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ABSTRACT
BACKGROUND: Exercise is now a crucial part of the standard care for MS and is considered the most
effective non-pharmacological method of managing symptoms. Updated guidelines for physical activity
in MS have recently been published, however many people with MS do not reach these levels. There is
currently no empirical research testing the merit of the new guidelines, and there are few studies which
integrate at-home/remote exercise delivery and behavioural change techniques for people with MS.
OBJECTIVE: Investigate the methodology and evidence of existing literature to determine important
variables when considering remote exercise and behaviour change interventions in MS. Subseuently,
test the effect of pre-intervention exercise levels on change in exercise levels in a fesability randomised
trisal. METHODS: Firstly, condusct a scoping review of the literature to determine the most effective
remote delivery interventions, and important variables to consider (such as adherance). Secondly, run a
secondary analysis and addition to Project BASE-MS (Changing Behaviour towards Aerobic and
Strength Exercise), in which 72 participants were randomly allocated to a control or intervention group;
comprising of active-exercisers (AE), and general-exercises (GE). Participants completed 4 months of
tailored, internet-delivered aerobic, strength, balance, and stretching exercises. This was supplemented
with 6 video calls and newsletters, with concepts based on social cognitive theory. The primary outcome
measure was physical activity time, measured by the Godin Leisure-Time Exercise Questionnaire
(GLTEQ). RESULTS: The scoping review found mixed evidence for which type of intervention is
best, but that subjective measures of PA generally produce increased results, copared to objective
measures. In the BASE-MS trial, only the GE group produced a high-moderate increase in GLTEQ
score (η2𝑝 = 0.08). The only significant within-group effects were improvements in quality of life and
autonomy in the GE group, and a significant reduction in competency in the control group, however
GLTEQ changes were no longer present after controlling for adherence and therapist allocation.
DISCUSSION: This trial suggests the BASE-MS home exercise program may be more applicable and
produce better results for those with MS who exercise at low levels. Adherance rate, therapist attributes,
type of behavioural model, and location of exercise, may be important factors in explaining differences
between the groups.
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CHAPTER ONE: BACKGROUND
1.1. Introduction to multiple sclerosis
Multiple Sclerosis (MS) is a non-traumatic and progressive disease which acts on the central
nervous system (CNS) (1), affecting 2.8 million people globally; a prevalence of approximately 1/3000
people worldwide (2), and 26 000 people (1/1000) in Australia (3). The CNS consists of approximately
86 billion neurons (4), which use axons to send electrical signals. This allows communication between
neurons, and the ability to send signals to the rest of the body via the peripheral nervous system (5).
The exact aetiology of MS is not well understood, but several environmental risk factors are known to
increase MS incidence, such as vitamin D deficiency, Epstein-Barr virus infection, and cigarette
smoking (6). There is also a known genetic predisposition to MS, however the influence genes play in
comparison to environmental factors is still being explored (6, 7). While its aetiology is not fully
understood, MS is known to be autoimmune and inflammatory in nature (8). Immune cells target glial
cells in the white matter of the CNS, which are responsible for the formation and maintenance of myelin
sheaths (tissue that surrounds axons in the CNS) (9, 10). The demyelination of axons causes disruptions
in the signals sent between neurons, and are responsible for most of the symptoms experienced by those
with MS (1, 9, 10). In the majority of people diagnosed with MS, damage to the myelin sheaths is not
continuous (2) – rather a repeated process of myelin damage and recovery/repair occurs (the most
common form of MS; known as relapsing-remitting MS) (11). Repair and damage to the CNS manifests
as improving or relapsing symptoms (12).

MS results in impairments to motor and cognitive functions, and is characterised by a reduced walking
capacity (13) – although symptoms are heterogeneous and depend on the location of the damage within
the CNS (14). For example, damage to the optic nerves can result in visual dysfunction or loss (15), and
damage to the motor cortex can result in muscle weakness or spasticity (16). It is estimated that over
85% of people with MS have mobility problems (13), and 46% have cognitive impairment (17).
A list of the most common MS symptoms are shows in table 1.

Page 12

Aiden White-Kiely Masters of Exercise Science Thesis • Chapter 1 – Background

Table 1: List of MS symptoms.
Primary
More common symptoms
symptoms

Less common symptoms

Cognitive and emotional impairment (inability to learn, depression)
Dizziness and vertigo
Intestinal and urinary system dysfunction (constipation and bladder
dysfunction)
Sensory disturbances (numbness, tingling, itching, burning)
Sexual disfunction
Vision problems (diplopia, blurred, pain on eye movement)
Walking difficulties (fatigue, weakness, spasticity, loss of balance,
tremor)
Breathing problems
Headaches
Hearing loss
Seizures
Speech problems (dysarthria)
Swallowing problems (dysphagia)

Secondary
symptoms

Immobility
Inactivity
Urinary tract infections
Tertiary
Social complications
symptoms
Vocational complications
Psychological complications
Depression
Table adapted from Ghasemi N et al, 2017 (18).

The effect of MS symptoms are thought to have a ‘clustering’ effect on PA – in which five or more
symptoms experienced concurrently affect PA to a greater degree than each individual symptom alone
when summed (known as the theory of unpleasant symptoms (19)) (20). Fatigue, pain, and depression
are thought to have the greatest effect on PA, followed by sleep quality and cognitive function (21).

The first line of treatment in MS is usually disease modifying therapies – immunosuppressants or
immunomodulators – which aim to minimise CNS damage by reducing or delaying the immune
response during relapses (22). Secondly, other therapies target and treat specific symptoms of MS, such
as muscle weakness or increased falls risk – exercise is one such treatment (23).

1.2. Exercise in multiple sclerosis
It was once believed exercise would exacerbate MS symptoms, and as such was not
recommended to those with MS (23-25); however there is now a large body of evidence, represented
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by systematic reviews and meta-analyses (23, 26-28), which indicate exercise therapy is an effective
treatment for improving physical and psychophysical symptoms, such as mobility and strength (23),
fatigue (26) , muscle weakness, and impaired balance (29). Whether exercise has a direct
pathophysiological (neuronal) effect in the CNS is contentious (30). There is a growing body of
evidence that suggests exercise therapy may improve the CNS integrity and function in those with MS,
as seen in magnetic resonance imaging research (31, 32). Exercise may also act as a means to lower the
risk of developing MS (i.e., a preventative therapy) (31) – however this field is relatively new and still
developing (33).

This thesis does not investigate the effect of exercise as a neurorestorative or neuroprotective
mechanism in MS. Given its proven symptomatic and QoL benefits (23, 26-28), exercise is now a
recommended and crucial part of the standard care for MS (34). It is now considered the most effective
non-pharmacological method of managing MS symptoms (35). Recently established guidelines for
physical activity (PA) in MS recommends patients should perform aerobic exercise 5 days per week,
and strength training 2-3 days per week (36, 37).

1.3. Remote delivery of exercise in multiple sclerosis
These reasons given by people with MS who do not engage in exercise are primarily
environmental; barriers such as issues with transportation to clinics and time allocation (38, 39). A
potential

solution

to

these

barriers

is

remote-delivery

of

exercise

programming,

or

‘telehealth’/’telerehabilitation’. In an exercise-rehabilitation setting, telehealth is defined as providing
information, programming, or delivery of exercise, with the use of electronic communications (such as
video calls or the use of online therapy platforms) (40, 41). Systematic reviews show that, although
more robust evidence is needed, telerehabilitation appears to be a safe method of improving symptoms,
quality of life (QoL), functional abilities, and psychological outcomes in MS (42, 43). Research
suggests people with MS are aware of telerehabilitation, understand the in-person barriers to exercise
that are no longer present, and want access to these services (44). However, given telerehabilitation is
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a relatively new field, there is a need to better understand what factors affect the adherence to and
effectiveness of the exercise prescription (42-45).

1.4. Use of behavioural change techniques with exercise in multiple sclerosis
Given the strength and quantity of evidence supporting exercise as a safe and effective therapy
for MS (23, 26, 32, 37, 46), it should be extensively used by people with MS. However, evidence
suggests that most people with MS do not reach minimum PA guidelines (47, 48). Various reasons for
the gap between exercise benefits and actual exercise utilisation have been suggested, the most
prominent being the lack of behavioural change techniques when implementing exercise interventions
(49, 50).

The purpose of behaviour change techniques are to link desired behaviours (for example, increasing
exercise levels) to a framework which can advise a method to achieve that behaviour (for example,
setting goals) (50, 51). Incorporating behaviour change techniques into MS healthcare has shown to be
feasible (35, 52) and is now embedded in MS exercise guidelines (53). There are a plethora of theoretical
behaviour change frameworks related to health behaviour (20, 54-59); one of which is Social Cognitive
Theory (SCT) (56). SCT proposes behaviour change is a result of the interplay between environmental,
personal, and behavioural determinants. Characteristics for behaviour change that result from this
interplay include autonomy, goal setting, self-efficacy, outcome expectations, and identification of
barriers and facilitators (55, 56). SCT has shown to be particularly useful in predicting health behaviour,
such as exercise (60). In MS, self-efficacy has shown to be a moderately strong predictor of PA (r =
0.30, p < 0.05) (61), and autonomy facilitates long-term adherence to an exercise program (62).

1.5. The effect of baseline exercise levels on response to exercise and behaviour
change programs in people with multiple sclerosis
Research suggests adherence to a telehealth exercise program can be improved in those with
MS by personalising the intervention based on baseline patient characteristics, such as education or
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psychological domains (63). There is emerging evidence that people with MS who are more physically
active may respond differently to exercise/behavioural change programs than those who exercise less
(64). For example, people with MS who exercise more have higher levels of autonomous motivation,
positive attitudes towards exercise, and have a greater intention to exercise, compared to those with MS
who are less active (64). Given these differences, it is possible that baseline exercise levels could
facilitate different responses to an exercise program in people with MS, however this has not yet been
investigated.

Chapter 1.6 will discuss the importance of the BASE-MS study within the context of existing literature,
and the implications to people with MS, as well as state specific research aims and hypotheses. Chapter
two will then investigate the effectiveness of telerehabilitation programs to increase PA in MS, and
what may need to be considered when implementing telerehabilitation in MS. Chapter three will then
investigate the differences in how AEs and GEs engage with and respond to the BASE-MS
telerehabilitation program. Chapter four will provide a summary of all chapters of this thesis.

1.6. Development of the purpose
1.6.1. Significance of the study
The benefits of exercise in MS are well established (23, 26-28) – an increase in exercise levels can lead
to a reduction or improvements in MS symptoms (35), fatigue (26) and muscle weakness (29), which
contribute to an improved QoL (27). However, most people with MS exercise at less than the
recommended amount, and do not acquire the associated health benefits associated with exercise (47,
48). Telerehabilitation is a method of prescribing and delivering exercise, which reduces many of the
barriers to exercise, such as transport or time allocation impediments (38, 39), and has shown to be
feasible and safe for those with MS (42, 43, 45). Most research involving exercise prescription in MS
neglects behaviour change techniques (49), which has limited the rate at which people with MS engage
in exercise programs (50). There are few studies which investigate the effects of a combined exercise
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and behaviour change intervention in a telerehabilitation setting in MS, and evidence is needed to test
its efficacy (52, 65, 66).

Project BASE-MS (changing Behaviour towards Aerobic and Strength Exercise in Multiple Sclerosis)
was proposed: a phase 1 randomised control trial which aims to investigate the feasibility and efficacy
of a telerehabilitation program, supplemented with behaviour change strategies based on SCT (67).
Project BASE-MS builds upon previous telerehabilitation and behaviour change research (52).

Recent evidence shows baseline exercise levels may influence factors such as motivation and intention
to exercise in MS (64), which may facilitate differences in adherence to and success of an exercise
program to improve health outcomes and QoL (50). Primary results will investigate the feasibility of
BASE-MS by reporting on safety, process, resource requirements, management requirements, and
scientific data (68). This thesis is a secondary, further analysis of BASE-MS, investigating if a
difference in baseline exercise levels effects response to such an intervention. To allow for group
comparison based on exercise levels, categorisation of people with MS as ‘advanced exercisers’ (AE)
or ‘general exercisers’ (GE) occurred. Grouping is based on whether previous exercise guidelines
(aerobic exercise 2 days per week for 30 minutes, and resistance training 2 days per week) (37) are met
– where AEs are defined as people who exercise at or above these recommendations, and GEs less than
the recommendations (table 2).

Table 2: Definitions of study groups.
Group
Definition
Advanced exercisers (AE)
Exercising at or above previous guidelines (moderate intensity aerobic exercise
2 days per week for 30 minutes, and resistance training 2 days/week) (37).
General exerciser (GE)

Exercising below previous guidelines (moderate intensity aerobic exercise 2
days/week for 30 minutes, and resistance training 2 days per week) (37).

If differences are found between AEs and GEs, this could inform future research and clinical
implementation of telehealth exercise services, allowing them to more effectively tailor interventions
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(e.g., focus on different behavioural traits or models, or specific outcomes), leading to greater adherence
and effectiveness of exercise programs.

1.6.2. Research questions
1. Do baseline exercise levels influence adherence to a remotely-delivered exercise and behaviour
change program in people with MS?

2. Will changes in PA levels be different between AEs and GEs in people with MS, as a result of
a remotely-delivered exercise and behaviour change program?

3. Does a remotely-delivered exercise and behaviour change program affect QoL, MS symptoms,
and/or perceived behaviour differently in AEs and GEs with MS?

1.6.3. Hypotheses
1. The AE group will have a higher adherence rate than the GE group to the BASE-MS program.

2. The AE group will increase PA levels more than the GE group.

3. The AE group will have greater improvements in QoL, MS-related symptoms, and perceived
behaviour, as mediated by the increase in PA.
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CHAPTER TWO: CRITICAL REVIEW OF THE LITERATURE
TITLE
The Effectiveness of Remotely-Delivered Exercise to Increase Physical Activity in People with
Multiple Sclerosis: Factors to Consider in Research and Rehabilitation.

2.1. Aim and purpose of the review
This scoping review aims to investigate the effectiveness of at-home exercise programs in
increasing PA; and which factors can improve or impair the uptake of exercise.

2.2. Methods
2.2.1. Operational definitions
Intervention types are separated and compared between six groups; interactive and online, noninteractive and online, interactive and non-online, phone-based interactive, phone-based noninteractive, and studies using interactive hardware. ‘Interactive’ has been defined as regular therapistparticipant communication throughout the length of the intervention, ‘online’ as using online platforms
to deliver and prescribe exercise, and the ‘interactive hardware’ used were the Nintendo Wii©
(Nintendo, Kyoto, Japan).

‘Exercise training’ was considered any intervention which met one of the following definitions:
Endurance Training
A type of exercise in which the body’s large muscles move in a rhythmic manner for sustained periods
(69).
Resistance Training
Activities where muscles work or hold against an applied for or weight to improve muscular fitness
(i.e., functional parameters of strength, endurance, and power) (70, 71).
Balance Training
Activities designed to increase lower body strength and reduce the likelihood of falls (69).
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Flexibility Training
Activities that are designed to preserve or extend range of motion (69).
Combined Training
Exercise training which uses some combination of the previous definitions.

2.2.2. Search strategy
The following online databases were searched up to October 2020: Cochrane Central Registry of
Clinical Trails (CENTRAL), Ebsco CINAHL, Ovid Embase, Ovid Medline, PEDro Physiotherapy
Evidence, ProQuest PsycINFO, Scopus, and the Web of Science Core Collection. Example search terms
and Boolean operators are shown in table 3. “MS” and/or “multiple sclerosis” were required to be in
the title; other terms (table 3) were required in the abstract and/or the title. Conference proceedings and
book chapters were excluded from the search. Reference lists from selected studies were then searched
for further trials. See appendix A for database-specific search entries.

Table 3: Example search entry (used for the Embase database).
(ms or "multiple sclerosis").ti. and ("physical activity" or exercise or training).ab. and ("at home" or at-home or
"home based" or home-based or remote-access or telerehabilitation or telehealth or non-supervised or
unsupervised).ab.
Note: Abbreviations are native search outputs by Embase.
ti – Title only; ab – Abstract and/or title only.

2.2.3. Inclusion and exclusion criteria
The following inclusion criteria were used to screen articles based on their title, abstract, and then
methods sections:
♦ Subjects had an MS diagnosis (self-reported or physician confirmed/referred).
♦ Interventions included exercise training.
♦ ≥85% of the interventional exercise sessions occurred in subjects’ residence, without the
physical presence of a therapist.
♦ Report on ≥1 physical activity outcome measure.
♦ Published in a peer-reviewed journal.
♦ Written in English.
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The following exclusion criteria was applied:
♦ Trials with acute (single session) interventions.

2.3. Results
2.3.1. Search results
One-thousand and fifty-two search results were identified. Eight-hundred and ninety-one results were
excluded as they did not meet the criteria at abstract level. A final of 10 articles met the inclusion

Screening

Identification

criteria. Search results are summarised in figure 1 (72).

Records identified through database
searching
(n = 1051)

Records after duplicates removed
(n = 952)

Included

Eligibility

Records screened
(n = 952)

Full-text articles assessed
for eligibility
(n = 62)

Studies included in
qualitative synthesis
(n = 10)

Figure 1: PRISMA diagram of search results.
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Additional records identified
through other sources
(n = 10)

Records excluded
(n = 891)

Records excluded
Total (n = 52)
Didn’t measure physical activity (n = 38)
No exercise prescription (n = 8)
<85% of intervention in-clinic (n = 5)
Protocol or secondary analysis (n = 2)
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2.3.2. Overview
Six studies utilised each of the four types of exercise training (aerobic, balance, strength, and stretching)
(52, 73-77), one used only aerobic and strength training (78), and three studies used solely aerobic
training (79-81).
Table 4: PEDro scores of included articles.

Lead
author,
year

C1^
Inclusion
criteria

C2
Randomisation

C3
Allocation
concealment

C4
Similar
at
baseline

C5
Subject
blinding

C6
Therapist
blinding

C7
Assessor
blinding

Learmonth,
Y
Y
Y
Y
N
N
N
2017 (52)
Paul, 2018
Y
Y
Y
N
N
N
Y
(74)
Plow, 2014
Y
Y
Y
Y
N
N
N
(77)
Plow, 2019
Y
Y
Y
Y
Y
N
N
(79)
Suh, 2015
Y
Y
N
Y
N
N
N
(80)
Tallner,
Y
Y
Y
Y
N
N
Y
2016 (78)
Thomas,
Y
Y
Y
N
N
N
N
2017 (76)
^C1 is included, however a point is not awarded for meeting its criteria.
*Risk of bias interpretation of final score is as high quality (≥6) or low quality (<6).
ITT – Intention to treat analysis.

C8
One key
outcome
for
≥85%

C9
ITT if
appropriate

C10
Between
groups
analysis

Y

N

Y

C11
Point
measures
and
measures
of
variability
Y

Y

Y

Y

Y

7

N

Y

Y

Y

6

N

Y

Y

Y

7

Y

Y

Y

Y

6

Y

N

Y

Y

7

Y

N

Y

Y

5

2.3.3. Quality of the evidence
The PEDro scale is a widely used criterion to rank randomised trials based on risk of bias and level of
internal validity (82), which has been shown to be valid and reliable (83, 84). Trials with scores ≥6 are
considered high-quality evidence, and scores <6 considered low-quality evidence (84). Six of the final
articles can be considered high-quality (52, 74, 77-80), and one low-quality (76). A breakdown of
PEDro scores are shown in table 4.

Risk of bias in non-randomised trials was measured with the methodological index for non-randomized
studies scale (MINORS) (85). MINORS has been reviewed and validated as a risk of bias tool in
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Table 5: MINORS scores of non-randomized studies.
Aim
Explanation
Lead
clearly
Inclusion of
of outcome
Protocol
author,
stated
consecutive
measures,
followed
year
and
participants
and ITT
relevant
used
KinnettHopkins,
1
2
1
1
2018 (73)
Plow, 2011
(75)

2

2

0

1

F/U
retention^

Power
calculation,
appropriate
analysis

Total
/16*

2

1

0

9

2

1

1

10

Blinding

Appropriate
study length
and F/U

1

1

Van Geel,
2
2
2
1
0
2
1
2
12
2020 (81)
Note: Scores of 0 (not reported), 1 (reported but inadequate), or 2 (reported and adequate) are applied to each category.
MINORS – Methodological index for non-randomized studies; ITT – Intention to treat analysis; F/U – Follow up.
^Score given if loss to follow up is <5%, or if participant number at the final post-intervention time point is equal to participant
number at the final follow up time point.
*Risk of bias interpretation of final score is as high quality (≥11) or low quality (<11).

medical research (86, 87). The final 4 criteria of MINORS are only applied in trials which have (nonrandomised) control groups. As all included non-randomised trials in this review were single-armed,
these criteria were not applied. Score interpretation is adjusted from de Boer et al.’s review (88); where
scores of ≥11 are considered high-quality evidence, and scores <11 considered low-quality evidence.
One article was considered high-quality (81), and two low-quality (73, 75); see table 5.

All studies were accurate in methodology and results reported according to their clinical trial
registrations (or published protocols), except one (76) – which modified its definition of adherence post
hoc, as exercise goals were unexpectedly dynamic throughout the intervention (76). This does not
appear to have biased the results.

2.3.4. Types and heterogeneity of outcomes used
The mean age of participants across studies were 49, they were moderatelytactive (mean GLTEQ score
= 17.3), and had a moderate level of disability (PDDS mean = 2.5, EDSS mean = 3.5). The most
prominent barrier identified in this pooled sample is poor balance (indicating a medium-high fall risk).
A perceived risk of falling in people with MS, leads to lower PA levels – resulting in a reduction in a
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fitness, QoL, and an increase in falls risk (89, 90). However, there is a large body of evidence showing
exercise and balance interventions can reduce falls risk in people with MS (91). The reduction of
perceived falls risk is therefore critical in exercise interventions for people with MS. Interventions
which address motor components of balance are most effective in lessening the fear of falling, although
cognitive and sleep factors effecting balance should also be addressed if PA levels are to be increased
(92, 93).

All PA outcome measures were quantitative. Seven articles used only subjective measures (73, 75-78,
80, 81), one used only an objective measure (74), and two used a combination (52, 79). See table 6 for
specific outcome measures used by each study. The most commonly used PA measure was the Godin
Leisure-Time Exercise Questionnaire (GLTEQ) (94). The GLTEQ is a subjective measure in which
participants are asked how many minutes of exercise they have completed in the last week, at three
different intensities. Times are then weighted depending on intensity, and combined, to produce a final
score. The GLTEQ is used extensively in MS research and its reliability and accuracy are proven (9597). Objective measures were taken using accelerometers and/or pedometers; being daily step count
and time spent in moderate-to-vigorous PA.

2.3.5. Analysis of the literature – grouped by training type
2.3.5.1. Aerobic training only
Van Geel et al. (81), tested a mobile application which tracked and set goals for walking distances.
Goals were based on initial testing (comfortable walking velocity), and increased by set amounts each
week – at a minimum of 5 minutes per week; starting at a minimum of 2 days per week. There was no
control group, which is particularly notable as this is the only mobile-phone application-based study,
and factors such as increased social interaction (participants could communicate with each other
asynchronously) or phone use may lead to the increase in self-reported PA. Participants who “barely
used the application” were excluded from analysis, low sample size (n=12), no follow up, and high
dropout rate (retention rate = 63%) also contribute to the cautious interpretation of findings.
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Suh et al. (80), used a contact-control condition, in which participants received an equal number of
phone calls and newsletters as the intervention, about unrelated health topics. There are multiple
methodological issues which may have influenced results, most notably the potential of selection bias.
The study was only advertised to participants already taking part in a separate, longitudinal study, and
inclusion criteria specified only participants with “medium” levels of self-efficacy, and only those with
a specific phenotype of MS (relapsing-remitting). This may have led to a cohort which engaged more
with the program than the general MS population would, as they were willing to participate in the
longitudinal study – and so could lead to uptake of exercise and benefits which would not be seen in a
true MS sample.

Lastly, Plow et al. (79), provide strong preliminary evidence that an aerobic-only intervention can
increase PA. An MS exercise group were taught how to initiate and engage with a pedometer-based
walking program, set goals, and identify barriers/facilitators – while communicating by video calls to a
therapist. A second group undertook the same exercise-based intervention, as well as a fatiguemanagement educational program. Finally, a contact-control group received an equal number of video
calls on unrelated topics. No synergistic fatigue-education/exercise effects were found; further, the
exercise-only condition improved in objective PA, whereas the exercise plus fatigue education
condition did not. Subjective PA increased in both groups when compared with the contact-control. The
authors suggest the fatigue-education may have been too overwhelming when combined with the
exercise prescription, leading to lower objective PA. Although there were high attrition rates (21.6%),
there was no difference between groups. This was the only study to consider covariates in data analysis
(i.e., an ANCOVA) – which is important for ruling out factors possibly responsible for change in results,
for example, disability level or age.
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2.3.5.2. Aerobic and strength training
The study by Tallner et al. (78), was the only to use online exercise prescription without synchronous
(real-time) therapist interaction (i.e., by telephone or video). Participants were prescribed aerobic
exercise of their choice once per week, and strength training twice per week. Self-reported adherence
to the program gradually decreased over time in the intervention group, and in the waitlist-control group,
after they started the intervention at month three. The adherence rate between months 3 and 4 was 36%
(compared to 73% in months 1-3), signifying potential attrition bias. Although Baecke Sport Scores
improved significantly (p < .001, d = .33) in the intervention program, this scale does not measure all
aspects of PA (for example, would not capture an increase in walking). Given this is the only study
using aerobic and strength interventions (without flexibility or balance), it is unclear whether such a
method should be used to promote home-based PA in MS.
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Table 6: Overview and significant results of the included studies.

No control

Length of
intervention –
testing time
points
12 weeks

PEDro
score (and
interpretation)
MINORS =
9/16
(low
quality)

Behavioural
change
technique/s used
in intervention
Yes: SDT

Physical
activity
outcome
measures
♦ GLTEQ

Physical activity intervention
significant result/s: Effect size*
All results are group interactions
unless otherwise stated.
♦ ^Increased GLTEQ:
d = 1.5**

All (aerobic,
balance, strength,
stretching)

Usual-care

16 weeks

PEDro = 7
(high
quality)

Yes: SDT

♦ GLTEQ
♦ Time in MV physical
activity

♦ Increased GLTEQ:
ηp = .12*

Interactive
online

All (aerobic,
balance, strength,
stretching)

Active-control
(paper printouts
of exercise, no
communication
with therapists)

12 weeks
24 weeks

PEDro = 7
(high
quality)

No

♦ Step count

No significant differences.

Interactive, not
online
(hardcopy)

All (aerobic,
balance, strength,
stretching)

Usual-care to
week 12, then
intervention until
week 24

12 weeks
24 weeks

PEDro = 6
(high
quality)

Yes: SDT and
transtheoretical
model

♦ GLTEQ
♦ PADS

♦ Increased GLTEQ:
d = 1.08**
♦ Increased PADS:
d = 1.23**
♦ ^Quadratic time trend:
GLTEQ*, PADS*

Lead
Author, year

Type of
intervention+

Training used in
intervention

KinnettHopkins,
2018 (73)

Interactive
online

All (aerobic,
balance, strength,
stretching)

Learmonth,
2017 (52)

Interactive
online

Paul, 2018
(74)

Plow, 2014
(77)
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Plow, 2011
(75)

Nintendo
Wii© (with
therapist
interaction)

All (aerobic,
balance, strength,
stretching)

No control

8 weeks
14 weeks

MINORS =
10/16
(low
quality)

No

♦ PADS

♦ Increased ^PADS 0-8 weeks only:
d = .65# **

Plow, 2019
(79)

Interactive
online

Aerobic only

[3 arms]
Exercise group,
exercise group
with added
fatigue
management,
contact-control.

12 weeks

PEDro = 7
(high
quality)

Yes: SDT

♦ GLTEQ
♦ Step count
♦ Time in MV physical
activity

♦ Increased GLTEQ: Exercise only
vs control - β = .45*
♦ Increased GLTEQ: Exercise +
fatigue vs control - β = .54*
♦ Increased step count: Exercise
only vs control at week 12 - β =
1.3*
♦ Increased step count: Exercise
only vs control at follow up - β =
1.13*
♦ Increased M-V physical activity:
Exercise only vs control - β = .38*

Suh, 2015
(80)

Telephone
only,
interactive

Aerobic only

Contact-control.

6 weeks

PEDro = 6
(high
quality)

Yes: SDT

♦ GLTEQ

♦ Increased GLTEQ: = .08*

Tallner,
2016 (78)

Noninteractive
online

Aerobic and
strength

Usual-care to
week 12, then
intervention until
week 24

12 weeks
24 weeks

PEDro = 7
(high
quality)

No

♦ Sports score

♦ Increased sports score:
d = .33**
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Thomas,
2017 (76)

Nintendo
Wii© (with
therapist
interaction)

Usual-care to
week 24, then
intervention until
week 48

24 weeks
48 weeks

PEDro = 5
(low
quality)

Yes: SCT, SDT

♦ GLTEQ

P values, level of significance,
or α level were not reported.
This review reported on results
with Cohen’s d ≥.5 (98, 99)
♦ Increased GLTEQ:
0-24 weeks only – d = .7
Van Geel,
Mobile
Aerobic
No control
10 weeks
MINORS = Yes: Goal setting ♦ IPAQ: Total
♦ ^Increased IPAQ: Total:
2020 (81)
application,
12/16
only.
♦ IPAQ: M-V
d = .84*
non-interactive
(high
♦ ^Increased IPAQ:
quality)
Walking time only: d = .87*
GLTEQ – Godin Leisure Time Exercise Questionnaire; PADS – Physical Activity and Disability Scale; M-V – Moderate to vigorous; IPAQ – International Physical Activity
Questionnaire; SDT – Self Determination Theory; SCT – Social Cognitive Theory.
+ – Interactive is defined in this review as purposeful telephonic and/or video communication between therapists and participants throughout the intervention.
^ – Time interaction only (due to no control group).
# – Modified alpha level, due to post-hoc Bonferri corrections (i.e., to avoid data dredging) (100).
* – Apostrophes indicate significance level – * <0.05; ** ≤0.005.
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2.3.5.3 Combined training
Six studies used a combination of aerobic, balance, strength, and stretching training (52, 73-77). Three
of these were considered high-quality evidence (52, 74, 77). Learmonth et al. (52), provide good
evidence for the effectiveness of combined training to increase PA. Participants completed 10-30
minutes of walking 2 days per week, and strength/balance/stretching training on two different days per
week – which meets the old, but not new, exercise guidelines for MS (36, 53). Participants also engaged
in video calls with therapists, and received newsletters to encourage exercise. GLTEQ scores only
increased in the intervention group (compared to a usual-care control) – however objective PA, as
measured by accelerometers, increased more (larger effect size) in the control group (table 6). The study
attributes this largely as an error, due to too few participants correctly wearing the accelerometers –
however this contradiction between change in subjective and objective PA should still be considered in
further analysis/discussion.

Paul et al. (74), did not find significant group-time changes in step counts, when comparing an online
(website/videos) program with therapist interaction, to a control completing the same exercises via
hardcopy prescription. This may be attributable to a higher adherence to the exercise program (control
53-71%, compared to 40-63%). However, adherence should be cautiously interpreted, as retrospective
exercise logging was possible in the control group (who posted hardcopy logbooks every 3 months),
but not in the intervention (who logged exercise sessions online, daily). This article provides some
evidence that the addition of online components and therapist communication to a combined training
exercise program does not increase PA. However, possible selection bias – due to this study being run
congruently with other MS-based exercise research, leading to many potential participants choosing to
participate in other research projects – makes these findings unclear and less generalisable.

Plow et al. (77), used an exercise program similar to the control group of Paul (74) (interactive and
online), with the biggest differences being participant use of at-home ‘mini-cycles’, the implementation
of behavioural models to better individualise the program to participants, and a waitlist-control group.
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Significant group-time increases were found for the intervention group in subjective measures of PA
(the GLTEQ and the physical activity and disability scale (PADS)).

Two of the three articles considered low-quality evidence did not have a control group (73, 75). KinettHopkins et al. (73), used a modified version of the intervention used by Learmonth et al. (52), catered
to African-American participants. GLTEQ increased over the 12-week intervention. Pedometers were
given to participants, however step count was not reported; it is unclear whether they were used solely
for goal setting, or if they were excluded from analysis.
The second non-controlled study used Nintendo Wii© consoles, installed in participants’ houses (75).
Combined training was initially prescribed three days per week, for 10, 15, or 30 minutes, depending
on baseline performance (lowest scores starting at 10 minutes). Increases in exercise load were then
decided by telephone calls with a therapist. Physical activity and disability scale (PADS) scores
significantly improved between weeks 0 and 8, but reversed back to baseline levels by week 14. This
may be explained by the therapist-participant communication, which stopped after week 8, as has been
seen in other PA research (101).

Thomas et al. (76), used a Nintendo Wii© intervention over 12 months (with a waitlist-control group
starting the intervention at month 6). GLTEQ scores increased in the intervention groups, however
probability values are not provided, so effect sizes are considered significant/reported on when Cohen’s
d ≥ 0.5 (98, 99) (see table 6). Four participants (13% of the sample) from both groups reported using a
home gaming system occasionally before the study, however control participants were not allowed to
use such systems until they began the intervention (at month 6), meaning their use of the technology
would have decreased when allocated to the control group. This may have led to a reduction in prebaseline levels of PA in the first 6 months; inflating the effect of the intervention on PA and symptom
improvement after 12 months. The way adherence is defined is changed mid-study, as exercise goals
were made dynamic to suit the progressive overload needs of participants. PA goals were made between
participants and therapists, however adherence rates to the individually-tailored goals are still not
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reported on. Lastly, accelerometer data was discussed in the methods as an outcome measure, but is not
analysed or reported on in results, and it is unclear why.

2.3.6. Analysis of the literature – comparison of subjective and objective outcomes
This section of the review compares subjective and objective changes in PA. To avoid risk of bias, only
high-quality studies are compared. From this pool, three measured only subjective PA (77, 78, 80), one
measured only objective PA (74), and two studies measured both (52, 79) (table 7). Subjective measures
of PA in intervention groups tended to rise (weighted mean change of +78%) far more than objective
measures (weighted mean change of +6.3%). This effect is seen even between subjective and objective
measures within the same studies (52, 79).

Table 7: Comparison of subjective and objective measures of physical activity over 12 weeks.
Study
Condition (Group classification)
Measure

Percentage
change

Subjective measures
Tallner, 2016
^Intervention (non-interactive online)
(78)
UC control

Sports score

+45.6
-9.5

#Suh,

GLTEQ

+87
-21.2
+66
+29.5
+33.1
-10.6

2015 (80)

Plow, 2014 (77)
Learmonth, 2017
(52)

Intervention (interactive, telephone)
Contact-control
^Intervention (non-interactive online)
UC Control
Intervention (interactive, online)
UC control

Plow, 2019 (79)

Intervention (interactive, online)
Intervention (interactive, online + fatigue
management)
Contact-control
Subjective measures weighted meanꞶ

GLTEQ
GLTEQ

GLTEQ

+79.1
+110.2
+32.8
Intervention effect: +78.0%
Control effect: +5.8%

Learmonth, 2017
(52)

Objective measures
Intervention (interactive, online)
UC control

Time in M-V physical
activity

+3.2
+5.3

Plow, 2019 (79)

ΦIntervention

Step count

+14.8

Time in M-V physical
activity

+55.2
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Φ

Intervention (interactive, online + fatigue
management)

Φ

Contact-control

Paul, 2018 (74)

Intervention (interactive, online)
*Control (non-interactive, not online)

Objective measures weighted meanꞶ

Step count

+3.3

Time in M-V physical
activity

-12.2

Step count

-1.7

Time in M-V physical
activity
Step count

-3.3
-10.4
-6.1

Intervention effect: +6.3%
Control effect: -0.4%

^ Participants in delayed intervention groups were added to the intervention group.
* Control condition performed at-home exercise; and was as such treated as an intervention group.
Φ Studies having 2 subjective/objective measures were each added and weighted half.
# Studies with interventions/testing points other than 12 weeks were multiplied as appropriate.
Ꞷ
Studies are weighted by participant number at the 12-week point.
UC – Usual-care; GLTEQ – Godin Leisure Time Exercise Questionnaire; M-V – Moderate to vigorous.
Note: The Physical Activity and Disability Scale was omitted from this table as it measures variables other than
physical activity and is not a reliable measure of physical activity change.

2.4. Discussion
2.4.1. Intervention type
The majority of evidence is for an interactive and online exercise delivery approach, with three highquality studies (52, 74, 79), and one single-group, low-quality study (73). Two of these studies provide
good evidence that online/interactive interventions increase PA (52, 79). This may be due to these
studies being first tested in feasibility trials, and methods being refined as a result – leading to better
and more predictable methodological outcomes (52, 102, 103). Other MS-based research which did not
measure PA align with this finding (66).

Every other intervention category (see section 4.2) contains only one study, except for interactive
hardware, so it is difficult to draw conclusions based on type of intervention. Each of the interactive
hardware-based studies were classed as low-quality evidence (75, 76); one does not provide probability
values or report associated alpha levels, so is difficult to interpret significant results (76). The other
study did not use a control group – finding time-significant increases in subjective PA, but only between
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weeks 0-8 (75). Given the poor evidence and small intervention-based changes (see table 6), there is
insufficient evidence to recommend interactive hardware-based therapy instead of online, interactive
based therapy. Similar results are seen in other neurological conditions such as stroke and cerebral palsy
(104, 105) – but may be effective when used in hospitals or rehabilitation centres (rather than remotely).

2.4.2. Importance of subjective versus objective physical activity measures
A recent systematic review found qualitative evidence that interventions targeting PA in MS have been
successful in increasing subjectively measured PA, but not objectively measured PA, and that the two
are not necessarily correlated (106). These findings are supported by a meta-analysis which found
exercise-based interventions in MS produce significant, short-term increases in subjective PA, but not
objective PA (107).

The comparison between changes in subjective and objective measures (presented in table 7) are
rudimentary – different study types are combined; however, this finding supports existing literature
(106, 107); that subjective measures of PA (compared to objective measures) are far more likely to
change as a result of an exercise-based intervention. This should be considered when comparing other
variables, such as the type of intervention or exercise load used.

2.4.3. Exercise load
This section of the review groups studies based on previous MS exercise guidelines (which were in
place when most studies were published): two 30-minute moderate intensity aerobic training sessions,
and two strength training sessions, per week (53). One study was omitted as only walking was
prescribed (81). Three studies met the previous guidelines (52, 73, 77), three prescribed exercise at less
than the guidelines (74, 75, 78), and three studies did not prescribe specific exercise loads, or it was
unclear what load was prescribed – two of which only prescribed aerobic training (76, 79, 80).
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In one study which prescribed exercise under the previous recommendations, subjective PA increased
(78), in the other study, which was the only to use an active control group, found no group-time changes
in PA (74) (table 6). Studies prescribing at/above the guidelines had favourable increases in PA;
however it should be noted that each of the studies with higher exercise loads also used behaviouralchange techniques as part of their interventions, whereas the studies in the group which underprescribed exercise, did not – which makes conclusions on what exercise load is most effective at
increasing PA difficult. The combination of higher exercise loads and behaviour change techniques
may be important however, as the role of behavioural change strategies is explored (50, 61, 62, 108).

2.4.4. Use of behaviour change techniques
Three studies did not use behaviour change techniques as part of their interventions (74, 75, 78). Four
studies used self-determination theory (SDT) (52, 73, 79, 80) – which promotes competency, autonomy,
and relatedness as components which regulate how motivated someone is to change a health behaviour
(55). Plow et al., 2014 (77), used a combination of SDT and the transtheoretical model – which aims to
categorise people based on their readiness to change a behaviour, and then move them to the next stage
(58, 109). Another study by Thomas et al. (76), used a combination of SDT and Social Cognitive Theory
(SCT) – which focuses on the relationship between a person, their behaviour, and their environment, as
a means to increase motivation (56). Finally, Van Geel et al. (81), used only the goal-setting component
of SDT and SCT.

Given there are only two high-quality, controlled studies without behaviour change components (74,
78), comparison of studies with/without behaviour change inclusion is limited and the effectiveness of
such techniques is difficult to established. As there is only one study looking at combinations of SDT
and SCT (76), SDT and the transtheoretical model (77), and goal-setting alone (81), from these
behavioural models, there is not enough evidence to promote one theory over another, or a combination
of models over another, in a home-based intervention aimed at increasing PA. However, many
behaviour change theories contain the same strategies, such as self-efficacy in both SDT and SCT. This
may be of use, as it is unlikely a single framework will be able to account for or predict all aspects of
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behaviour change (50). Given the robust benefits of integrating behavioural change techniques in other
exercise-based research (50, 101), they should be implemented despite evidence lacking which theory
will produce the best results, and shared components/strategies from different theories, such as selfefficacy, should be used and investigated.

2.4.5. Longevity of intervention benefits and physical activity
Five studies took measurements at more than two time points (74-78). One of these studies, by Plow et
al. (77), investigated whether PA uptake and associated improvements in MS symptoms followed a
quadric time trend, taking data at 0, 12, and 24 weeks – in which improvements are rapid at first, but
stabilise over time. This trend was significant for two measures of subjective PA (most notably,
GLTEQ; p = 0.024). This aligns with the studies which measured data at >2 time points – where there
were significant increases in PA and improvements in symptoms in the first intervention period, after
which improvements stabilised, suggesting a possible ceiling effect.

Two studies used washout periods with follow up testing after the intervention ended (74, 79) – both
interactive/online studies; one of which used an active control group (74). Plow et al. (aerobic exercise
only) (79), 12 weeks after the intervention, found a significance difference (β = 1.13, p = 0.01; compared
to a contact-control group), in step count; despite both groups reducing after the intervention cessation.
Immediately post-intervention, the intervention group improved significantly more than the contactcontrol group. No significant findings in GLTEQ or other accelerometer data in follow-up were found.

Paul et al. (74), did not find any significant differences between groups in step count, at any time point,
or at follow-up (12 weeks post-intervention) – however both groups (intervention and active-control)
reduced in step count in both the last 12 weeks of the intervention, and at follow up – suggesting an
inverse parabolic reduction in PA may become present after 12 weeks, which would follow the
quadratic time trend suggested earlier (77). These findings align with general PA research, where large,
significant drop-offs in PA are seen between post and follow-up time points (101).
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2.5. Conclusion
2.5.1. Summary
Although there is limited evidence, it appears the uptake of PA and improvement in symptoms from a
remotely-delivered exercise program in people with MS drops off, and PA may decrease, after
approximately 12 weeks. For remotely-delivered exercise to be effective in increasing PA, an
interactive and online intervention is generally best, as other methods lack evidence, and current
literature supports this approach, although more research with alternative methods is needed. Although
aerobic-only training has benefits, combined training appears to be the most effective method for
increasing PA, and is in line with recommendations (36). Evidence is less clear regarding exercise load
and behaviour change techniques, although a higher load, up to 150 minutes per week, is recommended
(36), and the use of some behaviour change framework, such as SDT or SCT, appears best. Most
importantly, how PA is measured and tracked should be carefully considered, as objective measures
appear to increase less than subjective measures – however it is unclear which method is more accurate.

2.5.2. Future research
There is evidence lacking as to which type of behaviour change technique and what exercise load is
best for increasing PA in telerehabilitation programs for persons with MS. These variables should be
considered in future research, and use of current MS PA and behaviour change recommendations in
research are recommended (36, 53). The implementation of multiple behavioural frameworks may
produce better results in research trials, and theories such as SCT, SDT, TPB, and the transtheoretical
model are recommended, although there is merit in testing newer, lesser tested theories, such as the
Theory of Unpleasant Symptoms (20) or the Health Action Process Approach (59). The uptake and
effects of PA over time are difficult to conclude given how few test points there are – future research
would benefit in taking measurements more frequently during intervention, and measure outcomes after
a washout period. Unless the primary aim of a study involving remotely-delivered exercise prescription
in an MS population is to investigate exercise type (i.e., aerobic, resistance, balance, flexibility), they
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should use a combination of these training types. There is sufficient evidence that exercise combining
these training types is more effective in increasing PA than any one training type alone.
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Abstract
BACKGROUND
Exercise is now a crucial part of the standard care for MS and is considered the most effective nonpharmacological method of managing symptoms. Updated guidelines for physical activity in MS have
recently been published, however many people with MS do not reach these levels. There is currently
no empirical research testing the merit of the new guidelines, and there are few studies which integrate
at-home/remote exercise delivery and behavioural change techniques for people with MS.

OBJECTIVE
Investigate the effect of pre-intervention exercise levels on change in exercise levels, adherence to the
program, and effect on quality of life, symptomatic, and psychological measures.

METHODS
This is a secondary analysis and addition to Project BASE-MS (Changing Behaviour towards Aerobic
and Strength Exercise). Participants were randomly allocated to a control or intervention group;
comprising of active-exercisers (AE), and general-exercises (GE). Participants completed 4 months of
tailored, internet-delivered aerobic, strength, balance, and stretching exercises (stretching and balance
exercises added at week 5). This was supplemented with 6 video calls and newsletters, with concepts
based on social cognitive theory. The primary outcome measure was physical activity time, measured
by the Godin Leisure-Time Exercise Questionnaire (GLTEQ).

RESULTS
Seventy-two participants were enrolled in the study. Only the GE group produced a high-moderate
increase in GLTEQ score (η2𝑝 = 0.08), but this was non-significant (p > 0.05). The only significant
within-group effects were improvements in quality of life (η2𝑝 =0.14, p < 0.05) and autonomy (η2𝑝 =
0.18, p < 0.05) in the GE group, and a significant reduction in competency in the control group (η2𝑝 =
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0.16, p < 0.05). After controlling for adherence and therapist allocation, differences in GLTEQ scores
were similar between groups (η2𝑝 = 0.01–0.02, p > 0.05).

DISCUSSION
This trial suggests the BASE-MS home exercise program may be more applicable and produce better
results for those with MS who exercise at low levels. Adherance rate, therapist attributes, type of
behavioural model, and location of exercise, may be important factors in explaining differences between
the groups. Future research should investigate how the program could be better tailored to those who
exercise at higher levels, and the effect of exercise location, therapist personality traits, and which
psychological framework is applied.
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3.1. Introduction
Multiple Sclerosis (MS) is a non-traumatic and progressive disease affecting 2.8 million people;
a prevalence of approximately 1/3000 people worldwide (2), and 26 000 people (1/1000) in Australia
(3). MS causes damage to the central nervous system, which results in impairments to motor and
cognitive functions, and is characterised by a heterogeneous array of physical and psychological
impairments, such as muscular atrophy, fatigue, and diminished walking capacity (110).

Exercise is now a crucial part of the standard care for MS (34), as it is considered to be the most effective
non-pharmacological method of managing the associated symptoms (35); such as fatigue (26), muscle
weakness, and impaired balance (29). Guidelines for physical activity in MS states patients should
undertake aerobic exercise 2-5 days/week, for 10-40 minutes, and perform 5-10 resistance exercises, 23 days/week (36, 37, 53). Evidence suggests many people with MS do not reach sufficient exercise
levels to accrue the associated health benefits (47, 48). In fact, research suggests as little as 16% of
people with MS perform any kind of resistance training (111). The design of previous exercise programs
for MS patients, which do not address behavioural change strategies, may restrict the rate at which
exercise is adopted by participants (112). To increase exercise levels, recommendations suggest
therapists of MS patients should employ strategies to promote the benefits of exercise, alongside other
behavioural techniques, leading to a change in the way their patients view exercise (113). One such
behavioural model is Social Cognitive Theory (SCT) (55), which employs strategies such as outcome
expectations, self-monitoring, goal setting, self-efficacy, and identification of barriers and facilitators.

The MS physical activity guidelines have been expanded upon; specifying exercise loads and clinical
recommendations for different disability levels (113). This may improve outcomes to physical activity
and exercise, and increase its adoption by healthcare professionals, however there is currently no
empirical research testing the merit of the new guidelines (36). Remote delivery, or ‘telehealth’ exercise
prescription, involves video-based communication with a therapist, in which exercises are prescribed
and delivered to the patient by demonstration and explanation. Telehealth represents a method of
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delivering exercise which may be feasible when in-person facilities are not easily accessible (42, 43).
Research suggests patients want access to remote-delivery services (44), and there is a need to determine
its appropriateness to the MS population. There are few studies which integrate at-home/remote
exercise delivery and behavioural change techniques for people with MS (52, 65, 66). One such study
is Project GEMS (Guidelines for Exercise in MS) (52); a pilot trial using the original physical activity
guidelines (37), which found an increase in physical activity time in an exercise and behavioural change
group (F = 6.94, p <0.01, ηp = .12), but not in self-reported burden of symptoms, fitness, balance, or
quality of life (QoL), when compared to a usual-care control group. The successful feasibility of Project
GEMS led to continued research, namely Project BASE-MS (changing Behaviour towards Aerobic and
Strength Exercise in MS – ANZCTR registration: ACTRN12619000228189p) (67).

Recent research suggests those with MS who are more active may respond differently to
exercise/behavioural change programs than those who exercise less (64). To allow for comparison,
participants were grouped based on how much they exercise (67). This study aims to explore the
differences between active (AE) and general exercisers (GE) (definition was dependant on meeting
previous exercise guidelines – see table 2), by investigating differences in adherence levels, QoL,
exercise-related psychological profiles, and symptomatic differences. AEs have a more positive view
of exercise, and have higher levels of motivation towards exercise (64); which influence adherence and
success of an exercise program (50, 61, 62).
Table 2: Definitions of study groups (repeated from chapter 1.6.1.)
Group
Definition
Advanced exercisers (AE)
Exercising at or above previous guidelines (moderate intensity aerobic exercise
2 days/week for 30 minutes, and resistance training 2 days per week) (37).
General exerciser (GE)

Exercising below previous guidelines (moderate intensity aerobic exercise 2
days/week for 30 minutes, and resistance training 2 days per week) (37).

It is hypothesised the AE group will have a greater increase in physical activity, and improvements in
QoL, symptoms, and psychological scales, will be greater than in the AE group, as these will be
facilitated by the higher physical activity increase. It is hypothesised the PA increase will be due to
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differences in type/level of motivation compared to the GEs; as the AE group have already made PA
changes previously, and have likely previously employed behaviour change techniques to a better
effect.

3.2. Methods
This study was approved by the Human Research Ethics and Integrity Committee at Murdoch
University (approval: 2019/21). All participants gave written consent and data were managed in line
with the Australian Code for the Responsible Conduct of Research (114). Ethics application and
recruitment information are available in appendices B and C.

3.2.1. Introduction and overview of study design
The BASE-MS study aimed to recruit 72 participants with MS, one third of which were allocated to a
usual care control group. The intervention groups participated in three months of an exercise and
behaviour change program – where exercises were prescribed by ‘coaches’ allocated to each participant.
Participants

also

received

newsletters

containing

material

based

on

behaviour

change

models/techniques, which were discussed in video meetings with coaches throughout the intervention.
Participants resided across Australia, and never met in-person with the coaches or any of the
researchers. Online questionnaires were sent at three different time points, which provided information
about changes in PA engagement, attitudes, success of the behavioural change techniques employed,
and changes in MS symptoms. More detailed information is provided in the following sections.

3.2.2. Participant recruitment and eligibility
Participants were recruited based on the following inclusion criteria: self-reported MS diagnosis (115),
≥18 years of age, Patient Determined Disability Steps score of ≤4.0 (mild to moderate disability level)
(116, 117), and be relapse-free during the 4-weeks preceding recruitment. A minimum sample size of
72 was derived from a power analysis of the previous GEMS study (52), based on the effect size of
physical activity (as measured by the Godin Leisure-Time Exercise Questionnaire (GLTEQ) – ηp=0.12).

Page 44

Aiden White-Kiely Masters of Exercise Science Thesis • References

The intervention arm was divided into two groups: participants who were ‘advanced exercisers’ at
baseline, and those who were ‘general exercisers’ at baseline (table 2).

Recruitment occurred via two pathways: potential participants with MS who have taken part in previous
research for the discipline of Exercise Science at Murdoch University were contacted with information
about the study. Secondly, third party collaborators (MS Research Australia, MS Australia, MSWA,
and The Menzies Institute of Tasmania) advertised recruitment on their social media pages and in
newsletters. Participants were recruited in two waves, both occurring in early 2020. From the pool of
potential participants, 36 advanced exercises and 36 general-exercisers were randomly selected. Twelve
from each group (24 total) were then randomly assigned to a control group, and the rest assigned to
intervention groups. Block randomisation was conducted by an external party at the university using a
random number generator in Microsoft Excel 2016 (Microsoft Corporation, Redmond, Washington),
preserving concealment of allocation. All participants resided in Australia at the time of the study.

3.2.3. Online assessments
Self-reported outcome measures are shown in table 8. Outcomes were based on those used in the
previous GEMS trial (52), with some additions, to better understand the effect of behaviour change
effectiveness. To address the aim, outcome measures assessed four areas: physical activity and exercise,
MS symptoms, QoL, and exercise-related psychological domains (67). Questionnaires were sent out at
baseline (pre), after month-4 (post), and after month-5 (follow-up). Data were also collected at month
11, but is not reported in this trial, as this manuscript is submitted prior to data collection. All outcome
measures are available in appendix D.
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Table 8: List of outcome measures and the variables they assess.
Questionnaire/scale
Activities-specific balance confidence questionnaire
EQ-5D-5L
Exercise goal setting and planning scale
Exercise habits questionnaire (novel)
Exercise self-efficacy scale
Fatigue severity scale
Godin leisure-time questionnaire
Hospital anxiety and depression scale
Leeds MS quality of life scale
MS walking scale (12 item)
Psychological Need Satisfaction in Exercise Scale

Outcomes measured
Balance and gait confidence
Health-related quality of life
Exercise goal setting behaviour
Exercise type/s, load, and location
Exercise self-efficacy
Impact and level of fatigue
Physical activity time and modes
Anxiety and depression levels
Health-related quality of life
Ambulatory confidence
Perceived satisfaction of competency,
autonomy, and relatedness (from SDT)
Self-determination theory questionnaire
Aspects of SDT
Theory of planned behaviour questionnaire
Aspects of TPB
Note: The GLTEQ is the primary outcome measure, to correspond with the larger BASE-MS trial.
SDT – Self-determination theory; TPB – Theory of planned behaviour.

3.2.3.1. Outcome measures for physical activity and exercise
The Godin leisure-time exercise questionnaire (GLTEQ) (94) is widely used in MS research as a
measure of exercise participation (52, 95, 118, 119). Participants self-report the amount of time
spent exercising during the last week. Time is given in three categories: strenuous, moderate, and mildintensity exercise; from which these times are weighted to calculate the final score.
Sikes et al. (2019), reviewed the use of the GLTEQ in MS research, finding it to be valid, appropriate,
and effective in MS (97).

Further information about types of exercise, exercise behaviours, and locations where participants
exercise, were asked. There are presently no scales which capture this information, so a questionnaire
was constructed for the purpose of the BASE-MS study by a senior researcher (author YCL) with
experience in the field. The questionnaire was not tested for internal consistency or psychometrics prior
to its use in the study.
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3.2.3.2 Outcome measures for quality of life
The EQ-5D-5L (120) measures five health-related QoL domains (mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression), and considers the degree to which the national population
values each QoL-related domain, with domains weighted differently for each country. QoL is presented
and analysed as a single ‘health utility value’, ranging from -1 to +1, along with a visual analogue scale
(VAS), in which participants are asked to rate their health. The EQ-5D-5L has a significant inverse
relationship with EDSS (p < 0.001); particularly when EDSS level is <6 (121), as it is in this study. The
EQ-5D-5L is valid and specific for people with MS, when compared to other pathologies (122). This
study uses South Australian population norms to weight each health domain (123).

The Leeds MS QoL scale (LMSQOL) (124) was developed for use in the MS population; measuring
unidimensional MS-related QoL (124). The test-retest reliability of LMSQOL has only been measured
by one MS-related study, which found an intra-class correlation of 0.85 over 2 weeks (124). Nicholl et
al. (2005), measured the internal consistency of the LMSQOL scale, finding a Cronbach’s alpha of 0.71
(125). LMSQOL has high content validity in most psychological domains; when correlated with other
QoL questionnaires, such as the hospital anxiety and depression scale (HADS) (r = 0.74), and the MS
Impact Scale (r = 0.70) (126), however only shows a moderate correlation with physical domains of
QoL. The EQ-5D-5L questionnaire has a medium-high correlation (r = 0.6) with physical domains,
such as activity limitations (127), which capture possible physical QoL information missed by the
LMSQOL.

3.2.3.3. Outcome measures for exercise-related psychological domains
The theory of planned behaviour (TPB) (54) and Self-Determination Theory (SDT) (57) questionnaires
measure levels of motivation and exercise-related behavioural traits. There is evidence that these
variables influence exercise adherence in MS (64), however exactly which behaviour change
framework is most accurate and applicable is contentious – as such, measuring changes by multiple
theories may produce more accurate insights into behaviour change (128). The TPB and SDT
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questionnaires have not been used in an MS-based intervention. The SDT questionnaire used in the
BASE-MS study was adapted from an alcohol/binge drinking-based SDT questionnaire (129, 130).

The Exercise Goal Setting and Planning Scale has shown to be highly valid and accurate (131), but has
not been psychometrically tested in an MS population. The scale produces two outcomes: the level to
which one has exercise goals, and to what degree the participant plans to exercise. The Exercise SelfEfficacy and Psychological Need Satisfaction in Exercise scales measure components of TPB and SDT
which the TPB and SDT questionnaires do not address (self-efficacy and relatedness, respectively).

The Exercise Habits questionnaire was constructed for the BASE-MS trial, and consists of qualitative
questions based on the type, frequency, length of time, location, and use of equipment during exercise.
The questionnaire has not been previously tested.

3.2.4. Procedure
All communication and delivery of the intervention occurred electronically – as such, all outcome
measures are self-reported, or feasibility/adherence based. After selection in the study, participants were
electronically sent screening questionaries, in which all participants provided informed consent. As part
of the questionnaire, participants were asked if they a) complete two 30-minute aerobic exercise
sessions at moderate intensity per week, and b) complete two whole-body strength sessions per week.
Participants who answered yes to both questions were designated an advanced exerciser, and
participants who answered no to one or both questions, a general exerciser. One-third of the AEs and
GEs were assigned to the control group, while the remaining participants formed the AE and GE
intervention groups (creating 1:1:1 ratio – see figure 2).

Participants were informed of group allocation by a telephone call, made by one of the therapists.
Therapists were either an Exercise Physiologist (132) or a third-year Exercise Physiology student. One
therapist was previously diagnosed with MS, which may influence their ability to relate with
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Figure 2: Schematic and timeline of study protocol.
participants (56), which was controlled for in data analysis. Therapists were provided with information
about SCT, after which group discussions were held between therapists and supervisors, one of which
was a lecturer/PhD in sports psychology. The discussion of applying behaviour change concepts was
addressed in two formats – how SCT was embedded in study materials (i.e. the exercise choice and
newsletters), and how SCT would be used when interacting with participants (i.e. during phone calls
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and other communication). Before each round of video calls to participants, therapists met with
supervisors to discuss how the SCT principals in that newsletter should be discussed with participants.
Participant, therapist, and assessor blinding were not possible, as the control group consisted of usual
care and had no further intervention or placebo.

3.2.4.1. Intervention condition
Participants were posted exercise equipment (five resistance bands (Progymnasium, Redibands™,
NSW, Australia) of various resistance levels, (to suit participant’s body strength and allow progression
or regression) and a pedometer), and were prescribed specific walking, resistance, balance, and
flexibility exercises, at an individualised load, based on participant feedback, rate of perceived exertion,
and step count. All participants were prescribed the same exercise load for the first two weeks, after
which they had a video meeting with their therapist, who placed participants into a sub-group (red,
black, or white – see below), which progressed in exercise load at different rates. Further details about
specific exercise loads are available in the protocol publication (67). Participants also received via
email, an exercise manual, and instructions for using the online exercise-delivery and exercise-diary
platform, Giraffe Healthcare (Glasgow, UK). Participants also undertook six video-calls throughout the
intervention (figure 2), which focused on creating behaviour change associated with physical activity
and exercise, and were sent corresponding newsletters (available in the appendix). Calls and newsletters
were used to introduce and discuss aspects of SCT: outcome expectations, self-monitoring, goal setting,
self-efficacy, overcoming barriers, and identifying facilitators (56). An example newsletter is available
in appendix E. Email and text-based communication were used to encourage adherence, set meeting
times, and remind participants to log exercises and complete questionnaires. Exercises were chosen
based on current guidelines (36, 113), utilising upper-body, lower-body and core strength exercises,
flexibility and balance exercises, and walking (67). The intervention ran for 5 months; in which the
exercise prescription load gradually increased, but were individualised based on AE/GE. Participants
were also placed into one of three groups (‘red’/‘black’/‘white’) after the first two weeks, which
increased aerobic and resistance exercise loads at varying amounts – full details are available in the
protocol publication (67) and appendix F – colour groupings were not balanced. After month 4,
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participants were further randomised into groups; in which they were introduced to and communicated
with another participant from the study (‘optimised adherence group’), or continued to exercise alone
(‘usual adherence group’). Each therapist coached an equal number of active and general exercisers to
minimise the risk of therapist bias, and the delivery and dialogue methods were discussed between
therapists before each video call. Calls were scripted, although therapists discussed general and MSspecific health with participants.

3.2.4.2. Control condition
Participants allocated to the control condition were advised to continue their usual activities and
exercise, and that they would receive the intervention materials after the study, should it produce
feasible results. Questionnaires were sent out at baseline and after month 4.

3.2.5. Data analysis
Raw data from outcome measures were captured using Qualtrics version April 2020 (Qualtrics Inc.,
Provo, UT). All data analysis occurred in SPSS version 24.0 (IBM Corporation, Armonk, NY) except
for conversion of the EQ-5D-5L data using Australian health utility norms, which was done in Stata
version 16.0 (StataCorp LLC, College Station, TX). Data were initially examined for normality
violations, outliers, and patterns of missing values. When sphericity could not be assumed (p < 0.05)
(133), Greenhouse-Geisser corrections were used. Outliers were replaced with the mean score (without
the outlier data point) for that time point, and were defined as being greater than 3 interquartile ranges
from the first (if the value was low) or third (if the value was high) quartile (133). Demographic
information is reported as means and standard deviations, or median and interquartile range, depending
on the type of data and demographic reporting norms. Analysis of variance was used to compare timeby-condition differences in a 3x3 design (mixed-model ANOVA). Pre, post, and early follow-up time
points were also compared within groups with a 1x3 design (repeated-measures ANOVA). Resulting
effect sizes (as partial eta squared (η2𝑝 )) were interpreted as small (0.01), medium (0.059), or large
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(0.138) (98, 99). In accordance with recent research standards, results are interpreted using p values and
effect sizes, and does not rely solely on probability values of 0.05 (134, 135).

Adherence is compared between AE and GE groups, broken into weekly number of completed sessions.
Adherence and therapist allocation were identified as covariates due to the potential impact they may
have on PA (62, 66, 108). Two ANCOVAs (mixed-methods and repeated-measures) were run, and
results are compared to the ANOVAs. Alpha was set at 0.05. An intention-to-treat analysis was run on
all incomplete outcome measure data points, using the last observation carried forward method (136).

Exercise loads from the exercise habits questionnaire were calculated by multiplying the exercise
frequency (per week), session length (in minutes), and categorical intensity (mild, moderate, or
strenuous). The descriptors used for categorising exercise intensity are presented in the same way as
the GLTEQ (94), which allows the same multipliers (3, 5, or 9, respectively) to be applied. This results
in the calculation of total metabolic-equivalent minutes (MET-mins) (137) as a means of measuring
exercise load.

3.3. Results
Descriptive statistics are shown in table 10, and corresponding effect sizes in table 11. Five
outliers were identified, one from the ABC questionnaire (pre), and 4 from the TPB scale – attitudes to
exercise component (pre and post). The homogeneity of variance assumption was violated for one
outcome measure (TPB - attitudes to exercise component; Fmax > 10 (138)), and equality of variance
were violated for several variables (p < 0.05). Given the equal group ratios and sample size above 40,
the ANOVA is still accurate given these violations (133, 138).
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3.3.1. Participant characteristics and demographics
Participant characteristics are shown in table 9. The majority of participants were female (89%), had
relapsing-remitting MS (94%), worked full-time (42%), and were taking disease-modifying therapies
(86%), but not symptomatic therapies (25%). There were no significant differences between baseline
variables when comparing the control, AE, and GE groups. The sample in this study is representative
of the MS population across the Western-Pacific region, based on the MS Atlas 2020 edition (2).

Table 9: Subject demographic information.
Overall
(n = 72)
43.8 (11.6)
64:8
1 (2)
68:2:2
8.2 (6.9)
17:25:30

Control
(n = 24)
42.6 (9.8)
32:1
1 (3)
22:2:0
7.7 (7.3)
7:9:8

Intervention
AE (n = 24)
46.6 (14.0)
19:5
1 (3)
22:0:2
8.5 (6.4)
6:8:10

Intervention
GE (n = 24)
42.2 (10.4)
22:2
1 (1)
24:0:0
8.2 (7.2)
4:8:12

Mean age (SD)
Sex Female:Male
Median PDSS (IQR)
MS phenotype RR:SP:PP
Mean disease duration (SD)
Employment status Not employed:Parttime:Full-time
DMT use Yes:No
62:10
21:3
20:4
21:3
Symptomatic therapy use Yes:No
18:54
7:17
6:18
5:19
AE – Advanced exercisers; GE – General exercisers; SD – Standard deviation; IQR – Interquartile range; RR –
Relapsing-remitting; SP – Secondary progressive; PP – Primary progressive; DMT – Disease modifying therapy.

Balance and fear of falling was identified as the most likely barrier to remotely-delivered exercise
interventions in people with MS, based on the current literature (see chapter 2). The ABC scale
measures falls/balance confidence – the summed mean at baseline was 8.55 (indicating low falls
risk/high physical functioning (139)). Although the scoping review (chapter two) did not identify
summed ABC score means, falls risk appears to be lower in the BASE-MS cohort compared to similar
literature. This is expected, given the lower level of disability (median PDDS = 1, indicating mild
disability; tables 6 and 10) compared to studies investigated in the scoping review. Given the similar or
improved scores in PA time, depression/anxiety, age, sex, employment status, and MS phenotype, it is
expected adherence and tolerance of the program will be similar to or greater than the studies identified
in the scoping review.
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3.3.2. Adherence
Weekly adherence to resistance, aerobic, balance, and flexibility exercises are shown in figure 3.
Adherence decreased over time in both groups. AE completed more aerobic sessions most weeks, and
GE completed more resistance sessions most weeks. A smaller gap between AE and GE was present in
the number of balance and flexibility sessions completed, however GE generally completed more
exercises per week. Total aerobic exercise adherence (number of sessions) for the AE group was 63%,
and 71% in the GE group. Total resistance exercise adherence (number of sessions, including balance
and flexibility) was 67% for the AEs, and 69% for the GEs.

3.3.3. Group and time differences in the primary outcome measure
Descriptive statistics are shown in table 10, and corresponding effect sizes from the ANOVAs in table
11. No group-time differences were found in exercise levels (GLTEQ score). No significant group
results were found, however the GE group showed a moderate-large (η2𝑝 = 0.08) non-significant
increase.

3.3.4. Group and time differences in secondary outcome measures
3.3.4.1. Changes in quality of life
The only significant change in QoL measures was a large within-subject decrease in LMSQOL score,
in the GE group (η2𝑝 = 0.14, p < 0.05). EQ-5D-5L VAS scores had a large, positive effect size in the
AE group (η2𝑝 = 0.13), and medium-large decrease in the GE group (η2𝑝 = 0.07), but neither were
statistically significant. EQ-5D-5L VAS and utility scores were not well correlated upon visual
inspection.
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Figure 3: Number of exercises completed each week by active and general exercisers.

3.3.4.2. Changes in exercise-related psychological domains
There were no significant changes in EGSPS scores. A significant, moderate-large group-time effect
was found in PNSES-competency (η2𝑝 = 0.09, p < 0.05), with scores indicating a worsening of
participant’s competency levels. Within-subjects analysis revealed a large, significant decrease only in
the control group (η2𝑝 = 0.16, p < 0.05). The autonomy aspect of the PNSES increased significantly, to
a large effect, in the GE group only (η2𝑝 = 0.18, p < 0.05). No asepct of the SDT and TPB questionnaires
changed significantly, and all except one group-time or within-subjects condition – autonomous
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Table 10: Descriptive statistics from the ANOVA.
Control means (SD)
Outcome assessment
Pre
Post
F/U
Primary outcome
GLTEQ
26.67
29.78
31.75
(14.63) (20.76) (24.39)
Secondary outcomes
ABC
8.42
8.04
7.58
(1.69)
(1.98)
(2.42)
EG
23.50
24.12
23.17
(10.48) (11.79) (11.39)
EP
29.96
27.04
25.67
(9.42)
(8.29)
(8.93)
EQ-5D-5L utility
0.70
0.69
0.68
(0.17)
(0.17)
(0.23)
EQ-5D-5L VAS
68.12
66.42
71.67
(18.82) (19.28) (16.56)
ESES
75.42
68.40
60.42
(27.92) (33.42) (34.27)
FSS
5.01
5.25
5.35
(1.14)
(1.05)
(1.07)
HADS-A
7.83
8.25
7.75
(4.59)
(5.11)
(4.84)
HADS-D
5.92
6.87
6.67
(4.01)
(4.13)
(3.90)
LMSQOL
20.33
20.92
20.25
(4.40)
(3.81)
(4.18)
MSWS
41.32
46.04
46.74
(18.20) (20.70) (23.40)
PNSES-A
5.11
5.01
4.96
(0.81)
(0.85)
(1.04)
PNSES-C
4.35
3.95
3.74
(1.02)
(1.30)
(1.47)
PNSES-R
4.33
4.06
3.89
(1.44)
(1.43)
(1.69)
^SDT-A
46.75
46.25
44.67
(4.96)
(7.35)
(7.54)
^SDT-C
20.83
19.58
19.25
(6.24)
(6.67)
(6.74)
^TPB-A
6.65
6.05
5.55
(0.42)
(0.99)
(1.76)
^TPB-I
6.58
6.08
6.00
(0.51)
(0.90)
(1.04)
^TPB-N
5.29
5.04
5.00
(0.65)
(1.10)
(1.16)
^TPB-P
6.33
6.00
5.92
(0.65)
(0.95)
(1.38)

Page 56

Intervention AE means (SD)

Intervention GE means (SD)

Pre

Post

F/U

Pre

Post

F/U

45.89
(24.40)

45.17
(20.28)

48.42
(25.24)

27.69
(20.80)

29.31
(18.87)

29.46
(23.06)

8.61
(1.48)
26.50
(8.69)
28.17
(5.36)
0.72
(0.21)
74.71
(11.76)
87.50
(15.70)
4.55
(1.61)
6.21
(3.56)
5.54
(3.41)
18.67
(4.37)
37.29
(19.29)
4.90
(0.76)
4.67
(0.91)
4.28
(1.31)
48.09
(4.06)
20.36
(2.98)
6.60
(0.45)
6.91
(0.30)
4.89
(0.81)
6.64
(0.50)

7.99
(2.16)
29.42
(9.61)
28.67
(6.62)
0.69
(0.19)
71.50
(13.93)
77.85
(22.29)
4.91
(1.52)
6.42
(3.13)
5.50
(3.09)
19.21
(4.34)
37.64
(21.09)
4.91
(0.89)
4.53
(1.19)
4.27
(1.22)
47.09
(3.99)
19.27
(4.00)
6.54
(0.50)
6.82
(0.40)
4.86
(0.90)
6.36
(0.67)

7.86
(2.20)
27.88
(9.91)
27.79
(7.23)
0.72
(0.19)
77.25
(13.27)
77.22
(24.33)
4.75
(1.35)
6.38
(3.23)
5.71
(3.24)
18.67
(4.39)
38.61
(21.52)
5.17
(0.72)
4.77
(0.96)
4.38
(1.48)
46.82
(2.23)
18.36
(4.32)
5.51
(2.31)
6.82
(0.40)
4.57
(0.93)
6.45
(0.82)

8.62
(1.58)
21.91
(11.74)
22.42
(7.09)
0.70
(0.14)
77.58
(11.08)
70.62
(18.70)
4.56
(1.29)
7.75
(4.18)
5.92
(3.79)
20.08
(4.40)
36.74
(19.56)
4.81
(0.90)
4.15
(1.19)
3.44
(1.68)
43.54
(4.65)
19.62
(4.75)
6.49
(0.44)
6.38
(0.77)
4.48
(1.11)
6.31
(0.95)

8.62
(1.66)
23.75
(10.14)
23.96
(6.55)
0.72
(0.15)
80.17
(11.09)
67.29
(23.84)
4.62
(1.30)
7.04
(4.05)
5.17
(3.83)
18.37
(3.23)
35.35
(18.49)
5.13
(0.90)
4.33
(0.97)
3.62
(1.62)
43.77
(6.51)
19.15
(4.96)
5.89
(1.34)
6.31
(0.75)
4.54
(0.68)
6.31
(0.85)

8.47
(1.46)
24.13
(11.33)
23.92
(6.86)
0.70
(0.15)
75.21
(14.69)
63.33
(30.72)
4.87
(1.41)
7.58
(4.39)
6.33
(4.52)
18.96
(3.74)
38.06
(21.10)
5.10
(0.91)
4.01
(1.25)
3.52
(1.66)
44.23
(4.83)
19.15
(5.10)
6.02
(1.21)
6.15
(0.80)
4.37
(0.91)
6.31
(0.95)
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SD – standard deviation, F/U – Follow up, GLTEQ – Godin leisure-time exercise questionnaire, ABC – Activitiesspecific balance confidence questionnaire, EG – Exercise goal setting and planning scale (Goal setting component), EP
– Exercise goal setting and planning scale (Planning component), VAS – visual analogue scale, ESES – Exercise selfefficacy scale, FSS – Fatigue severity scale, HADS-A – Hospital anxiety and depression scale (Anxiety component),
HADS-D – Hospital anxiety and depression scale (Depression component), LMSQOL – Leeds multiple sclerosis
quality of life scale, MSWS – MS walking scale (12 item), PNSES - Psychological need satisfaction for exercise scale
(C - Competence, R - Relatedness, A - Autonomy), SDT – Self-determination theory questionnaire (A - Autonomous
motivation, C - Controlling motivation), TPB – Theory of planned behaviour questionnaire (A - Attitudes to exercise, I
- Exercise engagement intent, N – Subject norms, P – Perceived behavioural control).
^ Indicates outcomes only taken by the wave 3 participants (n=36).

motivation in the GEs – indicated a decrease in scores. The increase in autonomous motivation was
non-significant and small in effect (η2𝑝 = 0.02).

Table 11: Effect sizes for time-group (mixed model) and time-time (repeated measures) ANOVAs.
Time x condition
Control effect Intervention AE Intervention
Outcome assessment
F-value
effect (η2𝑝 )
(η2𝑝 )
effect (η2𝑝 )
GE effect (η2𝑝 )
Primary outcome
GLTEQ
Secondary outcomes
ABC
EG
EP
EQ-5D-5L utility
EQ-5D-5L VAS
ESES
FSS
HADS-A
HADS-D
LMSQOL
MSWS
PNSES-A
PNSES-C
PNSES-R
^SDT-A
^SDT-C
^TPB-A
^TPB-I
^TPB-N
^TPB-P
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0.00

0.13

0.03

0.03

0.08

-0.04
0.02
0.02
0.03
0.06
-0.01
0.02
-0.02
0.04
-0.06
0.04
0.05
-0.09*
-0.03
-0.05
-0.03
-0.06
-0.06
-0.02
-0.03

1.45
0.83
0.67
1.14
2.39
0.48
0.71
0.78
1.42
2.32
1.55
1.94
3.46
1.03
0.91
0.49
1.84
0.97
0.29
0.55

-0.16*
-0.02
-0.04
-0.01
0.05
-0.11
0.1
-0.01
0.04
-0.02
0.11
-0.01
-0.16*
-0.07
-0.23
-0.13
-0.23
-0.16
-0.05
-0.09

-0.10
0.06
-0.02
0.07
0.13
-0.13
0.10
0.01
0.01
0.03
0.02
0.09
0.06
0.01
-0.20
-0.15
-0.09
-0.09
-0.14
-0.11

-0.03
0.09
0.10
0.04
-0.07
-0.05
0.04
-0.06
0.09
-0.14*
0.05
0.18*
-0.08
0.01
0.02
-0.04
-0.14
-0.09
-0.02
0.00
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Note: Positive effect sizes indicate an improvement on the scale.
GLTEQ – Godin leisure-time exercise questionnaire, ABC – Activities-specific balance confidence questionnaire,
EG – Exercise goal setting and planning scale (Goal setting component), EP – Exercise goal setting and planning
scale (Planning component), VAS – visual analogue scale, ESES – Exercise self-efficacy scale, FSS – Fatigue
severity scale, HADS-A – Hospital anxiety and depression scale (Anxiety component), HADS-D – Hospital
anxiety and depression scale (Depression component), LMSQOL – Leeds multiple sclerosis quality of life scale,
MSWS – MS walking scale (12 item), PNSES - Psychological need satisfaction for exercise scale (C Competence, R - Relatedness, A - Autonomy), SDT – Self-determination theory questionnaire (A - Autonomous
motivation, C - Controlling motivation), TPB – Theory of planned behaviour questionnaire (A - Attitudes to
exercise, I - Exercise engagement intent, N – Subject norms, P – Perceived behavioural control).
* Indicates a significant result (p < 0.05).
^ Indicates outcomes only taken by the wave 3 participants (n=36).

3.3.4.3. Changes in symptoms
No significant group-time differences were found. Within-group differences showed the control group’s
balance and gait confidence (ABC score) became significantly worse during the length of the study, to
a moderate-large degree (η2𝑝 = 0.08, p < 0.05). Both intervention groups did not change significantly,
and there were no significant changes in any other symptom scale.

3.3.5. Controlling for intervention adherence and therapist allocation
Results of the mixed-methods and repeated-measures ANCOVAs are shown in table 12. When
adherence and therapist allocation were controlled for, the moderate-large, but insignificant increase in
exercise in the GE group was no longer present (η2𝑝 = 0.01). All significant differences seen in the
ANOVAs were no longer present, except for the LMSQOL. GE scores did not decrease significantly
(as they did in the ANOVAs), rather AE scores increased significantly, to a large effect (η2𝑝 = 0.20, p <
0.01).

3.3.6. Differences in exercise habits
Data from the self-developed exercise habits questionnaire are shown in table 13. At baseline, the
majority of the AE group were aerobically exercising (96%), while just less than half of the GE group
were (46%). Sixty-seven percent of the AE group, and 13% of the GE group, were undertaking
resistance training. From baseline to followup, aerobic exercise participation in both groups remained
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Table 12: Effect sizes for time-group (mixed model) and time-time (repeated measures) ANCOVAs, controlling for
therapist allocation and adherence to the intervention.
Outcome assessment

Time x condition
effect (η2𝑝 )

F-value

Intervention AE
effect (η2𝑝 )

Intervention GE
effect (η2𝑝 )

Primary outcome
GLTEQ
0.01
0.07
0.02
0.01
Secondary outcomes
ABC
0.05
2.40
0.14
0.04
EG
0.01
0.50
0.00
0.00
EP
0.02
1.14
0.02
0.03
EQ-5D-5L utility
0.06
2.79
0.12
0.04
EQ-5D-5L VAS
0.10*
4.80
0.00
0.00
ESES
0.01
0.47
0.00
0.01
FSS
0.03
1.17
0.03
0.04
HADS-A
0.03
1.17
0.02
0.02
HADS-D
0.02
1.15
0.00
0.06
LMSQOL
0.08*
4.06
0.20*
0.06
MSWS
0.01
0.43
0.06
0.02
PNSES-A
0.04
1.97
0.03
0.01
PNSES-C
0.07*
3.40
0.04
0.02
PNSES-R
0.01
0.26
0.04
0.00
GLTEQ – Godin leisure-time exercise questionnaire, ABC – Activities-specific balance confidence questionnaire, EG –
Exercise goal setting and planning scale (Goal setting component), EP – Exercise goal setting and planning scale
(Planning component), VAS – visual analogue scale, ESES – Exercise self-efficacy scale, FSS – Fatigue severity scale,
HADS-A – Hospital anxiety and depression scale (Anxiety component), HADS-D – Hospital anxiety and depression
scale (Depression component), LMSQOL – Leeds multiple sclerosis quality of life scale, MSWS – MS walking scale
(12 item), PNSES - Psychological need satisfaction for exercise scale (C - Competence, R - Relatedness, A Autonomy).
* Indicates a significant result (p < 0.05).

approximately the same (within 4%). Resistance exercise participation in the AE groups remained
nearly the same (+2%). Roughly the same number of AEs aerobically exercised outdoors at testing
points (~35%), however, the GE group reduced the amount of time spent aerobically exercising
outdoors greatly, and at followup no GEs were exercising outdoors (~36% at pre, 17% at post, and 0%
at followup – table 13). Finally, of note, no GE participants at any point during the BASE-MS
intervention, were involved in team sports, while ~12.7% of AE participants were.
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Table 13: Results from exercise habits questionnaire.
Control
Type of
Category/question
activity
Pre
Post
Aerobic
“Have you participated in
75% 61%
exercise
the last week?” (% yes)

Intervention GE
Pre
Post
F/U
46% 53%
47%

980
(878)

327

972

(243)

47%
0%

83%
33%

53%
42%

“Have you participated in
the last week?” (% yes)
If so, mean load (METmins/week)

Location/s

Resistance
exercise
(machinebased, free
weights,
bands, and
bodyweight
combined)

Intervention AE
Pre
Post
F/U
100%
96% 79%

755
(421)

Location/s

If so, mean load (METmins/week)

F/U
53%

(740)

853
(518)

272
(204)

643
(470)

558
(789)

328
(383)

67%
33%

43%
17%

70%
30%

33%
17%

45%
9%

67%
17%

75%
0%

17%
0%

17%
0%

30%
26%

60%
20%

25%
42%

45%
27%

17%
17%

0%
0%

50%

33%

61%

67%

58%

69%

13%

40%

31%

387
(231)

299
(252)

483

661

(396)

(605)

685
(740)

437
(262)

223
(197)

287
(312)

326
(200)

At home, alone

78%

73%

58%

50%

54%

74%

45%

38%

At home, with
others
Outside, alone
Outside, with others

13%

36%

32%

26%

46%

13%

100
%
0%

18%

75%

13%
9%

9%
0%

5%
16%

9%
3%

0%
0%

0%
9%

20%
0%

0%
0%

13%
0%

At home, alone
At home, with
others
Outside, alone
Outside, with others

Team sports

“Have you participated in
the last week?” (% yes)

6%

0%

0%

4%

13%

11%

0%

0%

0%

Other
leisure
activities
(e.g.,
gardening)

“Have you participated in
the last week?” (% yes)

22%

27%

57%

70%

73%

57%

73%

63%

67%

556
(283)

521
(438)

355

831

(247)

(425)

796
(931)

298
(194)

504
(322)

408
(460)

340
(256)

Combined mean load (MET-mins/week)
from all activities
Balance
exercises

“Have you participated in
the last week?” (% yes)

82%

60%

64%

79%

56%

46%

60%

56%

40%

Stretching

“Have you participated in
the last week?” (% yes)

100%

100%

45%

93%

78%

85%

70%

88%

90%

Note: Absolute values are presented as means (with standard deviations).
AE – Advanced exercisers; GE – General exercisers; F/U – Follow up; MET-mins – Metabolic equivalent minutes.
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3.4. Discussion
Recent findings suggest those with MS who are more active at baseline may respond differently
to exercise and behavioural change programs (64) – which lead to the hypothesis that people with MS
who were more active at baseline would better engage with the BASE-MS intervention, and as a
consequence, would see greater improvements in health domains, compared to those who exercised less
at baseline. These results show the AE group did not increase in exercise levels, whereas the GE group
did – however these changes were no longer present once adherence level and therapist allocation were
controlled for (only QoL remained different between groups). The importance of a therapist who is
personalised and targeted in their approach to allied health in MS is known (140), and personal therapist
attributes such as the ability to provide support, advice, and encouragement to people with MS,
influence long-term adherence to exercise programs (61, 62). Qualitative research has shown that both
healthcare providers want education on how to utilise psychological models (such as SCT) (141), and
those with MS want education on methods to remain motivated and engaged with therapies – such as
the use of models like SCT (142). However, the strength of the relationship between specific therapist
traits, or therapist training in the psychological models underpinning their approach – and adherence to
an exercise program, are not well understood in MS (44), and could not be differentiated in this study.
Knowledge of which behavioural models and therapist traits result in greater participant engagement
and adherence to exercise interventions would benefit future research and the clinical prescription and
delivery of therapies like exercise, to people with MS (50, 112). For example, the use of SCT constructs
(55, 56) may better suit those with MS who exercise less (shown by the large, significant increase
autonomy in the GE group), and the application of different models, such as SDT (57) or the TPB (58,
109), may yield better results in those who are more active. This is evidenced by the large decreases in
determinants of SDT and TPB present in only the AE group (table 11), such as percieved behavioural
control (TPB), subject norms to exercise (TPB), and autonomous and controlling motivation (SDT).
These differences may explain the variation between AEs and GEs in response to the BASE-MS
program in this study. An intervention which targets themes from the TPB and/or SDT may improve
these psychosocial constructs in AEs, and result in improved engagement and adherence to exercise
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(50, 107). It is possible the use of SCT, which may not cater to AEs as well as other theories, may be
partially responsible for the lack of significant changes in secondary outcomes in the AE group. Future
research could compare the application of different behavioural models in exercise delivery, which
would allow insight into which theories produce better PA and health outcome results in both the MS
population and in sub-groups (such as more-active and less-active persons).

There were not improvements in secondary outcome measures as we expected. Most concerning is the
significant decrease in QoL (as per the LMSQOL scale) in the GE group. Given that the LMSQOL is a
better indicator of psychological QoL, and the EQ-5D-5L a better indicator of physical QoL (126, 127)
– it appears psychological QoL was not affected to the degree which physical QoL was, in the GE
group. Improvements in fatigue (FSS) and depression (HADS-D) scores, but not in anxiety scores
(HADS-A), suggest anxiety may have played a role in decreasing QoL in the GE group. A possible
explanation for this is the environment in which AEs and GEs exercised. Aerobically exercising
outdoors (compared to indoors) has shown to improve psychological QoL, and notably, anxiety (143).
Given the large decrease in outdoor aerobic exercise only evident in the GE group, it is possible then
that exercise location is largely responsible for the decrease in psychological QoL. This notion holds
true for the general population (144), however the relationship between exercise location and QoL has
not been explored in an MS population.

More aerobic sessions were completed by AEs, but more resistance sessions were completed by GEs
(figure 3). Adherence to the BASE-MS program was similar to existing research (52, 74, 78), and
decreased over time, following a similar trend to that published by Tallner et al. (78). The BASE-MS
study used SCT constructs with the aim to increase and encourage adherence and engagement with the
exercise program. Additional methods, such as activity/exercise choice, may be required to increase
adherence to such a program (62). Given the relationship between PA level and health outcomes in MS
(61, 145, 146); small increases in adherence to exercise may result in large improvements in health
outcomes. This appeared to be the case for the AE group, which showed significant improvements in
LMSQOL scores only once adherence and therapist allocation were controlled for.
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This study is the first which is able to directly compare GLTEQ scores to lifestyle PA and exercise, as
both the GLTEQ and exercise loads (from the exercise habits questionnaire) are measured in METmins/week (94). Total exercise load from the habits questionnaire includes leisure activities and team
sports, whereas the GLTEQ does not. A limitation and source of error of the exercise habits
questionnaire is that it weights each PA category (aerobic, resistance, team sports, leisure activities)
according to the intensity most commonly exercised at, however, the GLTEQ allows weighting of
different exercise intensities for each participant. For example, if a participant walked for 20 minutes
one day, and jogged for 10 minutes another day, the exercise habits questionnaire would multiply the
entire exercise time by the lower exercise intensity (walking), whereas the GLTEQ would treat each
intensity separately, and combine scores after weighting of intensity. This may lead to under or
overreporting of exercise load by the exercise habits questionnaire, compared to the GLTEQ. Despite
this, large differences were seen in exercise load changes. AE and GE groups showed increases in
GLTEQ scores from pre to followup time points, but large decreases in exercise habits scores, except
for resistance exercise load in GEs. In particularly the AE group decreased from 831 MET-mins/week
at baseline, to 298 MET-mins/week at followup, in combined PA load. The GE group also reduced PA
load, but by a lesser amount (504 MET-mins/week at baseline, to 340 MET-mins/week at followup).
This may partially explain why improvements in secondary outcomes were not seen (23, 37),
particularly in the AE group. Data from the exercise habits questionnaire would suggest community
and household engagement in PA (i.e. team sport and leisure activities) is not well correlated in aerobic
and resistance exercise levels (measured by the GLTEQ) – however proper quantitative analysis is
needed to confirm this. Also of concern is the large standard deviations in exercise loads (147) – if the
exercise habits questionnaire is to be used in future research, normal distribution should not be assumed,
and models such as logarithmic algorithms should be considered (148).

When dropout rates are not considered in interventional research, validity of their findings can be
unreliable (149). To control for dropouts, intention to treat analyses (ITT) are recommended (150, 151).
This study uses the common ITT method of ‘last observation carried forward’, which allows analysis
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of participants who have dropped out, as if they had finished the intervention – avoiding potential
attrition bias (136). However, this ITT method may be unreliable and lessen the chance of identifying
trends in the data (152, 153). It would benefit future research in this area to use alternative methods
such as the continuation of participants’ data trends (152) or applying the rate of decline in the control
to missing values (154). Another possible limitation is the use of a large number of outcome measures,
which may result in broad, but less significant, changes to secondary outcomes, as a result of the
questionnaires becoming burdensome or intrusive to participants (52). Future research may look to
implement a smaller number of more focused outcome measures. Finally, only subjective measures of
PA are reported. This has the benefit of being less burdensome for participants, however the review in
this thesis (chapter 2) provided evidence that subjective measure may inflate PA levels, when compared
to objective measures (i.e. from pedomiters or acceleromiters). It is not currently known which type of
PA measure (objective or subjective) is more accurate, and future reseach would benefit from studies
which investiagte the comparison of subjective and objective PA measures.

The BASE-MS intervention took place during the public lockdowns related to COVID-19 in Australia.
Surveys have shown the pandemic affected approximately 75% of people with MS; in which ~50% of
participants reported a reduction in PA, and an increase in unhealthy eating (44%), disturbed sleep
patterns (40%), and alcohol consumption (35%) (155). While exercise has been shown to improve
mental-wellbeing and the negative psychosocial impacts associated with COVID-19 (156), the interplay
between a behaviour and PA change program and the effects of COVID-19 in people with MS is
unknown, and may make results less generalisable to non-lockdown periods. For example, the increase
in anxiety as a result of the pandemic in people with MS (157) may reduce the ability of the participants
to complete the BASE-MS questionarres, some of which ask questions relating to anxiety/depression,
and physical/mental well-being. As this was not controlled for the study (planning of trial took place
before the pandemic), it may be a limitation future trials taking place during the pandemic could control
for, by using questionarres which probe further into the effect of COVID-19 on participants.
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3.5. Conclusion
The BASE-MS program may be suitable for those with MS who exercise minimally before the
initiation of research or clinical intervention, if the goal is to increase exercise levels. The BASE-MS
program was more effective at increasing exercise levels in persons with MS in this category. For those
with MS who exercise at a higher level (the AE group in this study), when increasing exercise levels is
the goal (for example, until the new recommendations are met (36, 37)), a different approach should be
considered. Therapist attributes and exercise adherence should be taken into account, and may be more
important in that population. Future research should investigate the difference in effectiveness between
different behavioural models (such as SCT, SDT, and TPB), and the effect the exercise environment
has, in remotely delivered exercise programs to people with MS.
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CHAPTER FOUR: SUMMARY
This thesis introduced the effect of romately-delivered exercise has on people with MS – its ability to
improve symptoms, quality of life, mental health, and the possible primary (pathophysiological) roles
PA may play in the CNS. The role of remotely delivered exercise and behaviour change programs for
people with MS were established – the barriers, advantages, and justification for its implementation
were explored, and the BASE-MS study – a randomised feasibility trial – was introduced.

A scoping review of remotely delivered exercise programs was undertaken to explore existing literature.
Intervention types were grouped and compared, and adherence, type of outcome measure used, and
length of intervention were investigated – while taking into account the risk of bias/quality of each
study found. These findings laid the foundation for the BASE-MS trial manuscript. Remotely-delivered
execise programs appear to be effect in improve symptoms and quality of life when paired with
behavioural change stratergies – however new PA guidelines for MS have not been tested.

This thesis reported on secondary findings and additional data from the BASE-MS trial – investigating
the effect of baseline exercise levels on changes in post-exercise levels, MS symptoms, mental/physical
health, exercise habits, behavioural beliefs, and attitudes towards exercise. The primary findings were
that an exercise/behaviour change program such as BASE-MS, may be better suited to people with MS
who initially exercise less. However, once therapist allocation and adherence were controlled for,
changes in PA were no longer present. When introducing an exercise and/or behaviour change program
to someone with MS – this trial suggests a different approach should be considered if a person has tried
in the past or is currently undertaking exercise. The differences individual therapists can have on the
success of such program should also be closely considered, and may be worth investigating if patients
with MS are not responding well to such an exercise/behaviour change program.

This thesis is relevant in research and clinical-based MS treatment. The scoping review laid the
groundwork, identifying several key variables which should be addressed in future research, and the
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randomised control feasibility trial provided evidence as to how healthcare professionals (such as
exercise physiologists or physiotherapists) may approach new patients with MS.
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APPENDICES
Appendix A: Search entries for each databased searched in the scoping review.
Database
Cochrane
CENTRAL

Search input
Line 1 (title): ms OR multiple sclerosis
(AND)
Line 2 (title): physical activity OR exercise OR training
(AND)
Line 3 (title): at home OR at-home OR home based OR home-based OR remoteaccess OR telerehabilitation OR telehealth OR non-supervised OR unsupervised

Ebsco CINAHL

Line 1 (title): ms OR "multiple sclerosis”
(AND)
Line 2 (abstract): “physical activity” OR exercise OR training
(AND)
Line 3 (abstract): “at home” OR at-home OR “home based” OR home-based OR
remote-access OR telerehabilitation OR telehealth OR non-supervised OR
unsupervised
Peer rev. option selected
English language option selected

Ovid Embase

Ovid MEDLINE
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(ms or "multiple sclerosis").ti. and ("physical activity" or exercise or training).ab.
and ("at home" or at-home or "home based" or home-based or remote-access or
telerehabilitation or telehealth or non-supervised or unsupervised).ab.
Search line 1
Search line 2
Search line 3
Search line 4
Search line 5
Search line 6
Search line 7
Search line 8
Search line 9
Search line 10
Search line 11
Search line 12
Search line 13
Search line 14
Search line 15
Search line 16
Search line 17
Search line 18

ms.m_titl.
multiple sclerosis.m_titl.
physical activity.m_titl.
exercise.m_titl.
training.m_titl.
at home.m_titl.
at-home.m_titl.
home based.m_titl.
home-based.m_titl.
remote-access.m_titl.
telerehabilitation.m_titl.
telehealth.m_titl.
non-supervised.m_titl.
unsupervised.m_titl.
1 or 2
3 or 4 or 5
6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14
15 and 16 and 17
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ProQuest PsycINFO

(ti(multiple sclerosis) OR ti(MS)) AND (ab(physical activity) OR ab(exercise) OR
ab(training)) AND (ab(at home) OR ab(at-home) OR ab(home based) OR ab(home-based)
OR ab(remote-access) OR ab(telerehabilitation) OR ab(telehealth) OR ab(non-supervised)
OR ab(unsupervised))
Peer review option selected

Scopus

( TITLE ( ms OR "multiple sclerosis" ) AND TITLE ( physical AND activity OR
exercise OR training ) AND TITLE-ABS-KEY ( "at home" OR at-home OR "home
based" OR home-based OR remote-access OR rehabilitation OR telehealth OR nonsupervised OR unsupervised ) ) AND ( LIMIT-TO ( DOCTYPE , "ar" ) ) AND (
LIMIT-TO ( LANGUAGE , "English" ) )

Web of Science Core
Collection

TITLE: (ms OR "multiple sclerosis") AND TOPIC: ("physical activity" OR exercise OR
training) AND TOPIC: (at-home OR home-based OR remote-access OR telerehabilitation OR telehealth OR non-supervised OR unsupervised)

PEDro Database

multiple sclerosis rehabilitation home tele* physical activity exercise *home* remote*
*supervised
Match any search term (OR) option selected
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Appendix B: Ethics approval.
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Appendix C: recruitment information.

Page 81

Aiden White-Kiely Masters of Exercise Science Thesis • Appendices

Delivering a remote exercise program embedded with behaviour
interventions to persons with multiple sclerosis (MS): a randomised
feasibility trial.

Welcome potential participant!
You are invited to participate in a research study; “Delivering a remote exercise program
embedded with behaviour interventions to persons with multiple sclerosis (MS)" that focuses
on community exercise for people with Multiple Sclerosis. The study will be run by
researchers from Murdoch University, WA, Australia.

What are the reasons for the study?
Engaging in physical activity is beneficial to the wellbeing of people with MS. The aim of the
study is to assess the feasibility of a study designed to involve people with MS in an exercise
program. This study is a feasibility study, meaning that we will focus on the process of the
study in terms of rates of recruitment, adherence, and retention of participants. Another focus
point will be resources required, such as time, cost and equipment. We will further focus on
the outcomes of people who participate in the study experience, such as exercise
participation, symptoms of MS and motivations surrounding exercise.

If you decide to take part in this research study, it is important that you have a full
understanding of the purposes of the study and the tasks that you may be asked to complete
during your participation. Please understand that you can raise any questions or concerns that
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you have, and that they have been answered to your utmost satisfaction before you consent to
participate.

What the study involves:
If you decide to take part in the study, you will be asked to complete the following tasks:
Complete an online questionnaire before the commencement of your intervention that should
take no longer than 20 minutes. The questionnaire will ask you questions about your MS, any
MS medications you are taking and about your health habits in relation to your current
activity levels. You will then be randomly selected to take part in one of two conditions as
follows:

If you are selected for Condition 1 – Exercise condition;
You will be required to complete the exercise individually at home or in your own
community, and the exercise will involve sessions of aerobic walking and sessions of
resistance training each week for up to 5 months, the number of sessions will be based on the
current physical activity guidelines for MS and based on your previous history of exercise.
You will receive emails and telephone/video calls from our team of physiotherapists and
clinical exercise physiology students. You will provide feedback on your progress with the
intervention at different stages of the study. After month 4, and month 5 you will be asked to
complete the questionnaire on MS and health habits.

If you are selected for Condition 2 – Usual care condition;
You do not need to change your lifestyle behaviours. You will be asked to complete the
questionnaire on your MS and health habits at month 4, 5.
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Voluntary Participation and Withdrawal for the research study:
It is important that you understand that your participation in this study is completely
voluntary and that you may withdraw at any stage without discrimination or prejudice. All
information provided by you is treated will complete confidentiality and no names or
identifying factors are used in any publications or presentations that arise from this research
study. If you withdraw from the study within 2 weeks of starting, then all the information that
you have provided will be deleted. We reserve the right to maintain outcome measurement
data collected from you should you remain in the study after 2 weeks of starting the study.

Privacy:
Your privacy is of utmost importance, and whether you elect to participate in the study or not
will be kept completely confidential.

Benefits of the study:
There is no guarantee that you will personally benefit by participating in the study, the
information gained from participation may help others with MS in the future, as well as
researchers and clinicians. Please note that while there is strong research indicating the
benefit of exercise in persons with MS, the benefits are not the same for everyone and
exercise is not a solution to your medical situation and may not lead to improvement.

Possible risks of the study:
There are no specific risks involved with participation in this research study. However, if you
have any concerns or problems that arise please don’t hesitate to contact one of the
researchers involved in the study.
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Contact details:
Main Study contact e-mail: mshealthstudy@murdoch.edu.au

Supervising researcher:
Yvonne Learmonth, e-mail: yvonne.learmonth@murdoch.edu.au

Once we have analysed the information relating to the study, we will post a summary of the
findings on the website of the Discipline of Exercise Science, College of Science, Health,
Engineering and Education, Murdoch University. You can expect to receive this feedback in
2021.

If you are willing to consent your participation in the research study, please complete the
Consent Form.
Thank you for your time and assistance with this research project.

Sincerely,
Yvonne Learmonth
Inderpreet Kaur
This study has been approved by the Murdoch University Human Research Ethics Committee
(Approval 2019/021). If you have any reservation or complaint about the ethical conduct of this
research, and wish to talk with an independent person, you may contact Murdoch University’s
Research Ethics Office (Tel. (+61 8) 9360 6677) or e-mail ethics@murdoch.edu.au). Any issues
you raise will be treated in confidence and investigated fully, and you will be informed of the
outcome.
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Appendix D: Outcome measures.
Exercise Goal Setting and Planning
Questionnaire Exercise Goals
The following questions refer to how you set exercise goals and plan exercise activities. Please indicate the
extent to which each of the statements below describes you:
Does not describe

Describes

completely

1. I often set exercise goals .......................................................................................... 1

2

3

4

5

2.I usually have more than one major exercise goal .................................................... 1

2

3

4

5

3. I usually set dates for achieving my exercise goals .................................................. 1

2

3

4

5

4. My exercise goals help to increase my motivation for doing exercise ..................... 1

2

3

4

5

5. I tend to break more difficult exercise goals down into a series of smaller goals. 1

2

3

4

5

6. I usually keep track of my progress in meeting my goals ........................................ 1

2

3

4

5

7. I have developed a series of steps for reaching my exercise goals .......................... 1

2

3

4

5

8. I usually achieve the exercise goals I set for myself ................................................ 1

2

3

4

5

9. If I do not reach an exercise goal, I analyze what went wrong ................................ 1

2

3

4

5

10. I make my exercise goals public by telling other people about them ....................... 1

2

3

4

5
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Exercise Plans Questionnaire

The following questions refer to how you fit exercise into your lifestyle. Please indicate the extent to which
each of the statements below describes you:
Does not describe

Describes

completely

1. I never seem to have enough time to exercise .........................................................1

2

3

4

5

2. Exercise is generally not a high priority when I plan my schedule ......................... 1

2

3

4

5

3. Finding time for exercise is difficult for me............................................................ 1

2

3

4

5

4. I schedule all events in my life around my exercise routine ................................... 1

2

3

4

5

5. I schedule my exercise at specific times each week ................................................ 1

2

3

4

5

6. I plan my weekly exercise schedule ....................................................................... 1

2

3

4

5

7. When I am very busy, I don’t do much exercise .....................................................1

2

3

4

5

8. Everything is scheduled around my exercise routine—both classes and work. . 1

2

3

4

5

1

2

3

4

5

10. I write my planned activity sessions in an appointment book or calendar ..............1

2

3

4

5

9. I try to exercise at the same time and same day each week to keep
a routine going.
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EQ-5D-5L
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Exercise Self-efficacy questionnaire
The items listed below are designed to assess your beliefs in your ability to accumulate 30
or more minutes of moderate to vigorous physical activity on most days of the week in the
upcoming months. Moderate activities are similar to a brisk walk and vigorous activities are
similar to what it feels like to run. For this activity, please only consider physical activities
that occur for 10 minutes at a time. Using the scales listed below please indicate how
confident you are that you will be able to be physically active in the future.
For example, if you have complete confidence that you could accumulate 30 or more
minutes of moderate to vigorous physical activity on most days of the week in the next
month, you would circle 100%. However, if you had no confidence at all that you could
participate in physical activity for the next month without quitting, you would circle 0%.
Please remember to answer honestly and accurately. There are no right or wrong answers.
0%

10%

20%

30%

NOT AT ALL
CONFIDENT

40% 50%

60%

70%

80%

MODERATELY
CONFIDENT

90%

100%

HIGHLY
CONFIDENT

1. I am able to participate in physical activity most days of the week at moderate
intensity, for 30+ minutes
without quitting for the NEXT MONTH.
0%

10%

20%

30%

40% 50%

60%

70%

80%

90% 100%

2. I am able to participate in physical activity most days of the week at moderate
intensity, for 30+ minutes without quitting for the NEXT TWO MONTHS.
0% 10%
20%
30% 40% 50%
60%
70%
80%
90% 100%
3. I am able to participate in physical activity most days of the week at moderate
intensity, for 30+ minutes without quitting for the NEXT THREE MONTHS.
0% 10% 20% 30% 40% 50%
60% 70% 80% 90% 100%
4. I am able to participate in physical activity most days of the week at moderate
intensity, for 30+ minutes without quitting for the NEXT FOUR MONTHS.
0% 10%
20%
30% 40% 50%
60%
70%
80%
90% 100%
5. I am able to participate in physical activity most days of the week at moderate
intensity, for 30+ minutes without quitting for the NEXT FIVE MONTHS.
0% 10%
20%
30% 40% 50%
60%
70%
80%
90% 100%
6. I am able to participate in physical activity most days of the week at moderate intensity,
for 30+ minutes without quitting for the NEXT SIX MONTHS.
0% 10%
20%
30% 40% 50%
60%
70%
80%
90% 100%
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The Fatigue Severity Scale
The following statements ask about your experience with MS-related fatigue. Please indicate
the extent to which you agree with each statement listed below by using the scale which
follows. Select the response that most closely matches your own, remembering that there are
no right or wrong answers.
1 = strongly disagree
2 = disagree
3 = slightly disagree
4 = neither agree nor disagree
5 = slightly agree
6 = agree
7 = strongly agree

During the past 4-weeks, I have found that:

SCORE

1. My motivation is lower when I am fatigued.

1

2

3

4

5

6

7

2. Exercise brings on my fatigue.

1

2

3

4

5

6

7

3. I am easily fatigued.

1

2

3

4

5

6

7

4. Fatigue interferes with my physical functioning.

1

2

3

4

5

6

7

5. Fatigue causes frequent problems for me.

1

2

3

4

5

6

7

6. My fatigue prevents sustained physical functioning.

1

2

3

4

5

6

7

7. Fatigue interferes with carrying out certain duties
and responsibilities.

1

2

3

4

5

6

7

8. Fatigue is among my three most disabling
symptoms.

1

2

3

4

5

6

7

9. Fatigue interferes with my work, family, or social life.

1

2

3

4

5

6

7
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Godin Leisure Time Exercise Questionnaire
Considering a 7-Day period (a week), how many times on the average do you do the following
kinds of exercise for more than 15 minutes during your free time (write on each line the
appropriate number).
Times per week
a.) Strenuous exercise (Heart beats rapidly)
_______________
(i.e. running, jogging, hockey, football soccer, squash, basketball, cross country
skiing, judo, roller skating, vigorous swimming, vigorous long distance
bicycling)

b.) Moderate exercise (Not Exhausting)
_______________
(i.e. fast walking, baseball, tennis, easy bicycling, volleyball, badminton,
alpine skiing, easy swimming, popular and folk dancing)

c.) Mild exercise (Minimal effort)
_______________
(i.e. yoga, archery, fishing from river bank, bowling, horseshoes, golf, snow-mobiling, easy
walking)

Considering a 7-day period (a week), during your leisure-time, how often do you
engage in any regular physical activity long enough to work up a sweat (heart beats
rapidly)?
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Hospital Anxiety and Depression Scale
For the following 14 items, please select the choice that best describes how you have felt over
the past 4-weeks.
Most of
A lot of the
From time
Not at all
the time
time
to time,
occasionally
1. I feel tense or “wound up.”
2. I still enjoy the things I used to enjoy.
3. I get a sort of frightened feeling as if
something awful is about to happen.
4. I can laugh and see the funny
side of things
5. Worrying thoughts go through my
mind.
6. I feel cheerful.
7. I can sit at ease and feel relaxed.
8. I feel as if I am slowed down.
9. I get a sort of frightened feeling
like “butterflies” in the stomach.
10. I have lost interest in my
appearance.
11. I feel restless as if I have to be on the
move.
12. I look forward with enjoyment to
things.
13. I get sudden feelings of panic.
14. I can enjoy a good book or radio or TV
program.
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Leeds MS QOL Scale

Please indicate the extent to which you agree with each statement listed below by using scale which follows.
Select the response that most closely matches your own, remembering that there no right or wrong answers.
1= Not at all
2= A little
3=Quite a lot
4=Very much
1. _____________ My health has affected my relationships with my family.
2. _____________ I have felt lonely.
3. _____________ I have felt good about my appearance.
4. _____________ I have worried about my health.
5. _____________ I have worried about other people’s attitudes toward me.
6. _____________ I have felt tired.
7. _____________ I have had as much energy as usual.
8. _____________ I have felt happy about the future.

Page 94

Multiple Sclerosis Walking Scale

115

Aiden White-Kiely Masters of Exercise Science Thesis • Appendices

The Activities-specific Balance Confidence (ABC) Scale
Instructions to Participants:
For each of the following, please indicate your level of confidence in doing the activity without
losing your balance or becoming unsteady from choosing one of the percentage points on the
scale form 0% to 100%. If you do not currently do the activity in question, try and imagine how
confident you would be if you had to do the activity. If you normally use a walking aid to do
the activity or hold onto someone, rate your confidence as it you were using these supports. If
you have any questions about answering any of these items, please ask the administrator.

The Activities-specific Balance Confidence (ABC) Scale* For each of the following
activities, please indicate your level of self-confidence by choosing a corresponding
number from the following rating scale:
0% 10
20
no confidence

30

40

50

60

70

80
90
100%
completely confident

“How confident are you that you will not lose your balance or become unsteady when you…
…walk around the house?
%
…walk up or down stairs?
%
…bend over and pick up a slipper from the front of a closet floor
%
…reach for a small can off a shelf at eye level?
%
…stand on your tiptoes and reach for something above your head?
%
…stand on a chair and reach for something?
%
…sweep the floor?
%
…walk outside the house to a car parked in the driveway?
%
…get into or out of a car?
%
…walk across a parking lot to the mall?
%
…walk up or down a ramp?
%
…walk in a crowded mall where people rapidly walk past you?
%
…are bumped into by people as you walk through the mall?
%
…step onto or off an escalator while you are holding onto a railing?
%
15. … step onto or off an escalator while holding onto parcels such that you cannot hold
onto the railing?
%
16. …walk outside on icy sidewalks?
%

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
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Theory of planned behaviour and self-determination theory
questionnaires
Attitudes
For me, engaging in physical activity over the next month (4 week period) is……
1.
Unimportant 1
2
3
4
5
6
7
2.
Not
Worthwhile
3.
No
Use

1

1

2

2

4.
Unenjoyable 1
5.
Bad

1

3

4

3

2

2

5

4

3

6

5

4

5

3

4

5

Strongly
Disagree
1

Disagree

Neutral

2

Slightly
Disagree
3

1

2

1

1

7

Important

Worthwhile

6

7

Useful

6

7

Enjoyable

6

7

Good

Subjective Norms

1. People who are
important to me
(i.e.,
friends/family) will
approve of my
decision to start
exercising.
2. I feel under
pressure to exercise
regularly from
people who are
important to me.
3. Most people
who are important
to me (i.e.,
friends/family)
would want me to
keep exercising.
4. I exercise
because I do not
want to disappoint
the people who are
important to me
(i.e.,
family/friends).
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Agree

4

Slightly
Agree
5

6

Strongly
Agree
7

3

4

5

6

7

2

3

4

5

6

7

2

3

4

5

6

7
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Intentions

I intend to engage in
physical activity over
the next four weeks.

Extremely
Unlikely
1

Unlikely Slightly Neutral Slightly Likely
Unlikely
Likely
2
3
4
5
6

Perceived Behaviour Control
Read the statement below and select the number on
the right that best describes your answer
How much personal control do you have to engage in
any physical activity (PA) over the next 4 weeks?

No
Control
1
2

Autonomous Motivation
Read the statements below and select the number on the
right that best describes your answer
Intrinsic Motivation
I enjoy engaging in physical activities.
I engage in physical activity programs because it is fun.
Exercising makes me feel more energised.
After engaging in a physical activity, my mood brightens.
Identified Regulation
I exercise because I value the health benefits.
I exercise because I know the benefits it has in MS
I engage in physical activity because I know of the
improvements it would do to my health.
I engage in physical activity because I want to improve in my
physical strength.
I exercise because I want to feel less fatigued.
Introjected Regulation
I feel guilty when I do not take part in physical activity.
I feel weak when I do not take part in physical activity.
I feel ashamed at myself for not exercising.
I feel like a disappointment to my friends and family if I do not
exercise.
I am not bothered if I do not engage in any physical activity.
I would feel bad if my family does not see that I make an
effort to improve my health.
External Regulation
I exercise because my family says that I should.
I engage in physical activity because my doctor said I should.
I participate in physical activity because my
friends encourages me to.
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3

4

5

6

Not true
at all

Extremely
Likely
7

Complete
Control
7

Very True

1
1
1
1

2
2
2
2

3
3
3
3

4
4
4
4

1
1
1

2
2
2

3
3
3

4
4
4

1

2

3

4

1
1
1
1
1
1

2
2
2
2
2
2

3
3
3
3
3
3

4
4
4
4
4
4

1
1

2
2

3
3

4
4

1
1
1

2
2
2

3
3
3

4
4
4
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Exercise Habits Questionnaire (Novel)
Questions in non-bold/indented were only presented (electronically) if the previous question was
answered “YES”.
Possible responses are indicated in red italics.
Did you perform any aerobic exercise in the last week? For example: walking, running, bike
riding, swimming, etc. Y/N
Did you use any equipment while exercising? Y/N + Field entry
How many times did you aerobically exercise last week? Field entry
About how many minutes did you exercise each session? Field entry
How intense was the majority of your aerobic exercise? Options:
a) Mild exercise (minimal effort, how you might feel when doing yoga, fishing,
bowling, playing golf, easy walking)
b) Moderate exercise (not exhausting, how you might feel when fast walking, easy
bicycling, easy swimming or dancing)
c) Vigorous exercise (heart beats rapidly, how you might feel when running,
jogging, playing football/soccer/basketball, vigorous swimming, vigorous bicycling)
Where did you exercise? Options (multiple):
• On your own
• With others
• Inside (in your home or another venue)
• Outside
Did you participate in any team sport in the last week? Y/N
How many times did you participate last week? Field entry
About how many minutes did you exercise each session? Field entry
How intense was the majority of the exercise? Options:
a) Mild exercise (minimal effort, how you might feel when doing yoga, fishing,
bowling, playing golf, easy walking)
b) Moderate exercise (not exhausting, how you might feel when fast walking, easy
bicycling, easy swimming or dancing)
c) Vigorous exercise (heart beats rapidly, how you might feel when running,
jogging, playing football/soccer/basketball, vigorous swimming, vigorous bicycling)
Did you participate in any leisure activities last week? For example: Gardening, fishing,
bowling, etc. Y/N
How many times did you participate last week? Field entry
About how many minutes did you spend on each session? Field entry
How intense was the majority of the sessions? Options:
a) Mild exercise (minimal effort, how you might feel when doing yoga, fishing,
bowling, playing golf, easy walking)
b) Moderate exercise (not exhausting, how you might feel when fast walking, easy
bicycling, easy swimming or dancing)
c) Vigorous exercise (heart beats rapidly, how you might feel when running,
jogging, playing football/soccer/basketball, vigorous swimming, vigorous bicycling)
Did you participate in resistance training last week? Y/N
Did you use weight machines? Y/N
How many times did you perform resistance training last week? Field entry
About how many minutes did you exercise each session? Field entry
How intense was the majority of your resistance exercise? Options:
a) Mild exercise (minimal effort, how you might feel when doing yoga, fishing,
bowling, playing golf, easy walking)
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b) Moderate exercise (not exhausting, how you might feel when fast walking, easy
bicycling, easy swimming or dancing)
c) Vigorous exercise (heart beats rapidly, how you might feel when running,
jogging, playing football/soccer/basketball, vigorous swimming, vigorous bicycling)
Where did you exercise? Options (multiple):
• On your own
• With others
• Inside (in your home or another venue)
• Outside
Did you use resistance bands? Y/N
How many times did you perform resistance training with bands last week? Field entry
About how many minutes did you exercise each session? Field entry
How intense was the majority of your resistance exercise? Options:
a) Mild exercise (minimal effort, how you might feel when doing yoga, fishing,
bowling, playing golf, easy walking)
b) Moderate exercise (not exhausting, how you might feel when fast walking, easy
bicycling, easy swimming or dancing)
c) Vigorous exercise (heart beats rapidly, how you might feel when running,
jogging, playing football/soccer/basketball, vigorous swimming, vigorous bicycling)
Where did you exercise? Options (multiple):
• On your own
• With others
• Inside (in your home or another venue)
• Outside
Did you undertake any bodyweight resistance training? Y/N
How many times did you perform bodyweight resistance last week? Field entry
About how many minutes did you exercise each session? Field entry
How intense was the majority of your resistance exercise? Options:
a) Mild exercise (minimal effort, how you might feel when doing yoga, fishing,
bowling, playing golf, easy walking)
b) Moderate exercise (not exhausting, how you might feel when fast walking, easy
bicycling, easy swimming or dancing)
c) Vigorous exercise (heart beats rapidly, how you might feel when running,
jogging, playing football/soccer/basketball, vigorous swimming, vigorous bicycling)
Where did you exercise? Options (multiple):
• On your own
• With others
• Inside (in your home or another venue)
• Outside
Did you perform any balance training last week? Y/N
How many times did you participate last week? Field entry
Did you perform any stretching training last week? Y/N
How many times did you participate last week? Field entry
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Appendix E: Outcome measure calculations.
Outcome measures were calculated using the listed formulas:
Exercise Goal Setting and Planning Scale – Goal component
All scores summed.
Exercise Goal Setting and Planning Scale – Planning component
All scores summed, question 7 scored inversely.
Self-Efficacy Scale
All scores summed, divided by 6, then multiplied by 10 (for a percentage score).
Fatigue Severity Scale
All scores summed, then divided by 9 (for a mean score).
Godin Leisure-Time Exercise Questionnaire
High intensity minutes multiplied by 9, moderate intensity by 5, and low intensity by 3. All
multiplied scores then summed.
Hospital Anxiety and Depression Scale – Anxiety component
Odd numbered questions summed, question 7 scored inversely.
Hospital Anxiety and Depression Scale – Depression component
Even numbered questions summed, questions 2, 4, 6, 12, and 14 scored inversely.
Leeds MS Quality of Life Scale
All scores summed, questions 3, 7, and 8 scored inversely.
MS Walking Scale (12 item)
Scores summed, divided by 60, then multiplied by 100 (for a percentage score).
Activities-Specific Balance Confidence Scale
All scores summed, then divided by 16 (for a mean score).
Psychological Need Satisfaction Exercise Scale – Competency component
Questions 1, 4, 6, 10, 12, and 15 summed, then divided by 6 (for a mean score).
Psychological Need Satisfaction Exercise Scale – Autonomy component
Questions 8, 9, 11, 13, 17, and 18 summed, then divided by 6 (for a mean score).
Psychological Need Satisfaction Exercise Scale – Relatedness component
Questions 2, 3, 5, 7, 14, and 16 summed, then divided by 6 (for a mean score).
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Self Determination Theory Questionnaire – Autonomous motivation component
Sum all intrinsic motivation and identified motivation scores/questions.
Self Determination Theory Questionnaire – Controlling motivation component
Sum all introjected motivation and external regulation scores/questions.
Theory of Planned Behaviour Questionnaire – Attitudes to exercise component
Sum of all attitudes to exercise scores/questions.
Theory of Planned Behaviour Questionnaire – Exercise engagement intent component
Single score reported (exercise engagement question).
Theory of Planned Behaviour Questionnaire – Subject norms component
Sum of all subject norms scores/questions.
Theory of Planned Behaviour Questionnaire – Perceived behavioural control component
Single score reported (perceived behavioural control question).
EQ-5D-5L – Utility score
The final score is computed in an algorithm which weights different various components
differently depending on the data set for that state/country/area. Murdoch University did not
have access to the software or algorithm required to calculate utility scores. This was done
externally by Dr. Julie Campbell (see chapter four).
EQ-5D-5L – VAS score
Single score reported (from the scale).

Page 103

Aiden White-Kiely Masters of Exercise Science Thesis • Appendices

Appendix F: Example newsletter.
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Appendix G: List of exercises and exercise loads/prescriptions of the BASE-MS program.
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