Med. 2018;107:61-68. https://doi.org/10.1016/j.ypmed.2017.11.008. doi: 

10.1016/j.ypmed.2017.11.008. 

142. White L, Dressendorfer R. Exercise and multiple sclerosis. Sports Med. 2004;34(15):1077-

1100. http://www.ingentaconnect.com/content/adis/smd/2004/00000034/00000015/art00005. 

doi: 10.2165/00007256-200434150-00005. 

143. Ronai P, LaFontaine T, Bollinger L. Exercise guidelines for persons with multiple sclerosis. 

Strength and conditioning journal. 2011;33(1):30-33. 

https://search.proquest.com/docview/852757718. doi: 10.1519/SSC.0b013e3181fd0b2e. 

144. Sandoval AEG. Exercise in multiple sclerosis. Physical medicine and rehabilitation clinics 

of North America. 2013;24(4):605-618. http://dx.doi.org/10.1016/j.pmr.2013.06.010. 

145. Halabchi F, Alizadeh Z, Sahraian MA, Abolhasani M. Exercise prescription for patients 

with multiple sclerosis; potential benefits and practical recommendations. BMC Neurology. 

2017;17(185):1-11. 

146. National clinical guideline centre multiple sclerosis management of multiple sclerosis in 

primary and secondary care. . 2014. 

147. Geidl W, Gobster C, Streber R, Pfeifer K. A systematic critical review of physical activity 

aspects in clinical guidelines for multiple sclerosis. Multiple sclerosis and related disorders. 

2018;25:200-207. https://dx.doi.org/10.1016/j.msard.2018.07.039. doi: 

10.1016/j.msard.2018.07.039. 

https://doi.org/10.1016/j.ypmed.2017.11.008.
http://www.ingentaconnect.com/content/adis/smd/2004/00000034/00000015/art00005.
https://search.proquest.com/docview/852757718.
http://dx.doi.org/10.1016/j.pmr.2013.06.010.
https://dx.doi.org/10.1016/j.msard.2018.07.039.


 

 

148. Canning KL, Hicks AL. Benefits of adhering to the canadian physical activity guidelines for 

adults with multiple sclerosis beyond aerobic fitness and strength. International journal of MS 

care. 2020;22(1):15-21. https://www.ncbi.nlm.nih.gov/pubmed/32123524. doi: 10.7224/1537-

2073.2018-061. 

149. Brouwers MC, Kho Bhsc Michelle E, Browman GP, et al. Development of the AGREE II, 

part 1: Performance, usefulness and areas for improvement. CMAJ CMAJ • JULY. 

2010;13(10):182. 

150. Tremblay M, Haskell W. From science to physical activity guidelines. In: Bouchard C, 

Blair SN, Haskell WL, eds. Physical activity and health. 2nd ed. Champaign: Human Kinetics; 

2012:359-80. 

151. Martin Ginis K, Hicks A, Latimer A, et al. The development of evidence-informed physical 

activity guidelines for adults with spinal cord injury. Spinal Cord. 2011;49:1088-1096. doi: 

10.1038/sc.2011.63. 

152. Fischer F, Lange K, Klose K, Greiner W, Kraemer A. Barriers and strategies in guideline 

Implementation—A scoping review. Healthcare (Basel). 2016;4(3):36. 

https://www.ncbi.nlm.nih.gov/pubmed/27417624. doi: 10.3390/healthcare4030036. 

153. Li LC, Wees PJvd. Knowing is not enough; we must apply. willing is not enough; we must 

do. Physical therapy. 2015;95(4):486-491. 

https://www.narcis.nl/publication/RecordID/oai:repository.ubn.ru.nl:2066%2F152954. doi: 

10.2522/ptj.2015.95.4.486. 

https://www.ncbi.nlm.nih.gov/pubmed/32123524.
https://www.ncbi.nlm.nih.gov/pubmed/27417624.
https://www.narcis.nl/publication/RecordID/oai:repository.ubn.ru.nl:2066%2F152954.


 

 

154. Bernhardsson S, Johansson K, Nilsen P, Öberg B, Larsson MEH. Determinants of guideline 

use in primary care physical therapy: A cross-sectional survey of attitudes, knowledge, and 

behavior. Physical therapy. 2014;94(3):343-354. 

http://ptjournal.apta.org/content/94/3/343.abstract. doi: 10.2522/ptj.20130147. 

155. Uszynski MK, Herring MP, Casey B, et al. Sources of variability in physical activity among 

inactive people with multiple sclerosis. Int J Behav Med. 2017;25(2):259-264. 

https://link.springer.com/article/10.1007/s12529-017-9674-z. doi: 10.1007/s12529-017-9674-z. 

156. Motl R, McAuley E, Snook E. Physical activity and multiple sclerosis: A meta-analysis. 

Multiple Sclerosis. 2005;11:459. 

157. Klaren RE, Motl RW, Dlugonski D, Sandroff BM, Pilutti LA. Objectively quantified 

physical activity in persons with multiple sclerosis. Arch Phys Med Rehabil. 2013;94(12):2342-

2348. 

158. Kinnett-Hopkins D, Motl R. Results of a feasibility study of a patient informed, racially 

tailored home-based exercise program for black persons with multiple sclerosis. Contemporary 

Clinical Trials. 2018;75:1-8. https://linkinghub.elsevier.com/retrieve/pii/S155171441830380X. 

doi: 10.1016/j.cct.2018.10.009. 

159. Casey B, Coote S, Galvin R, Donnelly A. Objective physical activity levels in people with 

multiple sclerosis: Meta-analysis. Scand J Med Sci Sports. 2018;28(9):1960-1969. 

160. Geidl W, Gobster C, Streber R, Pfeifer K. A systematic critical review of physical activity 

aspects in clinical guidelines for multiple sclerosis. Multiple sclerosis and related disorders. 

http://ptjournal.apta.org/content/94/3/343.abstract.
https://link.springer.com/article/10.1007/s12529-017-9674-z.
https://linkinghub.elsevier.com/retrieve/pii/S155171441830380X.


 

 

2018;25:200-207. https://dx.doi.org/10.1016/j.msard.2018.07.039. doi: 

10.1016/j.msard.2018.07.039. 

161. Neal WN, Richardson E, Motl RW. How come you sent me the canadian one? application 

and uptake of the canadian physical activity guidelines for adults with multiple sclerosis in the 

united states. Adapted physical activity quarterly. 2021;38(3):413-434. 

https://www.ncbi.nlm.nih.gov/pubmed/33837163. doi: 10.1123/apaq.2020-0136. 

162. Sadeghi-Bahmani D, Silveira SL, Baird JF, Motl RW. Do internet resources align with 

exercise training and physical activity guidelines for people with multiple sclerosis? Multiple 

Sclerosis Journal - Experimental, Translational and Clinical. 2021;7(3). doi: 

10.1177/20552173211038035. 

163. Sebastião E, McAuley E, Shigematsu R, Adamson BC, Bollaert RE, Motl RW. Home-

based, square-stepping exercise program among older adults with multiple sclerosis: Results of a 

feasibility randomized controlled study. Contemporary Clinical Trials. 2018;73:136-144. 

http://www.sciencedirect.com/science/article/pii/S1551714418303616. doi: 

https://doi.org/10.1016/j.cct.2018.09.008. 

164. Motl RW, Cutter G, Bamman MM, Brown CJ, Rinker J. The importance and opportunity 

for healthy aging through lifestyle, behavior medicine among older adults with multiple 

sclerosis: The case based on physical activity. Curr Treat Options Neurol. 2021;23(8). 

https://link.springer.com/article/10.1007/s11940-021-00680-6. doi: 10.1007/s11940-021-00680-

6. 

https://dx.doi.org/10.1016/j.msard.2018.07.039.
https://www.ncbi.nlm.nih.gov/pubmed/33837163.
http://www.sciencedirect.com/science/article/pii/S1551714418303616.
https://doi.org/10.1016/j.cct.2018.09.008.
https://link.springer.com/article/10.1007/s11940-021-00680-6.


 

 

165. Horton S, MacDonald DJ, Erickson K. MS, exercise, and the potential for older adults. 

European Review of Aging and Physical Activity. 2010;7(1):49-57. 

https://explore.openaire.eu/search/publication?articleId&#61;core_ac_uk__::691164696fef7f49a

86e5c509fc94d1d. doi: 10.1007/s11556-010-0062-9. 

166. Klaren RE, Sebastiao E, Chiu CY, Kinnett-Hopkins D, McAuley E, Motl RW. Levels and 

rates of physical activity in older adults with multiple sclerosis. Aging and Disease. 

2016;7(3):278-284. doi: 10.14336/AD.2015.1025. 

167. Edwards T, Pilutti LA. The effect of exercise training in adults with multiple sclerosis with 

severe mobility disability: A systematic review and future research directions. Multiple Sclerosis 

and Related Disorders. 2017;16:31-39. 

168. Wasfy MM, Baggish AL. Exercise dose in clinical practice. Circulation. 

2016;133(23):2297-2313. 

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&NEWS=n&CSC=Y&PAGE=fulltext&D=ovft&AN=

00003017-201606070-00010. doi: 10.1161/CIRCULATIONAHA.116.018093. 

169. Schlagheck ML, Joisten N, Walzik D, et al. Systematic review of exercise studies in persons 

with multiple sclerosis: Exploring the quality of interventions according to the principles of 

exercise training. Neurol Ther. 2021;10(2):585-607. 

https://link.springer.com/article/10.1007/s40120-021-00274-z. doi: 10.1007/s40120-021-00274-

z. 

170. Sasso JP, Eves ND, Christensen JF, Koelwyn GJ, Scott J, Jones LW. A framework for 

prescription in exercise‐oncology research. Journal of Cachexia, Sarcopenia and Muscle. 

https://explore.openaire.eu/search/publication?articleId&#61;core_ac_uk__::691164696fef7f49a86e5c509fc94d1d.
https://explore.openaire.eu/search/publication?articleId&#61;core_ac_uk__::691164696fef7f49a86e5c509fc94d1d.
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&NEWS=n&CSC=Y&PAGE=fulltext&D=ovft&AN=00003017-201606070-00010.
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&NEWS=n&CSC=Y&PAGE=fulltext&D=ovft&AN=00003017-201606070-00010.
https://link.springer.com/article/10.1007/s40120-021-00274-z.


 

 

2015;6(2):115-124. https://onlinelibrary.wiley.com/doi/abs/10.1002/jcsm.12042. doi: 

10.1002/jcsm.12042. 

171. Streber R, Peters S, Pfeifer K. Systematic review of correlates and determinants of physical 

activity in persons with multiple sclerosis. Arch Phys Med Rehabil. 2016;97(4):633-645.e29. 

http://www.sciencedirect.com/science/article/pii/S000399931501566X. doi: 

https://doi.org/10.1016/j.apmr.2015.11.020. 

172. Bauman AE, Sallis JF, Dzewaltowski DA, Owen N. Toward a better understanding of the 

influences on physical activity: The role of determinants, correlates, causal variables, mediators, 

moderators, and confounders. American journal of preventive medicine. 2002;23(2):5-14. 

https://dx.doi.org/10.1016/S0749-3797(02)00469-5. doi: 10.1016/S0749-3797(02)00469-5. 

173. Doerksen SE, Motl RW, McAuley E. Environmental correlates of physical activity in 

multiple sclerosis: A cross-sectional study. The international journal of behavioral nutrition and 

physical activity. 2007;4(49):1-7. https://www.ncbi.nlm.nih.gov/pubmed/17922918. doi: 

10.1186/1479-5868-4-49. 

174. Bhargava P, Kalb R. Your patients with multiple sclerosis have set wellness as a high 

priority - and the national multiple sclerosis society is responding. Multiple Sclerosis. 

2015;11(2):80-86. 

175. Højsgaard Chow H, Schreiber K, Magyari M, et al. Progressive multiple sclerosis, cognitive 

function, and quality of life. Brain and Behavior. 2018;8(2):e00875-n/a. 

https://onlinelibrary.wiley.com/doi/abs/10.1002/brb3.875. doi: 10.1002/brb3.875. 

https://onlinelibrary.wiley.com/doi/abs/10.1002/jcsm.12042.
http://www.sciencedirect.com/science/article/pii/S000399931501566X.
https://doi.org/10.1016/j.apmr.2015.11.020.
https://dx.doi.org/10.1016/S0749-3797(02)00469-5.
https://www.ncbi.nlm.nih.gov/pubmed/17922918.
https://onlinelibrary.wiley.com/doi/abs/10.1002/brb3.875.


 

 

176. Fakolade A, Finlayson M, Parsons T, Latimer-Cheung A. Correlating the physical activity 

patterns of people with moderate to severe multiple sclerosis disability and their family 

caregivers. Physiother Can. 2018;70(4):373-381. 

177. Confavreux C, Vukusic S. The clinical course of multiple sclerosis. Multiple Sclerosis and 

Related Disorders. 2014;122:343-369. https://ac-els-cdn-

com.lcproxy.shu.ac.uk/B9780444520012000145/1-s2.0-B9780444520012000145-

main.pdf?_tid=e3fcd42e-0b4a-11e8-b5ad-

00000aacb362&acdnat=1517927872_7a526a6d11cb0bcf9bb47c757423a361. doi: 

10.1016/B978-0-444-52001-2.00014-5. 

178. Compston A, Coles A. Multiple sclerosis. Lancet. 2002;359:1221-1231. 

179. Baird JF, Sandroff BM, Motl RW. Therapies for mobility disability in persons with multiple 

sclerosis. Expert Review of Neurotherapeutics. 2018;18(6):493-502. doi: 

10.1080/14737175.2018.1478289. 

180. Hohol MJ, Orav EJ, Weiner HL. Disease steps in multiple sclerosis: A simple approach to 

evaluate disease progression. Neurology. 1995;45(2). 

181. Edwards T, Pilutti LA. The effect of exercise training in adults with multiple sclerosis with 

severe mobility disability: A systematic review and future research directions. Multiple Sclerosis 

and Related Disorders. 2017;16:31-39. doi: 10.1016/j.msard.2017.06.003. 

https://ac-els-cdn-com.lcproxy.shu.ac.uk/B9780444520012000145/1-s2.0-B9780444520012000145-main.pdf?_tid=e3fcd42e-0b4a-11e8-b5ad-00000aacb362&acdnat=1517927872_7a526a6d11cb0bcf9bb47c757423a361.
https://ac-els-cdn-com.lcproxy.shu.ac.uk/B9780444520012000145/1-s2.0-B9780444520012000145-main.pdf?_tid=e3fcd42e-0b4a-11e8-b5ad-00000aacb362&acdnat=1517927872_7a526a6d11cb0bcf9bb47c757423a361.
https://ac-els-cdn-com.lcproxy.shu.ac.uk/B9780444520012000145/1-s2.0-B9780444520012000145-main.pdf?_tid=e3fcd42e-0b4a-11e8-b5ad-00000aacb362&acdnat=1517927872_7a526a6d11cb0bcf9bb47c757423a361.
https://ac-els-cdn-com.lcproxy.shu.ac.uk/B9780444520012000145/1-s2.0-B9780444520012000145-main.pdf?_tid=e3fcd42e-0b4a-11e8-b5ad-00000aacb362&acdnat=1517927872_7a526a6d11cb0bcf9bb47c757423a361.


 

 

182. Motl R, Arnett P, Smith M, Barwick F, Ahlstrom B, Stover E. Worsening of symptoms is 

associated with lower physical activity levels in individuals with multiple sclerosis. Multiple 

Sclerosis. 2008;14:140-142. 

183. Ezeugwu V, Klaren RE, Hubbard EA, Manns P, Motl RW. Mobility disability and the 

pattern of accelerometer-derived sedentary and physical activity behaviors in people with 

multiple sclerosis. Preventive Med Reports. 2015;2:241-246. 

184. Pilutti LA, Hicks AL. Rehabilitation of ambulatory limitations. Phys Med Rehabil Clin 

North Am. 2013;24(2):277-290. 

185. Pilutti LA, Paulseth JE, Dove C, Jiang S, Rathbone MP, Hicks AL. Exercise training in 

progressive multiple sclerosis: A comparison of recumbent stepping and body weight-supported 

treadmill training. Int J MS Care. 2016;18(5):221-229. 

186. Lynch CL, Popovic MR. Functional electrical stimulation. IEEE Control Systems. 

2008;28(2):40-50. doi: 10.1109/MCS.2007.914689. 

187. Juckes FM, Marceniuk G, Seary C, Stevenson VL. A cohort study of functional electrical 

stimulation in people with multiple sclerosis demonstrating improvements in quality of life and 

cost-effectiveness. Clin Rehabil. 2019;33(7):1163-1170. doi: 10.1177/0269215519837326. 

188. Robinson AG, Dennett AM, Snowdon DA. Treadmill training may be an effective form of 

task-specific training for improving mobility in people with parkinson's disease and multiple 

sclerosis: A systematic review and meta-analysis. Physiotherapy (United Kingdom). 

2019;105(2):174-186. doi: 10.1016/j.physio.2018.11.007. 



 

 

189. Richardson EV, Smith B, Papathomas A. Disability and the gym: Experiences, barriers and 

facilitators of gym use for individuals with physical disabilities. Disability and rehabilitation. 

2017;39(19):1950-1957. https://www.tandfonline.com/doi/abs/10.1080/09638288.2016.1213893. 

doi: 10.1080/09638288.2016.1213893. 

190. Silveira SL, Richardson EV, Motl RW. Informing the design of exercise programs for 

persons with multiple sclerosis who use wheelchairs: A qualitative inquiry of perceived 

components. Disability and rehabilitation. 2021;43(13):1838-1848. 

https://www.tandfonline.com/doi/abs/10.1080/09638288.2019.1678073. doi: 

10.1080/09638288.2019.1678073. 

191. Plow MA, Resnik L, Allen SM. Disability and rehabilitation exploring physical activity 

behaviour of persons with multiple sclerosis: A qualitative pilot study exploring physical activity 

behaviour of persons with multiple sclerosis: A qualitative pilot study. . 2009. 

http://www.tandfonline.com/action/journalInformation?journalCode=idre20 

http://dx.doi.org/10.1080/09638280902738375. doi: 10.1080/09638280902738375. 

192. Crank H, Carter A, Humphreys L, et al. Qualitative investigation of exercise perceptions 

and experiences in people with multiple sclerosis before, during, and after participation in a 

personally tailored exercise program. Archives of physical medicine and rehabilitation. 

2017;98(12):2520-2525. https://dx.doi.org/10.1016/j.apmr.2017.05.022. doi: 

10.1016/j.apmr.2017.05.022. 

193. Moffat F, Paul L. Barriers and solutions to participation in exercise for moderately disabled 

people with multiple sclerosis not currently exercising: A consensus development study using 

https://www.tandfonline.com/doi/abs/10.1080/09638288.2016.1213893.
https://www.tandfonline.com/doi/abs/10.1080/09638288.2019.1678073.
http://www.tandfonline.com/action/journalInformation?journalCode=idre20
http://dx.doi.org/10.1080/09638280902738375.
https://dx.doi.org/10.1016/j.apmr.2017.05.022.


 

 

nominal group technique. Disability and rehabilitation. 2019;41(23):2775-2783. 

http://www.tandfonline.com/doi/abs/10.1080/09638288.2018.1479456. doi: 

10.1080/09638288.2018.1479456. 

194. Motl RW, Learmonth YC, Rice IM, Ostler T, Rice LA. Perspectives on physical activity 

among people with multiple sclerosis who are wheelchair users informing the design of future 

interventions. International Journal of MS Care.  

195. Spencer L, Ritchie J, Lewis J, Dillon L. Quality in qualitative evaluation: A framework for 

assessing research evidence. . 2003. http://www.cebma.org/wp-content/uploads/Spencer-Quality-

in-qualitative-evaluation.pdf. 

196. Barnard E, Brown CR, Weiland TJ, Jelinek GA, Marck CH. Understanding barriers, 

enablers, and long-term adherence to a health behavior intervention in people with multiple 

sclerosis. Disability and rehabilitation. 2020;42(6):822-832. 

http://www.tandfonline.com/doi/abs/10.1080/09638288.2018.1510550. doi: 

10.1080/09638288.2018.1510550. 

197. Asano M, Duquette P, Andersen R, Lapierre Y, Mayo NE. Exercise barriers and preferences 

among women and men with multiple sclerosis. Disability {\&} Rehabilitation. 2013;35(5):353-

361. 

198. Kayes NM, Mcpherson KM, Taylor D, Schl uter PJ, Kolt GS, Ter PJS. Facilitators and 

barriers to engagement in physical activity for people with multiple sclerosis: A qualitative 

investigation facilitators and barriers to engagement in physical activity for people with multiple 

sclerosis: A qualitative investigation. Disability {\&} Rehabilitation. 2011;33(8):625-642. 

http://www.tandfonline.com/doi/abs/10.1080/09638288.2018.1479456.
http://www.cebma.org/wp-content/uploads/Spencer-Quality-in-qualitative-evaluation.pdf.
http://www.cebma.org/wp-content/uploads/Spencer-Quality-in-qualitative-evaluation.pdf.
http://www.tandfonline.com/doi/abs/10.1080/09638288.2018.1510550.


 

 

199. Kersten P, McPherson KM, Kayes NM, Theadom A, McCambridge A. Bridging the goal 

intention-action gap in rehabilitation: A study of if-then implementation intentions in 

neurorehabilitation. Disabil Rehabil. 2015;37(12):1073-1081. 

200. Motl RW, Pekmezi D, Wingo BC. Promotion of physical activity and exercise in multiple 

sclerosis: Importance of behavioral science and theory. Multiple Sclerosis Journal – 

Experimental, Translational and Clinical. 2018;4(3):2055217318786745. 

https://journals.sagepub.com/doi/full/10.1177/2055217318786745. doi: 

10.1177/2055217318786745. 

201. Bandura A. Social cognitive theory: An agentic perspective 1. Asian Journal of Social 

Psychology. 1999;2:21-41. https://onlinelibrary.wiley.com/doi/pdf/10.1111/1467-839X.00024. 

202. Prochaska JO, DiClemente CC. Stages and processes of self-change of smoking: Toward an 

integrative model of change. J Consult Clin Psychol. 1983;51(3):390-395. doi: 10.1037/0022-

006X.51.3.390. 

203. Ajzen I. From intentions to actions: A theory of planned behaviour. In: Kuhl J, Beckmann J, 

eds. Action control: From cognition to behavior. New York: Springer-Verlag; 1985:11-40. 

http://www.duluth.umn.edu/~kgilbert/educ5165-731/Readings/Theory of Planned Behavior- 

Azjen.pdf. 

204. Ryan RM, Deci EL. Self-determination theory and the facilitation of intrinsic motivation, 

social development, and well-being. The American psychologist. 2000;55(1):68-78. 

https://www.ncbi.nlm.nih.gov/pubmed/11392867. doi: 10.1037/0003-066X.55.1.68. 

https://journals.sagepub.com/doi/full/10.1177/2055217318786745.
https://onlinelibrary.wiley.com/doi/pdf/10.1111/1467-839X.00024.
http://www.duluth.umn.edu/%7Ekgilbert/educ5165-731/Readings/Theory
https://www.ncbi.nlm.nih.gov/pubmed/11392867.


 

 

205. Schwarzer R. Modeling health behavior change: How to predict and modify the adoption 

and maintenance of health behaviors. Applied psychology. 2008;57(1):1-29. 

http://www.ingentaconnect.com/content/bpl/apps/2008/00000057/00000001/art00001. doi: 

10.1111/j.1464-0597.2007.00325.x. 

206. Chiu C, Lynch RT, Chan F, Berven NL. The health action process approach as a 

motivational model for physical activity self-management for people with multiple sclerosis: A 

path analysis. Rehabilitation psychology. 2011;56(3):171-181. 

http://psycnet.apa.org/journals/rep/56/3/171. doi: 10.1037/a0024583. 

207. Sosnoff JJ, Finlayson M, McAuley E, Morrison S, Motl RW. Home-based exercise program 

and fall-risk reduction in older adults with multiple sclerosis: Phase 1 randomized controlled 

trial. Clin Rehabil. 2014;28(3):254-263. 

208. Aminian S, Ezeugwu VE, Motl RW, Manns PJ. Sit less and move more: Perspectives of 

adults with multiple sclerosis. Disability and rehabilitation. 2019;41(8):904-911. 

http://www.tandfonline.com/doi/abs/10.1080/09638288.2017.1416499. doi: 

10.1080/09638288.2017.1416499. 

209. Keytsman C, Van Noten P, Spaas J, Nieste I, Van Asch P, Eijnde BO. Periodized home-

based training: A new strategy to improve high intensity exercise therapy adherence in mildly 

affected patients with multiple sclerosis. Mult Scler Relat Disord. 2019;28:91-97. 

210. Christensen ME, Brincks J, Schnieber A, Soerensen D. The intention to exercise and the 

execution of exercise among persons with multiple sclerosis - a qualitative metasynthesis. 

Disability and rehabilitation. 2016;38(11):1023-1033. 

http://www.ingentaconnect.com/content/bpl/apps/2008/00000057/00000001/art00001.
http://psycnet.apa.org/journals/rep/56/3/171.
http://www.tandfonline.com/doi/abs/10.1080/09638288.2017.1416499.


 

 

http://www.tandfonline.com/doi/abs/10.3109/09638288.2015.1091859. doi: 

10.3109/09638288.2015.1091859. 

211. Learmonth YC, Rice IM, Ostler T, Rice LA, Motl RW. Perspectives on physical activity 

among people with multiple sclerosis who are wheelchair users: Informing the design of future 

interventions. International journal of MS care. 2015;17(3):109-119. 

https://www.ncbi.nlm.nih.gov/pubmed/26052256. doi: 10.7224/1537-2073.2014-018. 

212. Hale L, Smith C, Mulligan H, Treharne G. “Tell me what you want, what you really really 

want….”: Asking people with multiple sclerosis about enhancing their participation in physical 

activity. Disabil Rehabil. 2012;34(22):1887-1893. 

http://www.tandfonline.com/action/journalInformation?journalCode=idre20. doi: 

10.3109/09638288.2012.670037. 

213. Mohan N, Collins E, Cusack T, O'Donoghue G. Physical activity and exercise prescription: 

Senior physiotherapists' knowledge, attitudes and beliefs. Physiotherapy Practice and Research. 

2012;33(2):71-80. doi: 10.3233/PPR-2012-0001. 

214. Asano M, Finlayson ML. Meta-analysis of three different types of fatigue management 

interventions for people with multiple sclerosis: Exercise, education, and medication. Multiple 

sclerosis international. 2014;798285.:798285-12. 

https://www.airitilibrary.com/Publication/alDetailedMesh?DocID&#61;P20151210011-201412-

201512100013-201512100013-231-242. doi: 10.1155/2014/798285. 

http://www.tandfonline.com/doi/abs/10.3109/09638288.2015.1091859.
https://www.ncbi.nlm.nih.gov/pubmed/26052256.
http://www.tandfonline.com/action/journalInformation?journalCode=idre20.
https://www.airitilibrary.com/Publication/alDetailedMesh?DocID&#61;P20151210011-201412-201512100013-201512100013-231-242.
https://www.airitilibrary.com/Publication/alDetailedMesh?DocID&#61;P20151210011-201412-201512100013-201512100013-231-242.


 

 

215. Abonie US, Sandercock GRH, Heesterbeek M, Hettinga FJ. Effects of activity pacing in 

patients with chronic conditions associated with fatigue complaints: A meta-analysis. Disabil 

Rehabil. 2020;42(5):613-622. doi: 10.1080/09638288.2018.1504994. 

216. Gillham B. Research interviewing : The range of techniques. Berkshire: McGraw-Hill 

Education; 2005. 

217. Humphreys L, Carter A, Sharrack B, Copeland R. High-intensity interval training in people 

with mild multiple sclerosis: A mixed-methods feasibility study. International Journal of 

Therapy and Rehabilitation. 2022;29(5):1. doi: 10.12968/ijtr.2021.0073. 

218. Collett J, Dawes H, Meaney A, et al. Exercise for multiple sclerosis: A single-blind 

randomized trial comparing three exercise intensities. Multiple Sclerosis Journal. 

2010;17(5):594-603. 

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.827.4775&rep=rep1&type=pdf. doi: 

10.1177/1352458510391836. 

219. Smart NA. Is it yet time to throw away the old recipe book and consider high intensity 

intermittent exercise in clinical populations? Journal of Athletic Enhancement. 2013;2(1). 

http://dx.doi.org/10.4172/2324-9080.1000e108. doi: 10.4172/2324-9080.1000e108. 

220. Gibala MJ, Little JP, Macdonald MJ, Hawley JA. Physiological adaptations to low-volume, 

high-intensity interval training in health and disease. J Physiol (Lond ). 2012;5905:1077-1084. 

doi: 10.1113/jphysiol.2011.224725. 

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.827.4775&rep=rep1&type=pdf.
http://dx.doi.org/10.4172/2324-9080.1000e108.


 

 

221. Bird SR, Hawley JA. Exercise and type 2 diabetes: New prescription for an old problem. 

Maturitas. 2012. doi: 10.1016/j.maturitas.2012.05.015. 

222. Milanovic´1 Z, Milanovic´1 M, Goran Sporiš •, Weston •M. Effectiveness of high-intensity 

interval training (HIT) and continuous endurance training for VO 2max improvements: A 

systematic review and meta-analysis of controlled trials. Sports Med. 2015;45:1469-1481. 

223. Bartlett JD, Close GL, Maclaren DPM, Gregson W, Drust B, Morton JP. High-intensity 

interval running is perceived to be more enjoyable than moderate-intensity continuous exercise: 

Implications for exercise adherence. J Sports Sci. 2011;29(6):547-553. 

http://www.tandfonline.com/loi/rjsp20 http://dx.doi.org/10.1080/02640414.2010.545427 

http://www.tandfonline.com/page/terms-and-conditions 

http://www.tandfonline.com/doi/abs/10.1080/02640414.2010.545427. doi: 

10.1080/02640414.2010.545427. 

224. Norton K, Norton L, Sadgrove D. Position statement on physical activity and exercise 

intensity terminology. Journal of Science and Medicine in Sport. 2010;13(5):496-502. doi: 

10.1016/j.jsams.2009.09.008. 

225. Wens I, Broekmans T, Hendriks J, Savelberg HH, Hesselink MK, Ejinde BO. Effects of 

exercise intensity in experimental autoimmune encephalomyelitis. Journal Of Multiple Sclerosis. 

2015;2(133). 

226. Klaren RE, Motl RW, Woods JA, Miller SD. Effects of exercise in experimental 

autoimmune encephalomyelitis (an animal model of multiple sclerosis). J Neuroimmunol. 

2014;274(1-2):14-19. doi: 10.1016/j.jneuroim.2014.06.014. 

http://www.tandfonline.com/loi/rjsp20
http://dx.doi.org/10.1080/02640414.2010.545427
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/doi/abs/10.1080/02640414.2010.545427.


 

 

227. Bernardes D, Oliveira-Lima O, da Silva TV, et al. Differential brain and spinal cord 

cytokine and BDNF levels in experimental autoimmune encephalomyelitis are modulated by 

prior and regular exercise. J Neuroimmunol. 2013;264(1-2):24-34. doi: 

10.1016/j.jneuroim.2013.08.014. 

228. Saucedo Marquez CM, Vanaudenaerde B, Troosters T, Wenderoth N. High-intensity 

interval training evokes larger serum BDNF levels compared with intense continuous exercise. J 

Appl Physiol. 2015;119:1363-1373. http://www.jappl.org. doi: 

10.1152/japplphysiol.00126.2015.-Exercise. 

229. Campbell E, Coulter EH, Paul L. High intensity interval training for people with multiple 

sclerosis: A systematic review. Multiple Sclerosis and Related Disorders. 2018;24:55-63. doi: 

10.1016/j.msard.2018.06.005. 

230. Lancaster GA, Dodd S, Williamson PR. Design and analysis of pilot studies: 

Recommendations for good practice. J Eval Clin Pract. 2004;10(2):307-312. 

231. van Teijlingen E, Hundley V. The importance of pilot studies. Nursing Standard. 

2002;16(40):33-36. 

232. Lancaster GA. Pilot and feasibility studies come of age! Pilot and Feasibility Studies. 

2015;1(1). doi: 10.1186/2055-5784-1-1. 

233. Eldridge SM, Lancaster GA, Campbell MJ, et al. Defining feasibility and pilot studies in 

preparation for randomised controlled trials: Development of a conceptual framework. PLoS 

ONE. 2016;11(3). 

http://www.jappl.org./


 

 

234. Whitehead AL, Sully B, Campbell MJ. Pilot and feasibility studies: Is there a difference 

from each other and from a randomised controlled trial? Contemporary Clinical Trials. 

2014;38(1):130-133. 

235. Thabane L, Ma J, Chu R, et al. A tutorial on pilot studies: The what, why and how. BMC 

medical research methodology. 2010;10(1):1. https://www.ncbi.nlm.nih.gov/pubmed/20053272. 

doi: 10.1186/1471-2288-10-1. 

236. El-Kotob R, Giangregorio LM. Pilot and feasibility studies in exercise, physical activity, or 

rehabilitation research. Pilot and Feasibility Studies. 2018;4(1). 

237. Kurtzke J. Rating neurologic impairment in multiple sclerosis: An expanded disability 

status scale (EDSS). Neurology. 1983;33:1444-1452. 

238. Learmonth YC, Motl RW, Sandroff BM, Pula JH, Cadavid D. Validation of patient 

determined disease step scale scores in persons with multiple sclerosis. BMC Neurology. 

2013;13(37). 

239. Riemenschneider M, Hvid LG, Stenager E, Dalgas U. Is there an overlooked “window of 

opportunity” in MS exercise therapy? perspectives for early MS rehabilitation. Mult Scler J. 

2018;24(7):886-894. 

240. Langeskov-Christensen M, Langeskov-Christensen D, Overgaard K, M oller AB, Dalgas U. 

Validity and reliability of VO 2-max measurements in persons with multiple sclerosis. J Neurol 

Sci. 2014;342:79-87. 

https://www.ncbi.nlm.nih.gov/pubmed/20053272.


 

 

241. Motl RW, Fernhall B. Accurate prediction of cardiorespiratory fitness using cycle 

ergometry in minimally disabled persons with relapsing-remitting multiple sclerosis. Arch Phys 

Med Rehabil. 2012;93(3):490-495. https://ac.els-cdn.com/S0003999311007726/1-s2.0-

S0003999311007726-main.pdf?_tid=72385346-1b80-4517-b09f-

5f18b441a683&acdnat=1545390268_ad12841f1f4445e19c75c7a449fb8280. doi: 

10.1016/j.apmr.2011.08.025. 

242. Godin G, Shepard RJ. A simple method to assess exercise behaviour in the community. 

Journal of applied Sport Scienes. 1985;10:141-146. 

243. Fisk JD, Pontefract A, Ritvo PG, Archibald CJ, Murray TJ. The impact of fatigue on 

patients with multiple sclerosis. Can J Neurol Sci. 1994;21:9-14. 

https://doi.org/10.1017/S0317167100048691. doi: 10.1017/S0317167100048691. 

244. Vickrey B. Multiple sclerosis quality of life (MSQOL)-54 instrument. . 1995. 

245. Motl RW, Snook EM. Physical activity, self-efficacy, and quality of life in multiple 

sclerosis. Annals of Behavioral Medicine. 2008. doi: 10.1007/s12160-007-9006-7. 

246. Sikes EM, Richardson EV, Cederberg KJ, Sasaki JE, Sandroff BM, Motl RW. Use of the 

godin leisure-time exercise questionnaire in multiple sclerosis research: A comprehensive 

narrative review. Disabil Rehabil. 2019;41(11):1243-1267. 

https://doi.org/10.1080/09638288.2018.1424956. doi: 10.1080/09638288.2018.1424956. 

247. Aburub A, Khalil H, Al-Sharman A, Alomari M, Khabour O. The association between 

physical activity and sleep characteristics in people with multiple sclerosis. Multiple Sclerosis 

https://ac.els-cdn.com/S0003999311007726/1-s2.0-S0003999311007726-main.pdf?_tid=72385346-1b80-4517-b09f-5f18b441a683&acdnat=1545390268_ad12841f1f4445e19c75c7a449fb8280.
https://ac.els-cdn.com/S0003999311007726/1-s2.0-S0003999311007726-main.pdf?_tid=72385346-1b80-4517-b09f-5f18b441a683&acdnat=1545390268_ad12841f1f4445e19c75c7a449fb8280.
https://ac.els-cdn.com/S0003999311007726/1-s2.0-S0003999311007726-main.pdf?_tid=72385346-1b80-4517-b09f-5f18b441a683&acdnat=1545390268_ad12841f1f4445e19c75c7a449fb8280.
https://doi.org/10.1017/S0317167100048691.
https://doi.org/10.1080/09638288.2018.1424956.


 

 

and Related Disorders. 2017;12:29-33. 

https://linkinghub.elsevier.com/retrieve/pii/S2211034816302498. doi: 

10.1016/j.msard.2016.12.010. 

248. Amato MP, Ponziani G, Rossi F, Liedl CL, Stefanile C, Rossi L. Quality of life in multiple 

sclerosis: The impact of depression, fatigue and disability. Multiple Sclerosis. 2001;7:340-344. 

249. Ochoa-Morales A, Hernández-Mojica T, Paz-Rodríguez F, et al. Quality of life in patients 

with multiple sclerosis and its association with depressive symptoms and physical disability. 

Multiple sclerosis and related disorders. 2019;36:101386. 

https://dx.doi.org/10.1016/j.msard.2019.101386. doi: 10.1016/j.msard.2019.101386. 

250. Little JP, Safdar A, Wilkin GP, Tarnopolsky MA, Gibala MJ, Gibala MJ. A practical model 

of low-volume high-intensity interval training induces mitochondrial biogenesis in human 

skeletal muscle: Potential mechanisms. J Physiol (Lond ). 2010:1011-1022. 

251. Hood MS, Little JP, Tarnopolsky MA, Myslik F, Gibala MJ. Low-volume interval training 

improves muscle oxidative capacity in sedentary adults. Med Sci Sports Exerc. 

2011;43(10):1849-1856. doi: 10.1249/MSS.0b013e3182199834. 

252. Boyne P, Dunning K, Carl D, Gerson M, Khoury J, Kissela B. Within-session responses to 

high-intensity interval training in chronic stroke. Medicine and Science in Sports and Exercise. 

2014;47(3):476-484. 

https://linkinghub.elsevier.com/retrieve/pii/S2211034816302498.
https://dx.doi.org/10.1016/j.msard.2019.101386.


 

 

253. Niemeijer A, Lund H, Stafne SN, et al. Adverse events of exercise therapy in randomised 

controlled trials: A systematic review and meta-analysis. Br J Sports Med. 2020;54(18):1073-

1080. doi: 10.1136/bjsports-2018-100461. 

254. Spencer L, Ritchie J, Ormston R, O'Connor W, Barnard M. Analysis principles and 

processes. In: Ritchie J, Lewis J, McNaughton Nicholls C, Ormston R, eds. Qualitative research 

practice: A guide for social science students and researchers. Second edition ed. London: SAGE 

Publications Ltd; 2014:269-295. 

255. Ward DJ, Furber C, Tierney S, Swallow V. Using framework analysis in nursing research: 

A worked example. J Adv Nurs. 2013;69(11):2423-2432. doi: 10.1111/jan.12127. 

256. Learmonth YC, Motl RW. Physical activity and exercise training in multiple sclerosis: A 

review and content analysis of qualitative research identifying perceived determinants and 

consequences. Disability and Rehabilitation. 2016;38(13):1227-1242. 

257. Lobelo F, Garcia De Quevedo Isabel. The evidence in support of physicians and health care 

providers as physical activity role models. American Journal of Lifestyle Medicine. 

2014;10(1):36-52. 

258. Orrow G, Kinmonth AL, Sanderson S, Sutton S. Effectiveness of physical activity 

promotion based in primary care: Systematic review and meta-analysis of randomised controlled 

trials. BMJ. 2012;344(e1389). 



 

 

259. Casey B, Coote S, Hayes S, Gallagher S. Changing physical activity behavior in people 

with multiple sclerosis: A systematic review and meta-analysis. ARCHIVES OF PHYSICAL 

MEDICINE AND REHABILITATION. 2018;99(10):2059-75. 

260. Casey B, Uszynski M, Hayes S, Motl R, Gallagher S, Coote S. Do multiple sclerosis 

symptoms moderate the relationship between self-efficacy and physical activity in people with 

multiple sclerosis? Rehabilitation Psychology. 2018;63(1):104-110. 

261. Fahy A, Maguire R. Potentially modifiable associates of anxiety in people with multiple 

sclerosis: A systematic review. Disability and rehabilitation. ;ahead-of-print(ahead-of-print):1-

12. https://www.tandfonline.com/doi/abs/10.1080/09638288.2021.2022776. doi: 

10.1080/09638288.2021.2022776. 

262. Bandura A. Self-efficacy: The exercise of control. New York, US: W H Freeman/Time 

Books/ Henry Holt & c; 1997. 

263. Uszynski MK, Casey B, Hayes S, et al. Social cognitive theory correlates of physical 

activity in inactive adults with multiple sclerosis. International Journal of MS Care. 

2018;20:129-135. 

264. Warner LM, Schüz B, Wolff JK, Wurm S. Sources of self-efficacy for physical activity. 

Health Psychology. 2014;33(11):1298-1308. http://dx.doi.org/10.1037/hea0000085. doi: 

10.1037/hea0000085. 

265. Coyle E. Very intense exercise-training is extremely potent and time efficient: A reminder. 

Journal Applied Physiology. 2005;98:1983-1984. doi: 10.1152/japplphysiol.00215.2005. 

https://www.tandfonline.com/doi/abs/10.1080/09638288.2021.2022776.
http://dx.doi.org/10.1037/hea0000085.


 

 

266. Weston M, Taylor KL, Batterham AM, et al. Effects of low-volume high-intensity interval 

training (HIT) on fitness in adults: A meta-analysis of controlled and non-controlled trials. Sports 

Med. 2014;44:1005-1017. https://link.springer.com/content/pdf/10.1007%2Fs40279-014-0180-

z.pdf. doi: 10.1007/s40279-014-0180-z. 

267. Smith RM, Adeney-Steel M, Fulcher G, Longley WA. Symptom change with exercise is a 

temporary phenomenon for people with multiple sclerosis. Arch Phys Med Rehabil. 

2006;87:723-727. https://pdf.sciencedirectassets.com/272381/1-s2.0-S0003999306X02423/1-

s2.0-S0003999306000980/main.pdf?x-amz-security-

token=AgoJb3JpZ2luX2VjEDgaCXVzLWVhc3QtMSJHMEUCIQCiczSEbX96FuOMQGMdA

wyEyH5w9oggHrnX4ZajsRfIfgIgOP%2FdLOrRAMfnlk0C59KKnX5khKiGoyEnPA4mRNibyg

. doi: 10.1016/j.apmr.2006.01.015. 

268. Jelleyman C, Yates T, Gray LJ, King JA, Khunti K, Davies MJ. Physical activity/metabolic 

effects the effects of high-intensity interval training on glucose regulation and insulin resistance: 

A meta-analysis. Obesity Reviews. 2015;16:942-961. 

https://onlinelibrary.wiley.com/doi/pdf/10.1111/obr.12317. doi: 10.1111/obr.12317. 

269. Shiraev T, Barclay G. Evidence based exercise clinical benefits of high intensity interval 

training. Aust Fam Physician. 2012;41(12):960-962. 

270. Zaenker ea. High-intensity interval training combined with resistance training improves 

physiological capabilities, strength and quality of life in multple sclerosis patients: A pilot study. 

European Journal of Physical and Rehabilitation Medicine. 2017;54(1):58-67. 

https://www.minervamedica.it/en/getfreepdf/D3p1YzBhxpxzUm%252FCxrSLRxN6B0VGM0Rf

https://link.springer.com/content/pdf/10.1007%2Fs40279-014-0180-z.pdf.
https://link.springer.com/content/pdf/10.1007%2Fs40279-014-0180-z.pdf.
https://pdf.sciencedirectassets.com/272381/1-s2.0-S0003999306X02423/1-s2.0-S0003999306000980/main.pdf?x-amz-security-token=AgoJb3JpZ2luX2VjEDgaCXVzLWVhc3QtMSJHMEUCIQCiczSEbX96FuOMQGMdAwyEyH5w9oggHrnX4ZajsRfIfgIgOP%2FdLOrRAMfnlk0C59KKnX5khKiGoyEnPA4mRNibyg.
https://pdf.sciencedirectassets.com/272381/1-s2.0-S0003999306X02423/1-s2.0-S0003999306000980/main.pdf?x-amz-security-token=AgoJb3JpZ2luX2VjEDgaCXVzLWVhc3QtMSJHMEUCIQCiczSEbX96FuOMQGMdAwyEyH5w9oggHrnX4ZajsRfIfgIgOP%2FdLOrRAMfnlk0C59KKnX5khKiGoyEnPA4mRNibyg.
https://pdf.sciencedirectassets.com/272381/1-s2.0-S0003999306X02423/1-s2.0-S0003999306000980/main.pdf?x-amz-security-token=AgoJb3JpZ2luX2VjEDgaCXVzLWVhc3QtMSJHMEUCIQCiczSEbX96FuOMQGMdAwyEyH5w9oggHrnX4ZajsRfIfgIgOP%2FdLOrRAMfnlk0C59KKnX5khKiGoyEnPA4mRNibyg.
https://pdf.sciencedirectassets.com/272381/1-s2.0-S0003999306X02423/1-s2.0-S0003999306000980/main.pdf?x-amz-security-token=AgoJb3JpZ2luX2VjEDgaCXVzLWVhc3QtMSJHMEUCIQCiczSEbX96FuOMQGMdAwyEyH5w9oggHrnX4ZajsRfIfgIgOP%2FdLOrRAMfnlk0C59KKnX5khKiGoyEnPA4mRNibyg.
https://pdf.sciencedirectassets.com/272381/1-s2.0-S0003999306X02423/1-s2.0-S0003999306000980/main.pdf?x-amz-security-token=AgoJb3JpZ2luX2VjEDgaCXVzLWVhc3QtMSJHMEUCIQCiczSEbX96FuOMQGMdAwyEyH5w9oggHrnX4ZajsRfIfgIgOP%2FdLOrRAMfnlk0C59KKnX5khKiGoyEnPA4mRNibyg.
https://onlinelibrary.wiley.com/doi/pdf/10.1111/obr.12317.
https://www.minervamedica.it/en/getfreepdf/D3p1YzBhxpxzUm%252FCxrSLRxN6B0VGM0RfTSKlRiJdg0m%252B5pvnTaST6K7Slkhpxc3%252FAPUBoZZeF7QAjvXkSG08TA%253D%253D/R33Y9999N00A17070501.pdf.


 

 

TSKlRiJdg0m%252B5pvnTaST6K7Slkhpxc3%252FAPUBoZZeF7QAjvXkSG08TA%253D%2

53D/R33Y9999N00A17070501.pdf. 

271. Robertson-Wilson J, Eys M, Hazell TJ, et al. Why sprint interval training is inappropriate 

for a largely sedentary population. Frontiers in Psychology. 2017;5(1505). 

272. Hardcastle S, Ray H, Beale L, Hagger M. Why sprint interval training is inappropriate for a 

largely sedentary population. Frontiers in Psychology. 2017;5(1505). doi: 

10.3389/fpsyg.2017.01603. 

273. Decker E, Ekkekakis P. More efficient, perhaps, but at what price? pleasure and enjoyment 

responses to high-intensity interval exercise in low-active women with obesity. Psychol Sport 

Exerc. 2017;28:1-10. https://ac.els-cdn.com/S1469029216301285/1-s2.0-S1469029216301285-

main.pdf?_tid=ea722222-56c1-4fcf-af54-

5858f980c205&acdnat=1550764970_dba768b58ad1ac92a6434dbf1dd2a578. 

274. Biddle SJH, Batterham AM. High-intensity interval exercise training for public health: A 

big HIT or shall we HIT it on the head? International Journal of Behavioural Nutrition and 

Physical Activity. 2015;12(95):1-8. doi: 10.1186/s12966-015-0254-9. 

275. Gibala MJ. High-intensity interval training: A time-efficient strategy for health promotion? 

Current Sports Medicine Reports. 2007;6:211-213. 

276. Martin Ginis KA, Latimer-Cheung AE, West CR. Commentary on the first global physical 

activity and sedentary behavior guidelines for people living with disability. Journal of physical 

https://www.minervamedica.it/en/getfreepdf/D3p1YzBhxpxzUm%252FCxrSLRxN6B0VGM0RfTSKlRiJdg0m%252B5pvnTaST6K7Slkhpxc3%252FAPUBoZZeF7QAjvXkSG08TA%253D%253D/R33Y9999N00A17070501.pdf.
https://www.minervamedica.it/en/getfreepdf/D3p1YzBhxpxzUm%252FCxrSLRxN6B0VGM0RfTSKlRiJdg0m%252B5pvnTaST6K7Slkhpxc3%252FAPUBoZZeF7QAjvXkSG08TA%253D%253D/R33Y9999N00A17070501.pdf.
https://ac.els-cdn.com/S1469029216301285/1-s2.0-S1469029216301285-main.pdf?_tid=ea722222-56c1-4fcf-af54-5858f980c205&acdnat=1550764970_dba768b58ad1ac92a6434dbf1dd2a578.
https://ac.els-cdn.com/S1469029216301285/1-s2.0-S1469029216301285-main.pdf?_tid=ea722222-56c1-4fcf-af54-5858f980c205&acdnat=1550764970_dba768b58ad1ac92a6434dbf1dd2a578.
https://ac.els-cdn.com/S1469029216301285/1-s2.0-S1469029216301285-main.pdf?_tid=ea722222-56c1-4fcf-af54-5858f980c205&acdnat=1550764970_dba768b58ad1ac92a6434dbf1dd2a578.


 

 

activity &amp; health. 2021;18(4):348-349. https://www.ncbi.nlm.nih.gov/pubmed/33741746. 

doi: 10.1123/jpah.2020-0871. 

277. Serón P, Lanas F, Ríos E, Bonfill X, Alonso-Coello P. Evaluation of the quality of clinical 

guidelines for cardiac rehabilitation: A CRITICAL REVIEW. Journal of cardiopulmonary 

rehabilitation and prevention. 2015;35(1):1-12. 

https://www.ncbi.nlm.nih.gov/pubmed/25068394. doi: 10.1097/HCR.0000000000000075. 

278. Borkoles E, Nicholls AR, Bell K, Butterly R, Polman RCJ. The lived experiences of people 

diagnosed with multiple sclerosis in relation to exercise. Psychology & health. 2008;23(4):427-

441. http://www.tandfonline.com/doi/abs/10.1080/14768320701205309. doi: 

10.1080/14768320701205309. 

279. Dalgas U, Stenager E. Exercise and disease progression in multiple sclerosis: Can exercise 

slow down the progression of multiple sclerosis? Therapeutic Advances in Neurological 

Disorders. 2012;5(2):81-95. http://tan.sagepub.com. doi: 10.1177/. 

280. Hubbard EA, Motl RW, Fernhall B. Acute high-intensity interval exercise in multiple 

sclerosis with mobility disability. Medicine & Science in Sports & Exercise. 2018;51(5):858-867. 

doi: 10.1249/MSS.0000000000001866. 

281. Colquhoun HL, Levac D, O'Brien KK, et al. Scoping reviews: Time for clarity in definition, 

methods, and reporting. J Clin Epidemiol. 2014. doi: 10.1016/j.jclinepi.2014.03.013. 

282. Armstrong R, Hall BJ, Doyle J, Waters E. 'Scoping the scope' of a cochrane review. Journal 

of Public Health. 2011;33(1):147-150. doi: 10.1093/pubmed/fdr015. 

https://www.ncbi.nlm.nih.gov/pubmed/33741746.
https://www.ncbi.nlm.nih.gov/pubmed/25068394.
http://www.tandfonline.com/doi/abs/10.1080/14768320701205309.
http://tan.sagepub.com./


 

 

283. Peterson J, Pearce PF, Ferguson LA, Langford CA. Understanding scoping reviews: 

Definition, purpose, and process. Journal of the American Association of Nurse Practitioners. 

2017;29(1):12-16. 

284. Munn Z, Peters MDJ, Stern C, Tufanaru C, Mcarthur A, Aromataris E. Systematic review 

or scoping review? guidance for authors when choosing between a systematic or scoping review 

approach. BMC Medical Research Methodology. 2018;18(143). https://doi.org/10.1186/s12874-

018-0611-x. doi: 10.1186/s12874-018-0611-x. 

285. O'Cathain A, Croot L, Duncan E, et al. Guidance on how to develop complex interventions 

to improve health and healthcare. BMJ Open. 2019;9(8). doi: 10.1136/bmjopen-2019-029954. 

286. Michie S, Johnston M, Francis J, Hardeman W, Eccles M. From theory to intervention: 

Mapping theoretically derived behavioural determinants to behaviour change techniques. Applied 

psychology. 2008;57(4):660-680. 

http://www.ingentaconnect.com/content/bpl/apps/2008/00000057/00000004/art00008. doi: 

10.1111/j.1464-0597.2008.00341.x. 

287. Michie S, Johnston M, Abraham C, Lawton R, Parker D, Walker A. Making psychological 

theory useful for implementing evidence based practice: A consensus approach. Qual Saf Health 

Care. 2005;14:26-33. doi: 10.1136/qshc.2004.011155. 

288. Bandura A. Social cognitive theory: An agentic perspective 1. Asian Journal of Social 

Psychology. 1999;2:21-41. 

https://doi.org/10.1186/s12874-018-0611-x.
https://doi.org/10.1186/s12874-018-0611-x.
http://www.ingentaconnect.com/content/bpl/apps/2008/00000057/00000004/art00008.


 

 

289. Weinberg R, Gould D. Foundations of sport and exercise psychology. Third ed. USA: 

Human Kinetics; 2003:399-425. 

290. Bandura A. Self-efficacy: Toward a unifying theory of behavioral change. Psychol Rev. 

1977;84:191-215. 

291. Jackson D. How personal trainers can use self-efficacy theory to enhance exercise behavior 

in beginning exercisers. Strength and conditioning journal. 2010;32(3):67-71. 

https://search.proquest.com/docview/870319586. doi: 10.1519/SSC.0b013e3181d81c10. 

292. Young MD, Plotnikoff RC, Collins CE, Callister R, Morgan PJ. Social cognitive theory and 

physical activity: A systematic review and meta-analysis. Obes Rev. 2014;15(12):983-995. 

293. Prestwich A, Sniehotta FF, Whittington C, Dombrowski SU, Rogers L, Michie S. Does 

theory influence the effectiveness of health behavior interventions? meta-analysis. Health 

Psychology. 2014;33(5):465-474. doi: 10.1037/a0032853.supp. 

294. Casey B, Coote S, Byrne M. Activity matters: A web-based resource to enable people with 

multiple sclerosis to become more active. TBM. 2019;9(1):120-128. 

295. Kilpatrick M, Hebert E, Jacobsen D. Physical activity motivation: A practitioner's guide to 

self-determination theory. Journal of physical education, recreation &amp; dance. 

2002;73(4):36-41. https://www.tandfonline.com/doi/abs/10.1080/07303084.2002.10607789. doi: 

10.1080/07303084.2002.10607789. 

296. Teixeira PJ, Carraça EV, Markland D, Silva MN, Ryan RM. Exercise, physical activity, and 

self-determination theory: A systematic review. The international journal of behavioral nutrition 

https://search.proquest.com/docview/870319586.
https://www.tandfonline.com/doi/abs/10.1080/07303084.2002.10607789.


 

 

and physical activity. 2012;9(1):78. https://www.ncbi.nlm.nih.gov/pubmed/22726453. doi: 

10.1186/1479-5868-9-78. 

297. Stoeckel K, Kasser SL. Spousal support underlying self-determined physical activity in 

adults with multiple sclerosis. Disability and rehabilitation. ;ahead-of-print(ahead-of-print):1-7. 

https://www.tandfonline.com/doi/abs/10.1080/09638288.2020.1792564. doi: 

10.1080/09638288.2020.1792564. 

298. Ajzen I. Perceived behavioral control, Self‐Efficacy, locus of control, and the theory of 

planned Behavior1. Journal of applied social psychology. 2002;32(4):665-683. 

https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1559-1816.2002.tb00236.x. doi: 

10.1111/j.1559-1816.2002.tb00236.x. 

299. Arksey H, O 'malley Lisa. Scoping studies: Towards a methodological framework. 

International Journal of Social Research MethodologyOnline) Journal International Journal of 

Social Research Methodology. 2005;8(1):1364-5579. 

300. Levac D, Colquhoun H, O 'brien K,K. Scoping studies: Advancing the methodology. 

Implementation Science. 2010;5(69). 

https://implementationscience.biomedcentral.com/track/pdf/10.1186/1748-5908-5-

69?site=implementationscience.biomedcentral.com. 

301. Whittemore R, Chao A, Jang M, Minges KE, Park C. Methods for knowledge synthesis: An 

overview. Heart and Lung: Journal of Acute and Critical Care. 2014. 

https://www.ncbi.nlm.nih.gov/pubmed/22726453.
https://www.tandfonline.com/doi/abs/10.1080/09638288.2020.1792564.
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1559-1816.2002.tb00236.x.
https://implementationscience.biomedcentral.com/track/pdf/10.1186/1748-5908-5-69?site=implementationscience.biomedcentral.com.
https://implementationscience.biomedcentral.com/track/pdf/10.1186/1748-5908-5-69?site=implementationscience.biomedcentral.com.


 

 

302. Barnett-Page E, Thomas J. Methods for the synthesis of qualitative research: A critical 

review. BMC Medical Research Methodology. 2009;9(1). doi: 10.1186/1471-2288-9-59. 

303. Noblit GW, Hare RD. Meta-ethnography: Synthesizing qualitative studies. California: 

SAGE Publications Ltd; 1988. 

304. France EF, Uny I, Ring N, et al. A methodological systematic review of meta-ethnography 

conduct to articulate the complex analytical phases 11 medical and health sciences 1117 public 

health and health services. BMC Medical Research Methodology. 2019;19(1):1-18. doi: 

10.1186/s12874-019-0670-7. 

305. Campbell R, Pound P, Pope C, et al. Evaluating meta-ethnography: A synthesis of 

qualitative research on lay experiences of diabetes and diabetes care. Soc Sci Med. 2003;56:671-

684. 

306. Britten N, Campbell R, Pope C, Donovan J, Morgan M, Pill R. Using meta ethnography to 

synthesise qualitative research: A worked example. J Health Serv Res Policy. 2002;7(4):209-

215. 

307. Glaser BG, Strauss AL. The discovery of grounded theory: Strategies for qualitative 

research. New York: Aldine De Gruyter; 1967. 

308. Thomas J, Harden A. Methods for the thematic synthesis of qualitative research in 

systematic reviews. BMC Medical Research Methodology. 2008;8(45). 

309. Elsworth C, Winward C, Sackley C, et al. Supported community exercise in people with 

long-term neurological conditions: A phase II randomized controlled trial. Clin Rehabil. 



 

 

2011;25(7):588-598. https://journals.sagepub.com/doi/pdf/10.1177/0269215510392076. doi: 

10.1177/0269215510392076. 

310. Motl R, Dlugonski D, Wójcicki T, Mcauley E, Mohr D. Internet intervention for increasing 

physical activity in persons with multiple sclerosis. Multiple Sclerosis Journal. 2011;17(1):116-

128. http://journals.sagepub.com/doi/pdf/10.1177/1352458510383148. doi: 

10.1177/1352458510383148. 

311. Mandelbaum R, Triche EW, Fasoli SE, Lo AC. A pilot study: Examining the effects and 

tolerability of structured dance intervention for individuals with multiple sclerosis. Disabil 

Rehabil. 2016;38(3):218-222. 

312. Tallner A, Streber R', Hentschke C, et al. Internet-supported physical exercise training for 

persons with multiple sclerosis-A randomised, controlled study. International Journal of 

Molecular Sciences. 2016;17(1667). 

313. Turner AP, Hartoonian N, Sloan AP, et al. Improving fatigue and depression in individuals 

with multiple sclerosis using telephone-administered physical activity counseling. J Consult Clin 

Psychol. 2016;84(4):297-309. 

314. Learmonth YC, Adamson BC, Kinnett-Hopkins D, Bohri M, Motl RW. Results of a 

feasibility randomised controlled study of the guidelines for exercise in multiple sclerosis 

project. Contemporary Clinical Trials. 2017;54:84-97. 

https://journals.sagepub.com/doi/pdf/10.1177/0269215510392076.
http://journals.sagepub.com/doi/pdf/10.1177/1352458510383148.


 

 

315. Thomas S, Fazakarley L, Thomas PW, et al. Mii-vitaliSe: A pilot randomised controlled 

trial of a home gaming system (nintendo wii) to increase activity levels, vitality and well-being 

in people with multiple sclerosis. BMJ Open. 2017;7(9). 

316. Hayes S, Uszynski MK, Motl RW, et al. Randomised controlled pilot trial of an exercise 

plus behaviour change intervention in people with multiple sclerosis: The step it up study. BMJ 

Open. 2017;7. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5654468/pdf/bmjopen-2017-

016336.pdf. doi: 10.1136/bmjopen-2017-016336. 

317. Coote S, Uszynski M, Herring MP, et al. Effect of exercising at minimum recommendations 

of the multiple sclerosis exercise guideline combined with structured education or attention 

control education– secondary results of the step it up randomised controlled trial. BMC 

Neurology. 2017;17(119). 

318. Plow M, Finlayson M. Potential benefits of nintendo wii fit among people with multiple 

sclerosis: A longitudinal pilot study. International Journal of MS Care. 2011;13:21-30. doi: 

10.7224/1537-2073-15.S1.13. 

319. Learmonth Y, Paul L, Miller L, Mattison P, Mcfadyen A. The effects of a 12-week leisure 

centre-based, group exercise intervention for people moderately affected with multiple sclerosis: 

A randomized controlled pilot study. Clin Rehabil. 2011;26(7):579-593. 

http://journals.sagepub.com/doi/pdf/10.1177/0269215511423946. doi: 

10.1177/0269215511423946. 

320. Dlugonski D, Motl RW, Mcauley E. Increasing physical activity in multiple sclerosis: 

Replicating internet intervention effects using objective and self-report outcomes. Journal of 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5654468/pdf/bmjopen-2017-016336.pdf.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5654468/pdf/bmjopen-2017-016336.pdf.
http://journals.sagepub.com/doi/pdf/10.1177/0269215511423946.


 

 

Rehabilitation Research and Development. 2011;48(9):1129-1136. doi: 

10.1682/JRRD.2010.09.0192. 

321. Dlugonski D, Motl RW, Mohr DC, Sandroff BM. Internet-delivered behavioral intervention 

to increase physical activity in persons with multiple sclerosis: Sustainability and secondary 

outcomes. Psychol , Health Med. 2012;176:636-651. http://www.tandfonline.com/loi/cphm20 

http://dx.doi.org/10.1080/13548506.2011.652640. doi: 10.1080/13548506.2011.652640. 

322. Plow M, Bethoux F, McDaniel C, McGlynn M, Marcus B. Randomized controlled pilot 

study of customized pamphlets to promote physical activity and symptom self-management in 

women with multiple sclerosis. Clin Rehabil. 2014;28(282):139-148. 

http://journals.sagepub.com/doi/pdf/10.1177/0269215513494229. doi: 

10.1177/0269215513494229. 

323. Sandroff BM, Klaren RE, Pilutti LA, Dlugonski D, Benedict RHB, Motl RW. Randomized 

controlled trial of physical activity, cognition, and walking in multiple sclerosis. J Neurol. 

2014;261(2):363-372. 

324. Pilutti LA, Dlugonski D, Sandroff BM, Klaren RE, Motl RW. Internet-delivered lifestyle 

physical activity intervention improves body composition in multiple sclerosis: Preliminary 

evidence from a randomized controlled trial. Arch Phys Med Rehabil. 2014;95:1283-8. 

https://s3.amazonaws.com/academia.edu.documents/46562403/Internet-

delivered_lifestyle_physical_ac20160617-31168-

4fr9gu.pdf?AWSAccessKeyId=AKIAIWOWYYGZ2Y53UL3A&Expires=1520783756&Signat

http://www.tandfonline.com/loi/cphm20
http://dx.doi.org/10.1080/13548506.2011.652640.
http://journals.sagepub.com/doi/pdf/10.1177/0269215513494229.
https://s3.amazonaws.com/academia.edu.documents/46562403/Internet-delivered_lifestyle_physical_ac20160617-31168-4fr9gu.pdf?AWSAccessKeyId=AKIAIWOWYYGZ2Y53UL3A&Expires=1520783756&Signature=QU1DUXrOXcQboN%2FYiWiTrVCIA7A%3D&response-content-disposition=inlin.
https://s3.amazonaws.com/academia.edu.documents/46562403/Internet-delivered_lifestyle_physical_ac20160617-31168-4fr9gu.pdf?AWSAccessKeyId=AKIAIWOWYYGZ2Y53UL3A&Expires=1520783756&Signature=QU1DUXrOXcQboN%2FYiWiTrVCIA7A%3D&response-content-disposition=inlin.
https://s3.amazonaws.com/academia.edu.documents/46562403/Internet-delivered_lifestyle_physical_ac20160617-31168-4fr9gu.pdf?AWSAccessKeyId=AKIAIWOWYYGZ2Y53UL3A&Expires=1520783756&Signature=QU1DUXrOXcQboN%2FYiWiTrVCIA7A%3D&response-content-disposition=inlin.


 

 

ure=QU1DUXrOXcQboN%2FYiWiTrVCIA7A%3D&response-content-disposition=inlin. doi: 

10.1016/j.apmr.2014.03.015. 

325. Department oH. At least five a week. evidence on the impact of physical activity and it's 

relationship to health. . 2004. 

326. Medicine ACS. ACSM's exercise management for person's with chronic disease or 

disabilities. Leeds: Human Kinetics; 1997. 

327. Orme M, Kerrigan J, Tyas D, Russell N, Nixon R. The effect of disease, functional status, 

and relapses on the utility of people with multiple sclerosis in the UK. Value in Health. 

2007;10(1):54-60. doi: 10.1111/j.1524-4733.2006.00144.x. 

328. Clarke R, Coote S. Perceptions of participants in a group, community, exercise programme 

for people with multiple sclerosis. Rehabilitation research and practice. 2015;2015:123494-7. 

https://dx.doi.org/10.1155/2015/123494. doi: 10.1155/2015/123494. 

329. Learmonth YC, Marshall-Mckenna R, Paul L, Mattison P, Miller L. A qualitative 

exploration of the impact of a 12-week group exercise class for those moderately affected with 

multiple sclerosis. Disabil Rehabil. 2013;35(1):81-88. 

330. Aubrey G, Demain S. Perceptions of group exercise in the management of multiple 

sclerosis. International Journal of Therapy and Rehabilitation. 2012;19(10). 

331. Plow M, Finlayson M. A qualitative study exploring the usability of nintendo wii fit among 

persons with multiple sclerosis. Occupational Therapy International. 2014;21(1):21-32. doi: 

10.1002/oti.1345. 

https://s3.amazonaws.com/academia.edu.documents/46562403/Internet-delivered_lifestyle_physical_ac20160617-31168-4fr9gu.pdf?AWSAccessKeyId=AKIAIWOWYYGZ2Y53UL3A&Expires=1520783756&Signature=QU1DUXrOXcQboN%2FYiWiTrVCIA7A%3D&response-content-disposition=inlin.
https://dx.doi.org/10.1155/2015/123494.


 

 

332. Palacios-Cena D, Ortiz-Gutierrez RM, Buesa-Estellez A, et al. Multiple sclerosis patients' 

experiences in relation to the impact of the kinect virtual home-exercise programme: A 

qualitative study. European Journal of Physical and Rehabilitation Medicine. 2016;52(3):347-

355. 

333. Learmonth YC, Kinnett-Hopkins D, Motl RW. Capitalising on the opinions of persons with 

multiple sclerosis to inform the main trial–participant opinions from participation in a feasibility 

study, a qualitative extension study. Disabil Rehabil. 2018:1-9. 

https://doi.org/10.1080/09638288.2018.1490823. doi: 10.1080/09638288.2018.1490823. 

334. Smith CM, Hale LA, Mulligan HF, Treharne GJ. Participant perceptions of a novel 

physiotherapy approach (blue prescription) for increasing levels of physical activity in people 

with multiple sclerosis: A qualitative study following intervention. Disability {\&} 

Rehabilitation. 2013;35(14):1174-1181. 

335. Clarke R, Coote S. Perceptions of participants in a group, community, exercise programme 

for people with multiple sclerosis. . . doi: 10.1155/2015/123494. 

336. Prosperini L, Fortuna D, Giannì C, Leonardi L, Marchetti MR, Pozzilli C. Home-based 

balance training using the wii balance board: A randomized, crossover pilot study in multiple 

sclerosis. Neurorehabil Neural Repair. 2013;27(6):516-525. 

337. Motl RW, Sandroff BM, Kwakkel G, et al. Exercise in patients with multiple sclerosis. 

Lancet Neurol. 2017;16(10):848-856. 

https://doi.org/10.1080/09638288.2018.1490823.


 

 

338. Brouwers MC, Kho ME, Browman GP, et al. AGREE II: Advancing guideline 

development, reporting and evaluation in health care. CMAJ. 2010;182(18). doi: 

10.1503/cmaj.090449. 

339. Markwick R, Singleton C, Conduit J. The perceptions of people with multiple sclerosis 

about the NHS provision of physiotherapy services. Disabil Rehabil. 2014;36(2):131-135. 

https://www.tandfonline.com/action/journalInformation?journalCode=idre20http://informahealth

care.com/dre. doi: 10.3109/09638288.2013.782357. 

340. Schreiber J, Marchetti G, Crytzer T. The implementation of a fitness program for children 

with disabilities: A clinical case report. Pediatric Physical Therapy. 2004;16(3):173-179. doi: 

10.1097/01.PEP.0000136007.39269.17. 

341. Covington KR, Hidde MC, Pergolotti M, Leach HJ. Community-based exercise programs 

for cancer survivors: A scoping review of practice-based evidence. Support Care Cancer. 

2019;27(12):4435-4450. https://link.springer.com/article/10.1007/s00520-019-05022-6. doi: 

10.1007/s00520-019-05022-6. 

342. O'Donoghue G, Cusack T, Doody C. Contemporary undergraduate physiotherapy education 

in terms of physical activity and exercise prescription: Practice tutors' knowledge, attitudes and 

beliefs. Physiotherapy. 2012;98(2):167-173. doi: 10.1016/j.physio.2011.04.348. 

343. Shirley D, Van Der Ploeg HP, Bauman AE. Physical activity promotion in the physical 

therapy setting: Perspectives from practitioners and students. Physical therapy. 2010;90(9):1311-

1322. http://ptjournal.apta.org/content/90/9/1311.abstract. doi: 10.2522/ptj.20090383. 

https://www.tandfonline.com/action/journalInformation?journalCode=idre20http://informahealthcare.com/dre.
https://www.tandfonline.com/action/journalInformation?journalCode=idre20http://informahealthcare.com/dre.
https://link.springer.com/article/10.1007/s00520-019-05022-6.
http://ptjournal.apta.org/content/90/9/1311.abstract.


 

 

344. Salbach NM, Howe J, Brunton K, Salisbury K, Bodiam L. Partnering to increase access to 

community exercise programs for people with stroke, acquired brain injury, and multiple 

sclerosis. Journal of physical activity & health. 2014;11(4):838-845. 

https://www.ncbi.nlm.nih.gov/pubmed/23676952. doi: 10.1123/jpah.2012-0183. 

345. Bluethmann SM, Bartholomew LK, Murphy CC, Vernon SW. Use of theory in behavior 

change interventions: An analysis of programs to increase physical activity in posttreatment 

breast cancer survivors. Health Education and Behavior. 2017;44(2):245-253. doi: 

10.1177/1090198116647712. 

346. Lippke S, Ziegelmann JP. Theory-based health behavior change: Developing, testing, and 

applying theories for evidence-based interventions. Appl Psychol. 2008;57(4):698-716. doi: 

10.1111/j.1464-0597.2008.00339.x. 

347. Bartholomew LK, Parcel GS, Kok G. Intervention mapping: A process for developing 

theory-and evidence-based health education programs. . . 

http://journals.sagepub.com/doi/pdf/10.1177/109019819802500502. 

348. Pommier J, Guével M, Jourdan D. Evaluation of health promotion in schools: A realistic 

evaluation approach using mixed methods. . 2010. http://www.biomedcentral.com/1471-

2458/10/43. 

349. Michie S, Atkins L, West R. The behaviour change wheel A guide to designing 

interventions. 1st ed. London, Great Britain: SilverBack Publishing; 2014. 

https://www.ncbi.nlm.nih.gov/pubmed/23676952.
http://journals.sagepub.com/doi/pdf/10.1177/109019819802500502.
http://www.biomedcentral.com/1471-2458/10/43.
http://www.biomedcentral.com/1471-2458/10/43.


 

 

350. Beauchamp MR, Crawford KL, Jackson B. Social cognitive theory and physical activity: 

Mechanisms of behavior change, critique, and legacy. Psychology of sport and exercise. 

2019;42:110-117. https://dx.doi.org/10.1016/j.psychsport.2018.11.009. doi: 

10.1016/j.psychsport.2018.11.009. 

351. Sandroff BM, Pilutti LA, Dlugonski D, Learmonth YC, Pula JH, Motl RW. Comparing two 

conditions of administering the six-minute walk test in people with multiple sclerosis. Int J MS 

Care. 2014;16(1):48-54. 

352. Brown C, Kitchen K, Nicoll K. Barriers and facilitators related to participation in 

aquafitness programs for people with multiple sclerosis. International Journal of MS Care. 

2012;14(3):132-141. doi: 10.7224/1537-2073-14.3.132. 

353. Estabrooks PA, Lee RE, Gyurcsik NC. Resources for physical activity participation: Does 

availability and accessibility differ by neighborhood socioeconomic status? Ann Behav Med. 

2003;25(2):100-104. 

354. Santa Mina D, Petrella A, Currie KL, et al. Enablers and barriers in delivery of a cancer 

exercise program: The canadian experience. Current Oncology. 2015;22(6):374-384. doi: 

10.3747/co.22.2650. 

355. National Institute for Health and Care Excellence, (NICE). Physical activity: Exercise 

referral schemes. . 2014. https://www.nice.org.uk/guidance/ph54/resources/physical-activity-

exercise-referral-schemes-pdf-1996418406085. 

https://dx.doi.org/10.1016/j.psychsport.2018.11.009.
https://www.nice.org.uk/guidance/ph54/resources/physical-activity-exercise-referral-schemes-pdf-1996418406085.
https://www.nice.org.uk/guidance/ph54/resources/physical-activity-exercise-referral-schemes-pdf-1996418406085.


 

 

356. Wright Foundation Trust. Level 4 cancer rehabilitation. 

https://www.wrightfoundation.com/course/level-4-cancer-rehabilitation. Updated 2021. 

357. CanRehab. Fitness and exercise professionals. www.canrehab.com/professions/fitness. 

Updated 2022. Accessed 18/11/, 2022. 

358. Moore GE. The role of exercise prescription in chronic disease. Br J Sports Med. 

2004;38:6-7. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1724739/pdf/v038p00006.pdf. 

359. Paul L, Renfrew L, Freeman J, et al. Web-based physiotherapy for people affected by 

multiple sclerosis: A single blind, randomized controlled feasibility study. .  

360. Baird JF, Sasaki JE, Sandroff BM, Cutter GR, Motl RW. Feasibility of “Sit less, move 

more”: An intervention for reducing sedentary behavior among african americans with MS. 

Multiple sclerosis journal - experimental, translational and clinical. 

2020;6(2):2055217320932341. 

https://journals.sagepub.com/doi/full/10.1177/2055217320932341. doi: 

10.1177/2055217320932341. 

361. Fleming KM, Coote SB, Herring MP. Home-based pilates for symptoms of anxiety, 

depression and fatigue among persons with multiple sclerosis: An 8-week randomized controlled 

trial. Multiple sclerosis. 2021;27(14):2267-2279. 

https://journals.sagepub.com/doi/full/10.1177/13524585211009216. doi: 

10.1177/13524585211009216. 

https://www.wrightfoundation.com/course/level-4-cancer-rehabilitation.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1724739/pdf/v038p00006.pdf.
https://journals.sagepub.com/doi/full/10.1177/2055217320932341.
https://journals.sagepub.com/doi/full/10.1177/13524585211009216.


 

 

362. Nasseri NN, Ghezelbash E, Zhai Y, et al. Feasibility of a smartphone app to enhance 

physical activity in progressive MS: A pilot randomized controlled pilot trial over three months. 

PeerJ (San Francisco, CA). 2020;8:e9303. https://www.ncbi.nlm.nih.gov/pubmed/32612882. 

doi: 10.7717/peerj.9303. 

363. Van Geel F, Geurts E, Abasıyanık Z, Coninx K, Feys P. Feasibility study of a 10-week 

community-based program using the WalkWithMe application on physical activity, walking, 

fatigue and cognition in persons with multiple sclerosis. Multiple Sclerosis and Related 

Disorders. 2020;42:102067. 

https://www.sciencedirect.com/science/article/pii/S2211034820301437. doi: 

10.1016/j.msard.2020.102067. 

364. Canning KL, Hicks AL. Physician referral improves adherence to the physical activity 

guidelines for adults with MS: A randomized controlled trial. Multiple sclerosis and related 

disorders. 2020;37:101441. https://dx.doi.org/10.1016/j.msard.2019.101441. doi: 

10.1016/j.msard.2019.101441. 

365. Fleming KM, Coote SB, Herring MP. The feasibility of pilates to improve symptoms of 

anxiety, depression, and fatigue among people with multiple sclerosis: An eight-week 

randomized controlled pilot trial. Psychology of sport and exercise. 2019;45:101573. 

https://dx.doi.org/10.1016/j.psychsport.2019.101573. doi: 10.1016/j.psychsport.2019.101573. 

366. Akbar N, Hazlewood S, Clement M, et al. Experiences and perceived outcomes of persons 

with multiple sclerosis from participating in a randomized controlled trial testing implementation 

of the canadian physical activity guidelines for adults with MS: An embedded qualitative study. 

https://www.ncbi.nlm.nih.gov/pubmed/32612882.
https://www.sciencedirect.com/science/article/pii/S2211034820301437.
https://dx.doi.org/10.1016/j.msard.2019.101441.
https://dx.doi.org/10.1016/j.psychsport.2019.101573.


 

 

Disability and rehabilitation. 2022;44(17):4663-4671. 

https://www.tandfonline.com/doi/abs/10.1080/09638288.2021.1914199. doi: 

10.1080/09638288.2021.1914199. 

367. Fleming KM, Herring MP, Coote SB, Tindall D. Participant experiences of eight weeks of 

supervised or home-based pilates among people with multiple sclerosis: A qualitative analysis. 

Disability and rehabilitation. 2022;44(19):5549-5556. 

https://www.tandfonline.com/doi/abs/10.1080/09638288.2021.1939446. doi: 

10.1080/09638288.2021.1939446. 

368. Reider N, Salter AR, Cutter GR, Tyry T, Marrie RA. Potentially modifiable factors 

associated with physical activity in individuals with multiple sclerosis. Res Nurs Health. 

2017;40(2):143-152. Accessed Jul 24, 2020. doi: 10.1002/nur.21783. 

369. Salmoirago-Blotcher E, Wayne P, Bock BC, et al. Design and methods of the gentle cardiac 

rehabilitation study – A behavioral study of tai chi exercise for patients not attending cardiac 

rehabilitation HHS public access. Contemp Clin Trials. 2015;43:243-251. doi: 

10.1016/j.cct.2015.06.020. 

370. Balady GJ, Ades PA, Comoss P, et al. Core components of cardiac rehabilitation/secondary 

prevention programs A statement for healthcare professionals from the american heart 

association and the american association of cardiovascular and pulmonary rehabilitation writing 

group. Journal of Cardiopulmonary Rehabilitation.Circulation. 2000;102:1069-1073. 

https://www.tandfonline.com/doi/abs/10.1080/09638288.2021.1914199.
https://www.tandfonline.com/doi/abs/10.1080/09638288.2021.1939446.


 

 

371. Spencer L, Ritchie J, Ormston R, O'Connor W, Barnard M. Analysis principles and 

processes. In: Richie J, Lewis J, McNaughton Nicholls C, Ormston R, eds. Qualitative research 

practice: A guide for social science students and researchers. London: Sage; 2014:269-295. 

372. Hutchison AJ, Johnston LH, Breckon JD. Using QSR‐NVivo to facilitate the development 

of a grounded theory project: An account of a worked example. International Journal of Social 

Research Methodology. 2010;13(4):283-302. https://doi.org/10.1080/13645570902996301. 

Accessed Jul 24, 2020. doi: 10.1080/13645570902996301. 

373. Learmonth YC, Adamson BC, Balto JM, et al. Investigating the needs and wants of 

healthcare providers for promoting exercise in persons with multiple sclerosis: A qualitative 

study investigating the needs and wants of healthcare providers for promoting exercise in pers. 

Disabil Rehabil. 2018;40:2172-2180. 

374. Morris JH, Oliver T, Kroll T, Joice S, Williams B. From physical and functional to 

continuity with pre-stroke self and participation in valued activities: A qualitative exploration of 

stroke survivors', carers' and physiotherapists' perceptions of physical activity after stroke. 

Disability and rehabilitation. 2015;37(1):64-77. 

https://www.tandfonline.com/doi/abs/10.3109/09638288.2014.907828. doi: 

10.3109/09638288.2014.907828. 

375. Humphreys L, Crank H, Dixey J, Greenfield DM. An integrated model of exercise support 

for people affected by cancer: Consensus through scoping. Disability and rehabilitation. 

2020;44(7):1113–1122. http://www.tandfonline.com/doi/abs/10.1080/09638288.2020.1795280. 

doi: 10.1080/09638288.2020.1795280. 

https://doi.org/10.1080/13645570902996301.
https://www.tandfonline.com/doi/abs/10.3109/09638288.2014.907828.
http://www.tandfonline.com/doi/abs/10.1080/09638288.2020.1795280.


 

 

376. Bates S, Kipps C. An anonymous online survey of the views and attitudes of medical 

students and junior doctors towards physical activity (pa) teaching and promotion. British 

Journal of Sports Medicine. 2013;47(10):e3. http://dx.doi.org/10.1136/bjsports-2013-092558.50. 

doi: 10.1136/bjsports-2013-092558.50. 

377. Learmonth YC, Adamson BC, Balto JM, et al. Investigating the needs and wants of 

healthcare providers for promoting exercise in persons with multiple sclerosis: A qualitative 

study. Disabil Rehabil. 2018;40(18):2172-2180. 

378. Speake H, Copeland R, Breckon J, Till S. Challenges and opportunities for promoting 

physical activity in health care: A qualitative enquiry of stakeholder perspectives. European 

journal of physiotherapy. 2021;23(3):157-164. 

http://www.tandfonline.com/doi/abs/10.1080/21679169.2019.1663926. doi: 

10.1080/21679169.2019.1663926. 

379. Thornton JS, Frémont P, Khan K, et al. Physical activity prescription: A critical opportunity 

to address a modifiable risk factor for the prevention and management of chronic disease: A 

position statement by the canadian academy of sport and exercise medicine. Br J Sports Med. 

2016;50:1109-1114. http://bjsm.bmj.com/. doi: 10.1136/bjsports-2016-096291. 

380. Kalb R, Brown TR, Coote S, et al. Exercise and lifestyle physical activity recommendations 

for people with multiple sclerosis throughout the disease course. Multiple Sclerosis Journal. 

2020;26(12):1459-1469. http://journals.sagepub.com/doi/10.1177/1352458520915629. doi: 

10.1177/1352458520915629. 

http://dx.doi.org/10.1136/bjsports-2013-092558.50.
http://www.tandfonline.com/doi/abs/10.1080/21679169.2019.1663926.
http://bjsm.bmj.com/
http://journals.sagepub.com/doi/10.1177/1352458520915629.


 

 

381. Richardson EV, Fifolt M, Barstow EA, Silveira SL, Sikes EM, Motl RW. The priorities of 

neurologists for exercise promotion in comprehensive multiple sclerosis care. Multiple Sclerosis 

and Related Disorders. 2020;38:101482. 

http://www.sciencedirect.com/science/article/pii/S2211034819304717. Accessed Jul 23, 2020. 

doi: 10.1016/j.msard.2019.101482. 

382. Stuifbergen AK, Blozis SA, Harrison TC, Becker HA. Exercise, functional limitations, and 

quality of life: A longitudinal study of persons with multiple sclerosis. Arch Phys Med Rehabil. 

2006;87(7):935-943. doi: 10.1016/j.apmr.2006.04.003. 

383. Julie Redfern, Robyn Gallagher, Adrienne O’Neil, et al. Historical context of cardiac 

rehabilitation: Learning from the past to move to the future. Frontiers in cardiovascular 

medicine. 2022;9:842567. https://search.proquest.com/docview/2665104688. doi: 

10.3389/fcvm.2022.842567. 

384. Ploughman M. A new era of multiple sclerosis rehabilitation: Lessons from stroke. The 

Lancet Neurology. 2017. doi: 10.1016/S1474-4422(17)30301-0. 

385. Mampuya WM. Cardiac rehabilitation past, present and future: An overview. 

Cardiovascular diagnosis and therapy. 2012;2(1):38-49. 

http://www.ncbi.nlm.nih.gov/pubmed/24282695 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC3839175. doi: 

10.3978/j.issn.2223-3652.2012.01.02. 

http://www.sciencedirect.com/science/article/pii/S2211034819304717.
https://search.proquest.com/docview/2665104688.
http://www.ncbi.nlm.nih.gov/pubmed/24282695
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC3839175.


 

 

386. Adamson BC, Adamson MD, Littlefield MM, Motl RW. ‘Move it or lose it’: Perceptions of 

the impact of physical activity on multiple sclerosis symptoms, relapse and disability identity. 

Qual Res Sport Exerc Health. 2018;10(4):457-475. 

387. Kasser SL, Goldstein A, Wood PK, Sibold J. Symptom variability, affect and physical 

activity in ambulatory persons with multiple sclerosis: Understanding patterns and time-bound 

relationships. Disabil Health J. 2017;10(2):207-213. 

388. Coote S, Garrett M, Hogan N, Larkin A, Saunders J. Getting the balance right: A 

randomised controlled trial of physiotherapy and exercise interventions for ambulatory people 

with multiple sclerosis. BMC Neurology. 2009;9(34):1-8. 

389. Jackson K, Hamilton S, Jones S, Barr S. Patient reported experiences of using community 

rehabilitation and/or support services whilst living with a long-term neurological condition: A 

qualitative systematic review and meta-aggregation. Disability and Rehabilitation. 

2018;41(23):2731. doi: 10.1080/09638288.2018.1473508. 

390. Carter A, Daley A, Humphreys L, et al. Pragmatic intervention for increasing self-directed 

exercise behaviour and improving important health outcomes in people with multiple sclerosis: 

A randomised controlled trial. Multiple sclerosis. 2014;20(8):1112-1122. 

https://journals.sagepub.com/doi/full/10.1177/1352458513519354. doi: 

10.1177/1352458513519354. 

391. Chenail RJ. Interviewing the investigator: Strategies for addressing instrumentation and 

researcher bias concerns in qualitative research. The Qualitative Report. 2011;16:255-262. 

http://www.nova.edu/ssss/QR/QR16-1/interviewing.pdf. 

https://journals.sagepub.com/doi/full/10.1177/1352458513519354.
http://www.nova.edu/ssss/QR/QR16-1/interviewing.pdf.


 

 

392. Döring A, Pfueller CF, Paul F, Dörr J. Exercise in multiple sclerosis -- an integral 

component of disease management. EPMA Journal. 2012;3(2):1-13. 

393. Craig P, Dieppe P, Macintyre S, Mitchie S, Nazareth I, Petticrew M. Developing and 

evaluating complex interventions: The new medical research council guidance. BMJ. 

2008;337(7676):979-983. doi: 10.1136/bmj.a1655. 

394. Sinnott C, Mercer SW, Payne RA, Duerden M, Bradley CP, Byrne M. Improving 

medication management in multimorbidity: Development of the MultimorbiditY COllaborative 

medication review and DEcision making (MY COMRADE) intervention using the behaviour 

change wheel. Implementation Science. 2015;10. 

395. Michie S, Ashford S, Sniehotta FF, Dombrowski SU, Bishop A, French DP. A refined 

taxonomy of behaviour change techniques to help people change their physical activity and 

healthy eating behaviours: The CALO-RE taxonomy. Psychology and Health. 

2011;26(11):1479-1498. http://dx.doi.org/10.1080/08870446.2010.540664 

http://www.tandfonline.com. doi: 10.1080/08870446.2010.540664. 

396. O'Cathain A, Croot L, Sworn K, et al. Taxonomy of approaches to developing interventions 

to improve health: A systematic methods overview. Pilot and Feasibility Studies. 2019;5(1). 

397. Taylor N, Conner M, Lawton R. The impact of theory on the effectiveness of worksite 

physical activity interventions: A meta-analysis and meta-regression. Health Psychology Review. 

2012;6(1):33-73. https://www.tandfonline.com/action/journalInformation?journalCode=rhpr20. 

doi: 10.1080/17437199.2010.533441. 

http://dx.doi.org/10.1080/08870446.2010.540664
http://www.tandfonline.com./
https://www.tandfonline.com/action/journalInformation?journalCode=rhpr20.


 

 

398. Gardner B, Wardle J, Poston L, Croker H. Changing diet and physical activity to reduce 

gestational weight gain: A meta-analysis. Obesity Reviews. 2011;12(7):e602-e620. 

http://doi.wiley.com/10.1111/j.1467-789X.2011.00884.x. doi: 10.1111/j.1467-

789X.2011.00884.x. 

399. Michie S, Prestwich A. Are interventions theory-based? development of a theory coding 

scheme. Health psychology. 2010;29(1):1-8. 

400. Fernandez ME, Ruiter RAC, Markham CM, Kok G. Intervention mapping: Theory- and 

evidence-based health promotion program planning: Perspective and examples. Frontiers in 

public health. 2019;7:209. 

https://www.narcis.nl/publication/RecordID/oai:cris.maastrichtuniversity.nl:publications%2Fa26

75063-52b7-4e08-8f18-f5c3264555a3. doi: 10.3389/fpubh.2019.00209. 

401. Bartholomew Eldredge LK, Markham C, Ruiter R, Fernandez M, Parcel GS. Planning 

health promotion programmes. Fourth ed. San Francisco: Josie-Bass; 2016. 

402. Hansen S, Kanning M, Lauer R, Steinacker JM, Schlicht W. MAP-IT: A practical tool for 

planning complex behavior modification interventions. Health Promotion Practice. ;18(5):696-

705. 

403. Campbell M, Fitzpatrick R, Haines A, et al. Framework for design and evaluation of 

complex interventions to improve health. BMJ. 2000;321(7262):694-696. 

http://dx.doi.org/10.1136/bmj.321.7262.694. doi: 10.1136/bmj.321.7262.694. 

http://doi.wiley.com/10.1111/j.1467-789X.2011.00884.x.
https://www.narcis.nl/publication/RecordID/oai:cris.maastrichtuniversity.nl:publications%2Fa2675063-52b7-4e08-8f18-f5c3264555a3.
https://www.narcis.nl/publication/RecordID/oai:cris.maastrichtuniversity.nl:publications%2Fa2675063-52b7-4e08-8f18-f5c3264555a3.
http://dx.doi.org/10.1136/bmj.321.7262.694.


 

 

404. Skivington K, Matthews L, Simpson SA, et al. A new framework for developing and 

evaluating complex interventions: Update of medical research council guidance. BMJ (Online). 

2021;374:n2061. https://www.ncbi.nlm.nih.gov/pubmed/34593508. doi: 10.1136/bmj.n2061. 

405. Moore GF, Audrey S, Barker M, et al. Process evaluation of complex interventions: 

Medical research council guidance. BMJ : British Medical Journal. 2015;350(mar19 6):h1258. 

http://dx.doi.org/10.1136/bmj.h1258. doi: 10.1136/bmj.h1258. 

406. French SD, Green SE, O'connor D,A., et al. Developing theory-informed behaviour change 

interventions to implement evidence into practice: A systematic approach using the theoretical 

domains framework. Implementation Science. 2012;7(38):1-8. 

http://www.implementationscience.com/content/7/1/38. doi: 10.1186/1748-5908-7-38. 

407. West R, Michie S. Applying the behaviour change wheel A very brief guide. . . 

https://www.ucl.ac.uk/behaviour-change/files/bcw-summary.pdf. 

408. Atkins L, Francis J, Islam R, et al. A guide to using the theoretical domains framework of 

behaviour change to investigate implementation problems. Implementation Sci. 2017;12(1). doi: 

10.1186/s13012-017-0605-9. 

409. Michie S, Richardson M, Johnston M, et al. The behavior change technique taxonomy (v1) 

of 93 hierarchically clustered techniques: Building an international consensus for the reporting of 

behavior change interventions. Annals of behavioral medicine. 2013;46(1):81-95. 

https://www.ncbi.nlm.nih.gov/pubmed/34593508.
http://dx.doi.org/10.1136/bmj.h1258.
http://www.implementationscience.com/content/7/1/38.
https://www.ucl.ac.uk/behaviour-change/files/bcw-summary.pdf.


 

 

410. Arden MA, Hutchings M, Whelan P, et al. Development of an intervention to increase 

adherence to nebuliser treatment in adults with cystic fibrosis: CFHealthHub. Pilot Feasibility 

Stud. 2021;7(1). http://eprints.whiterose.ac.uk/169680. doi: 10.1186/s40814-020-00739-2. 

411. Gilchrist E, Johnson A, McMurran M, et al. Using the behaviour change wheel to design an 

intervention for partner abusive men in drug and alcohol treatment. Pilot and feasibility studies. 

2021;7(1):1-191. https://search.proquest.com/docview/2599172280. doi: 10.1186/s40814-021-

00911-2. 

412. Mcallister S, Simpson A, Tsianakas V, et al. Developing a theory-informed complex 

intervention to improve nurse–patient therapeutic engagement employing experience-based co-

design and the behaviour change wheel: An acute mental health ward case study. BMJ Open. 

2021;11(5). doi: 10.1136/bmjopen-2020-047114. 

413. Fulton EA, Brown KE, Kwah KL, Wild S. StopApp: Using the behaviour change wheel to 

develop an app to increase uptake and attendance at NHS stop smoking services. Healthcare. 

2016;4(2). doi: 10.3390/healthcare4020031. 

414. Munir F, Biddle SJH, Davies MJ, et al. Stand more AT work (SMArT work): Using the 

behaviour change wheel to develop an intervention to reduce sitting time in the workplace. BMC 

Public Health. 18;319. 

415. Westland H, Bos-Touwen ID, Trappenburg JCA, Schröder CD, de Wit NJ, Schuurmans MJ. 

Unravelling effectiveness of a nurse-led behaviour change intervention to enhance physical 

activity in patients at risk for cardiovascular disease in primary care : Study protocol for a cluster 

randomised controlled trial. Trials. 2017;18(1):79. 

http://eprints.whiterose.ac.uk/169680.
https://search.proquest.com/docview/2599172280.


 

 

https://www.narcis.nl/publication/RecordID/oai:dspace.library.uu.nl:1874%2F349469. doi: 

10.1186/s13063-017-1823-9. 

416. Cantwell M, Walsh DMJ, Furlong B, Moyna N, McCaffrey N, Woods C. The development 

of the MedEx IMPACT intervention: A patient-centered, evidenced-based and theoretically-

informed physical activity behavior change intervention for individuals living with and beyond 

cancer. Cancer control. 2020;27(3):1073274820906124. 

https://journals.sagepub.com/doi/full/10.1177/1073274820906124. doi: 

10.1177/1073274820906124. 

417. Webb J, Foster J, Poulter E. Increasing the frequency of physical activity very brief advice 

for cancer patients. development of an intervention using the behaviour change wheel. Public 

Health. 2016;133:45-56. 

418. Turner RR, Arden MA, Reale S, et al. The development of a theory and evidence-based 

intervention to aid implementation of exercise into the prostate cancer care pathway with a focus 

on healthcare professional behaviour, the STAMINA trial. BMC Health Serv Res. 2021;21(1). 

doi: 10.1186/s12913-021-06266-x. 

419. Ogden J. Celebrating variability and a call to limit systematisation: The example of the 

behaviour change technique taxonomy and the behaviour change wheel. Health psychology 

review. 2016;10(3):245-250. 

https://www.tandfonline.com/doi/abs/10.1080/17437199.2016.1190291. doi: 

10.1080/17437199.2016.1190291. 

https://www.narcis.nl/publication/RecordID/oai:dspace.library.uu.nl:1874%2F349469.
https://journals.sagepub.com/doi/full/10.1177/1073274820906124.
https://www.tandfonline.com/doi/abs/10.1080/17437199.2016.1190291.


 

 

420. Ogden J. Theories, timing and choice of audience: Some key tensions in health psychology 

and a response to commentaries on ogden (2016). Health psychology review. 2016;10(3):274-

276. https://www.tandfonline.com/doi/abs/10.1080/17437199.2016.1190295. doi: 

10.1080/17437199.2016.1190295. 

421. Peters GY, Kok G. All models are wrong, but some are useful: A comment on ogden 

(2016). Health Psychology Review. 2016;10(3):265. doi: 10.1080/17437199.2016.1190658. 

422. Bull ER, Hart JK, Swift J, et al. An organisational participatory research study of the 

feasibility of the behaviour change wheel to support clinical teams implementing new models of 

care. BMC Health Serv Res. 2019;19(1). doi: 10.1186/s12913-019-3885-8. 

423. Sheryl L Chatfield. Recommendations for secondary analysis of qualitative data. 

Qualitative report. 2020;25(3):833-842. https://search.proquest.com/docview/2394539769. 

424. Heaton J. Secondary analysis of qualitative data. In: The SAGE handbook of social research 

methods. Vol 33. London: SAGE Publications Ltd; 2008:506. 

https://dx.doi.org/10.4135/9781446212165.n30. 10.4135/9781446212165.n30. 

425. Irwin S. Qualitative secondary data analysis: Ethics, epistemology and context. Progress in 

development studies. 2013;13(4):295-306. 

https://journals.sagepub.com/doi/full/10.1177/1464993413490479. doi: 

10.1177/1464993413490479. 

426. Ruggiano N, Perry TE. Conducting secondary analysis of qualitative data: Should we, can 

we, and how? Qualitative Social Work. 2019;18(1):81. doi: 10.1177/1473325017700701. 

https://www.tandfonline.com/doi/abs/10.1080/17437199.2016.1190295.
https://search.proquest.com/docview/2394539769.
https://dx.doi.org/10.4135/9781446212165.n30.
https://journals.sagepub.com/doi/full/10.1177/1464993413490479.


 

 

427. Pilutti LA, Edwards TA. Is exercise training beneficial in progressive multiple sclerosis? Int 

J MS Care. 2017;19(2):105-112. 

428. Caldwell AR, Vigotsky AD, Tenan MS, et al. Moving sport and exercise science forward: A 

call for the adoption of more transparent research practices. Sports Med. 2020;50(3):449-459. 

https://link.springer.com/article/10.1007/s40279-019-01227-1. doi: 10.1007/s40279-019-01227-

1. 

429. Rosenstock IM. Historical origins of the health belief model. Health Educ Monogr. 

1974;2(4):328-335. 

430. Michie S, van Stralen M,M., West R. The behaviour change wheel: A new method for 

characterising and designing behaviour change interventions. Implementation Science. 2011;6. 

http://www.implementationscience.com/content/6/1/42. doi: 10.1186/1748-5908-6-42. 

431. Edwards T, Michelsen AS, Fakolade A, Dalgas U, Pilutti LA. Exercise training improves 

participation in persons with multiple sclerosis: A systematic review and meta-analysis. Journal 

of sport and health science. 2021. https://dx.doi.org/10.1016/j.jshs.2021.07.007. doi: 

10.1016/j.jshs.2021.07.007. 

432. Dalgas U, Stenager E, Sloth M, Stenager E. The effect of exercise on depressive symptoms 

in multiple sclerosis based on a meta-analysis and critical review of the literature. Eur J Neurol. 

2015;22(3):443-e34. 

433. Dalgas U, Langeskov-Christensen M, Stenager E, Riemenschneider M, Hvid LG. Exercise 

as medicine in multiple Sclerosis—Time for a paradigm shift: Preventive, symptomatic, and 

https://link.springer.com/article/10.1007/s40279-019-01227-1.
http://www.implementationscience.com/content/6/1/42.
https://dx.doi.org/10.1016/j.jshs.2021.07.007.


 

 

disease-modifying aspects and perspectives. Current Neurology and Neuroscience Reports. 

2019;19(11). doi: 10.1007/s11910-019-1002-3. 

434. Pearson M, Dieberg G, Smart N. Exercise as a therapy for improvement of walking ability 

in adults with multiple sclerosis: A meta-analysis. Arch Phys Med Rehabil. 2015;96(7):1339-

1348.e7. 

435. Fifolt M, Richardson EV, Barstow E, Motl RW. Exercise behaviors of persons with 

multiple sclerosis through the stepwise implementation lens of social cognitive theory. Disability 

and rehabilitation. 2020;42(7):948-956. 

https://www.tandfonline.com/doi/abs/10.1080/09638288.2018.1514077. doi: 

10.1080/09638288.2018.1514077. 

436. Richardson EV, Fifolt M, Barstow EA, Motl RW. Models and materials for exercise 

promotion in comprehensive multiple sclerosis care: Completion of the 'exercise in medicine' 

development process. Disability and rehabilitation. ;ahead-of-print(ahead-of-print):1-9. 

https://www.tandfonline.com/doi/abs/10.1080/09638288.2021.1998662. doi: 

10.1080/09638288.2021.1998662. 

437. Rimmer JH, PhD. Getting beyond the plateau: Bridging the gap between rehabilitation and 

community-based exercise. PM &amp; R. 2012;4(11):857-861. 

https://www.clinicalkey.es/playcontent/1-s2.0-S1934148212003814. doi: 

10.1016/j.pmrj.2012.08.008. 

https://www.tandfonline.com/doi/abs/10.1080/09638288.2018.1514077.
https://www.tandfonline.com/doi/abs/10.1080/09638288.2021.1998662.
https://www.clinicalkey.es/playcontent/1-s2.0-S1934148212003814.


 

 

438. Rimmer JH, Henley KY. Building the crossroad between inpatient/outpatient rehabilitation 

and lifelong community-based fitness for people with neurologic disability. J Neurol Phys Ther. 

2013;37(2):72-77. 

439. Rimmer J, Lai B. Framing new pathways in transformative exercise for individuals with 

existing and newly acquired disability. Disability and rehabilitation. 2017;39(2):173-180. 

https://www.tandfonline.com/doi/abs/10.3109/09638288.2015.1047967. doi: 

10.3109/09638288.2015.1047967. 

440. Merali S, Cameron JI, Barclay R, Salbach NM. Experiences of people with stroke and 

multiple sclerosis and caregivers of a community exercise programme involving a healthcare-

recreation partnership. Disability and Rehabilitation. 2019;42(9):1220. doi: 

10.1080/09638288.2018.1519042. 

441. Merali S, Cameron JI, Barclay R, Salbach NM. Characterising community exercise 

programmes delivered by fitness instructors for people with neurological conditions: A scoping 

review. Health Soc Care Community. 2016;24(6):e101-e116. 

442. Warburton DER, Bredin SSD, Charlesworth SA, Foulds HJA, McKenzie DC, Shephard RJ. 

Evidence-based risk recommendations for best practices in the training of qualified exercise 

professionals working with clinical populations. Applied physiology, nutrition, and metabolism = 

Physiologie appliquee, nutrition et metabolisme. 2011;36 Suppl 1(5):S232-S265. 

https://www.ncbi.nlm.nih.gov/pubmed/21800944. doi: 10.1139/H11-054. 

443. Stenger L. What is functional/neuromotor fitness? ACSM&#39;s health &amp; fitness 

journal. 2018;22(6):35-43. doi: 10.1249/FIT.0000000000000439. 

https://www.tandfonline.com/doi/abs/10.3109/09638288.2015.1047967.
https://www.ncbi.nlm.nih.gov/pubmed/21800944.


 

 

444. Hutchison AJ, Johnston LH, Breckon JD, David Breckon J. International journal of social 

research methodology using QSR-NVivo to facilitate the development of a grounded theory 

project: An account of a worked example using QSR-NVivo to facilitate the development of a 

grounded theory project: An account of a wor. International Journal of Social Research 

Methodology. 2010;13(4):1464-5300. 

445. Horton S, MacDonald DJ, Erickson K, Dionigi RA. A qualitative investigation of exercising 

with MS and the impact on the spousal relationship. European review of aging and physical 

activity. 2015;12(1):3. https://www.ncbi.nlm.nih.gov/pubmed/26865867. doi: 10.1186/s11556-

015-0148-5. 

446. Motl RW, Sasaki JE, Cederberg KL, Jeng B. Social-cognitive theory variables as correlates 

of sedentary behavior in multiple sclerosis: Preliminary evidence. Disability and health journal. 

2019;12(4):622-627. https://www.ncbi.nlm.nih.gov/pubmed/31130491. doi: 

10.1016/j.dhjo.2019.05.002. 

447. Fortune J, Norris M, Stennett A, et al. Patterns and correlates of sedentary behaviour among 

people with multiple sclerosis: A cross-sectional study. Sci Rep. 123456789;11(1). doi: 

10.1038/s41598-021-99631-z. 

448. Baert I, Freeman J, Smedal T, et al. Responsiveness and clinically meaningful 

improvement, according to disability level, of five walking measures after rehabilitation in 

multiple sclerosis: A european multicenter study. Neurorehabil Neural Repair. 2014;28(7):621-

631. doi: 10.1177/1545968314521010. 

https://www.ncbi.nlm.nih.gov/pubmed/26865867.
https://www.ncbi.nlm.nih.gov/pubmed/31130491.


 

 

449. Bohannon RW, Crouch R. Minimal clinically important difference for change in 6-minute 

walk test distance of adults with pathology: A systematic review. J Eval Clin Pract. 

2017;23(2):377-381. doi: 10.1111/jep.12629. 

450. Wise RA, Brown CD. Minimal clinically important differences in the six-minute walk test 

and the incremental shuttle walking test. Journal of Chronic Obstructive Pulmonary Disease. 

2009;5501(775):550-2612. 

451. Stephens S, Schneiderman JE, Finlayson M, Berenbaum T, Motl RW, Yeh EA. Feasibility 

of a theory-informed mobile app for changing physical activity in youth with multiple sclerosis. 

Multiple sclerosis and related disorders. 2022;58:103467. 

https://dx.doi.org/10.1016/j.msard.2021.103467. doi: 10.1016/j.msard.2021.103467. 

452. Kasser S. Exercising with multiple sclerosis: Insights into meaning and motivation. Adapted 

Physical Activity Quarterly. 2009;26:274-289. 

https://journals.humankinetics.com/doi/pdf/10.1123/apaq.26.3.274. 

453. Grace S, Chessex C, Arthur H, et al. Systematizing inpatient referral to cardiac 

rehabilitation 2010: Canadian association of cardiac rehabilitation and canadian cardiovascular 

society joint position paper endorsed by the cardiac care network of ontario. Canadian Journal 

of Cardiology. 2011;27(2):192-199. 

454. Din NU, Moore GF, Murphy S, Wilkinson C, Williams NH. Health professionals' 

perspectives on exercise referral and physical activity promotion in primary care: Findings from 

a process evaluation of the national exercise referral scheme in wales. Health Educ J. 

https://dx.doi.org/10.1016/j.msard.2021.103467.
https://journals.humankinetics.com/doi/pdf/10.1123/apaq.26.3.274.


 

 

2015;74(6):743-757. https://journals.sagepub.com/doi/pdf/10.1177/0017896914559785. doi: 

10.1177/0017896914559785. 

455. Frith G, Nichols S, Reece L, Copeland R. Rotherham active for health A local evaluation 

report. . 2019:1-102. 

456. Graham RC, Dugdill L, Cable NT. Health professionals' perspectives in exercise referral: 

Implications for the referral process. Ergonomics. 2005;48(11-14):1411-1422. 

http://www.tandfonline.com/doi/abs/10.1080/00140130500101064. doi: 

10.1080/00140130500101064. 

457. Bird M, Mortenson BW, Chu F, et al. Building a bridge to the community: An integrated 

knowledge translation approach to improving participation in community-based exercise for 

people after stroke. Phys Ther. 2019;99(3):286-296. 

https://academic.oup.com/ptj/article/99/3/286/5304178. 

458. Pojednic R, Bantham A, Arnstein F, Kennedy MA, Phillips E. Bridging the gap between 

clinicians and fitness professionals: A challenge to implementing exercise as medicine. BMJ 

Open Sport and Exercise Medicine. 2018;4:369. http://bmjopensem.bmj.com/. doi: 

10.1136/bmjsem-2018-000369. 

459. Matheson GO, Klugl M, Engebretsen L, et al. Prevention and management of non-

communicable disease: The IOC consensus statement, lausanne 2013. Sports Med. 

2013;43(11):1075-1088. 

https://www.narcis.nl/publication/RecordID/oai:pure.atira.dk:publications%2F09e17330-1bdc-

4868-bfca-cb96921d6b5d. doi: 10.1007/s40279-013-0104-3. 

https://journals.sagepub.com/doi/pdf/10.1177/0017896914559785.
http://www.tandfonline.com/doi/abs/10.1080/00140130500101064.
https://academic.oup.com/ptj/article/99/3/286/5304178.
http://bmjopensem.bmj.com/
https://www.narcis.nl/publication/RecordID/oai:pure.atira.dk:publications%2F09e17330-1bdc-4868-bfca-cb96921d6b5d.
https://www.narcis.nl/publication/RecordID/oai:pure.atira.dk:publications%2F09e17330-1bdc-4868-bfca-cb96921d6b5d.


 

 

460. Vetrovsky T, Omcirk D, Malecek J, Stastny P, Steffl M, Tufano JJ. Morning fatigue and 

structured exercise interact to affect non-exercise physical activity of fit and healthy older adults. 

BMC Geriatrics. 2021;21(1):1-10. https://doi.org/10.1186/s12877-021-02131-y. doi: 

10.1186/s12877-021-02131-y. 

461. Egerton T, Chastin SFM, Stensvold D, Helbostad JL. Fatigue may contribute to reduced 

physical activity among older people: An observational study. J Gerontol Ser A Biol Sci Med Sci. 

2016;71(5):670-676. 

462. Mostert S, Kesselring J. Effects of a short-term exercise training program on aerobic fitness, 

fatigue, health perception and activity level of subjects with multiple sclerosis. Multiple 

Sclerosis. 2002;8:161-168. 

463. Collett J, Franssen M, Meaney A, et al. Phase II randomised controlled trial of a 6-month 

self-managed community exercise programme for people with parkinson's disease. J Neurol 

Neurosurg Psychiatry. 2017;88(3):204-211. 

464. Murray KE, Ermias A, Lung A, et al. Culturally adapting a physical activity intervention for 

somali women: The need for theory and innovation to promote equity. TBM. 2017;7:6-15. 

465. Castro FG, Barrera M, Holleran Steiker L,K. Issues and challenges in the design of 

culturally adapted evidence-based interventions. Annu.Rev.Clin.Psychol. 2010;6:213-239. doi: 

10.1146/annurev-clinpsy-033109-132032. 

466. Verhagen E, Voogt N, Bruinsma A, Finch CF. A knowledge transfer scheme to bridge the 

gap between science and practice: An integration of existing research frameworks into a tool for 

https://doi.org/10.1186/s12877-021-02131-y.


 

 

practice. British journal of sports medicine. 2014;48(8):698-701. 

http://dx.doi.org/10.1136/bjsports-2013-092241. doi: 10.1136/bjsports-2013-092241. 

467. Motl RW, Sandroff BM, Kwakkel G, et al. Exercise in patients with multiple sclerosis. The 

Lancet Neurology. 2017;16(10):848-856. 

http://www.sciencedirect.com/science/article/pii/S1474442217302818. doi: 

https://doi.org/10.1016/S1474-4422(17)30281-8. 

468. Strack RW, Lovelace KA, Jordan TD, Holmes AP. Framing photovoice using a social-

ecological logic model as a guide. Health promotion practice. 2010;11(5):629-636. 

https://www.jstor.org/stable/26738741. doi: 10.1177/1524839909355519. 

469. Mehtälä MAK, Sääkslahti AK, Inkinen ME, Poskiparta MEH. Socio-ecological approach to 

physical activity interventions in childcare: A systematic review. International Journal of 

Behavioral Nutrition and Physical Activity. 2014;11(1):22. https://agris.fao.org/agris-

search/search.do?recordID=US201400070703. doi: 10.1186/1479-5868-11-22. 

470. Learmonth YC, Chan Z, Correia H, et al. Exercise participation and promotion in the 

multiple sclerosis community; perspectives across varying socio-ecological levels. Disability and 

rehabilitation. 2021;43(25):3623-3638. 

https://www.tandfonline.com/doi/abs/10.1080/09638288.2020.1743778. doi: 

10.1080/09638288.2020.1743778. 

471. Cavanaugh JT, Gappmaier VO, Dibble LE, Gappmaier E. Ambulatory activity in 

individuals with multiple sclerosis. J Neurol Phys. 2011;35:26-33. 

http://dx.doi.org/10.1136/bjsports-2013-092241.
http://www.sciencedirect.com/science/article/pii/S1474442217302818.
https://doi.org/10.1016/S1474-4422(17)30281-8.
https://www.jstor.org/stable/26738741.
https://agris.fao.org/agris-search/search.do?recordID=US201400070703.
https://agris.fao.org/agris-search/search.do?recordID=US201400070703.
https://www.tandfonline.com/doi/abs/10.1080/09638288.2020.1743778.


 

 

472. Feinstein A, Freeman J, Lo AC. Treatment of progressive multiple sclerosis: What works, 

what does not, and what is needed. The Lancet Neurology. 2015. 

473. Office UCM. UK chief medical officers' physical activity guidelines. . 2019:44. 

474. Ekkekakis P, Biddle SH. Extraordinary claims in the literature on high-intensity interval 

training (HIIT): IV. is HIIT associated with higher long-term exercise adherence? Psychol Sport 

Exerc. 2022:102295. https://www.sciencedirect.com/science/article/pii/S1469029222001637. 

doi: https://doi.org/10.1016/j.psychsport.2022.102295. 

475. Ding D, Mutrie N, Bauman A, Pratt M, C Hallal P,R., Powell KE. Physical activity 

guidelines 2020: Comprehensive and inclusive recommendations to activate populations. . 2020. 

https://www.who.int/about/who-we-. doi: 10.1016/S0140-6736(20)32229-7. 

476. Hayes S, Uszynski MK, Motl RW, et al. Randomised controlled pilot trial of an exercise 

plus behaviour change intervention in people with multiple sclerosis: The step it up study. BMJ 

Open. 2017;7. 

477. Learmonth Y, Paul L, Miller L, Mattison P, Mcfadyen A. The effects of a 12-week leisure 

centre-based, group exercise intervention for people moderately affected with multiple sclerosis: 

A randomized controlled pilot study. Clin Rehabil. 2011;26(7):579-593. 

478. Learmonth YC, Adamson BC, Balto JM, et al. Identifying preferred format and source of 

exercise information in persons with multiple sclerosis that can be delivered by health-care 

providers. Health Expect. 2017;20(5):1001-1010. 

https://www.sciencedirect.com/science/article/pii/S1469029222001637.
https://doi.org/10.1016/j.psychsport.2022.102295.
https://www.who.int/about/who-we-.


 

 

479. Collado-Mateo D, Lavín-Pérez AM, Peñacoba C, et al. Key factors associated with 

adherence to physical exercise in patients with chronic diseases and older adults: An umbrella 

review. IJERPH. 2021;18(4). doi: 10.3390/ijerph18042023. 

480. Baird JF, Silveira SL, Motl RW. Social cognitive theory and physical activity in older 

adults with multiple sclerosis. International journal of MS care. 2021;23(1):21-25. 

https://www.ncbi.nlm.nih.gov/pubmed/33658902. doi: 10.7224/1537-2073.2019-071. 

481. Michie S, Abraham C. Interventions to change health behaviours: Evidence-based or 

evidence-inspired? Psychology & health. 2004;19(1):29-49. 

https://www.tandfonline.com/doi/abs/10.1080/0887044031000141199. doi: 

10.1080/0887044031000141199. 

482. Hoddinott P. A new era for intervention development studies. Pilot and Feasibility Studies. 

2015;1(1):36. https://www.ncbi.nlm.nih.gov/pubmed/27965814. doi: 10.1186/s40814-015-0032-

0. 

483. Brug J, Oenema A, Ferreira I. Theory, evidence and intervention mapping to improve 

behavior nutrition and physical activity interventions. International Journal of Behavioral 

Nutrition and Physical Activity. 2005;2(1):2. https://www.ncbi.nlm.nih.gov/pubmed/15807898. 

doi: 10.1186/1479-5868-2-2. 

484. Kinnett-Hopkins D, Adamson B, Rougeau K, Motl RW. People with MS are less physically 

active than healthy controls but as active as those with other chronic diseases: An updated meta-

analysis. Multiple Sclerosis and Related Disorders. 2017;13:38-43. 

http://dx.doi.org/10.1016/j.msard.2017.01.016. doi: 10.1016/j.msard.2017.01.016. 

https://www.ncbi.nlm.nih.gov/pubmed/33658902.
https://www.tandfonline.com/doi/abs/10.1080/0887044031000141199.
https://www.ncbi.nlm.nih.gov/pubmed/27965814.
https://www.ncbi.nlm.nih.gov/pubmed/15807898.
http://dx.doi.org/10.1016/j.msard.2017.01.016.


 

 

485. Motl RW, Mcauley E, Sandroff BM, Hubbard EA. Descriptive epidemiology of physical 

activity rates in multiple sclerosis. Acta Neurol Scand. 2015;131(6):422-425. 

486. Kaushik V, Walsh CA. Pragmatism as a research paradigm and its implications for social 

work research. Social Sciences. 2019;8(9). doi: 10.3390/socsci8090255. 

487. Carter A, Humphreys L, Snowdon N, et al. Participant recruitment into a randomised 

controlled trial of exercise therapy for people with multiple sclerosis. Trials. 2015;16(1). 

488. Clarke V, Braun V. To saturate or not to saturate? questioning data saturation as a useful 

concept for thematic analysis and sample-size rationales. Qualitative Research in Sport, Exercise 

and Health. 2021;13(2):201-216. https://uwe-repository.worktribe.com/output/4820803. doi: 

10.1080/2159676X.2019.1704846. 

489. Morse JM. "Perfectly healthy, but dead": The myth of inter-rater reliability. Qualitative 

health research. 1997;7(4):445-447. 

https://journals.sagepub.com/doi/full/10.1177/104973239700700401. doi: 

10.1177/104973239700700401. 

490. Varpio L, O'Brien B, Rees CE, Monrouxe L, Ajjawi R, Paradis E. The applicability of 

generalisability and bias to health professions education's research. Medical education. 

2021;55(2):167-173. https://onlinelibrary.wiley.com/doi/abs/10.1111/medu.14348. doi: 

10.1111/medu.14348. 

491. Varpio L, Ajjawi R, Monrouxe LV, O'Brien BC, Rees CE. Shedding the cobra effect: 

Problematising thematic emergence, triangulation, saturation and member checking. Medical 

https://uwe-repository.worktribe.com/output/4820803.
https://journals.sagepub.com/doi/full/10.1177/104973239700700401.
https://onlinelibrary.wiley.com/doi/abs/10.1111/medu.14348.


 

 

education. 2017;51(1):40-50. https://onlinelibrary.wiley.com/doi/abs/10.1111/medu.13124. doi: 

10.1111/medu.13124. 

492. Watling CJ, Lingard L. Grounded theory in medical education research: AMEE guide no. 

70. Medical teacher. 2012;34(10):850-861. 

https://www.tandfonline.com/doi/abs/10.3109/0142159X.2012.704439. doi: 

10.3109/0142159X.2012.704439. 

 

 

https://onlinelibrary.wiley.com/doi/abs/10.1111/medu.13124.
https://www.tandfonline.com/doi/abs/10.3109/0142159X.2012.704439.

	Candidate Declaration
	Abstract
	Acknowledgements
	List of Tables
	List of Figures
	List of Abbreviations
	Defining key terms
	1: Introduction to the thesis
	1.1 Chapter summary
	1.2 Background to the thesis
	1.2.1 Purpose and rationale of the thesis
	1.2.2 Problem statement
	1.2.2.1 Reason for the problem
	1.2.2.2 The solution to the problem

	1.2.3 Research question

	1.3 Research Paradigms
	1.3.1.1 Positivism/Post-positivism
	1.3.1.2 Constructivism
	1.3.1.3 Pragmatism

	1.4 Qualitatively driven mixed methods research
	1.5 Application of the research paradigm
	1.5.1 Rigour of qualitative research
	1.5.1.1 Reflexivity


	1.6 Thesis structure
	1.7 Content of this thesis
	1.7.1 Chapter 2: Multiple sclerosis
	1.7.2 Chapter 3: Developing exercise interventions for people with moderate-to-severe multiple sclerosis disability: a qualitative study
	1.7.3 Chapter 4: Exploring exercise intensity and the role of high-intensity interval training in people with MS
	1.7.4 Chapter 5: A scoping review of community-based exercise for people with multiple sclerosis
	1.7.5 Chapter 6: Exploring patient and professionals’ ideas to form the development of a community-based exercise intervention for people with multiple sclerosis
	1.7.6 Chapter 7: Developing a theory-informed community-based exercise intervention for people with multiple sclerosis
	1.7.7 Chapter 8: Exploring the acceptability of a community-based exercise intervention for people with multiple sclerosis
	1.7.8 Chapter 9: Summary and discussion of research findings and implications for research, practice and the community


	2 Multiple sclerosis Overview
	2.1 Overview and history of multiple sclerosis
	2.1.1 Pathology, diagnosis, and classification
	2.1.1.1 Pathology
	2.1.1.2 Diagnosis
	2.1.1.3 Classification
	2.1.1.3.1 Relapsing-remitting MS
	2.1.1.3.2  Secondary progressive MS
	2.1.1.3.3 Primary-Progressive MS
	2.1.1.3.4 Progressive-relapsing MS


	2.1.2 Prevalence and epidemiology
	2.1.2.1 Prevalence
	2.1.2.2 Epidemiology

	2.1.3 Effects of multiple sclerosis: Symptoms and treatment
	2.1.3.1 Symptoms
	2.1.3.2 Treatment


	2.2 Exercise for multiple sclerosis
	2.2.1 History of exercise for multiple sclerosis
	2.2.2 Exercise for people with multiple sclerosis today
	2.2.3 The potential disease-modifying effects of exercise for MS

	2.3 Physical activity guidelines
	2.3.1 Scope of physical activity guidelines
	2.3.2 Exercise prescription guidelines for clinical populations
	2.3.3 Exercise guidelines for people with multiple sclerosis

	2.4 Limitations in the physical activity guidelines for people with MS
	2.4.1 The inclusivity of PWMS
	2.4.2 The exercise prescription details
	2.4.3 The application of the guidelines

	2.5 Conclusion and statement of purpose

	3 Developing exercise interventions for people with moderate-to-severe multiple sclerosis disability: a qualitative study
	3.1 Overview
	3.2 Introduction and rationale
	3.2.1 Moderate-to-severe MS-related disability
	3.2.2 Physical activity behaviour of people with moderate-to-severe MS-related disability
	3.2.3 Exercise interventions for people with moderate-to-severe MS-related disability
	3.2.3.1 Traditional exercise
	3.2.3.2 Adapted Exercise
	3.2.3.2.1 Functional Electrical Stimulation
	3.2.3.2.2 Bodyweight-supported treadmill training
	3.2.3.2.3 Recumbent Stepper Training

	3.2.3.3 Experiences of exercise for people with moderate-to-severe MS-related disability


	3.3 Study aim
	3.3.1 Aims
	3.3.2 Objectives

	3.4 Methodology
	3.4.1 Study design
	3.4.1.1 Inclusion criteria
	3.4.1.2 Exclusion criteria
	3.4.1.3 Participants
	EDSS= Expanded disability status score; SPMS= Secondary Progressive Multiple Sclerosis; RRMS= Relapsing remitting Multiple Sclerosis; PPMS= Primary Progressive Multiple Sclerosis
	3.4.1.4 Interviews

	3.4.2 Data analysis

	3.5 Results
	3.5.1 Theme 1. Barriers to exercise
	3.5.1.1 Effects of MS limit their ability to exercise
	3.5.1.2 Fear of adverse effects of exercise
	3.5.1.3 Limited accessibility to exercise opportunities

	3.5.2 Theme 2. Reasons to exercise
	3.5.2.1 Maintain or improve functional ability
	3.5.2.2 Improve quality of life

	3.5.3 Theme 3. Design of the intervention
	3.5.3.1 Trained practitioners are essential
	3.5.3.2 Exercise programmes need to be tailored to the individual
	3.5.3.3 The pacing of the exercise programme is important
	3.5.3.4 The frequency and duration of the sessions must be realistic


	3.6 Discussion
	3.6.1 Implications for the physical activity guidelines
	3.6.2 Strengths and limitations of the study

	3.7 Conclusions

	4 Exploring exercise intensity and the role of high-intensity interval training in people with MS
	4.1 Overview
	4.2 Introduction and rationale
	4.2.1 Definitions of exercise intensity
	4.2.2 HIIT for people with MS

	4.3 Study aim
	4.3.1 Objectives

	4.4 Methodology
	4.4.1 Study design
	4.4.1.1 Design and ethical approval
	4.4.1.2 Pilot and Feasibility studies
	4.4.1.3 Participants and Recruitment
	4.4.1.4 Inclusion criteria
	4.4.1.5 Exclusion criteria
	4.4.1.6 Baseline Assessment
	4.4.1.7 Intervention protocol

	4.4.2 Feasibility criteria
	4.4.2.1 Acceptability
	4.4.2.2 Safety
	4.4.2.3 Estimation of intervention effect (Secondary outcome measures)


	4.5 Approach to data analysis
	4.5.1 Qualitative analysis
	4.5.2 Quantitative Analysis

	4.6 Results
	4.6.1 Participants
	4.6.2 Acceptability
	4.6.2.1 Participant perspectives
	4.6.2.2 High order theme 1: Feelings before the trial
	4.6.2.2.1 The participant’s concerns about high-intensity exercise
	4.6.2.2.2 Comments from friends and family
	4.6.2.2.3 Participant motivation for taking part

	4.6.2.3 Higher order theme 2: The positive impact of the high-intensity interval training intervention
	4.6.2.3.1 Increased energy levels
	4.6.2.3.2 Psychological improvements

	4.6.2.4 Higher order theme 3: Negative impact of the high-intensity interval training intervention
	4.6.2.4.1 Negative impact on symptoms
	4.6.2.4.2 The dose of exercise
	4.6.2.4.3 The mode of exercise

	4.6.2.5 Retention
	4.6.2.6 Attendance at exercise sessions and compliance with the training protocol

	4.6.3 Safety
	4.6.4 Estimating intervention effect

	4.7 Discussion
	4.7.1 Strengths and limitations
	4.7.2 Implications for the physical activity guidelines

	4.8 Conclusion

	5 A scoping review of community-based exercise for people with multiple sclerosis
	5.1 Overview
	5.2 Introduction and rationale
	5.2.1 Behaviour change theories and models
	5.2.1.1 Social Cognitive Theory
	5.2.1.2 Self-determination theory
	5.2.1.3 Theory of planned behaviour and Theory of reasoned action


	5.3 Study aim
	5.4 Methodology
	5.4.1 Study design
	5.4.1.1 Stage One: Identifying the review question
	5.4.1.2 Stage two: Identifying relevant studies
	5.4.1.3 Stage Three: Study selection
	5.4.1.4 Stage Four: Charting of data
	5.4.1.5 Stage Five: Collating, summarising, and reporting the results

	5.4.2 Qualitative synthesis

	5.5 Results
	5.5.1 Programme characteristics
	5.5.2 Efficacy/effectiveness and safety
	5.5.3 Participant perspectives
	5.5.4 Effects of the intervention
	5.5.4.1 Physical changes
	5.5.4.2 Changes in fatigue
	5.5.4.3 Build confidence and motivation

	5.5.5 Barriers to exercise
	5.5.6 Peer support
	5.5.7 Structure of the interventions/programmes
	5.5.7.1 The sessions
	5.5.7.2 Instructors


	5.6 Discussion
	5.6.1 What are the characteristics of community-based exercise interventions for people with MS?
	5.6.2 Are BCT incorporated into the interventions?
	5.6.3 Are community-based exercise interventions acceptable, safe, and effective for people with MS?
	5.6.4 What do people with MS see as the important aspects of a community exercise intervention?
	5.6.5 Strengths and limitations of the review
	5.6.6 Implications for the physical activity guidelines

	5.7 Conclusion
	5.8 Additional papers

	6 Exploring patient and professionals’ views on the key components of a community-based exercise intervention to support PWMS to be physically active
	6.1 Overview
	6.2 Introduction and rationale
	6.3 Study aims
	6.3.1 Objectives

	6.4 Methodology
	6.4.1 Study design
	6.4.2 Setting
	6.4.3 Participants
	6.4.3.1 People with MS
	6.4.3.2 Professionals

	6.4.4 Data collection
	6.4.5 Data analysis

	6.5 Results
	6.5.1 Theme 1: Views of exercising for PWMS
	6.5.1.1 The benefits of exercise
	6.5.1.2 Negative experiences from participating in exercise.

	6.5.2 Theme 2: Barriers to participating in exercise
	6.5.2.1 The physical effects of MS
	6.5.2.2 The debilitating effects of fatigue
	6.5.2.3 Fear of making their condition worse
	6.5.2.4 There are challenges to promoting exercise to PWMS, and it is not often a priority

	6.5.3  Theme 3: Critical factors for an exercise service
	6.5.3.1 Opportunities to socialise are important to PWMS
	6.5.3.2 The need for appropriately trained personnel
	6.5.3.3 Groups may need to be stratified by level of disability
	6.5.3.4 Improving physical function is an important outcome.


	6.6 Discussion
	6.6.1 Exercise for PWMS
	6.6.2 Critical factors for a community-based exercise intervention for PWMS

	6.7 Summary and conclusion
	6.7.1 Strengths and limitations
	6.7.2 Implications for the physical activity guidelines
	6.7.3 Conclusions


	7  Developing a theory-informed community-based exercise intervention for people with multiple sclerosis
	7.1 Overview
	7.2 Introduction
	7.2.1 Intervention Mapping
	7.2.2 MRC Framework
	7.2.3 Behaviour Change Wheel
	7.2.3.1 Positives and negatives of the BCW


	7.3 Study aim
	7.3.1 Objectives

	7.4 Methods and results
	7.4.1 The rationale for the proposed frameworks
	7.4.2 Process for developing the intervention
	7.4.2.1 Extracting the data

	7.4.3 MRC development stage 1: identifying the evidence base; BCW stage 1: understand the behaviour
	7.4.3.1 Step 1 Define the problem in behavioural terms
	7.4.3.2 Step 2 Selecting the target behaviour
	7.4.3.3 Step 3 Specifying the target behaviour
	7.4.3.4 Step 4 identify what needs to change

	7.4.4 MRC development stage 2: identifying/developing theory; BCW stage 2: Identify intervention options
	7.4.4.1 Step 5 Identify intervention functions
	7.4.4.2 Step 6 Identify policy categories

	7.4.5 MRC development stage 3: model processes and outcomes; BCW stage 3: Identify content and implementation options
	7.4.5.1 Stage 7 Identify behaviour change techniques
	7.4.5.2 Step 8 Mode of delivery


	7.5 Discussion
	7.5.1 Strengths and limitations
	7.5.2 Implications for the physical activity guidelines

	7.6 Summary and conclusion

	8 Exploring the acceptability of a community-based exercise intervention for people with multiple sclerosis
	8.1 Overview
	8.2 Introduction and rationale
	8.3 Study aims
	8.3.1 Objectives

	8.4 Methodology
	8.4.1 Study design
	8.4.2 Intervention
	8.4.2.1 Referral
	8.4.2.2 Venue
	8.4.2.3 Qualified deliverers

	8.4.3 Exercise programme overview
	8.4.3.1 Frequency
	8.4.3.2 Intensity
	8.4.3.3 Time (duration)
	8.4.3.4 Type of exercise

	8.4.4 Data collection
	8.4.4.1 Programme evaluation
	8.4.4.2 Outcome measures

	8.4.5 Approach to data analysis

	8.5 Results
	8.5.1 Participants
	8.5.1.1 PWMS

	8.5.2 Acceptability
	8.5.2.1 Attendance and attrition
	8.5.2.2 Participant experience

	8.5.3 Theme 1: Thoughts on the design of the community-based intervention
	8.5.3.1 The social aspect of the community-based intervention was vital
	8.5.3.2 The content of the exercise sessions was initially worrying
	8.5.3.3 Participants soon realised they were capable of doing the exercises
	8.5.3.4 Having trained and knowledgeable instructors were invaluable
	8.5.3.5 Referral into the community-based intervention was random and not well designed.

	8.5.4 Theme 2: Overall experiences of participating in the community-based intervention
	8.5.4.1 Positive effects of exercise
	8.5.4.2 Negative effects of exercise
	8.5.4.3 Motivation to continue exercising following the completion of the intervention

	8.5.5 Outcome measures

	8.6 Discussion
	8.6.1 Capability
	8.6.2 Opportunity
	8.6.3 Motivation
	8.6.4 Feasibility of Outcome Measures:

	8.7 Summary and conclusion
	8.7.1 Strengths and limitations
	8.7.2 Implications for the physical activity guidelines
	8.7.3 Conclusions


	9 Summary and discussion of research findings and implications for research and clinical practice
	9.1 Chapter summary
	9.2 Novel contributions of the thesis
	9.3  Key findings
	9.3.1 Exploring the limitations of the physical activity guidelines
	9.3.1.1 People with severe MS have additional support needs
	9.3.1.2 High-intensity interval training is safe and feasible but lacks long-term appeal
	9.3.1.3 Use of the guidelines in the community

	9.3.2 Developing community-based exercise interventions
	9.3.2.1 Barriers to exercising in the community
	9.3.2.2 Physical activity is not a priority for HCPs
	9.3.2.3 Using MRC and BCW to develop interventions

	9.3.3 Community-based intervention enhances constructs of COM-B

	9.4 Implications
	9.4.1 Implication for the physical activity guidelines
	9.4.2 Implications for research
	9.4.2.1 Expansion of the PAGs
	9.4.2.2 Further development of the intervention
	9.4.2.3 Strategies for long-term adoption of exercise in PWMS.

	9.4.3 Implications for practice and community
	9.4.3.1 Promotion of exercise for PWMS
	9.4.3.2 Community-based exercise opportunities and support


	9.5 Thesis strengths and limitations
	9.6 Personal reflections
	9.6.1 Reflections on the methodology
	9.6.2 Reflections on data collection and analysis
	9.6.3 Reflections on myself as a researcher


	10  References
	11 Appendices
	11.1 Appendix A: Participant Information Sheet
	11.2  Appendix B: Chapter 3 interview schedule
	11.3 Appendix C: Example from the coding framework
	11.4 Appendix D: PDDS: Patient-determined Disease Steps
	11.5 Appendix E: Permission to contact form
	11.6 Appendix F: Session feedback form (adverse event)
	11.7 Appendix G: Example of the coding framework
	11.8 Appendix H: Healthcare professionals interview schedule
	11.9 Appendix I: People with MS interview schedule
	11.10 Appendix J: Example of healthcare professional coding framework
	11.11 Appendix K: An example of PWMS coding framework
	11.12 Appendix L: BCW worksheet 1 - Define the problem in behavioural terms
	11.13 Appendix M: Worksheet 2 - Define the problem in behavioural terms
	11.14 Appendix N: Worksheet 3 – Specify the target behaviour
	11.15 Appendix O: Worksheet 7 – policy categories
	11.16 Appendix P: Worksheet 7 - Identifying Behaviour Change Techniques (APEASE criteria)
	11.17 Appendix Q: Worksheet 8 – Identify mode of delivery
	11.18 Appendix R: BCT used in each session
	11.19 Appendix S: Instructor MS awareness raising booklet
	11.20 Appendix T: Interview schedule - Evaluation of a community-based physical activity pathway for people with MS
	11.21 Appendix U: Example from coding framework


