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ABSTRACT

Background: People with multiple sclerosis (PwWMS) are less physically active
than the general population. Moderate intensity exercise is likely to be safe and
may provide an effective intervention for improving health outcomes for people
with mild-to-moderate disability from MS. A robustly designed trial, using a
pragmatic approach constructed to be cost-effective and elicit long-lasting
behaviour change is required to influence health care practice.

Objectives:

To determine the feasibility of a pragmatic exercise intervention for PwWMS and
to determine if this type of intervention can provide a cost effective solution to
improving health outcomes and increasing exercise and physical activity at up
to nine months follow-up in PWMS compared with usual care alone.

Methods: We initially conducted a feasibility randomised controlled trial,
recruiting a voluntary sample of 30 PWMS (male n = 4, female n = 26; mean age
40 years; range 24 to 49 years; Expanded Disability Status Scale (EDSS) 0.0 to
5.5). Results from which informed the design of a large-scale randomised
controlled trial (RCT). A total of 120 PWMS (male n = 34, female n= 86; mean
age 46 years; range 19 to 65 years; EDSS 1.0 to 6.5) were then recruited to a
three month exercise intervention (two supervised and one home-based
session for first six weeks; one supervised and two home-based session for the
final six weeks) plus usual care or usual care alone. Cognitive behavioural
strategies were used to promote long-term behaviour change. The primary
outcome was self-reported exercise behaviour change (Godin Leisure Time
Exercise Questionnaire (GLTEQ)). Secondary outcomes included clinical,
functional and quality-of- life (MSQol-54) measures.

Results: The feasibility trial demonstrated that attrition was low (6.7% at
immediate follow-up and 20% at three months follow-up) and compliance was
high (>75% of all sessions). The main trial reported significant improvements in
self-reported exercise behaviour (p = 0.01), fatigue (p < 0.0001) and many
MSQol-54 domains (p < 0.03). Only the significant improvements in overall
quality of life (p = 0.001), and the sub-domains of emotional wellbeing (p = 0.01)
and social function (p = 0.004) were maintained at the nine months follow-up.
The probability of the intervention being cost-effective was 0.75 at the threshold
of £20,000 per quality adjusted life year (QALY).

Conclusion: This pragmatic intervention was not only feasible, but outcomes
from the main trial suggest that it is highly likely to be cost effective, leading to
improved self-reported exercise behaviour, fatigue and a sustained
enhancement of health-related quality of life. This provides a strong evidence
base to influence the prescription of exercise into the treatment pathway for
PwMS within the NHS.
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1.0 INTRODUCTION
1.1 History
1.1.1 General History

Multiple Sclerosis (MS) is an autoimmune disease that is typically progressive
and involves damage to the sheaths of nerve cells (demyelination) in the central
nervous system (CNS) (Dorland and Newman, 2000). MS symptoms can be
categorised into eleven key areas; mobility, hand function, vision, fatigue,
cognition, bowel/bladder function, sensory, spasticity, pain, depression, and
tremor/coordination (Kister et al., 2013), with symptoms dependant on the CNS
pathology (Déring et al., 2012). Symptoms present themselves either in acute
attacks or slowly progressing over time (Lavery et al., 2014). The condition was
first defined as a unique disease by neurology professor Jean-Martin Charcot in
1868 (Kumar et al., 2011). However, much of our early understanding of the
disease, it's symptoms and pathogenesis, has come from the personal diary of
Sir Augustus d'Este (1794-1848), which formed possibly the first case study of
MS (Landtblom et al., 2010). In the last two decades our improved
understanding of the disease, earlier diagnosis through technological ad\)ances
and new disease modifying medications have assisted in modifying the course
of MS, with the life expectancy of someone with the condition now near normal
(Asano et al., 2009). MS is the most common cause of disability in young to
middle aged adults in the developing world (Koch-Henrikson and Sorenson,
2010) and because of its progressive and unpredictable nature has a marked
impact on the quality of life experienced for People with Multiple Sclerosis
(PwMS) and their families (Benito-Leon et al., 2003; Mitchell et al., 2005). The
high incidence rates and longitudinal nature of the condition has a substantial

economic impact on both the health care system and PwWMS and their families



(Naci et al., 2010). While' treatments are now available to improve management
of the conditfon, there is still no cure and the fundamental cause is still
unknown, so symptom management and maintenance of function is crucial. In
addition to drug treatments, therapeutic investigations such as exercise and
rehabilitation are increasingly being recommended to better control the
condition and assist PWMS to better self-manage their care (Jelinek and

Hassed, 2009).

1.1.2 Exercise History

Historically, exercise has commonly been defined as “planned, structured and
repetitive bodily movement” (Caspersen et al., 1985). However, this definition
fails to recognise muscle activities of a static nature such as maintenance of
posture and other activities of everyday living that expend energy. Therefore the
following definition of exercise has been proposed by Winter and Fowler (2009)
to encompass all types of activity, 'a potential disruption to homeostasis by
muscle activity that is either exclusively, or in combination, concentric, eccentric

or isometric'.

The beneficial effect of exercise on health is not a new concept and has been
acknowledged since at least the time of Hippocrates, circa 400BC (Porter,
1999). Research into the use of exercise as a therapy for the treatment of MS in
comparison is relatively new, with PWwMS previously 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 (Solari

et al., 1999) and water-based exercise (Gehlsen et al., 1984); these studies
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generally had small sample sizes and lacked the robust design of a
randomised-control trial (RCT). An early review (Ponichtera-Mulcare, 1992),
reported that exercise 'seems to improve cardio respiratory fitness and skeletal
muscle function' in PWMS. The first RCT to explore the possible benefits of
exercise for PWMS was conducted by Petajan et al. (1996) and reported
increased aerobic capacity, strength and mobility, improved bowel and bladder
function, decreased fatigUe and depression, with no increase in the number of
exacerbations. 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 im'proved 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), Latimer-Cheung et
al., (2013) and Sa (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
PwWMS suggested that exercise causes no increase in ’relapse 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 does more than improve
function and better manage symptoms in MS, but may slow down the disease
process, with some evidence to indipate a possible disease modifying effect.
This indicates that guidance for Iohg-term.prescription is required (Dalgas and

Stenager, 2012).

Despite the suggested benefits of exerciée, PwMS are often reported to be less

physically active than the general population (Motl et al., 2008), with symptoms
3 .



being linked to physical activity levels and partially accounted for by low
exercise self-efficacy (Motl et al., 2006). This low physical activity can lead to
secondary complications such as obesity, cardiovascular disease and
osteoporosis (Petajan and White, 1999; Heesen et al., 2006; Doring et al.,

2012).

1.2 Brief overview of gaps in the literature

The current body of knowledge suggests that supervised one-to-one, facility-
based exercise benefits people with mild to moderate disability from MS
(Reitberg et al., 2011; Latimer-Cheung et al., 2013; S&, 2013). However, long-
term this approach is unlikely to be convenient or cost effective for both PWMS
and healthcare systems. To date few trials are of sufficient quality (Déring et al.,
2012) or havé included: statistical power calculations to determine sample size
(Sa, 2013), long-term follow-up (Déring et al., 2012; Latimer-Cheung et al.,
2013) or cost effectiveness analysis (Reitberg et al., 2005). In addition, further
information is required on optimal dose (Reitberg et al., 2005; Sa, 2013) of
exercise required and the benefits of exercise for those with greater disability

from MS (Déring et al., 2012; Latimer-Cheung et al., 2013).

In conclusion, there is a need for more high-quality RCT’s that are statistically
powered to show a clinically meaningful difference in outcome measures
(Déring et al.,, 2012; S&, 2013), with interventions that are MS-tailored and
provide evidence to guide regular exercise prescription (Asano et al., 2009).
There is also a need for more information on the exercise dose required to
achieve optimal benefit (Reitberg et al., 2005; Sa, 2013) and a need to assess

the efficacy of a pragmatic, tailored and cost-effective approach.



1.3 Purpose of Thesis

The purpose of this thesis was to determine if a pragmatically designed
exercise intervention would lead to improvements in physical activity, function
and health in a large population of PWMS, up to nine months of follow-up and
whether this would be a cost-effective treatment strategy when compared with
usual care. In addition, exercise preferences and dose-response relationships,
between physical activity and health outcomes for people with mild and more

severe disability will be explored.
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2.0 LITERATURE REVIEW
2.1 Background
2.1.1 Disease Epidemiology

Epiderﬁiology is a study of the prevalence and distribution of a disease
(Koutsouraki et al., 2010). MS is the most common cause of disability in young
to middle aged adults in the developed world and has undergone extensive
epidemiological research (Koch-Henrikson and Sorenson, 2010). The
prevalence of MS across the globe is variable, with differences most commonly
explained by exposure to environmental factors such as; sunlight, diet and
infectious diseases, or ethnic differences in susceptibility (Milo and Kahana,
2010). European prevalence rates published by Puglialti et al., (2006) and
Koutsouraki et al., (2010) suggested that 83 people per 100,000 have the
disease, with an incidence rate of 4.3 cases per 100,000 per annum. Higher
rates are reported in northern Europe and the female to male ratio is 2.0, with
the highest prevalence rates occurring between the ages of 35 and 64 in both
sexes and all countries. European figures show that there are nearly 700,000
people with MS across Europe (The European Multiple Sclerosis Platform,
2016), and in the UK approximately 100,000 people have the condition, with a
lifetime risk from birth estimated at about 5/1000 in women and less than half
this figure in men (Alonso et al., 2007). There has been an increased incidence
in the condition over the last 10 years (Koch-Henrickson and Sorenson, 2010
and Koutsouraki et al., 2010), thought predominantly to be caused by increased
incidence of relapsing remitting MS in women and an increased prevalence due
to patients surviving with the condition for longer (Koch-Henrikson and
Sorenson, 2010), with the women to men incidence rate reported to have

increased from 1.4 in 1955 to 2.3 in 2000 (Aivaro and Hernan, 2008).
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2.1.2 Disease Aetiology, Risk Factors and Pathogenesis

Aetiology is the study of causes of disease (Kent, 2006). Extensive research
has been conducted in an attempt to ascertain the exact causes of MS that
would enable population based interventions to reduce the incidence of the
condition. Despite these efforts, precise aetiology of the condition remains
unknown. The majority of current data is based on epidemiological studies that
have highlighted that both genetic and environmental factors are both

associated with the incidence of MS (Milo and Kahana, 2010).

Genetic risk can be examined in terms of familial, gender and ethnic variations
in disease prevalence. The familial risk of MS is low, with first degree relatives
having an additional lifetime risk of 2.5%, above that of the general population
irrespective of gender (Nielsen et al., 2005). Risk increases dependant on the
amount of shared genetic information, with a first degree relative reported to
have between 10 and 25 times greater risk than the general population (Willer
et al., 2003), with monozygotic twins carrying the highest risk (Ramagopalan et
al., 2010). This increase in risk is suggested to be genetic rather than
environmental (Lindsey, 2005), with monozygotic twins having concordance
rates of 30-40% compared to only 5% in dizygotic twins (Willer et al, 2003). In
particular, certain patterns in the major histocompatibility complex genes, which
control a large part of the immune system, such as HLA DR15 are reported to
carry the highest genetic risk (Young, 2011). Ethnic origin is also thought to be
important with some ethnic groups such as African Americans, Native
Americans, Mexicans, Puerto Ricans and Japanese having much lower risk
than Caucasians, with virtually no occurrence of the disease in people of
Chinese and Filipino origin (Ramagopalan, 2010). It is well known that MS is

more common in women than men, with the female to male ratio in Europe
10



reported to be 2:1 (Puglialti et al., 2006). It is suggested that this increased risk
is related to female differences in physiology (Ramagopalan, 2010). in addition,
the last 10 years have seen an increase in this ratio, with Canadian research
indicating an increase to a ratio of almost 3:1 (Orton et al., 2006), leading to
suggestions that changing environmental factors may influence women more

than men (Koch-Henrikson and Sorenson, 2010).

Although research has reported that genetics play a part in the development of
MS, environmental factors are thought to play an iniportant role in determining
overall risk. Viral infection, lifestyle, latitude and vitamin D exposure at present
appear to have the strongest links (Ramagopalan et al., 2010). Epidemiological
studies have often reported a link between different vfruses and the occurrence
of MS in particular Epstein-Barr virus (EBV) (Wingerchuk, 2011; Young, 2011;
Ramagopalan et al., 2010 and Ascherio and Munger, 2007). The majority of
PwWMS (>99%) have been infected with EBV, compared with only around 94%
of age-matched controls. Moreover, MS risk is about 10 times less in EBV
negative individuals and 2-3 times greater in those who develop infection later
in life (Ascherio and Munger, 2007). However, association based on
epidemiological data, does not necessarily mean causation and further
clarification is 'required as to the role of viral infection in the aetiology of MS

(Brahic, 2010).

It is often reported in epidemiological studies that latitude (distance from the
equator) plays an important role in MS risk, with incidence and prevalence
increasing with increasing latitude in areas of temperate climate (-1 to 21
degrees Celsius) (Ramagopalan, et al. 2010; Ascherio and Munger, 2007).
Duration and intensity of sunlight exposure has one of the strongest correlations

with latitude and thus sunlight exposure and its links to vitamin D levels are the
11



most commonly sighted explanations for the latitudinal gradient in worldwide
MS incidence rates (Young 2011; Ramagopalan etal., 2010; Ascherio and
Munger, 2007). This link was noted in early studies with US war veterans which
reported that average yearly sunlight exposure and winter solar radiation
exposure at place of birth demonstrated a strong negative correlation with the
incidence of MS (Acheson et al., 1960), indicating a protective effect of sunlight
exposure. However, people living in the same area may share many other
similar characteristics and thus, this explanation is not definitive. To overcome
this bias further research has explored the risk amongst matched individuals,
with different habitual levels of sunlight exposure, such as outdoor workers,
reporting that working outdoors was significantly correlated with reduced MS
mortality rates in areas of greater MS incidence (Freedman et al., 2000). For
most people sunlight exposure is thought to be the main source of Vitamin D.
However, dietary sources have also been reported to have an impact on the
condition, with studies in Norway demonstrating decreased incidence rates in
coastal communities that have greater fish consumption and hence Vitamin D in
their diet, than inland farming communities (Kampman et al., 2008). It has even
been hypothesised that Vitamin D may reduce the risk of EBV infection (Grant,
2010). This link has led to suggestions of possible supplementation at a
population level in regions of high risk, in an attempt to reduce the risk of the
condition in these areas (Ramagopalan et al.,, 2010; Ascherio and Mungar,

2007).

The increase in incidence of MS in recent decades, particularly in women
(Sellner, et al 2011) has led to an increased focus on lifestyle related risk
factors, such as smoking and obesity that have also increased in this population

group over the same time period. Smoking has been consistently highlighted as
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a potential modifiable risk factor for MS (Sellner et al., 2011; Romagopalan et
al., 2010; Ascherio and Mungar 2007). Early studies have linked cigarette
smoking to aggravation of symptoms after smoking (Perkin et al., 1975 and
Emre et al., 1992), with further research linking smoking to both increased risk
(Ascherio and Mungar 2007) and accelerated disease progression (Hernan et
al., 2005). Mechanisms suggested for this increased risk include both the
neurotoxic effect of tobacco smoking and its impact on respiratory infection
rates which have been linked to increased relapse rates (Ascherio and Munger
2007). The obesity epidemic has also been linked to the increased incidence of
MS in women (Sellner et al., 2011), with analysis of the Nurse’'s Health Study
suggesting that obesity at the age of 18 (BMI > 30 kg/m2) more than doubles
the risk of subsequent diagnosis of MS (Munger et al., 2009). The link between
obesity and low levels of vitamin D are also currently being explored as
potential mediating factors in increased MS risk (Sellner et al., 2011). Existing
epidemiological data suggests that modifiable environmental factors such as
vitamin D levels, smoking status and obesity may impact on MS risk; however

the underlying mechanisms are still unclear.

Research has suggested that environmental factors in early years aré
particularly important in establishing risk in later life, as if an individual migrates
after adolescence (aged 15) they are reported to maintain the risk of their
country of origin, whereas before this age they adopt the risk of their new
country (Koutsouraki et al., 2010). In addition, month of birth is also reported to
be important, with babies born after a winter pregnancy reported to be at
greater risk of developing MS in later life (Willer et al., 2005; Bayes et al., 2009;
Salzer et al., 2010) This risk is hypothesised to be due to lack of sunlight

exposure (vitamin D) during pregnancy, although further research is required to
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further explore this link (Salzer et al., 2010). However, research now suggests
that in North America and Europe latitudinal gradient may be of less
importance, with studies needing to focus at a population level on western

lifestyles that have changed (Koch-Henrickson and Sorenson, 2010).

Stress is often suspected to have a negative impact on the occurrence of MS
relapses (Mohr et al., 2004), and has been proposed to provide an increased
risk of onset of MS (Li et al., 2004). Although research to date cannot rule out
the involvement of stress in the appearance of MS, there is no strong evidence

to support this hypothesis (Riise et al., 2011).

The causal pathway for MS is complex and it appears that both a genetic
susceptibility and exposure to various environmental factors, particularly in early
life lead to the development of the abnormalities that lead to the incidence of
MS. Further research is still required to enhance understanding of this pathway
and thus advise public health strategies on the reduction of risk. However,
research is still a long way from fully understanding the complex aetiology of
MS and with incidence rates (women) still increasing, optimising strategies to

better manage the condition are still of utmost importance.

2.1.3 Diagnosis, Symptoms and Prognosis

The diagnosis of MS is often complex and can take time to confirm as no one
symptom is unique to MS, with other similar conditions such as neuromyelitis
optica needing to be excluded before a definitive diagnosis can be made (Kelly
et al.,, 2011). The UK National Institute for Health and Clinical Excellence
(NICE) recommend that from the initial referral to a clinical diagnosis of MS

should take no more than 12-weeks, six-weeks to see a consultant neurologist
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and a further six-weeks for the diagnosis (NICE, 2014). MS usually presents
with an acute occurrence of neurological symptoms. Diagnosis»is clinical and is
supported by a range of tests to look for evidence of MS, with the clinician
looking for evidence of two or more lesions that have occurred at different times
and on different parts of the Central Nervous System (CNS). Clinically the
neurologist will be required to take a detailed medical history of symptoms and
timing, alongside a neurological examination to help determine the cause of
symptoms and what additional tests may be useful. This clinical assessment
can suggest MS as a possible diagnosis, but this needs to be supported by
additional tests which may include magnetic resonance imaging (MRI), analysis
of cerebrospinal fluid (CSF) from lumbar puncture to provide evidenbe of
chronic inflammation of the CNS and evoked potential assessments to indicate
nerve damage (Tsang and MacDonell, 2011). The use of MRI has led to the

currently accepted McDonald criteria for diagnosis (Polman et al 2011).

MS can be categorised into three main types; relapsing remitting (RRMS),
secondary progressive (SPMS) and primary progressive (PPMS). Despite this
the effects can still vary greatly from person to person even in the same
subcategory. The most common disease type at diagnosis is RRMS (85%),
although after 10 years 40-45% of people with RRMS will have progressed to
having SPMS (Tsang and MacDonell, 2011), whilst approximately 15% will

_ experience PPMS from the outset (Wingerchuk, 2011).

People with RRMS will have periods of increased symptoms, called relapses or
exacerbations that are suggestive of an acute inflammatory demyelinating
episode in the CNS, lasting for at least 24-hours. This is followed by periods of
remission, where the individual may recover completely, or retain a mild

increase in symptoms (approximately 40% of people) (Tsang and MacDonell,
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2011). Approximately 80% of people who start with RRMS will progress to
having SPMS over there lifetime (Tsang and MacDonell, 2011), as this occurs
the frequency of relapses decreases, whilst disability gradually gets worse.
Those that have PPMS from the outset will experience a gradual increase in

disability from the start.

The progression in disability experienced during the course of MS is monitored
clinically to assess the extent of symptoms indicative of neurological
impairment. The Expanded Disability Status Scale (EDSS) (Kurtzke, 1983) is
still the most commonly used assessment measure. Other tools used clinically
include; Guy’'s Neurological Disability Scale (GNDS) (Sharrack and Hughes,
1999) and the MS Functional Composite (MSFC) (Cutter et al., 1999). There is
considerable variation in the rate of disability progression in people with MS.
However, it is reported that without treatment the median duration from
diagnosis to requiring a cane is 20 years and to needing a wheelchair is 30
years (Brown and Kraft, 2005). The disability caused by MS also has a notable
impact on employment, with two thirds of people with MS unemployed and 75%

of these attributing it to their disability (Brown and Kraft, 2005).

The symptoms that an individual experiences will vary depending on the part of
the CNS that has been damaged and can occur in many parts of the body.
Fatigue is the most common symptom reported, affecting approximately 70% of

PwMS (Brown and Kraft, 2005). Other symptoms include;

e Muscle symptoms such as poor balance, spasms, poor coordination,

weakness, and tremors.

e Bowel and Bladder symptoms such as constipation, urgency and

incontinence.
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o Eye symptoms such as double vision, discomfort and vision loss.
e Sensation symptoms such as numbness, tingling and pain.
e Other brain and nerve symptoms such as cognitive difficulties,
depression, dizziness and hearing loss.
~e  Other symptoms can include sexual problems, slurred speech and

difficulty swallowing and chewing.

2.1.4 Current Management

There is no current cure for MS, treatment focuses on managing symptoms,
reducing the number of relapses and maintaining the best possible quality of
life. MS treatment has three main components; disease modifying therapy

(DMT), relapse treatment and symptom management.

2.1.4.1 Disease Modifying Therapy

Current disease modifying medications work by reducing relapse rates,
therefore they are only useful for peoplé with RRMS and SPMS, no current
disease modifying therapies are available for people with PPMS. It is currently
recommended that patients with RRMS benefit from early intervention with
disease modifying drugs to limit the effect of the disease on disability (Brown

and Kraft, 2005). Commonly used approved drugs are outlined in Table 2.1.
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Table 2.1. Common disease modifying drugs used for the treatment of people

with RRMS and SPMS.

Medication Brand Mechanisms Administration Side Effects
Name

Interferons Avonex, Beta Interferon is a Regular (1-3x  Flu like

Beta la Rebif cytokine produced per week) symptoms and

Beta 1b Betaferon during viral infections self-injection  skin reactions
and is suggested to at injection
work by healing the sites
blood brain barrier,
preventing cells of the
immune system from
entering the brain.

Glatiramer Copaxone Synthetic peptides Daily Injection site

acetate made of four amino injections reactions
acids, which are basic
models of all proteins

‘in the human body and
is suggested to work by
changing harmful
inflammatory cells into
the non-inflammatory
healing cells of the
immune system.

Natalizumab Tysabri Tysabri is a drug that Intravenous  Long-term
blocks the passage of effects
inflammatory cells of unknown.
the immune system Occasional
from entering the brain infusion
and the spinal cord. reactions.

3/3000 may
suffer serious
brain infection.

Fingolimod Gilenya, Causes lymphocytes to  Daily tablet Headaches,

‘ Novartis be retained in the taken orally liver enzyme
lymph glands, increase, flu,
dampening the diarrhoea,
immune response that back pain,

causes nerve damage.

cough, slowing
heart rate,
swelling in the
eye.
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Dimethyl Tecfidera Activates Nrf2, Oral capsule  Flushing,

fumerate decreasing taken twicea Nausea,
inflammation day heartburn,
abdominal
pain and
diarrhea.
Alemtuzimab  Lemtrada Binds and kills white Two courses  Headaches,
blood celles stopping of infusionin rash, nausea,
them from entering the hospital fever and
brain and attaching the infections.

myelin sheath

2.1.4.2 Relapse Treatment

The primary course of treatment during a relapse is a course of high dose
corticosteroids, although there is no long-term evidence as to the effect of this

treatment on prognosis (NICE, 2014).

2.1.4.3 Symptom Management

The goal of symptom management is to improve and maintain function and
preserve quality of life (Crayton and Rossman, 2006). Symptoms are often
interrelated and can be identified as primary, secondary or tertiary (Ben-
Zacharia, 2011). Primary symptoms are those directly caused by demyelination
and axonal loss, such as weakness and sensory loss; secondary symptoms ére
those occurring as a result of the primary symptoms, such as bladder infections;
whilst tertiary symptoms are those related to the social and psychological
consequences of the disease such as depression. MS symptoms are varied
both between individuals and within the same individual across time, making the
need for its management a complex process that needs to be individually
tailored and multi-model using both pharmacological and non-pharmacological

therapies to ensure the best patient care.
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A variety of pharmacological therapies are used to treat the symptoms of MS
such as, Baclofen and Tizanidine used for the treatment of spasticity and

Gabapentine and Amitriptyline for the reduction of pain and tingling.

Non-pharmacological treatments include physiotherapy (balance, fatigue,
walking), exercise (walking, balance, fatigue), cognitive behavioural therapy
(depression, fatigue), functional electrical stimulation (foot drop), speech and
language therapy (speech and swallowing problems) and occupational therapy

(fatigue).

However, optimal treatment usually involves a combination of strategies, for
example it is recommended that the management of fatigue may involve
medication, exercise and the use of energy conservation techniques, whilst
depression may be treated with a combination of psychotherapy and medication
(Ben-Zacharia, 2011). The National institute of Clinical Excellence (NICE) is
currently updating its guidelines for MS, with new recommendation for health
care professionals including; ‘considering supervised exercise programmes to
give relief from fatigue and to increase mobility (NICE, 2014). This
recommendation is supported by MS Charities (MS Society, MS Trust, 2015),

providing information to PwWMS about the benefits of exercise.

2.1.5 Economic Impact

The cost of MS places a meaningful burden on society, with the highest costs
primarily associated with a decreased work capacity (Kobelt and Pugliatti,
2005). The introduction of DMT'’s over the last decade has also led to an
increase in direct costs and more intensive management of PwWMS (Rotstein et

al., 2006). A review by Rotstein et al., (2006) concluded that, costs outside the
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healthcare system surpass all other costs and that all costs increase as disease

severity increase as measured by EDSS.

The economic impact of the condition is particularly significant as the majority of
PwMS are of working age, costing the UK economy approximately £1.4 billion
(McCrone et al, 2008). In a review of current literature, Adelman et al., (2013)
reported that MS is the second most costly chronic condition after congestive
heart failure. There is currently no cure for MS; however, disease modifying
treatments exist that can reduce the number of relapses and slow disease
progression (Brown and Kraft, 2005; Tsivgoulis et al., 2015). The cost
effectiveness of these treatments in the current economic climate is being
questioned, with some studies reporting DMT's to meet the current threshold
and some reporting them to be well above the acceptable level
(Manouchehrinia and Constantinescu, 2012; Phillips, 2004). Therefore if cost
effective treatments (pharmacological or non-pharmacological) that help
maintain function and reduce the number of relapse can be developed, this
would be of notable importance in reducing the economic impact of MS on both

the health care system and people with MS and their families.

2.1.6 Impact on Physical and Mental Health - Comorbidities

MS is a neurodegenerative disease and as such can lead to PwMS
experiencing a wide variety of physical and mental symptoms that impact on
health outcomes. Comorbidities are common, with an increased prevalence of
many physical and mental health conditions when compared with the general

population (Simpson et al., 2014).
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Less than 20% of PwMS currently meet the recommended physical activity
guidelines (Klaren et al., 2013), with more severe disability reported to be
correlated with less physical activity (Kohn et al., 2014). Mobility and walking
difficulties are common, with 40-50% of PWMS reported to have an EDSS score
of 6.0 (requires a walking aid) within 15 years of disease onset (Myhr et al.,
2001), rising to 60% by 20 years (Coenen et al., 2011). Comorbidities such as
hyperlipidaemia, hypertension, arthritis, irritable bowel syndrome, osteoporosis
and chronic lung disease are common in PWMS (Marrie and Hanwell, 2013).
Simpson et al., (2014) conducted a large study into comorbidities in MS, looking
at 39 different comorbidities in 3826 PwMS, compared with over one million
controls. This research reported inconclusive evidence on the increased
prevalence of cardiovascular disease in PWMS when compared with controls,
sighting constipation as having the greatest increased prevalence, followed by

visual impairment, chronic pain, migraine and epilepsy.

Mental health problems such as depression are reported to be one of the most
significant predictors of patient quality of life in PWMS (Wynia et al., 2008;
Goksel Karatepe et al., 2011). Depression is often cited as the most common
mental health condition in PWMS, with a lifetime prevalence of 50%, followed by
anxiety with a prevalence of 36% (Marrie and Hanwell, 2013; Simpson et al
2014). Moreover, problematic drug use has also been reported to be higher in

PwMS (Simpson et al., 2014).

Physical inactivity is one of the leading causes of death from chronic diseases
in the world (World Health Organisation, 2005), with physical activity having well
documented benefits for improving mental and physical health in both the

general population (Pedersen and Saltin, 2006), and PWMS (Giesser, 2015).
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Therefore, exercise interventions that promote long-term improvements in

exercise and physical activity participation are required in this population group.

2.1.7 Outcome Measures

Reliable and valid clinical outcome measures are essential when determining
the effect of an intervention. The number of outcome measures used in the
reporting of results from MS research is vast, leaving it difficult to compare
studies and build a consistent evidence base. Recent reviews have stated the
need for a more consistent approach in the reporting of outcome measures for
both pharmacological and non-pharmacological clinical trials, if they are to
provide robust data sets that can more successfully inform future clinical
guidelines (Cohen et al., 2012; Noble et al., 2012; Paul et al., 2014). In addition
outcome measures are required to cover a range of symptoms and disabilities

(Cohen et al., 2012).

Historically, the Expanded Disability Status Scale (EDSS) (Kurtzke, 1983) has
been used as the ‘gold standard’ measure for assessing the outcome of clinical
trials (Brown and Kraft, 2005; Cohen et al., 2012; Uitdehaag, 2014, Bermel et
al.,, 2014). The EDSS has long been popular with neurologists; however it is
often reported to be of limited value as an outcome measure for clinical trials
(Cohen et al., 2012; Potter et al., 2014; Uitdehaag, 2014; Bermel et al., 2014).
The EDSS consists of a non-linear scale that is heavily reliant on walking ability
(Bermel et al., 2014) and is not adequately responsive or sensitive to changes
in disability from MS (Whitaker, 1995). A clinically meaningful change in EDSS
is reported to have to be at least 2 levels (1 point) to be considered meaningful,

this change can take time and most studies last less than a year, which will only
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show subtle differences (Brown and Kraft, 2005). However, it is recommended
that this popular measure should be upgraded rather than replaced as a
measure of disability to ensure its cpntinued acceptance (Cohen et al., 2012;
Noble et al., 2012). More recently the Multiple Sclerosis Functional Composite
Scale (MSFC) was developed by Cutter et al.,, (1999) as an alternative or
secondary measure to the EDSS (Kurtzke, 1983) (Cohen et al., 2012).
However, it is still unclear as to whether this is a suitable replacement (Cohen et
al.,, 2012). Despite the limitations of the EDSS (Kurtzke, 1983) and MSFC
(Cutter et al., 1999) there is an obvious Iin‘k between scores for both
assessments and patient relapse rates (Goldman, Motl and Rudick, 2010), with
both of these measures frequently used in clinical studies and considered to be
valid despite their methodological limitations (Meyer-Mooke et al., 2014). The
research conducted as part of this thesis collected both of these measures to

report impact on clinical outcomes.

Since the introduction of DMT’s there has been much discussion over the most
useful outcome measures for assessing their impact. This has led to numerous
reviews being written looking at clinical outcomes (Amato and Portuccio, 2007;
D’Souza et al., 2008), quality of life (Benito-Leon et al., 2003; Bandari et al.,
2012), functional (Bethoux and Bennett,. 2011; Learmonth et al., 2013) and
cognitive measures (Scherer, 2007). However, studies have often focused on
specific symptoms of MS and do not represent the wide range of disabilities
experienced (Potter et al., 2013). Recent reviews have recommended that there
is a need to investigate developing a comprehensive package of assessment
measures to cover the wide range of symptoms and disability experienced in

MS (Cohen et al, 2012, Noble et al., 2012).
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The views outlined ‘in clinical trials are mirrored in research on outcome
- measures for exercise and physical activity interventions, with reviews often
highlighting poor quality outcome measures and the lack of consistency across
trials as one of the major flaws preventing advanced statistics from being
carried out (Rietberg et al., 2005; Asano et al 2009; Dalgas et al., 2008). At
present research suggests that exercise is beneficial for PWMS, however the
diversity of measures used makes it difficult to compare studies and build a
consistent evidence base. Potter et al., (2014) reviewed 63 different outcome
measures and looked at what measures were appropriate for different levels of
disability from MS and in different practical settings, concluding that Patient
Reported Outcomes (PROMS) such as the Multiple Sclerosis Quality of Life—54
(MSQoL-54) (Vickrey et al., 1995) and Multiple Sclerosis Impact Scale (MSIS-
29) (Hobart et al., 2001) and Time based tests such as the MSFC (Cutter et al.,
1999) (9-hole peg test, paced auditory serial addition test (PASAT) and the 25
foot walk), as being highly recommended for people with mild-to-moderate
disability from MS. However, this review was aimed at determining what
measures had clinical utility and were both reliable and valid for use in a
practical setting. The review was not specifically aimed at clinical trials. Despite
the recommendation by the Cochrane review in 2005 (Rietberg et al., 2005) for
a consensus on outcome measure for exercise and MS ftrials, it wasn't until
2014 that a group of international experts met to discuss this issue. The
resultant publication (Paul et al., 2014) recommended a range of measures
covering MS Symptoms that are most likely to be influenced by exercise. These
included PROMS, time based tests and objective measures to provide a
triangulation of methods as recommended by Schéffler et al.,, (2013). The

assessments suggested were all easy to deliver and were already in regular
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use in exercise and MS research. The PROMS assessments recommended by
Paul et al.,, (2014) included measures of Quality of life (MSIS-29 (Hobart et al.,
2001) or MSQoL54 (Vickrey et al., 1993)) and fatigue (Modified Fatigue Impact
~ Scale (MFIS) (Fisk et al., 1994ab) or Fatigue Severity Scale (FSS) (Krupp et al.,
1989)), timed measures for exercise tolerance (6-Minute Walk Test (6MWT)
(ATS Committee, 2002) and muscle function (Timed Up and Go (TUG)
(F’odsiadlo and Richardson, 1991) and objective measure of body measurement
(Body Mass Index (BMI) or Waist Hip Ratio (WH)). It was also recommended

that these be supported by qualitative measures and assessments of cost |
benefit where possible. The research reported in this thesis followed these
guidelines utalising MSQoL54, MFIS, 6MWT, BMI and WH, supported by a cost

effectiveness analysis and qualitaive report.

In summary, MS is a complex condition with varying degrees of disability and
symptoms. There are a large number of tests that are used across the research
literature, but the tests used to rheasure different symptoms are not consistent
and often'focus on individual symptoms. Moreover, measures such as the
EDSS used to assess clinical disability are not sensitive or responsive enough,
but at present we do not have a better alternative. A recommended battery of
core tests now exists for exercise and MS Trials (Paul et al., 2014), however
only time will tell if this is adopted by future research in the area, enabling
provision of the data required to inform clinical guidelines such as those
produced by the National Institute of Clinical Excellence (NICE). Moreover, with
a condition as varied as MS it must not be forgotten that there can be large
variability in results from day to day. Therefore, pre-test controls are of

particular importance to ensure that participants arrive as fresh as possible and
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that results represent a typical day. This would enhance the reliability of results

and decrease the measurement error.

2.1.7.1 Physical Activity, Exercise Tolerance and Walking Mobility

Definitions

Exercise, physical activity, exercise tolerance and walking mobility are all

important measures in the assessment of exercise and physical activity based

interventions.

Exercise can be defined as a potential disruption to homeostasis by
muscle activity that is either exclusively, or in combination, concentric,
eccentric, or isometric' (Wintér and Fowler, 2009). Exercise is often
planned and structured activity designed to improve fithess and health
(Bouchard and Shephard, 1994).

Physical activity is often referred to as exercise that includes activities of
daily living such as household jobs, walking the dog manual labour etc
(Bouchard and Shephard et al., 1994).

Exercise tolerance can be defined as ‘the point at which a participant in a
physical activity attains the limit of acceptable effort before succumbing
to weariness’ (Stedman and Thomas, 2011).

Walking Mobility can be defined as ‘as the ability to independently and

safely move oneself from one place to another’ (MS Trust, 2011)

In addition, to the core outcome measures recommended by Paul et al., (2014),

interventions that have the primary aim of increasing exercise and or physical

activity would benefit from more comprehensive measurement of this variable,
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as it is important to determine not only has the intervention had an impact on
MS, but also have PWMS become more active and fitter because of it. Within
this domain it is important to not only examine physical activity, but also whether
fitness and walking mobility have improved. Walking mobility is particularly
important for PWMS as it is reported to be one of the ‘most visible
manifestations’ of the condition (Bethoux and Bennett, 2011) and has a further

impact on Quality of Life (LaRocca, 2011).

A triangulation of methods as recommended by Schéafler et al., (2013) is
suggested, to ensure that a clear picture of the impact of exercise interventions
can be determined. Measures should include PROMS such as the International
Physical Activity Questionnaire (IPAQ) (Craig et al., 2003) or the Godin Leisure-
time exercise Questionnaire (GLTEQ) (Godin and Shephard, 1985), alongside
objective measures such as accelerometry and timed functional tests such as
the 6BMWT (ATS Committee, 2002) as recommended by Paul et al., (2014) to
assess exercise tolerance and walking endurance and the 25 foot walk as

recommended by Potter et al., (2013) to assess walking ability and speed.

Patient reported outcome measures (PROMS)

Probably the most obvious assessment to measure physical activity for PWMS
is the Physical Activity and Disability Sufvey (PADS-R), which is specifically
designed to measure physical acﬁvity in people with chronic neurological
conditions (Kayes et al., 2009a). However, this test as yet has had limited use in
the MS literature and does not provide results that are comparable with the
general population. Currently the two primary measures utilised for measuring

physical activity through self-report, are the GLTEQ and the IPAQ (Craig et al.,
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2003). Both of these measures are quick and easy to complete and there is
strong evidence to suggest that they are both valid and reliable for assessing
physical activity in PWMS (Motl et al., 2013; Weikert et al., 2010; Snook, Motl
and Gliottoni, 2009; Gosney ét al., 2007; Motl et al., 2006a). The GLTEQ in
particular has shown excellent correlations with physical activity (Gosney et al.,
2007) and good test re-test reliability with PwWMS (Motl et al., 2013). In addition
to this some studies have used the 7-day PAR, which has shown excellent
correlations with physical activity (Motl et al., 2006a). However, this is
administered using an interview, which makes it more time consuming for both
the researcher and the study participant. The GLTEQ and the IPAQ do not
correlate well with walking mobility and should only be used as a physical
activity outcome measure (Snook, Motl and Gliottoni, 2009; Motl et al., 2006a).
In both the feasibility study and main trial reported in this thesis, home exercise
compliance was also monitored via self-report exercise diaries that were
reviewed weekly by the practitioner. This type of approach is simple and easy to
administer and enables the client to benefit from self-monitoring of their
exercise programme. However, it is noted that this method could lead to miss-
reporting, with more objective measures such as video monitoring or

accelerometry potentially providing more robust data.

Accelerometry

Less than 20% of PwWMS are reported to meet the current physical activity
recommendations in the UK (Klaren et al 2013), with 41% of PwMS reporting to
have difficulty with walking (LaRocca, 2011). There is therefore a need for a tool
to better understand walking mobility, exercise behaviour, and the ability to

determine time spent participating in physical activity of at least a moderate
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intensity (Sandroff et al 2014). Accelerometry provides a possible solution
enabling a more objective measurement of these variables to take place, in a
community setting and with minimum participant burden (Motl et al., 2012).
Moreover, accelerometry has the potential to measure walking mobility, which is
of particular significance to PWMS, due to its ability to offer insight into both

disability and disease progression (Pearson et al., 2004).

Research regarding the use of accelerometry as both a measure of physical
activity and walking mobility is variable, with the use of accelerometry for
measurement of physical activity coming under scrutiny. Kayes et al., (2009b),
suggested that caution should be taken when using with PwWMS, due to poor
test re-test reliability at low levels of activity, whilst several researchers have
reported it to correlate better with walking mobility than physical activity (Hale,
Pal and Becker, 2008; Weikert et al., 2012). However, other researchers have
suggested that it can be used to measure both variables (Snook, Motl and
Gliottoni, 2009; Weikert et al.,, 2010). Its usefulness as a reliable and valid
measure of walking mobility and exercise behaviour has gained momentum
over recent years wifh many studies supporting its use (Hale, Pal and Becker,
2008: Snook, Motl and Gliottoni, 2009; Weikert et al., 2010; Weikert et al., 2012;
Motl et al., 2013). However, it has been indicated that there is a significant
difference in results between different types of accelerometer, which may limit
comparisons between studies (Coote and Dwyer, 2012). The majority of studies
have small samples sizes and have only used a single type of accelerometer,
so may not be able to be generaliséd across the MS population and when using
different types of device. Recently Klaren et al., (2013) and Sandroff et al.,
(2014), have reported recommended activity count cut off points to take into

account the increased energy cost of walking in this population group. The
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study by Klaren et al., (2013) used treadmill based walking, whilst the more
recent research by Sandroff et al, (2014) had the added advantage of
measuring in the real world and also developing different activity count cut
points for people with different levels of disability from MS. This offers the
potential to provide a better correlation between accelerometérs and physical
activity measures and to provide a good indication of whether PWMS are

meeting current physical activity guidelines.

Walking assessments

The most commonly used timed walking assessments for MS are the shorter
25ft walk or 10 metre walk (Cutter et al., 1999) and the longer two-minute or six-
minute walk test (Butland et al., 1992). Whilst the most widely used self-report
test is the Multiple Sclerosis Walking Test-12 (MSWT-12) (Hobart et al., 2003).
The longer 2MWT and 6MWT have been reported to have better test retest
reliability Feys et al., (2014) and perform better when detecting improvements
after physical rehabilitation (Baert et al,, (2014). With the 6MWT recommended
in reviews on outcome measures by Paul et al., (2014) and Potter et al., (2013),
alongside the 25ft walking test and the MSWT-12, which were also
recommended by Potter et al., (2013). However, the six-minute test is time
consuming and tiring for the pérticipant, current research indicates that the two-
minute test correlates well with the six-minute test Gijbels, Eijnde and Feys
(2011), and has recently been shown to responsive to detecting improvements
Baert et al., (2014). This indicates that the two-minute test may be a valuable
alternative to the more commonly used six-minute assessment in future MS and

exercise research trials.
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Aerobic Capacity Assessments

VO2omax is often considered to be the best method of assessing‘endurance
capacity in the general population (Stickland et al., 2012) and has been
suggested to be feasible for use in PwWMS, with a ten percent day to day
variance (Langeskov-Christensena, 2014). However, the exertion required for
this test can be off-putting, particularly for PwMS, where fatigue is reported as
one of the most common symptoms (Zajicek, 2010). Exercise interventions in
this population have therefore focused on walking based assessments (Butland
et al., 1992) or sub-maximal protocols on cycle ergometers usually starting with
the bike unloaded and proceeding at increments of 10-15 watts per minute until
volitional termination of the test (Sutherland and Anderson, 2001; and Motl and
Fernhall, 2012) in order to reduce the level of participant risk and burden

experienced from the research assessment process.

2.1.7.2 Fatique

Fatigue is poorly defined in MS, yet is often reported as one of the most
common and disabling symptoms (Flachenecker et al., 2002). Some reports
show that 80-90% of PWMS experience fatigue (Krupp et al., 2006; Weiland et
al; 2015), with approximately two thirds of PWMS describing it as their most
disabling symptom (Branas et al., 2000). Exercise interventions suggest that
improved fithess may positively impact fatigue (Carter et al., 2014), with
rehabilitation interventions such as exercise and education reported to have a
more significant impact than pharmacological treatments (Asano and Finlayson,
2014). A variety of PROMS are used to assess the impact of exercise

interventions on fatigue in PWMS. These include the Fatigue Severity Scale
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(Krupp et al., 1989); the MS-Specific FSS (MS-FS) (Krupp et al., 1995); the
Fatigue Impact Scale (FIS) (Fisk et al., 1994ab) and the Modified Fatigue
Impact Scale (MFIS) (MS Council, 1998). The most frequently used fatigue
outcome measure in exercise interventions is the MFSS (Asano and Finlayson,
2014). MS fatigue is generally considered to be a multidimensional construct
(Kesselring and Beer, 2005), with some fatigue scales measuring different
aspects of fatigue which are poorly correlated (Flaschenecker et al., 2002) and
others providing a single (unidimensional) fatigue score (Elbers et al., 2012).
There is a need for a multidimensional scale to be developed that covers all
dimensions of MS fatigue if we are to provide a robust assessment of the -
impact of research trials in the future (Flachenecker et al.,, 2002). It is
recommended that based on current available measures, a multidimensional
assessment tool such as the MFIS is used to determine the impact of exercise
interventions on fatigue (Paul et al., 2014; Potter et al., 2014). However, it is
suggested that should only a unidimensional measure be required then the FSS
is sufficient (Paul et al., 2014), with well-defined cut points available for sub-

group analysis (Roelcke et al., 1997; Bakshi et al., 2000).

2.2 Theoretical Underpinning

Current research suggests that there is an increased intereét in using
behavioural interventions to improve long-term physical activity in PwMS (Ellis
and Motl 2013; Motl, 2014). Behavioural interventions including theories such
as the Social Cognitive Theory (SCT) (Bandura, 1986) have been reported to
have a positive impact on physical activity behaviour in PWMS (Motl et al., 2011;
Dlugonski et al., 2012; Pilutti et al., 2014). It therefore makes sense that a

combined approach using an exercise intervention alongside a behavioural
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intervention that is theoretically underpinn’ed may have a greater long-term

impact on physical activity behaviour (Coote et al., 2014).

2.2.1 Psychological approach

Pharmacological agents are only moderately effective in managing MS
symptoms. Physical activity is considered to be an important self-management
tool for PWMS, with increased physical activity linked to improved health
outcomes such as quality of life and fatigue (Reitberg et al., 2005; Heesen et
al., 2006; Dalgas et al., 2008; Doring et al., 2012; Latimer-Cheung etval., 2013;
Sa, 2013). Despite this PWMS are less physically active than the general
population (Motl, McAuley and Snook, 2005), with symptoms reported to be
linked to physical inactivity and partially explained by low exercise self-efficacy
(Motl et al., 2006b). It is reasonable to hypothesise that this could be linked to
MS symptoms and their ability to impact on physical ability, self-efficacy and
intentions to engage in physical activity (Plow, Finlayson and Cho, 2011). It is
therefore important to consider strategies to enhance self-efficacy and
intentions in the design of any pragmatic exercise intervention aimed at
promoting improved long-term autonomous physical activity behaviour for

PwMS.

There are many barriers to changing complex health behaviours such as
physical activity (Sallis et al., 2006), with early exercise and physical activity
interventions for PWMS (Petajan et al., 1996; Sutherland and Anderson, 2001)
predominantly focusing on the physiological content of the intervention.
However, a psychology based approach that is theoretical underpinned is

required to promote long-term behaviour change and enable interventions to be
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replicated. Contemporarily, the most commonly used theories in exercise and
physical activity literature to date have come from pre-existing approaches to
behaviour change developed in the social psychology arena (Buchan et al.,
2012). These include theories such as Social Cognitive Theory (SCT) (Bandura,
1986), The Theory of Planned Behaviour (TPB) (Ajzen, 1991), The Self-
Determination Theory (SDT) (Deci and Ryan, 2002), and The Transtheoretical
Model (TTM) (Prochaska and Diclemente, 1983) (Nigg et al., 2008). A practical
yet tailored approach to exercise intervention design is required that follows a
model with structure that enables it to be repeated if successful. One such
approach often used to inform physical activity behaviour change is the

Transtheoretical model (TTM) (Prochaska and DiClemente, 1983).

2.2.1.1 The Transtheoretical Model

The TTM (Prochaska & DiClemente, 1983; Prochaska, DiClemente, &
Norcross, 1992; Prochaska & Velicer, 1997) focuses on an individual's ability to
make volitional decisions about their behaviour and utilises existing theories to
underpin its approach. Subsequently, it's a comprehensive theory of change
comprising of 4 key constructs; stages of change (SOC), decisional balance,
self-efficacy and processes of change (Prochaska and Diclemente, 1983). The
model seeks to explain how individuals make positive changes to their

behaviour and features the SOC as one of its core constructs (Figure 2.1).

The stages of change offer a temporal dimension looking at change as a
process containing five (Oka, 2000) or six (Horiuchi et al., 2012) stages rather
than a single event, with individuals going through a series of set processes of

change to move through the stages.
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Table 2.2 outlines the five most common stages of change. However, recent
research in adults with physical disabilities validated a four stage model,
combining the later fourth and fifth stages into a single action stage (Kosma and

Ellis, 2010).

The TTM also includes measures sensitive to progression through the étages
such as decisional balance (weighing up the advantages and disadvantages to
change) and self-efficacy. In addition the ten processes of change are divided
into two main sub-groups, cognitive and behavioural, which help to explain how
changes occur. Interventions designed using the principles of the TTM take into
account the varying needs of individuals, tailoring the intervention to their stage
of change and accounting for both forward and backward movement between

the stages (Khatta, 2008).

Table 2.2. Description of stages of change as linked to the TTM (Horiuchi et al.,

2012).

Stages Of Change Description

Pre-contemplation No. I have no intention to begin in the next six months

Contemplation No. But | intend to begin in the next six months

Preparation No. But | exercise irregularly

Action Yes. | have been practicing for at least six months

Maintenance Yes. | have been practicing for at least six months

Termination Yes. | have been practicing for more than five years
(termination stage)
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This approach was originally used in helping to prevent negative health
behaviours such as smoking (Prochaska and DiClemente, 1983). However,
over the last decade it has been used to promote positive health behaviours

such as physical activity (Fahrenwald et al., 2004).

A recent Cochrane library systematic review (2014) reported that current
research utilising the TTM in physical activity and dietary interventions is
reported to be of low quality, providing limited evidence for its use in physical
activity interventions (Mastellos et al., 2014). This highlights the need for more
' ‘'well-designed RCTs that apply the principles of the TTM SOC appropriately to
produce conclusive evidence about the effect of TTM SOC on lifestyle

interventions' (Mastellos et al., 2014).

The complex and varied symptoms experienced by PwWMS are reported to
interfere with their intention to be physical activity (Plow, Resnik and Allen,
2009), with constructs of the TTM such as self-efficacy reported to be mediators
of intention to engage in physical activity in this population group (Motl et al.,
2006c¢). Research into the TTM and SOC with PWMS has suggested that this
approach is worth exploring in exercise interventions with PwMS (Plow et al.,
2011) and has the potential for motivating PWMS to exercise (Levy et al., 2009).
Moreover, longitudinal changes in the TTM constructs have been linked to
changes in physical activity behaviour in PwWMS, suggesting that long-term
maintenance of autonomous exercise requires cognitive change first, before
behavioural strategies are introduced (Kosma, 2012). It would therefore seem

valid to utilise this approach in future exercise interventions for PWMS.
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2.3 Trial Design
2.3.1 Randomised-Control Trials (RCT)

The National Institute of Clinical Excellence has defined an RCT as; 'A study in
which a number of similar people are randomly assigned to 2 (or more) groups
to test a specific drug or treatment. One group (the experimental group)
receives the treatment being tested, the other (the comparison or control group)
receives an alternative treatment, a dummy treatment (placebo) or no treatment

at all'.

RCTs are often reported to be the most robust method for assessing the effect
of a treatment and its cost-effectiveness (Sibbald, 1998). RCTs also include
double blinding where appropriate and intention to treat analysis (i.e. analyzed
in the group that they were originally assigned regardless of adherence to the
intervention) (Sibbald, 1998). The most commonly cited limitation of this method
are with ethical and practical concerns regarding the withholding of a treatment

thought to be beneficial to the trials participants (Edwards et al., 1998).

'2.3.2 Mixed Methods Approach

Outcomes based research has typically utilised quantitative approaches to
determine the effectiveness of an intervention. This method does not enable the
researcher to fully understand many aspects of health care research such as
patient perceptions that are crucial in determining the effectiveness of a
pragmatic intervention (Curry et al., 2009). Therefore for pragmatically designed
trials a mixed methods approach is recommended (Creswell et al., 2011). Mixed
methods research can be defined as research that; 'focuses on questions that

call for real-life contextual understandings, multi-level perspectives, and cultural
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influences; employ rigorous quantitative research assessing magnitude and
frequency of constructs and rigorous qualitative research exploring the meaning
and understanding of constructs; utilize multiple methods (e.g., intervention
trials and in-depth interviews); intentionally integrate or combine these methods
to draw on the strengths 'of each; and frame the investigation within
philosophical and theoretical positions' (Creswell et al., 2011). The use of a
mixed methods approach is becoming increasingly important when designing
pragmatic research trials, as using this approach enables us to gain a much
broader understanding of real-world interventions and the context in which they

work (Albright et al, 2013).

2.4 Barriers to participation

Current knowledge suggests that people with MS benefit from taking part in
regular and appropriate physical activity, despite this PWMS still engage in less
physical activity than the general population and even those with other chronic
illnesses (Motl et al., 2005). There are currently only a handful of papers
exploring both, what factors help people with MS to take part in physical activity
and what creates barriers to participation (Kayes et al., 2011a). Understanding
this is crucial if we are to design interventions that help to promote autonomous
long-term participation. The complexity of MS in terms of symptoms and its

unpredictable nature suggest that it may have a unique set of barriers.

The majority of research has explored the facilitators and barriers to physical
activity participation utilising questionnaire based studies to determine which
variables correlate best with amount of physical activity in PwMS (Motl et al.,

2006¢; Motl et al., 2009; Vanner et al., 2008; Kayes et al., 2011a). Numerous
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studies to date have reported the importance of exercise self-efficacy in
promoting participation (Motl et al., 2006b; McAuley et al., 2007; Snook and
Mqtl, 2008; Motl et al., 2009; Stroud, Minahan, Sabapathy, 2009), with people
with greater self-efficacy reporting more enjoyment and greater adherence to
exercise interventions (McAuley et al., 2007). In addition, the importance of MS
symptoms and there management in terms of promoting exercise self-efficacy is
also noted (Motl et al., 2006b; Snook and Motl, 2008), indicating that monitoring
symptoms durin'g exercise and maintaining a flexible approach to exercise
prescription may help to promote self-efficacy and exercise adherence.
Moreover, the importance of designing programmes to limit fatigue and the
provision of education around the benefits of exercise on this variable may
enhance exercise self-efficacy (Stroud et al., 2009). More recently Kayes et al.,
(2011a) explored the facilitators and barriers to participation in a large group
(n=282) of individuals with MS, reporting that the most frequently cited barrier
was being ‘too tired’. In addition this study supported the notion that physical
activity participation is significantly correlated with both self-efficacy and the
number of perceived barriers to physical activity participation. Importantly the
study highlighted potentially modifiable factors such as self-efficacy, mental
fatigue and perceived barriers to participation that cpuld be used to improve the

design of future exercise interventions.

Qualitative studies are capable of providing a more personal and detailed
insight into exercise participation. However, only a few studies have used this
approach to explore the barriers and facilitators to physical activity participation
for PWMS (Kayes et al., 2011b; Brown, Kitchen and Nicoll, 2012; Learmouth et
al., 2013). Kayes et al. (2011b) highlighted that the decision to take part in

physical activity is complex amongst PWMS and there is a need for a highly

41



individual approach to barrier management taking into account personal beliefs.
Studies by Brown, Kitchen and Nicoll (2012) and Learmonth et al., (2013)
explored barriers and facilitators to participation in specific types of group based
exercise programme (aqua fitness and leisure centre). Both studies sited that
knowledge of MS amongst staff and lack of opportunities as key barriers to
participation. Moreover, knowledge on benefits, inadequate transport, lack of
one-to-one support, participation fears and accessibility were also highlighted
as potential barriers to aqua fithess (Brown, Kitchen and Nicoll, 2012).
Exercising with healthy people, the perceived attitudes of others and MS
symptoms where additionally reported as barriers to exercising in a leisure
facility (Learmouth et al., 2013). However, both groups were small and covered
a limited range of abilities and activity types, with a potentially biased sample of
participants who were already engaging in an activity based intervention. More
detailed research in this area is needed if we are to gain a full understanding of
the unique set of variables that may both facilitate and provide barriers to

physical activity participation in PWMS.

2.5 Scoping review: exercise and physical activity interventions for the

treatment of Multiple Sclerosis

The purpose of this scoping review was to map the existing literature on
exercise and MS in order to provide a general update on what is currently
understood about exercise and MS and provide reference for the discussion
and conclusion in this thesis. A scoping review was chosen as a recognised
method of summarising research findings and identifying gaps in existing
literature (Levac et al.,, 2010). This scoping review followed the framework

recommended by Arksey and O'Malley (2005) (figure 2.2).
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It is recognised that this type of review generally fails to evaluate the quality of
the literature or provide any synthesis regarding intervention effectiveness. Due
to the voylume of information available, it was decided to include an element of
quality review in stage 2 (only including RCT's) in order to select the most

pertinent literature and some synthesis within the narrative in stage 5.

2.5.1 Research question for scoping review

What is currently understood about the impact of different exercise and physical

activity intervention on functional and health outcomes for PwMS?

2.5.2 Scoping review methods
Search Strategy

Literature searches were conducted using Scopus and PubMed from 1996 to
August 2014. Only articles printed from 1996 onwards were included as several
previous systematic reviews (Rietberg et al., }2005; Asano et al., 2009; Latimer-
Cheung et al., 2013) have reported Petajan, (1996) to be the first published MS
and exercise RCT. Research published from this thesis was excluded from this

review.
Inclusion Criteria

The review included studies containing PWMS of any age, gender or disease
type that were not experiencing a relapse or exacerbation. Studies must have
been published in an English language peer review journal and be an RCT
where exercise training/therapy was the main treatment. Where exercise

training/therapy is defined as “a series of movements with the aim of training or
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developing the body by a routine practice or as a physical training to promote
good physical health” (Webster's New World Dictionary, 1982). Randomised
controlled trials, with both wait list control and cross-over design were included

as well as the standard RCT.

Exclusion Criteria

Reviews, editorials or notes were excluded and used for cross reference only.
Interventions that were only behavioural, balance rehabilitation, qualitative or
utilised vibration therapy were also excluded. Non-English languages were also

excluded due to no translation service available.
Search Criteria:

A list of keywords was generated based on keywords and search terms used in
existing exercise and physical activity literature and reviews. The search criteria
used was; ("exércise" AND "multiple sclerosis") OR ("exercise therapy" AND
“multiple sclerosis") OR ("physical activity" AND "multiple sclerosis") OR
("physical therapy" AND "multiple sclerosis”) OR ("training" AND "multiple

sclerosis") OR ("rehabilitation” AND “multiple sclerosis").

Date of search 28/08/2014

2.5.3 Process

The search yielded 1876 papers (SCOPUS), 1956 (PubMed). The titles and
abstracts were then screened to exclude non RCT's where exercise
therapy/training was not the main treatment. The use of the Physiotherapy

Evidence Database Scale (PEDro Scale) (Verhagen et al., 1998) was
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considered as a method of rating methodological quality of the RCT’s and
eliminating further low quality studies from the search. However, it was decided
that based on the low quality of many studies and to remain as inclusive as
possible this search would be based on the primary PEDro criteria of an RCT,

without looking further at the additional sub criteria.

75 (SCOPUS) and 52 (PubMed) articles were retained. Duplicate articles were
removed and the remaining 83 articles were obtained and read. Following this
34 papers were deemed relevant for inclusion in the review. It is recognised that
the ideal scenario would have been to have this process carried out by two
independent reviewers; however this was outside the scope of this thesis. To
minimise the impact of this further checking was carried out by cross checking
the references from five previous MS and exercise reviews (Rietberg et al.,
2005; Asano et al., 2009; Déring et al., 2012; Kjglhede, Vissing and Dalgas,
2012; Sa, 2013 and Latimer-Cheung et al., 2013) to determine if any further
relevant papers needed to be included. This process revealed a further, eight
papers that needed to be included. In total 42 papers (38 studies) were retained

in the final review. Figure 2.3.outlines a flow chart of the review process.
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Initial search using keywords
Scopus (n=1876); PubMed (n=1956)

\4

\ 4

Articles reviewed for duplicates
Scopus (n=75); PubMed (n=52)

Articles excluded (not RCT or exercise
trial)
Scopus (n=1801); PubMed (n=1904)

v

Articles retrieved to review full text
(n=83)

‘Articles removed due to duplication
(n=44)

v

\ 4

Articles/studies selected for
inclusion in review (n=34/30)

A

Articles excluded (not RCT or exercise
trial)
(n=49)

A 4

Articles/studies included in final
selection (n=42/38)

Review articles cross checked for
additional studies
(n=8)

Figure 2.3. Flow chart outlining the review process.
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2.5.4 Interventions

2.5.4.1 Aerobic exercise

Eleven studies comparing aerobic exercise (Table 2.3a) with a usual care
control group were included in this review; three of these were feasibility or pilot
work only. The studies included 342 PwMS, the majority of which were
individuals with mild-to-moderate disability from the condition. The largest study
so far was that of Petajan et al., (1996), leaving most trials inadequately
powered. The modality of exercise used in these trials included arm, cycle,
combined (arm/cycle) and rowing ergometry, treadmill walking and water based
activity. Sessions lasted between 30 and 60 minutes, and were carried out for
two to three times per week (except one which was five times per week) for
between three and 20 weeks. The intensity of the sessions was generally light
to moderate and included both continuous and interval style training. Outcome
measures were generally assessed at baseline and immediately following the
intervention period. Only two studies (Van den Berg et al., 2006; Ahmadi et al.,
2013) included a follow-up, but neither of these would be considered to be of
sufficient duration to be classified as long-term. Retention on the trials varied
from 57.9% up to 100%, with the majority being between 80 and 90%.
Compliance to exercise was less well reported with only three trials reporting
this measure. Most of these were supervised sessions and reported good

compliance of between 90 and 97%.

Outcome measures suggested no negative effects of mild-to-moderate aerobic
exercise and several positive outcomes for PwWMS. Most studies reported
improvements in aerobic fithess as measured directly by either VO, peak, VO,
max or anaerobic threshold (Petajan et al., 1996; Mostert and Kesselring et al.,

2002; Briken et al., 2014) or indirectly through the walking distance covered
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during a six minute walk test (Ahmadi et al., 2013) or as maximum walking
distance (Dettmers et al., 2009). Walking speed has been commonly measured
either using the 10 metre walk test or the 25 foot walk test. Results on the
impact of exercise training on this variable are mixed with Ahmadi et al., (2013)
and van den Berg et al., (2006) both showing an improvement in walk speed.
These two studies used treadmill training only for their aerobic intervention.
Thus, indicating that specificity of training may be important to gain an

improvement in walking speed fof PwMS.

The impact of aerobic exercise on fatigue was less conclusive, with some
studies showing evidence for improvement (Sutherland et al., 2001; Ahmadi et
al,, 2013; Briken et al, 2014) and others failing to show any significant
difference (Petajan et al., 1996; Schulz et al 2004; van den Berg et al., 2006;
Rampello et al., 2007; Dettmers et al., 2009; Skjerbaek et al., 2014). This
difference may have been due to the different outcome measures used to report
on this variable. The majority of those reporting a significant improvement
utilised the Modified Fatigue Impact Scale (MFIS), which is a multidimensional
tool. Whereas the majority of those that did not, utilised either the Fatigue
Scale for Motor and Cognition (FSMC) or the Fatigue Severity Scale (FSS),
both of which are uni-dimensional. In a recent review of outcome measures for
MS and exercise interventions Paul et al., (2014) recommended using the MFIS
as a measure of energy and drive due to its ability to provide a multidimensional

assessment.

Health related quality of life (HRQoL) was assessed in the majority of studies.
Different measures used include the Multiple Sclerosis Quality of Life-54
(MSQol-54), Multiple Sclerosis Impact Scale-29 (MSIS-29) and the Hamburg

Quality of Life in MS (HAQUAMS). The majority have shown some
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improvements in various sub-domains and overall quality of life (Petajan et al.,
1996; Sutherland et al., 2001; Mostert and Kesselring, 2002; Schulz et al.,
2004; Rampello et al., 2007), but there is little consistency over what domains
are impacted most, or evidence to describe what it was about the intervention

that caused that impact.

2.5.4.2 Resistance exercise

Six studies (eight articles) were included where the primary exercise
intervention was resistance training (Table 2.3b). The studies included 227
PwMS, most of which were individuals with mild-to-moderate disability from the
condition. The majority of studies had small sample sizes (n=27 to 36), with the
exception of one study (n=71). As with the studies reported into aerobic
exercise this leaves most inadequately powered. The type of resistance
exercises used ranged from home-based functional body weight and resistance
band exercises (DeBolt and McCubbin 2004; Sosnoff et al., 2014), to resistance
cycling (Cakt et al., 2010) and gym based (machine/free weights) (Dalgas et al.,
2009; Dodd et al., 2011) work. Sessions lasted between 45 and 60 minutes,
and were carried out two to three times per week for between eight and 20
weeks. Where recorded the intensity of the sessions was between eight and 12
repetitions, at between eight and 15 repetition maximum. Retention to the trials
was good at between 73.3% and 91.6%, with reported compliance to the
intervention varying from 68.3% up to 99%. No long-term follow-ups were

reported.

Outcome measures suggested no negative impact from this type of training for

PwMS, with several positive outcomes. In those studies that assessed muscle
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strength or power as a main outcome measure improvements were reported in
the intervention groups (DeBolt and McCubbin, 2004; Dalgas et al., 2010b;
Broekmans et al., 2011; Dodd et al., 2011), suggesting that PwMS can improve
their strength through appropriate training. Several studies used more functional
outcome measures such as the timed up and go test (TUG) (Debolt and
McCubbin, 2004; Cakt et al., 2010; Broekmans et al., 2011), falls risk (Sosnoff
et al., 2014) or walking ability (Cakt et al., 2010; et al., 2011; Sosnoff et al.,
2014). DeBolt and McCubbin et al., (2004) reported no difference in TUG during
home-based resistance training, despite improved leg extensor power, whereas
a significant improvement was seen following cycle resistance training. Sosnoff
et al., (2014) reported home-based exercise to be sufficient to reduce risk of
falls. With regard to walking mobility, walking speed as measured by the 10
metre walk and the 25 foot walk, was reported to be improved following home-
based (Sosnoff et al.,, 2014), cycle resistance (Cakt et al., 2010) and gym
weights (Dalgas et al., 2010c), with only Broekmans et al., (2011) reporting no
significant improvement in this measure. However, the exercise training used
was very specific containing unilateral leg raises, with and without additional
functional electrical stimulation and may not have been targeted enough to
improve the strength, balance and coordination required to walk faster. Walking
endurance as measured using the six minute walking test (6MWT) and the 2
minute walking test (2MWT) were reported to be significantly improved by both
home based exercise (Sosnoff et al., 2014) and gym based exercise (Dalgas et
al., 2010b; Dodd et al., 2011), with the study by Broekmans et al., (2011) again

not showing a significant difference.

Three of the included studies measured self-reported fatigue using either the

multidimensional MFIS or the unidimensional FSS. Gym based (Dalgas et al.,
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2010b; Dodd et al., 2011), and cycle resistance (Caikt et al., 2010) training both
reported improvements in fatigue, suggesting that resistance training may have

a positive impact on this variable.

Only two of the RCT’s included in this review repored the impact of resistance
training on quality of life. Dalgas et al., (2010b) utilised the SF-36 and reported
improvements in the physical component of the QoL score following 12 weeks
of progressive resistance training. This was supported by Dodd et al., (2011),
who utilised the WHOQol-Bref and again found improvements following
progressive resistance training, in the physical domain. Findings regarding the
impact on this variable suggest a potentially positive impact on the physical
domain of quality of life, but not enough research is available to conclude the
- impact of resistance training on the various domains of health related quality of

life.

2.5.4.3 Combined (Aerobic, balance/mobility and resistance) exercise

Seven studies (eight articles) were included where the prescribed exercise
intervention was a combination of either aerobic or balance and mobility and
resistance training (Table 2.3c). The studies included 341 participants, the
majority of which had mild-to-moderate disability from MS. However,
Learmounth et al., (2012) looked at community based resistance and
mobility/balance work in individuals with moderate to severe MS. The structure
and content of the interventions was diverse. The modality of aerobic exercises
included varied from combinations of, treadmill and cycle ergometry (McCullagh
et al., 2008; Sangelaji et al., 2014), cycle ergometry (Bjarnadottir et al., 2002;

Mostart and Kesselring, 2002) and aquatic exercises (Romberg et al., 2004;

70



Surakka et al., 2004), with resistance exercises varying from gym based to
resistance band work, with sessions taking place both in thé community, at
home or in a more structured gym environment. Sessions lasted between 20
and 90 minutes, and were carried out between two and five times per week, for
between eight and 24 weeks. Recorded exercise intensity was generally fairly
light to moderate (40-75% APHRM). Retention to the trials was good at
between 70% and 96%, with reported compliance to the interventions varying
from 59% up to 98%. Two studies reported long term follow-up data of three

months (McCullagh et al., 2008) and one year (Sangelaji et al., 2014).

The majority of studies that measured aerobic fitness reported improvements in
this measure (Bjarnadottir et al., 2002; Romberg et al., 2004; McCullagh et al.,
2008; Sangelaji et al., 2014), with only Learmonth et al., (2013) reporting no
change as measured by the 6BMWT and Golzari et al., (2010) as measured by
VO, peak. It is unlikely that the study by Learmonth et al., (2013) contaihed
enough of an aerobic stimulus to improve this area, as the exercise intervention
focused around mobility, balance and resistance work, whereas the study by
Golzari et al., (2010) although containing an aerobic component, was only 8
weeks long and fails to provide detail on exactly what the aerobic component
involved. The evidence for the impact of resistance training on muscle strength
when combined with an additional aerobic component is less convincing with
only Golzari et al., (2010) demonstrating an improvement in absolute muscle
strength, although Surakka et al., (2004) demonstrated an improvement in
muscle fatigue index in women (but not men) and Romberg et al., (2004)
demonstrated an improvement in upper body strength endurance. It can

therefore be suggested that providing an appropriate aerobic component is
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included in a combined intervention, aerobic fitness can be improved. However,

improvements in absolute strength may require a more targeted approach.

The impact of combined exercise on fatigue is sparse, with few studies
reporting this as an outcome measure (McCullagh et al., 2008; Learmonth et al.,
2012). Out of these two studies only McCullagh et al., (2008) reported an
improvement in this measure. This is likely to be due to the much greater dose
of exercise in this study, which also had an impact on fitness, unlike the
Learmonth et al., (2012) study, which failed to report a significant increase in

exercise capacity.

Quality of Life was also not frequently assessed in this section of research, with
only the recent study by Sangelaji et al., (2014) assessing this variable and

demonstrating improvements.

2.5.4.4 Other exercise programmes

Twelve studies (thirteen articles) were included where the prescribed exercise
intervention contained training that could not be definitively defined as
containing either aerobic or resistance training (Table 2.3d). Types of studies
include those looking at pilates, yoga and tai-chi. The studies included 694

participants, the majority of which had mild-to-moderate disability from MS.

The majority of studies had small sample sizes (n=10 to 42), with the exception
of three studies containing 69 (Oken et al., 2004), 90 (Storr et al., 2006) and
314 (Garrett et al.,, 2013) participants. The type of exercise interventions
included contained home-based exercises such as walking, physiotherapy and
indoor aerobic, strength and balance exercises (Wiles et al., 2001; Geddes et

al., 2009; Conklyn et al., 2010; Miller et al., 2011; Plow et al., 2014;), supervised
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exercises such as aquatic (ai-chi), yoga, treadmill, horse riding and
physiotherapy (Oken et al., 2004; Storr et al., 2006; Kargarfard et al., 2012;
Ahmadi et al. 2013; Garrett et al., 2013; Bayraktar et al., 2013; Garpoulou et al.,
2014;) and mixed supervised and home-based interventions (Straudi et al.,
2014). Sessions lasted between 20 and 120 minutes, and were carried out
between one and seven times per week for between four and 24 weeks.
Intensityvof these interventions was poorly recorded with only one study
reporting intensity of between 50-75% of maximum heart rate reserve
(Kargarfard et al., 2012). Retention to the trials was again good at between
77.1% and 100%, compliance to the intervention was only reported in one study

at 58.3% (Straudi et al., 2014).

Aerobic capacity has predominantly been assessed using the 6-minute walking
test, with most studies (Ahamadi et al., 2013; Garret et al., 2013; Plow et al.,
2014; Garpoulou et al., 2014; Straudi et al.,, 2014) demonstrating an
improvement in this measure following the exercise intervention. Only two
studies (Wiles et al., 2001; Geddes et al., 2009) failed to show an improvement.
Wiles et al., (2001) utilised a physiotherapy programme and Geddes et al.,
(2009) a home-based walking programme. The exercise interventions that were

successful in improving this area reported a greater aerobic exercise dose.

Fatigue was assessed in seven out of 13 studies and improvements were
reported in 5 of these. Both. of the studies that failed to show an impact also
reported no improvements in aerobic capacity Geddes et al., 2009; (Straudi et
al., 2014), indicating that the aerobic stimulus may have not been sufficient to

bring about an improvement in fatigue.

As with the mixed exercise group quality of life was not commonly assessed.

However, in the two studies that did assess this (Kargarfrad et al., 2012; Straudi
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et al., 2014) a positive impact was reported. However, Straudi et al., (2014) only
reported this after the supervised portion of the intervention this along with other
measures, was not significant following the home portion of the programme,
where compliance was much lower. This suggests that to sustain impact
foIIowing a supervised programme, a different approach is required to ensure

compliance and impact.

2.6 Current physical activity recommendations for people with Multiple
Sclerosis

2.6.1 What is known?

The current evidence base is sufficient to suggest that for people with mild-to-
moderate disability from MS, supervised, facility based exercise is safe and can
improve aerobic capacity and muscle strength, and may improve other health
outcomes such as fatigue, mobility and quality of life for PwMS (Reitberg et al.,
2005; Sa, 2013; Latimer-Cheung et al., 2013). It is recommended that exercise
is promoted for PWMS not experiencing an exacerbation (Rietberg et al., 2005)
and that exercise twice a week at a moderate intensity is appropriate for
achieving improvements in fitness and health outcome measures (Latimer-

Cheung et al., 2013).

2.6.2 What needs to be determined?

MS and exercise research is generally of poor quality, leading to insufficient
evidence to provide accurate information for individuals with different degrees of
disability from MS and different types of MS (Déring et al., 2012). In addition,

evidence on the short and long-term impact of exercise on symptoms, and
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information capable of providing accurate exercise prescription to guide long-
term exercise participation is currently unavailable (Déring et al., 2012; Latimer-
Cheung et al., 2013). Therefore the challenge now is to assess the efficacy of
pragmatic and cost-effective ways to implement exercise interventions for
PwMS. Although one-to-one supervised facility-based exercise programmes
can offer more support and guidance to MS patients, over the long-term they
may prove difficult for many PWMS due to time barriers, transport issues and
health constraints (e.g. fatigue). Moreover, they are very labour intensive,
require specialist equipment, and are unlikely to be cost-effective. Hence, the
purpose of the proposed investigation is to investigate whether a pragmatically-
designed exercise intervention is effective for evoking improvements in physical

activity behaviour and health outcomes in PwWMS.

2.7 Research Question

Does a pragmatically designed exercise programme enable PWMS to benefit
from improved health outcomes both in the short and long-term and is this a

cost-effective approach to the treatment of MS?

2.8 Research Aims
2.8.1 Feasibility study

The primary aim of this study was to investigate the feasibility of a pragmatic
exercise intervention in PWMS. The secondary aim was to obtain preliminary
data on the impact of the intervention on key health outcomes by comparison

with PWMS randomised to a standard care control group.
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2.8.2 Main trial
Primary aims for the main study trial were;

1. Will PwWMS who are randomised to pragmatic exercise have increased
structured exercise and free living physical activity in comparison to usual care

only controls at three-months and nine-months of follow-up?

2. Will PWMS who are randomised to pragmatic exercise have improved
functional and health outcomes in comparison to usual care only controls at

three-months and nine-months of follow-up?

3. Is inclusion of a pragmatic exercise intervention in the patient care pathway a
more cost-effective treatment strategy than current medical care alone in

PWMS?

Secondary aims for the main study trial were;

1. What dose of exercise is achievable by PwMS during facility-based

supervised and home-exercise portions of the intervention?

2. Is the dose of physical activity associated with improvement in outcomes in

people with mild-to-moderate MS and those more severely affected?
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3.1 Preface to Chapter 3

Chapters one and two explored the current literature on exercise for people with
Multiple Sclerosis and the current recommendations for trial design. It was
concluded that further knowledge was required on the feasibility of a pragmatic
exercise intervention for PWMS to inform a robust RCT that could influence

clinical practice.

Chapter three investigates the feasibility of an exercise therapy intervention
designed using a pragmatic approach, alongside principles from the
transtheoretical model to increase long-term exercise behaviour change in
people with mild to moderate MS. Permission for its reprint in this thesis has

been gained from the publishers (Appendix 9.14).
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3.2 Abstract

Background: People with Multiple Sclerosis (PwMS) are less physically active
than the general population and pragmatic approaches designed to equip them
with the skills and confidence to participate in long-term physical activity are

required.

Objective: To determine the feasibility of a pragmatic exercise intervention in

PwMS.

Methods: A voluntary sample of 30 PWMS (male n=4, female n=26; mean age =
40 years; range = 24-49 years), with mild to moderate disability (EDSS < 5.5),
were recruited from eligible participants attending outpatient clinics (26, retained
immediate follow-up, 24, 3-month follow-up). Participants were randomised to a
10 week pragmatic exercise intervention (2 x supervised and 1 x home-based
session per week) or standard care. Clinical, functional and quality of life
(MSQoL-54) outcomes were assessed at baseline, immediately and 3 months

after the intervention.

Results: Attrition was low (10 weeks, 13%; 3 months, 20%), with high
compliance rates (> 75% of all sessions). The intervention group achieved
progression of exercise volume (24.3 = 7.0 to 30.9 = 5.5 min per session),
intensity (60.4 + 8.8 to 67.7 + 6.9 % HR max) and training impulse (min x
average HR = Training Impulse/load [arbitrary units; AU]) (2600 + 1105 to 3210
+ 1269 AU) during the intervention, whilst significantly increasing (P=0.050)
their physical composite score (MSQOL-54) at 10 weeks and readiness to

exercise (P=0.003) at 3 months compared with standard care.
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Conclusion: This pragmatic intervention was feasible for PWMS, but further
research is needed to assess its long-term impact on physical activity

behaviour.

3.3 Introduction

Evidence suggests that people with multiple sclerosis (PWMS) are less
physically active than the general population [1], but exercise self-efficacy has
consistently been reported to influence participation [2, 3]. Current research
supports the health benefits of supervised, one to one facility based exercise
interventions for people with mild to moderate disability from Multiple Sclerosis
(MS). These include, increased muscle strength and aerobic capacity, improved
mood state and enhanced quality of life (QoL), with no evidence of patient harm
[4, 5]. In the long-term, this approach may prove difficult for PWMS and is
unlikely to be cost effective. More high quality randomised control trials (RCT) to
assess the efficacy of pragmatic interventions for equipping PwWMS with the
skills and confidence needed to exercise independently long-term are required
[6]. Moreover, given that despite the benefits PWMS appear to find long-term
exercise behaviour change difficult, interventions based on behaviour change
theories are likely to optimise the chances of long term behaviour change taking
place. One approach to this is the Transtheoretical Model [7] of behaviour
change which outlines a series of stages that people move through in the
behaviour change process and suggests strategies or processes that can be
used to facilitate movement through the stages. This model has been applied
to several health-related behaviours, including exercise, and is often used in
research and as a basis to develop health related interventions that are person

specific. It is hypothesised that PWMS will find a pragmatic approach to
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exercise feasible, with results indicating improvements in function and quality of

life.

Hence, the primary aim of this study was to investigate the feasibility of a
'pragmatic' exercise intervention that included cognitive-behavioural strategies
to facilitate long term behaviour change in PWMS. Feasibility was measured in
terms of recruitment, acceptability of the intervention, compliance and attrition,
safety and suitability of exercise dose and appropriateness of outcome
measures. A secondary aim was to obtain preliminary data on the impact of the
intervention on key health outcomes by comparison with PwMS randomized to
a standard care control group. In this study 'pragmatic' is defined as a practical,
achievable and flexible programme that allows for individual choice and utilises
behaviour change tools to enhance self-efficacy and promote long-term

behaviour change.

3.4 Method
3.4.1 Participant inclusion/exclusion criteria:

A total of 30 participants were recruited from MS clinics at Sheffield Teaching
Hospitals NHS Foundation Trust (UK). All participants were aged 18-65 years,
fulfiled the modified McDonald diagnostic criteria for MS [8], had an Expanded
Disability Status Score (EDSS; [9]) < 5.5 and were stable on disease modifying
treatment for =2 3 months prior to vrecruitment. Participants who experienced
relapses within the preceding 3 month‘s,'. had other iliness substantially affecting
their ability to exercise (confirmed by consultant) or who were physically active
(22 x week, 2 30 minutes per session, during previous 3 months) were

excluded. Ethics and research governance approval for this study was obtained
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through Sheffield Research Ethics Committee and the Sheffield Teaching

Hospitals NHS Foundation Trust respectively.

3.4.2 Study design

This feasibility study was a parallel randomised controlled trial (RCT). Following
completion of baseline assessments, participants were randomly assigned to
either pragmatic exercise or standard care control groups. The randomisation
list was computer generated by an independent researcher and wés concealed
from those conducting assessments. Both groups had access to standard

medical care.

3.4.2.1 Pragmatic exercise therapy intervention

Participants attended two supervised sessions and undertook one home
session per week for 10 weeks. Supervised sessions were delivered one-to-one
and led by an exercise researcher, qualified up to poStgraduate level in sport
and exercise science, with applied accreditation in exercise delivery. The
project lead observed the delivery of the intervention at the start to ensure that
protocols were interpreted correctly and consistently. Each session lasted
approximately 1 hour, with participants being offered a range of aerobic
exercise options (rowing, walking, upright cycle, recumbent bike and cross-
trainer), delivered as short bouts (e.g. 5 x 3 minutes, with 2 min rest) at 50 to
69% age predicted maximum heart rate (ratings of perceived exertion [RPE] 11
to 13 on the Borg RPE Scale). Training impulse (TRIMP), calculated as average
exercise heart rate (bpm) x duration (minutes); arbitrary units (AU), was used to

quantify overall exercise training load [10].
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The exercise programmé was progressive and tailored towards individual
capabilities and preferences. Participants were encouraged to try all appropriate
exercise options, but were given choice over the exact modality, duration and
intensity of the sessions. Sessions were then designed and progressed on the
basis of individual preferences. Each session contained a warm-up, followed by
an aerobic component, tailored functional body conditioning exercises based on
individual need (balance, strength and flexibility) and a cool down, with content
recorded (exercise modality, heart rate, RPE and duration). This type of tailored
approach is recommended for PWMS [6]. Using the Transtheoretical Model [7]
as a guiding framework, a variety of cognitive behavioural techniques (e.g.
consciousness raising, goal setting and finding social support for exercise) were
also used during sessions to promote motivation and confidence for exercise.
Exercise researchers were trained in the delivery of the intervention and
detailed guidelines on weekly content were provided. The behavioural
techniques were integrated into the exercise sessions and the instructor used
strategies appropriate to the conversation, the stage of change participants
were at, and difficulties/questions participants raised during sessions. Full

details of the behaviour change strategy have been published previously [11].

Home session content comprised both aerobic exercise and body conditioning
activities, and was agreed with the participant after taking into account their
needs, preferences, goals and exercise opportunities in their community. The
duration and intensity of the home exercise sessions mirrored the level and
progression achieved in the supervised sessions. Home sessions were included
to promote independent exercise participation following the intervention.

Participants completed a physical activity diary to log compliance and diaries
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were checked and confirmed weekly, with participants being made aware of the

importance of recording accurate data.

3.4.2.2 Standard care control

The standard care group continued with their usual National Health Service
Care (NHS) and were offered the opportunity to receive advice and take part in

3 supervised sessions once they had completed the study.

3.4.3 Assessment of outcomes

All participants were assessed at baseline, immediately folldwing the
intervention (week 10) and 3 months post intervention. Participants were initially
assessed on the hospital site by a neurologist (BS) who assigned EDSS [9] and
Guy's Neurological Disability Scale (GNDS, [12]) scores. All other assessments

were undertaken at Sheffield Hallam University.

Height (m) and body mass (kg) for body mass index (BMI) and waist and hip
circumferences (cm) were measured using standard techniques [13]. Aerobic
capacity was determined using a continuous, resistance incremented, sub-
maximal cycle ergometer test. The test was terminated when participants
reached a rating of perceived exertion of 17 (very hard), with time to termination
recorded [14]. The 25ft walk from the multiple sclerosis functional composite
(MSFC) assessment was included as a measure of clinical functional ability
[15]. QoL was assessed using thé Multiple Sclerosis Quality of Life-54
(MSQOL-54 [16]), which includes a generic health related QoL instrument
(Rand 36-item health survey 1.0 [17]) and 18 additional items relevant to

PwMS. Current physical activity and readiness to exercise was assessed using
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the Godin Leisure-Time Questionnaire [18] and a visual-analogue stage of
change ladder [19], with anchored labels for the five items from the standard
stages of change for exercise questionnaire [20]. Additionally, participants
assigned to the exercise arm completed a series of open-ended questions
focusing on their reasons for taking part, confidence, side effects, barriers and

attitudes towards exercise following the intervention.

3.4.4 Data analysis

Data were analysed using SPSS for Windows version 18.0 (SPSS Inc, Chicago,
lllinois, USA). Statistical significance was set at P<0.05. Data were first checked
for normality using Kolmogrorov-Smirnov test and found to be normally
distributed. Data analysis was conducted using the intention to treat principle,
with missing data points checked to be random (Little's Chi Squared test), and
then imputed using the SPSS Expectation Maximization (EM) method. Data |
were analysed using analysis of covariance (ANCOVA), with baseline values
used as the covariate, to compare differences between groups at each time
point (Follow-up 1 / week 10 and Follow-up 2 /3 months) [21]. Results are
presented as mean (+ SD) at each time point. As this was a feasibility study,
changes in outcome data are considered to be preliminary, and a cautious

approach to interpretation has been taken.

3.5 Results
3.5.1 Recruitment, retention and compliance

Thirty PWMS were recruited at a rate of 1.4 participants per month, of these 28

were randomised to pragmatic exercise (n=15) or standard care control
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(n=13).Two participants withdrew prior to randomisation (increased
commitments, opted to participate in drugs trial). Table 3.1 shows the baseline

characteristics of participants.

Table 3.1. Baseline characteristics of pragmatic exercise and usual care

groups.
Mean (SD)
Pragmatic Exercise Usual Care
(n=16) (n=14)

Gender (male/female) 2/14 2/12
Age (years) 39.5 (6.5) 40.9 (8.7)
Height (m) 1.66 (0.08) . 1.68(0.09)
Mass (kg) 72.9 (13.3) 75.0 (17.0)
EDSS (analogue scale) 3.0(1.1) 3.1(1.7)

From the standard care group, one participant withdrew in week 10 (MS
relapse), whilst in the intervention group, one participant withdrew in week 5
due to increased work and fatigue. Attrition was low with 87% completing the
week 10 assessments. A further two participants from the intervention group
were lost to follow-up at 3 months, when they failed to respond to study visit
invitations (80% completion; Figure 3.1). No adverse effects resulting from the
intervention were reported. Compliance was high, with participants attending
76% of supervised exercise sessions (15.2 + 2.7) and an average of 75% of

prescribed home sessions (7.5 +2.2).
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study.
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3.5.2 Exercise dose and preference

The mean duration of the aerobic component of supervised sessions
progressed from 24.3 = 7.0 to 30.9 + 5.5 min across the 10 weeks, with 11
participants showing an increase. This was accompanied by an increase in
intensity (mean percentage of age predicted [HR max]), with participants
progressing from 60.4 + 8.8 to 67.7 + 6.9 % HR max. Overall training impulse
(TRIMP) showed steady progress from 2600 = 1105 to 3210 + 1269 Arbitrary‘
Units (AU). Increased TRIMP was achieved with only small changes in RPE,
11.2 + 0.8 to 11.6 + 0.8, excluding the first session (RPE 10.8 + 0.8) which was

intentionally light to assess individual responses to exercise (Figure 3.2).

During supervised exercise, the most used mode of exercise was the treadmill,
with a mean duration of 14.0 + 5.5 min per session (Figure 3.3). The most
popular activity for home sessions was walking (68%), although participants
also used public gyms and swimming pools (14%), engaged in activities of daily
living (gardening and housework) (10%) and used exercise equipment at home

(8%).
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3.5.3 Functional, Clinical and Anthropometric Outcomes

There was encouraging evidence of improvements in walking speed between
baseline and 3 months and EDSS between baseline and 10 weeks in the
intervention group compared with standard care, but with changes being of
border-line statistical significance (P=0.08 and 0.07 respectively) (Table 3.2).
There were no improvements in anthropometric variables over the duration of

the trial.

3.5.4 Quality of Life and Physical Activity Outcomes

The exercise group increased their readiness to exercise (P=0.003), based on
the visual analogue stages of change ladder [19] (Figure 3.4) and there was a
trend for an increase in moderate intensity physical activity (P=0.08) based on
results from the Godin Leisure-Time Questionnaire [18] (table 3.3) at 3 months.
In addition, this group also scored higher on the physical health composite

component (P=0.05) of the MSQOL-54 [16] at 10 weeks (table 3.3).
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3.5.5 Qualitative analysis

Data are reported as frequency counts for each of the questions asked. Over
90% of participants felt confident they would continue to exercise. When asked
about feelings during and after exercise, 100% (n=14) gave positive comments,
with remarks such as ‘exercise made them feel more awake’, ‘eased aches and
pains’, and that they ‘only occasionally felt tired’. Following exercise, 36% (n=5)
reported feeling more energetic, 29% (n=4) reported that they felt tired at first
but this improved and 29% (n=4) continued to feel occasional tiredness, but this
was reported as manageable. All participants liked the séssion structure as it
was tailored, built up gradually, manageable and they liked having goals and
targets. However, 14% (n=2) did suggest a wider variety of equipment would

have been preferable.

3.6 Discussion

This study evaluated the feasibility of a mixed (supervised and home-based)
pragmatic exercise intervention, designed to promote confidence and motivation
for self-directed exercise in people with mild to moderate disability due to MS.
Our findings suggest that this type of intervention is feasible, with excellent
retention (10 week, 87%; 3 month, 80%) and high compliance (> 75% of all
sessions) rates, with this pragmatic approach leading to progression in exercise
duration and intensity over the 10 week intervention period. Our preliminary
data also suggests that PwWMS might experience important behavioural and QoL
benefits that are retained for at least 3 months. However, caution should be
heeded when interpreting outcome data from feasibility studies, as participant

numbers are not powered for statistical significance,
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3.6.1 Recruitment, retention and compliance

Study recruitment rates (1.4 PwWMS / month) are comparable a cognitive
behavioural trial that recruited via clinics in Sheffield [22]. Recruitment to future
large scale interventions could be enhanced by using a range of different
methods to reach eligible patients (mail-outs, advertisements, patient notes and
a multi-centre approach). The implementation of an efficient and effective
recruitment strategy for patients on clinical trials is critical to avoid expensive

delays and failures [23].

Trial retention was excellent (87% at 10 week; 80% at 3 month). Previous
supervised interventions using similar exercise frequency and intensity have
reported slightly lower retention rates (73 to 85% at follow-up 1) [24, 25, 26, 27].
The inclusion in our study of home exercise, individually tailored sessions and a
framework to promote motivation and confidence to exercise may have
increased retention rates. Previous home-based interventions focusing on
resistance or physiotherapy exercises, have reported excellent retention rates
of 95% to 100% [28, 29]. However, to our knowledge McCullagh et al. [30] is the
only other exercise intervention with PwMS reporting long-term follow-up data
(83% retention at follow-ups 1 and 2), which is comparable to rates reported

here.

Compliance to exercise was also excellent, with 80% of participants completing
at least 70% of both supervised and home sessions and with no adverse events
reported. Petajan et al. [24] reported 97% compliance to a moderate intensity
aerobic exercise programme (3 x week; 15 week), whilst Mostert and Kesselring
[31] reported only 65% compliance (5‘ x week; 4 week) during exercise at the
individually determined anaerobic threshold. Home-based exercise compliance

rates are also variable, with a physiotherapy lead resistance programme (3 x
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week; 8 weeks) reporting 95% compliance [28]. However, a combined
supervised and home-based aerobic programme, reported 83% compliance for
supervised exercise, with no participants achieving more than half of home-
based sessions [30]. This is much lower than our home session compliance
rates. However, their study [30] did not contain any cognitive strategies to
enhance self-efficacy and promote positive behaviour change, suggesting that
strategies used in the current study, could have had a positive impact on home
exercise adherence, with 90% feeling confident to continue exercise after the
programme. This is supported by previous research linking the importance of
increased self-efficacy for physical activity participation in PWMS [32, 33, 34].
Future exercise interventions should consider the importance of this component

when designing trials for PwMS.

3.6.2 Exercise progression and preferences

This study aimed to progress exercise sessions by increasing intensity and
duration whilst keeping RPE between 11 and 13 (fairly light to somewhat hard).
Exercise dose, intensity and TRIMP all increased across the programme, whilst
RPE remained relatively constant, suggesting progression was well tolerated.
Motl et al. [35] reported a relatively fast progression rate with PwMS (EDSS 4.0-
6.0), from 15 to 60 min per session during an 8 week, moderate intensity,
supervised programme. Rassova et al [36] reported progression from between
2 and 10 min of cycling during week 1 (60% VO, max), up to between 10 and
30 min at week 10, with progression dependent of disability. This progression

rate is similar to results from our study, where progression was participant lead.
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During the intervention PWMS were encouraged to try all suitable ergometers
and provide feedback on preferences, to inform programme design. During
supervised exercise, the treadmill was utilised the most. Rowing and cycling
ergometers were also used frequently, but were not as well tolerated for long
durations, either due to the higher intensity of the activity (rower) or localised
muscle fatigue (cycle). This conflicts with suggestions that rowing was only
likely to be tolerated by well-functioning patients [5], as after initial training on
correct usage all our participants included rowing in their programme. Previous
exercise research with PwWMS has focused on treadmill or cycle ergometry [6]
and to our knowledge no other intervention has utilised rowing. Anecdotally, for
participants experiencing muscle fatigue, alternating between equipment using
different muscle groups was found to assist with more continuous exercise. At
home 68% of total exercise time was spent walking, in accordance with

previous research [36].

3.6.3 Outcome measures

Changes in the outcome measures should be interpreted with caution due to
the small sample size. However, high retention rates in both groups suggest
that despite the large number of measures, the volume and type of

assessments were feasible and did not discourage participation.

We observed significant improvements in stages of change and QoL (Physical
Health Composite) reported. There was also encouraging evidence of an
improvement in 25 ft walk, EDSS and increases in self-reported moderate
intensity activity (borderline statistical significance). In addition, participants

reported that they felt confident in continuing to be active and enjoyed exercise.
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Anecdotally, participants commented on having the energy to do more at home,
and using walking aids less. This suggests that PWMS can gain important
clinical, physical and QoL benefits from exercise, with some improvements
present after 3 months of follow-up. This is consistent with systematic reviews
of exercise and MS, which concluded that mild to moderate exercise can be
beneficial for PwWMS, without any negative effects [4, 6]. Pilot work by
McCullagh et al., [30] supports the possible benefits 3 months after an exercise
intervention, suggesting significant improvements in both fatigue and QoL.
However, a larger scale trial with long-term follow-up needs to be conducted
before conclusions regarding exercise maintenance and long-term benefits can

be drawn.

3.6.4 Study Limitations

Changes in physical activity and home exercise were assessed by
questionnaire, a subjective fitness assessment and self-report activity diaries.
This may have impacted on results given the social desirability response. The
inclusion of an objective physical activity measure such as 7-day accelerometry
would enhance future trials. The current study utilised strategies to enhance
self-efficacy and confidence. However, it is recommended that these behaviour
change constructs are explored in more detail in future trials to gain more
insight into their impact on long-term-behaviour change in PwWMS. This study
used TRIMP as a non-intrusive method of monitoring changes in exercise load.
This method does not take into account the limitations of using absolute heart
rate as a measure of exercise intensity, particularly given the cardiovascular
dysfunction reported in PWMS [37]. However, as TRIMP results compared the

same individual over time, it is unlikely to have significantly impacted on the
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findings. Future studies would benefit from using more precise measurements
of change in exercise training load. Furthermore future studies would benefit
from monitoring the other services such as physiotherapy that were accessed
by PWMS during the trial, as this may have impacted on outcome measures. It
is recommended that this not only monitored in future trials, but also that this
pragmatic tailored approach could be further enhanced if both the expertise of a
physiotherapist and an exercise researcher were used in the programme

design.

3.7 Conclusions

Our findings suggest that this type of pragmatic exercise intervention is feasible
for people with mild to moderate MS, with good compliance reported for both
aspects of the programme. No other studies to date have investigated the
feasibility of this type of pragmatic exercise programme, combining individually
tailored aerobic (supervised and home-based) exercise, with flexibility, balance
and core work, and behavioural strategies to encourage PWMS to be more
physically active. In addition, a cautious consideration of the outcome data
suggests that PWMS can experience behavioural and QoL benefits from
participation and that these changes may be sustained for up to 3 months after
the intervention. Future larger-scale definitive trials, with longer follow-up are

required to corroborate the results from this preliminary study.
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4.1 Preface for Chapter 4.0

Chapter three explored the feasibility of running a pragmatically designed
exercise intervention for people with mild to moderate MS. Results suggested
that this type of exercise intervention was not only feasible, but has the potential
to elicit long-term exercise behaviour change, with a further large scale trial
required to support these findings.

The results from the feasibility trial outlined in chapter three informed the design
of a larger RCT in this population group. The methods of which are reported in
chapter four. Permission for its reprint in this thesis has been gained from the

publishers (Appendix 9.14).
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4.2 Abstract

Exercise is an effective intervention for improving function, mobility and health-
related quality of life in people with multiple sclerosis (PwWMS). Questions remain
however, regarding the effectiveness of pragmatic exercise interventions for
evoking tangible and sustained increases in physical activity and |ong-tevrm
impact on important health outcomes in PWMS. Furthermore, dose-response
relationships between exercise and health outcomes have not previously been
reported in PwMS. These issues, and improved knowledge of cost
effectiveness, are likely to influence key decisions of health policymakers
regarding the implementation of exercise therapy as part of the patient care
pathway for PWMS. Hence, the primary aim of this study is to investigate
whether a 12-week tapered programme of supervised exercise, incorporating
cognitive-behavioural techniques to facilitate sustained behaviour change, is
effective for evoking improvements in physical activity and key health outcomes
in PWMS over 9 months of follow-up. A total of 120 PwMS will be randomised
(1:1) to either a 12-week pragmatic exercise therapy intervention or usual care
control group. Participants will be included on the basis of a clinical diagnosis of
MS, with an expanded disability status score (EDSS) between 1 and 6.5.
Outcome measures, to be assessed before and after the intervention and 6
months later, will include physical activity, clinical and functional measures and
health-related quality of life. In addition, the cost effectiveness of the
intervention will be evaluated and dose— response relationships between
physical activity and the primary/ secondary outcomes in those with mild and

more severe disease will be explored.

135



4.3 Introduction

Living with multiple sclerosis (MS) can be a difficult experience, both physically
and psychologically [1,2], with common symptoms including visual problems,
motor abnormalities, bowel and bladder incontinence, loss of balance and
sexual dysfunction [2,3]. Research also indicates that there is an increased
prevalence of falls in people with MS (PwMS) [4,5] and a high proportion of
patients who experience debilitating symptoms of fatigue, defined as a ‘a
subjective lack of physical and/or mental energy that is perceived by the
individual or the caregiver to interfere with usual and desired activities’ [6].
Hence, there is a need to assess the effectiveness of therapeutic strategies that
could have a long-term impact on health-related quality of life of PwMS,
particularly given that MS affects many young and middle-aged individuals [7],
who have a life expectancy close to normal [8].

A growing body of evidence supports the beneficial effects of exercise in terms
of wide-ranging health outcomes for PwMS [9-13]. However, a major challenge
is to develop pragmatic and cost-effective interventions that engage PWMS in
exercise therapy and have a long-lasting impact on physical activity behaviour.
Supervised facility-based exercise programmes offer comprehensive support
and guidance but over the long-term they are likely to prove difficult due to time
barriers, transport issues and health constraints (e.g. fatigue) in PwMS. In
addition, they are very labour intensive, require specialised equipment, and may
not be cost-effective. Pragmatic physical activity interventions, involving
cognitive-behavioural techniques to promote confidence for self-directed
exercise are likely to be more cost-effective than long-term supervised
programmes of exercise therapy.

We undertook a small-scale study (N=30) to investigate the feasibility of a
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pragmatic exercise intervention which was designed to promote sustained
changes in physical activity behavi‘our in PWMS. The intervention involved two
supervised and one home-based exercise session each week for 10 weeks,
using a variety of cognitive-behavioural techniques (e.g. consciousness raising,
goal setting and finding social support for exercise) and the Transtheoretical
Model [14] as a guiding framework, to promote motivation and confidence for
exercise. Outcomes were assessed at baseline, after the 10 week intervention
and after a further 3 months. Adherence to the intervention was excellent (80%
of participants completed 270% of the exercise sessions), attrition was low
(20%) and trends for improvement in key health outcomes (i.e. quality of life and
readiness to exercise) were observed up to 3 months of follow-up in the
intervention group. Focus groups showed that PwWMS enjoyed the intervention,
including the structure and content of the sessions. Qualitative analysis also
revealed that the exercise sessions provided participants with feelings of
energy, vitality and a sense of achievement. On completing the 10-week
intervention, over 90% of the participants indicated that they felt confident they
would continue to exercise in their communities.

On the basis of these positive feasibility data and the qualitative feedback
received from PWMS, this definitive randomised controlled trial was designed to
investigate the effectiveness of this pragmatic approach to implementing
exercise therapy in a larger population of PWMS. The main aims of this trial are
to investigate the effects of the pragmatic exercise intervention on physical
activity behaviour and important health outcomes up to 9 months of follow-up,

as well as cost-effectiveness of the intervention in relation to standard care.
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In addition, dose—response relationships between exercise therapy and the
primary/secondary outcomes in those with mild and more severe disease will be

explored.

4.4. Methods

4.4.1. Patient recruitment

A total of 120 PwMS will be recruited by consultant neurologists at the
collaborating hospitals and via flyers/community adverts displayed at the local
South Yorkshire MS Society branches. All patients will be seen by a neurologist
prior to entering the trial, regardless of their route of recruitment. In total, around
50 potential participants per week are seen at the collaborating hospital centres.
In addition, we will have access to several hundred PwWMS who are affiliated
with local South Yorkshire MS Society branches. We will seek to feature the trial
in the MS matters newsletter during recruitment and aim to recruit the required
sample of 120 PWMS over 24-months; this equates to a recruitment rate of 5
PwMS per month. Participant travel expenses will be reimbursed. Ethics
approval for the study has been granted by the South Yorkshire Research

Ethics Committee.

4.4.2 Randomisation and allocation concealment

The study is a randomised controlled trial with participants being randomised to
the pragmatic exercise intervention or standard care control group (Fig. 4.1).
Stratification will be used to balarce the potentially confounding variables of
gender and Expanded Disability Status Scale (EDSS) score (low: up to 3.5,
high: up to 6.5). Randomisation Will be undertaken by a distant randomisation

service at the University of York, UK. The randomisation sequence will not be
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disclosed until participants have completed their baseline assessments.

4.4.3 Inclusion and exclusion criteria

The inclusion criteria for the trial are: clinical diagnosis of MS with an EDSS
score of between 1.0 and 6.5, and able to walk 10 m distance; aged 18-65
years; clinically stable for at least 4 weeks prior to entering the study;
participants on disease modifying therapy (Interferon, Glatiramer Acetate,
Mitoxantrone and Natalizumab) must have been stable on this treatment for at
least 3 months prior to entering the studyﬁ physically able to participate in some
form of exercise three times per week; able to provide written informed consent.
The exclusion criteria for the trial are: failure to meet any of the above inclusion
criteria; experiencing iliness that impairs the ability to be physically active three
times per week; unwilling to be randomised to either the exercise intervention or
usual care control group; living more than 20 miles from the trial centre; already
engaged in purposeful structured exercise or brisk walking =3 times per week

for 280 min per session for at least 6-months.

139



Time-line

Potential participants identified by Consultant Neurologists,
or through community adverts or patient notes

Refuse to
participate

%
Confirmation of eligibility

Eligible

4
Agree to participate

/

Familiarisation visitto the centre

Refuse to
participate

Week
0

Baseline assessment, then randomisation to one of two
groups (stratified for EDSS [1.0-3.5; 4.0-6.5] and gender)

Weeks 1-6:

1-12

Weeks

Weeks 7-12:

Pragmatic exercise intervention

1 x week supervised exercise
2 x week exercise at home

Usual care control group

Continue with usual care for
2 x week supervised exercise 12 weeks
1 x week exercise at home

Weeks
13-14

Assessment of outcomes (weeks 13-14)

1-to-1
interviews
and focus

groups
(random
sample)

36-38

Weeks

9-month follow-up assessment

Figure 4.1. Flow of participants through the trial.
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4.4.4 Sample size calculations and expected loss to follow-up

The sample size estimation is based on physical activity behaviour change data
from our pilot study [15,16] and an estimated post-intervention difference in 6-
min walk test (6MWT) between the groups [17]. A sample of 50 patients
randomised to each group will be sufficient to detect a moderate effect size
difference (80% power and a 5% significance level) of 1.3 units on the Godin
physical activity scale (standard deviation=2.29 [our pilot study data]) and an
increase of 56 m (sd=99.4 m) in 6BMWT [17] (an increase in 6MWT of 56 m was
accompanied by improved neurological function after a 12 week aerobic
exercise programme in PwWMS) [17]. This figure rises to 60 in each group to

allow for a 15% loss to follow-up.

4.4.5 Exercise intervention

At baseline, participants in the intervention group will receive a pack of printed
information that details important information about exercise and MS (e.g. safely
increasing exercise over time, minimising injuries, dealing with fatigue, taking
heart rate and appropriate shoes for exercise, etc.). The intervention period will
be 12 weeks in duration, with more frequent participant contact during weeks 1—
6 (2 supervised exercise sessions), and reduced contact during weeks 7-12
(one supervised exercise session). In accordance with recent recommendations
for PWMS [13], and as used in our pilot study, the intervention will be staged-
adapted and participants will be encouraged to exercise within their own
capabilities, which will be influenced by individual symptomatology. An exercise
physiologist and specialist physiotherapist will oversee the delivery of the
intervention.

During weeks 1-6, participants will attend two supervised sessions per week at
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the Centre for Sport and Exercise Science (CSES) and will be required to
undertake one additional session ih their home environment. Supervised
sessions will involve small groups of up to three participants led by an exercise
therapist/researcher. Each session will last approximately 1 h and participants
will be offered a range of aerobic exercises (e.g. stepping, cycle-ergo, walking,
rowing, and arm-cranking). Participants will be asked to complete short bouts
(e.g. 5x3-min, with 2-min rest intervals) of low to moderate intensity aerobic
exercise (50-69% of maximum heart rate). As the intervention progresses and
when appropriate, participants will be encouraged té participate in longer
periods of aerobic exercise (e.g. 5x4-min) or to take shorter rests between
bouts. Sessions will also incorporate exercises that focus upon developing
muscle strength. Participants will undertake 1-3 sets of strength training
exercises for large skeletal muscle groups using light weights, Therabands and
body resistance, which will be progressed according to individual capabilities.
Balance board and static stretching exercises for large skeletal muscle groups
will also be incorporated into the sessions. Heart rate, ratings of perceived
exertion and minutes of specific exercises completed in each session will be
recorded by the researcher to allow for an assessment of the exercise dose
achieved each week.

During weeks 7—12 participants will attend CSES once per week and complete
two home sessions per week on their own. We hypothesise that the gradual
increase in home-based sessions within the intervention group will help to
facilitate independent exercise participation after the intervention phase is
completed. As for the supervised sessions, the home sessions will be geared
towards the mobility and symptoms of each participant. During the single

weekly supervised session at CSES, they will undertake aerobic exercise (as in
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weeks 1-6) and discuss and receive advice on the content of their home-based
exercise sessions, which will aim to mirror that of the supervised sessions, in
terms of intensity and duration of aerobic exercise and additional tailored
exercises for strength, flexibility and balance. Participants will be encouraged to
seek out opportunities to exercise either in the home or in the local community
(e.g. healthy living centres, health walks, fitness centres, swimming pools, etc.),
based on their individual needs and preferences, and will receive instructions on
how to complete a physical activity log for quantification of structured exercise

sessions achieved outside of the supervised sessions.

4.4.6 Theoretical model for facilitating physical activity behaviour change

The supervised exercise sessions will also incorporate cognitive-behavioural
techniques (e.g. goal setting, finding social support, understanding the
costs/benefits of exercise etc.) to promote long-term participation in physical
activity. Using the Transtheoretical Model [14] as a guiding framework, this
aspect of the intervention will be aimed at equipping PWMS with the skills,
knowledge and confidence to engage in a more physically active lifestyle (Table

4.1).
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Table 4.1. Strategies used in exercise counselling.

Suggested time-
frame
(individual)

Processes and

mediators of change

Exercise counselling framework:
Examples of skills and techniques to be used

Weeks 1-2 of
the
intervention

Weeks 3—-4 of
the
intervention

Weeks 5-6 of
the
intervention

Weeks 6-12 of
the
intervention

Consciousness Raising

(benefits),

Dramatic relief (risks)

Tools: decisional
balance

Self re-evaluation
Decisional balance
Consciousness raising

Self re-evaluation

Goal setting/self-
regulation
Social support

Goal setting/self-
regulation

Stimulus control (identify

situations and

relapse prevention)

Reinforcement

management (reward

success)

Self-liberation (making
commitments, goal

setting)

Review first session:

* How did it feel? Was it difficult/easy?

* Did you enjoy it?

» What to expect in the coming weeks

» Finding time for exercise - fitting it in the gaps.

* Your exercise preferences. Consider previous exercise
experiences

Exercise knowledge

* Benefits of exercise/consequences of inactivity

» How often, how hard and for how long?

* Where and when?

+ Contra-indications to exercise—when and when not to
exercise

* Importance of hydration

* Importance of warming up and cooling down

Which physical exercises do I prefer?

* Previous exercise experiences, why this worked/failed.
» What other exercises might you like to try?
Are you enjoying the sessions?

* What do you like/dislike?

* What would you change?

* Is it what you had expected?

* What benefits have | noticed?

Exercise knowledge

* Training principles—de-training, overload and
adaptation

Introduce goal setting

* What is it and how might it help?

*» Set one SMART goal

Exercise review

* How do you feel after 5-6 weeks?

* What do you enjoy most?

Findings support for exercise

« Thinking of others who might encourage participation in
exercise

* Consider ways in which to exercise with other people
* What opportunities are there, how available are they?

Review goals

* Did you achieve them?

* If yes well done! If not, why not? What can we do to
help change this?

Cues for action

* Think of tasks that might prompt participation in
exercise

Thinking about moving on from the programme

* Avoiding relapse from exercise

*» Future exercise options

Looking/planning ahead—SWOT analysis

» What will help me to exercise in the future?

* What will stop me?

What have | achieved so far

* Review exercise, what has been learned?

* Thinking positively and taking positive action
Moving on

= Action plan for home
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4.4.7 Outcome measures

4.4.7.1 Timing of assessments and setting

Unless otherwise stated, outcomes will be blindly assessed at three time-points:
baseline, after the 12-week intervention and 6-months later. Personal
characteristics (e.g. postcode, marital status, ethnicity, etc.) and condition
specific data (e.g. time since diagnosis, medication, onset of symptoms, use of
health care resources etc.) will be collected. Large print versions of the
questionnaires will be available. Clinicians at the collaborating hospitals will
perform the neurological tests and an experienced researcher will assess other
outcomes at the SHU site. Self assessment questionnaires (for participants to
take home) will be used where indicated to reduce the assessment burden for
PwMS. These will take approximately 1.5 h to be completed. Patients in the

usual care control group will be assessed at the same time points.

4.4.7.2 Primary outcomes

Physical activity levels will be monitored over a 7-day period, using a
combination of self-report physical activity questionnaire/recall diary and
accelerometry (Actigraph GT1M, Actigraph, LLC, FI, USA). The advantages of
using both measures are that fhe objective measures can provide a more
accurate measure of physical activity, whilst the subjective measure gives
context. The Leisure Score Index (LSl) of the Godin Leisure Time Exercise
Questionnaire [15,16] will be used to measure self-reported physical activity
behaviour. Quantification of structured exercise sessions at the CSES and in
the home environment will be verified using a physical activity log comprising a
checklist for type, duration, and intensity of exercise achieved. The Actigraph is

reported to be amongst the most extensively validated accelerometers and has
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been proven to correlate reasonably with doubly labelled water derived energy
expenditure techniques [18]. Functional exercise capacity (proxy measure of
compliance to the intervention) will also be assessed using the 6-minute walking
test (6MWT), according to a standardised protocol [19]. This test is sensitive to

change following exercise interventions in PwWMS [17,20].

4.4.7.3 Secondary outcomes

4.4.7.3.1 Neurological impairment and clinical functional ability.

The EDSS [21] will be assessed according to standard clinical procedures by
the neurology consultant using two standardised methods. The EDSS has been
shown to be reliable and valid and is frequently used for evaluating neurological
impairment in research involving adults with MS. The Multiple Sclerosis
Functional Composite (MSFC) [22] is a measure of clinical functional ability. It
includes a timed 25-foot walk and measures of arm/hand function (9-hole peg

test) and cognitive function (paced auditory serial addition).

4.4.7.3.2. Quality of life, fatigue and qualitative analysis of patient experiences.

The Multiple Sclerosis Quality of Life-54 questionnaire (MSQOL-54) [23] is a
generic HRQOL instrument based on the Medical Outcome Short Form-36 (SF-
36) Health Survey, but with 18 additional items relevant to PwMS. Both
dimensional and composite scores will be used in the analyses. This will be
self-assessed by the participants. Perceived effects of fatigue will be assessed
using the Modified Fatigue Impact Scale (MFIS), which has been validated for
PwMS [24,25]. This will be self-assessed by the participants. At the end of the
intervention, a random sample of 30 PwWMS from the intervention group will be

invited to participate in a one-to-one, semi-structured interview and focus group
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sessions to elicit detailed and confidential accounts of their experiences. The
interview schedule will be similar to that used by Dodd et al. [26] and will
concentrate on patients' experiences, barriers and attitudes towards exercise,
perceived benefits and adverse effects of the intervention. This qualitative
aspect will help to overcome the limitations of rating scales in assessing

treatment benefits in PWMS.

4.4.7.3.3 Cost effectiveness of the pragmatic exercise intervention.

An economic evaluation will be undertaken alongside the trial Service (NHS)
perspective will be used in the primary economic analysis. This and other
methods will be in accordance with UK National Institute for Health and Clinical
Excellence (NICE) Technology Appraisal Guidelines [28]. Data collection will
also account for costs incurred by the participants themselves for
supplementary analysis, to allow for a broader perspective to be taken. The cost
of the programme for each participant at each arm of the trial will need to be
estimated. This is achieved by collecting costs for staff time, facilities hire,
equipment and staff travel. Resource use data will be recorded for all
participants, accounting for their health service use over the 3-months of follow-
up. Use of primary care will be obtained from self-completed resource use items
included in the health follow-up questionnaires. Use of hospital services, i.e.
inpatient admission (including length of stay and speciality), outpatient
attendances and A&E visits, will be obtained from hospital records. To enable a
broader-base costing, PWMS will also be asked about their use of social
services. The Medical Outcome Short Form-36 (SF-36) Health Survey
generates summary measures fér physical and mental health which can be

used for the assessment of effectiveness [29]. The SF-36 summary measures
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can be derived from the MSQOL-54 [23]. The one-page EuroQoL EQ-5D [30]

will be included to provide an additional preference-based measure.

4.4.7.3.4 Data analysis.

Differences in primary and secondary outcomes between groups will be
compared using intention to treat analysis. Outcomes will be compared over the
follow-up period using mixed model analysis, adjusting outcomes for baseline
scores. Effect size statistics will be determined to indicate the clinical impact of
the intervention. Multiple regression will be used to explore dose-response
effects on outcome. Associations between ‘exercise dose’ (product of total
exercise duration x average intensity of each session) and change in health
outcomes will be assessed using regression modelling, adjusting for gender and
EDSS score. Imputation methods will be used to assess data losses through
level drop-out and loss to follow-up. All results will be reported as means and
95% confidence intervals. Our medical statistician (AR) blinded to group
allocation will undertake the analysis.

The main cost effectiveness analysis will be an intention to treat comparison of
the costs of providing a pragmatic exercise therapy intervention as opposed to
the standard treatment for PwMS, compared to gains in the SF-36 scores at the
individual patient level. The final result will be presented as a ratio of the
differences in costs and quality-adjusted life years (QALYs) between the two
arms of the trial, with a 95% confidence interval estimated by bootstrapping.
Results will be plotted on the cost effectiveness plane and then transformed into
cost effectiveness écceptability curves with their associated frontier [27]. There
will be considerable uncertainty in many of the cost estimates and the

underlying estimate of benefit. Furthermore, an important consideration in the
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long term cost effectiveness of this intervention is likely to be the longevity of
the benefits and cost consequences, therefore highlighting the importance of
undertaking sensitivity analysis. |

The qualitative analysis (both interviews and focus groups) will be guided by a
‘framework approach’ to data collection and analysis. A thematic analysis will be
used to explore the narrative accounfs of individuals within (and across) the
focus groups and interviews. Interview and focus group audio recordings will be
transcribed verbatim. Three researchers will verify the identification and
refinement of themes from the ‘research. The analytical process will be

facilitated by the use of QSR Nvivo software.

4.5 Discussion

MS affects around 100,000 people in the UK [31] and the clinical symptorhs of
the disease impose a significant burden to patients, the healthcare system and
widér economy. This study intends to generate new knowledge on the
effectiveness of a pragmatic approach to implementing exercise therapy in
relation to physical activity behaviour change up to 9 months of follow-up and a
range of other key health outcomes in PWMS of varying disability levels (EDSS
range: 1.0-6.5). Dose—response relationships between exercise therapy and
health outcomes will also be explored. In addition, the study will yield novel data
on exercise preferences and rate of exercise progression in the facility and
home-basedse'ttings, cost-effectiveness in relation to service usage and an
abundance of rich qualitative data on participant experiences and subjective
health benefits.

Systematic reviews and a meta-analysis show that exercise therapy is a safe,

non-pharmacological treatment strategy for PwWMS and can bring many health
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benefits, including improvements in muscle power, physical and psychosocial
functioning and quality of life [32-34]. Exercise therapy may also have an
important role to play in the management of fatigue [35], which affects 275% of
PwWMS either persistently or sporadically [36] and with up to 55% of PWMS
describing it as their most severe symptom [37]. Fatigue negatively affects
quality of life [38,39], mental alertness [40] and cognitive processing [41] and
has a major impact on the high levels of unemployment in PWMS [42,43]. A
systematic review of clinical fatigue treatments for PWMS concluded that the
effectiveness of pharmacological and psychosocial interventions was likely to
be modest at best but was most often reported to be ineffective [44]. Hence,
alternative approaches to fatigue management are clearly needed and
treatment modalities that can be incorporated into self-management strategies
could have particular appeal to patients, their carers and healthcare providers.

Further research is needed to understand the relative effectiveness of different
exercise regimens for evoking improvements in clinical symptoms in PwWMS of
different disability levels. There is also a need to assess the impact of
interventions designed to equip PWMS with the skills and confidence needed to
become independent exercisers. Evidence suggests that PwWMS is less
physically active than the general population [45]. Physical inactivity resulting
from a predominantly sedentary lifestyle has the potential to exacerbate
functional impairments and increase the risk of developing other health
concerns such as cardiovascular disease, obesity, type-2 diabetes and some
cancers [13]. Pragmatic physical activity interventions, involving cognitive
behavioural techniques to promote confidence for self-directed exercise, have
been effectively implemented in other populations, including those with chronic

diseases [46—49] and are likely to be more cost-effective than long-term
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supervised programmes of exercise therapy.

We have designed an exercise therapy intervention which is predominantly
home-based in the latter stages, but with a tapered programme of supervised
sessions to guide and support PWMS. The rationale is to provide PwMS with the
skills, knowledge and confidence to engage in a more physically active lifestyle,
hence promoting better self-management of the condition. A stronger evidence-
base for the long-term impact of such approaches on exercise participation and
important health outcomes will help to build greater confidence in exercise
therapy amongst health professionals and motivate a greater number of PWMS
to engage in exercise for improved self-management of their condition.
Consequently, this could mean fewer GP visits, lower overall burden on
healthcare systems and further tangible economic returns resulting from
improved occupational productivity. If effective, the intervention could also
become part of the treatment pathway for PwMS within the National Health

Service and other healthcare organisations.
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5.1 Preface to Chapter 5

Chapter four outlines the Methods used for the main study trial, whilst chapter
five provides detailed information on the recruitment strategies, rates and
estimated costs for the main study trial. Resuits from which suggested that
recruitment via MS clinics yielded the greatest number of participants, whilst
recruitment from consultant mail-outs was the most cost effective strategy,
suggesting that to reach recruitment targets a variety of methods need to be

employed.

Chapters six and seven report the results from the main trial, including clinical,
functional, quality of life and cost effectiveness outcomes. Permission for its

reprint in this thesis has been gained from the publishers (Appendix 9.14).
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5.2 Abstract

Background: The success of a clinical trial is often dependant on whether
recruitment targets can be met in the required timescale. Despite an increase in
research into the benefits of exercise in people with Multiple Sclerosis (PWMS),
no trial has reported detailed data on effective recruitment strategies for large-
scale Randomised Control Trials (RCTs). The main purpose of this report is to
provide a detailed outline of recruitment strategies, rates and estimated costs
for the Exercise intervention for Multiple Sclerosis (EXIMS) trial to identify best

practice for future trials involving MS patient recruitment.

Methods: EXIMS recruited 120 PWMS, to a 12-week exercise intervention, with
participants randomly allocated to either exercise or usual care control groups.
Participants were sedentary, aged 18-65 years and had an Expanded Disability
Status Scale (EDSS) score of 1.0-6.5. Recruitment strategies included
attendance at MS outpatient clinics, consultant mail-out and trial awareness

raising activities.

Results: 120 participants were recruited over 34-months. To achieve this, 369
potentially eligible and interested participants were identified. A total of 60% of
participants were recruited via MS clinics, 29.2% from consultant mail-outs and
10.8% through trial awareness. The randomisation yield was 33.2%, 31.0% and
68.4% for MS Clinic, consultant mail-outs and trial awareness strategies
respectively. The main reason for ineligibility was being too active (69.2%),
whilst for eligible participants the most common reason for non-participation
was the need to travel to the study site (15.8%). Recruitment via consultant
mail-out was the most cost-effective strategy, with MS clinics being the most

time consuming and costly.
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Conclusions: To reach recruitment targets in a timely fashion a variety of
methods were employed, although consultant mail-outs were the most cost-
effective recruitment strategy, use of this method alone would have not reached
the required number of participants in the required time period, leading to costly
extensions to the project or failure to reach the number required for statistical
power. Thus a multifaceted approach to recruitment is recommended for future

trials.

5.3 Background

One of the most difficult challenges in clinical trials is whether appropriate
participants can be identified and consented quickly (Lindbald, Zingeser and
Sismanyazici, 2011). Many trials either fail to reach recruitment targets or have
to be extended (McDonald et al., 2006). This then either leads to an under-
powered study, or an extension to the duration of the study often at additional
cost, impacting on the time required to inform clinical practice and utilising funds
that could have been used for other research (Treweek et al., 2011; McDonald
et al.,, 2011). The implementation of an efficient and effective recruitment
strategy for patients on clinical trials is critical if expensive delays and failures to

meet predetermined targets are to be avoided (Probstfield and Frye, 2011).

The introduction of CONSORT guidelines (Moher et al., 2001) has improved the
quality of recruitment information reported for randomised control trials.
However, detailed data on recruitment, including methods used, rates achieved
and cost are still underreported. More detailed data would help to identify
strategies to improve recruitment, benefiting both researchers and research

(Treweek et al., 2011) and ultimately patients.
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In recent years there has been an increase in the number of studies that have
investigated the possible health benefits of exercise for people with multiple
sclerosis (PWMS) (Asano et al., 2009; Latimer-Cheung et al., 2013 and Sa
2014). Although detailed recruitment data for exercise interventions in other
clinical populations, such as breast cancer patients and wheelchair users, are
available (Ott et al., 2006; Daley et al., 2007; Nary et al., 2011), to date no study
has reported recruitment data for a large-scale randomised control exercise trial
for PWMS. In recent years, the number of clinical trials in MS has increased,
leading to an increased need to recruit research participants from a limited
patient pool, and with modern trials often needing large sample sizes to ensure

adequate statistical power (Montalban, 2011).

The Exercise Intervention for Muitiple Sclerosis (ExIMS) trial was a large-scale
randomised control trial involving 120 people with mild to moderate MS. It was
designed to investigate the short and longer-term health impacts of a 12-week
pragmatic exercise programme (Carter et al.,, 2014; Tosh et al., 2014). The
main purpose of this report is to provide a detailed outline of the recruitment
methods, rates and estimated cost to help inform future research of this type. In
addition, we aim to determine which recruitment method provided the highest

yield of participants and the lowest cost per participant.
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5.4 Methods
5.4.1 Trial Design

A brief description of the trial design is reported here as detailed protocol and
outcomes papers for this study have been published elsewhere (Saxton, et al.,
2013; Carter et al., 2014; Tosh et al., 2014). Power calculations indicated that
we would need 100 PwWMS to complete the trial. This alongside the retention
rates observed in our feasibility study of 87% immediately following the
intervention and 80% at 3-months (Carter et al., 2013), lead to a recruitment
target of 120 PWMS (60 in each group). The project was funded for three years,
and an initial recruitment target of five participants per month, over 24 months
was set, with recruitment beginning in February 2009. A sample of 120 PWMS,
with mild to moderate disability (EDSS < 6.5) was recruited. Participants were
randomized to a 12-week pragmatic exercise intervention (2 x supervised and 1
x home-based session per week for 6-weeks followed by 1 x supervised and 2 x
home-based sessions per week for 6-weeks, plus usual care) or usual care
alone. The primary outcome was self-reported exercise behaviour at 3-months
using the Godin Leisure Time Exercise Questionnaire (GLTEQ) (Godin et al.,
1985). In addition accelerometry was used to provide an objective measure of
daily activity and step couht (Actigraph GT2M accelerometer, Actigraph, LLC,
FL, USA). Secondary outcome measures included fatigue, health related quality
of life, functional ability and neurological impairment. Outcomes were assessed
at baseline, immediately post intervention (3 months) and 6 months post
intervention (9 months). This study was approved by the South Yorkshire
Research Ethics Committee (08/H1310/69) according to the principles of the
declaration of Helsinki and all participants provided informed consent prior to

enrolment.
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5.4.2 Eligibility Criteria

Regardless of the recruitment method used, all participants were screened by a
consultant neurologist prior to entering the trial. Participants were included if
they; had a clinical diagnosis of MS using the McDonald diagnostic criteria for
MS (Polman et al 2011); had an Expanded Disability Status Score (EDSS)
(Kurtze, 1983) between 1.0 and 6.5; aged 18-65 years; were stable on disease
modifying treatment for = three months prior to recruitment; were clinically
stable (had not experienced a relapse in at least four weeks); were physically
able to participate in exercise three times per week and were able to provide
written informed consent. Exclusion criteria were; failure to meet any of the
inclusion criteria; experiencing illness that would be a contra indicator to
exercise; living further than 20 miles from the trial centre; unwilling to be
randomised to either group; already engaged in moderate structured exercise =
three times per week for 2 30 min per session consistently for the last six
months. Participants who were initially screened out due to either having
changed their drug treatment in the last three months or having had a relapse in
the previous four weeks were re-assessed following the required IapSe of time

and recruited if the eligibility criteria were then met.

5.4.3 Recruitment Methods

Participants were recruited continuously until the required sample size was
obtained. All recruitment methods and procedures were approved by the South
Yorkshire Research Ethics Committee. Regardless of recruitment method the

following procedures were adhered to (table 5.1).
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Table 5.1. Recruitment process for ExIMS trial.

Recruitment Process

e Potentially eligible participants identified {consultant neurologist, mail-out,
other)

e Trial manager made aware of participants interest

¢ Trial manager speaks (phone or in person) with participant to outline study,
answer questions and screen participants for all eligibility criteria

o If interested and eligible participant booked in for trial familiarisation session
(phone or in person)

e Potential participant attends trial familiarisation at trial site and is given 7
days to consider participation |

e Participant booked in for initial appointment to provide informed consent

and participate in baseline assessment

5.4.3.1Consultant Referral at MS Qutpatient Clinic

Consultant referral at MS outpatient clinics was the primary recruitment
strategy, as consultant recommendations are thought to play a crucial role in
participants’ decisions to enrol in a clinical trial (Lindbald et al., 2012; Probstfield
and Frye, 2011). In addition, recruitment by this method would reduce the

possibility of patients being contacted who did not meet the eligibility criteria.

MS outpatient clinics took place at the Royal Hallamshire Hospital, Sheffield on
a weekly basis. The project's lead consultant (BS) and two other neurology

consultants assisted with identifying potentially eligible and interested
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participants. Each consultant saw approximately 13 patients per clinic (10
follow-ups and three new patients) over a 3.5-hour period. A trial researcher
attended all clinics, enabling any participants identified to speak with them
about the trial, ask any questions and confirm eligibility. If interested,

participants were booked in for a familiarisation session at the trial site.

5.4.3.2 Consultant Mail-out

To maintain a consistent flow of patients onto the study, participant mail-outs
were timed to take place during periods of low recruitment. Letters were sent in
batches of no more than 125 to manage the flow of patients onto the study and
ensure that all participants who responded could be contacted in a timely
manner. All mail-outs were sent from the project's lead consultant (BS) and
contained the logos of the Hospital, the University and the funding body (MS
Society). The details of the participants to be included in the mail-outs were
obtained from the local MS Risk Sharing Scheme database and clinic waiting
lists. Notes of potential participants were screened for all available eligibility
criteria (clinical diagnosis of MS, distance from trial centre, EDSS score and
age). In addition, those that had been previously contacted about the project
through other means and stated that they did not wish to take part were
screened out at this stage. Letters contained a reply slip, stamped addressed
envelope and the participant information sheet, along with a contact number for
further information. The trial manager contacted all interested participants on
receipt of the reply slip to answer any questions and confirm eligibility. No
attempt was made to contact patients who did not respond to the invitation letter

from their consultant.
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5.4.3.3 Trial Awareness Strategies

Other trial awareness strategies included leaflets and posters at clinics, therapy
centres and regional MS Societies, presentations and attendance at regional
MS Society events and to local MS physiotherapy teams, referral from other
professionals such as MS nurses and word of mouth. Despite being reported as
a potentially successful recruitment method (Daley et al., 2007), we chose not
to use local medié (radio, television and newspapers) as it was felt that this may
attract too many individuals who did not meet the study eligibility criteria. It was

agreed that this strategy would be used only as a last resort.

5.4.3.4 Incentives

Participants were reimbursed travel costs (40 p per mile up to a maximum of
£10 per visit) for all visits to the trial centre, with free parking made available.
Those more severely disabled were also offered the option of a taxi service if
other methods of transport would restrict their ability to participate. Flexible |
appointment times and start dates were made available to help participants fit
the trial commitments around work, children and fatigue patterns. To
encourage participation the usual care group were offered up to 4 exercise
sessions following the study. This option was taken up by 20% of the usual care

participants who completed the study.

5.4.3.5 Data analysis

Participant recruitment rates were calculated as the average number of
participants recruited per month over the duration of the recruitment period.

Response rates were reported as percentage interested and percentage
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recruited. Recruitment yields were calculated as total recruited divided by the
number of interested participants. Recruitment time was estimated based on
time takén to ascertain interest and eligibility in the study and does not include
any other time taken to carry out familiarisation visits and consent as this was
the same for all recruitment methods. The time cost of each method is
calculated per participant recruited, based on the average salary cost per hour

of the trial researcher.

5.5 Results

A total of 349 potentially eligible participants were identified via the recruitment
methods (217 MS Clinic, 113 consultant mail-out and 19 trial awareness) (See
Figure 5.1). For CONSORT checklist and flow diagram please see Additional

file 1.

5.5.1 Recruitment Rates

The original recruitment period was planned to take place over a period of 24
months. This was extended to a period of 34 months (February 2009 to
November 2011), due to lower than expected recruitment rate of 3.5 + 0.32
(mean + 95% CI) participants per month (See Fig. 5.2). Recruitment was carried
out by attending MS Clinics and using trial awareness strategies throughout this
period. Mail outs were conducted in the second year of the trial at time-points
where lower levels of recruitment from the clinic were observed in the trials first

year (July, August and February and October).
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Figure 5.1. Flow diagram of participant recruitment to the ExIMS trial.
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5.5.2 Response Rates

Out of approximately 3,393 people with MS who attended the MS outpatient
clinic during the recruitment period, 217 were identified as potentially interested
and eligible, 6.4% (n=217/3393). Of these, 10.6% were ineligible (n=23/217)

and 56.2% (122/217) declined to participate.

Mail outs were sent to 311 potentially eligible participants. From this, 133
(42.8%) PWMS expressed an interest in the trial, 11.2% of which were ineligible |

(n=15/133) and 47.3% of whom (63/133) declined to participate.

Our trial awareness strategies provided 19 interested individuals from an
unknown pool of potential participants, from which 5% (n=1/19) were ineligible

and 21.1% (n=4/19) declined to participate.

5.5.3 Randomisation Yields/Accrual Rates

The randomisation yield was 33.2% (72/217) from the MS Clinic, 31.0%
(35/113) for consultant mail-outs and 68.4% (13/19) for those contacted via trial
awareness strategies. This lead to 60% (72/120) of participants being recruited
via MS clinics, 29.2% (35/120) via mail-outs and 10.8% (13/120) via trial

awareness strategies.

5.5.4 Reasons for Ineligibility

A total of 39 (23 MS Clinic, 15, mail-out and 1 trial awareness) participants who
had expressed an interest were ineligible. In order of prevalence the main
reasons for ineligibility were; too active 69.2% (27/39), recent change in disease

modifying therapy 10.3% (4/39), recent MS relapse 7.7% (3/39), participating in
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another trial 5.1% (2/39), no definitive diagnosis of MS 5.1% (2/39) and too old

2.6% (1/39).

5.5.5 Reasons for Declining Participation

The reasons that eligible participants declined to participate in order of
prevalence were; gave no reason 66.3% (126/190), issues with transport/travel
to the trial site 15.8% (30/190), other commitments 12.1% (23/190), negative

perceptions of exercise 5.3% (10/190) and loss of benefit worries 0.5% (1/190).

Table 5.2. Estimated time to identify and recruit participants and the associated

costs.
Recruitment Time Spent Time per Time per Cost Per
Method Recruiting potential Recruited Recruit
(hours) Participant participant (based on
(hours)** (hours)*** estimated
cost of a
researcher -
£25/hour)
MS outpatient 304.5 (87 1.4 (304.5/217) 4.2 (304.5/72) £105 (£25x4.2)
clinic clinics)
Consultant 20 (5 mail- 0.2 (20/113) 0.6 (20/35) £15 (£25x0.6)
mail-out outs)
Trial 26~ 1.5 (29/19) 2.2 (29/13) £55 (£25x2.2)
awareness
strategies
All Strategies  350.5 1.4 2.9 £72.50

(350.5/349)  (350.5/120)  (£25x2.9)

* An estimated 26 hours were spent raising awareness of the trial, this included producing a tlyer and attending and
giving talks at various MS events. **Time per potential participant (hours) is calculated as time spent recruiting
(hours)/number of potentially eligible participants. ***Time per recruited participant (hours) is calculated as time spent
recruiting/number of participants recruited.
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5.5.6 Recruitment Time/Cost

MS clinics required the longest recruitment time of 4.2 hours per participant,
whilst the consultant mail-out had the shortest recruitment time of 0.6 hours per

participant (See table 5.2).

5.6 Discussion
5.6.1 Recruitment Rates

Recruitment to this study was slower than anticipated at 3.5 + 0.32 (mean =
95% Cl) participants per month, leading to the trial failing to recruit on time and
an extended recruitment period of 34 months (from an initial target of 24
months) needed to reach the target number of participants. Recruitment rates
have not previously been reported for large-scale exercise trials in PwWMS, but a
non-exercise intervention using computerised cognitive behavioural therapy for
PwMS reported slightly lower rates of 2.6 per month (Cooper et al., 2011),
whilst a multi-centre RCT for a group based fatigue management programme
reported recruitment of 13.0 participants per month (across three sites),
equating to 4.3 per trial site (Thomas et al., 2013). However both these trials
had a lower patient time commitment than ExIMS. Exercise trials with other
clinical groups have reported similar recruitment rates, for e*ample, wheel chair
users, 2.9 per month (Nary et al., 2011), breast cancer survivors, 3.8 per month
(Daley et al., 2007) and elderly stroke survivors, 4.0 per month (Taylor-Piliae et
al., 2014). This suggests that our observed recruitment rate of 3.5 participants
per month is a realistic target for future randomised controlled exercise trials for

PwMS that require regular attendance.
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5.6.2 Response Rates

The response rate from a potentially large pool of participants at MS clinics was
low at 6.4%. Reasons for this may either be related to patients being ineligible
(changing to new medication, suffering a relapse, new patient, other
neurological condition), consultants too busy to recruit during clinic and/or
~ patients not being interested in the study. As might be expected response rates
to personalised consultant study invitation letters were higher (42.8%), as this
strategy was much more targeted towards eligible individuals. However, this still
leaves nearly 60% of potential participants who did not respond to the invitation.
As suggested by Daley et al., (2007) it is possible that non-responders, were
either deterred by the 'demanding nature of exercise trials' or were already
engaged in regular physical activity. The latter seems less likely due to the

lower physical activity rates reported in PwMS (Motl and Pilutti, 2012).

5.6.3 Randomisation Yields/Accrual Rates

The trial recruited 60% of the 120 participants from the MS outpatient clinic, with
29.2% recruited via consultant mail-out and 10.8% via trial awareness
strategies. However, the randomisation yield (number recruited/number
interested) was similar for both the MS Clinic and consultant mail-outs (33.2 and
31.0% respectively), suggesting that both methods are useful in attaining
recruitment targets. Values reported in the exercise literature are varied, with
an exercise trial for wheelchair users reporting a randomisation yield of 41.8%
(Nary et al., 2011) and an exercise trial with breast cancer survivors reporting
yields of 13.3% from consultant letters and 29.7% from community strategies. In
addition, a cognitive behavioural trial for PWMS had relatively low yields of 4.5%

for the MS Clinic and 4.0% from mail-outs (Cooper et al., 2011). Hence, our
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