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Abstract
Background: Exercise has consistently yielded short-term, positive effects on health outcomes in people with
multiple sclerosis (MS). However, these effects have not been maintained in the long-term. Behaviour change
interventions aim to promote long-term positive lifestyle change. This study, namely, “Step it Up” will compare the
effect of an exercise plus Social Cognitive Theory (SCT)-based behaviour change intervention with an exercise plus
control education intervention on walking mobility among people with MS.
Methods/design: People with a diagnosis of MS who walk independently, score of 0–3 on the Patient Determined
Disease Steps, who have not experienced an MS relapse or change in their MS medication in the last 12 weeks and
who are physically inactive will be randomised to one of two study conditions. The experimental group will undergo a
10-week exercise plus SCT-based behavioural change intervention. The control group will undergo a 10-week exercise
plus education intervention to control for contact. Participants will be assessed at weeks 1, 12, 24 and 36. The primary
outcome will be walking mobility. Secondary outcomes will include: aerobic capacity, lower extremity muscle strength,
participant adherence to the exercise programme, self-report exercise intensity, self-report enjoyment of exercise,
exercise self-efficacy, outcome expectations for exercise, goal-setting for exercise, perceived benefits and barriers to
exercise, perceptions of social support, physical and psychological impact of MS and fatigue. A qualitative evaluation of
Step it Up will be completed among participants post-intervention.
Discussion: This randomised controlled trial will examine the effectiveness of an exercise plus SCT-based behaviour
change intervention on walking mobility among people with MS. To this end, Step it Up will serve to inform future
directions of research and clinical practice with regard to sustainable exercise interventions for people with MS.
Trial registration: ClinicalTrials.gov, NCT02301442
Keywords: Exercise, Physical activity, Social cognitive theory, Behaviour change, Physiotherapy

Background
Multiple Sclerosis (MS) is a chronic, often progressive
disease of the central nervous system that results in a
variety of impairments that cause limitations in activities
and participation restrictions. Mobility limitations are
common [1,2] even in the early stages of the disease [3]
and are of significant concern to people with MS [4,5].
Despite recent advances in pharmacological treatments,
exercise therapy remains the cornerstone of the management of mobility limitations among people with MS.
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There is an expanding body of evidence suggesting that
exercise has positive effects on many of the impairments
and subsequent activity limitations and restrictions in
participation for people with MS. Systematic reviews
and meta-analyses demonstrate that exercise has a positive effect on muscle strength [6,7], aerobic capacity [7],
mobility [1], quality of life [8,9] and fatigue [10,11]. One
recent review confirmed the safety of exercise for
people with MS [12]. However, despite increasing evidence for the beneficial effects of physical activity (PA)
and exercise, there is consistent evidence that people
with MS are, in fact, less active than their healthy counterparts [13] and those with other health conditions
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[14]. Klaren et al. (2013) [15] demonstrated that 20% of
PwMS in their study met public health guidelines for
mild-to-vigorous PA when compared to 47% of the
healthy controls. This is of concern given that reduced
PA levels are associated with reduced quality of life [16],
and increased risk of cardiovascular disease [17]. Indeed, a
recent population study found that people with MS have a
2.4 fold increased risk of death due to cardiovascular
disease than the general population [18] and this may
be linked with physical inactivity [19].
A recent multi-centre block randomised controlled
trial, which evaluated the effectiveness of community
exercise interventions for people with MS who had minimal gait impairment, demonstrated significant benefits
of exercise in the community [20]. Physiotherapist- and
fitness- instructor- led interventions consisted of combined aerobic and strengthening training components.
That exercise intervention resulted in significant improvements in the physical impact of MS, psychological
impact of MS, impact of fatigue and walking endurance
[20]. Of note, however, is that these improvements were
not maintained over the longer term and the effect on
the primary outcome measure (walking mobility) was no
longer significant 12 weeks post-treatment [20]. Moreover, there was significant attrition with 50% loss to
follow up at 24 weeks [20]. It is therefore imperative that
future research interventions facilitate long-term adherence and positive changes in PA behaviour, in order to
inform the implementation of sustainable exercise interventions for people with MS.
A behavioural outcome of paramount importance for
optimised, long-term effectiveness of exercise programmes
is exercise-adherence, particularly post-intervention PA
behaviour [21].
Social Cognitive Theory (SCT) is one of the most
widely-adopted theoretical frameworks for understanding
and optimising PA and other health behaviours. Along
these lines, researchers have developed a programme of
work investigating a SCT-based behaviour change intervention. The intervention involves workshops that aim to
enhance exercise self-efficacy and focus on the provision
of information relative to PA participation based on the
principles of SCT; namely outcome expectations, selfefficacy, impediments and goal setting. Previous research
has demonstrated that individuals who completed the
SCT-based intervention attended more exercise sessions
than individuals in the standard care group [22]. Subsequent research using an online delivery [23] observed significant positive effects on PA as measured by the Godin
Leisure Time Exercise Questionnaire that were subsequently replicated as a significant, large increase on accelerometer step counts [24]. Supplementing the programme
with video coaching further increased PA and this change
was maintained 12 weeks post-intervention [25].
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Given the positive effects of these two separate but
complementary areas of work it is probable that a combination of exercise and SCT-based behaviour change
approaches could further improve and maintain health
outcomes for people with MS. Step it Up will compare
the effect of an exercise plus SCT-based behaviour
change intervention with an exercise plus control education intervention on walking mobility among people
with MS. Our hypothesis is that those in the exercise
and SCT-based intervention will achieve significantly
more improvement in walking mobility than the control
group post-intervention (12 weeks) and that this improvement will be maintained at 24- and 36- week follow up.

Methods/design
Study design

This will be a multi-centre, double blind, randomised,
controlled trial comparing an exercise plus SCT-based
intervention with an exercise plus contact control education intervention. Outcomes measures will be administered at weeks 1, 12, 24 and 36. The study will be
performed in agreement with the Declaration of Helsinki
and is approved by the Health Service Executive Mid-West
Research Ethics Committee, the Galway University
Hospitals Clinical Research Ethics Committee and the
University of Limerick, Faculty of Education and Health
Sciences Research Ethics Committee.
Sample size

It is assumed that the effect of the intervention yields an
average improvement in 6 Minute Walk Test (6MWT)
distance of 36 m with an estimated standard deviation of
48.2 m [26]. In order to have 80% power (at the 5%
significance level) to detect such a difference in mean
improvement in 6MWT over the study period between
groups, a sample of size 62 randomised equally to two
arms (i.e. 31 per arm) is needed. In order to account for
potential drop out a sample of size 72 will be recruited.
Recruitment and eligibility

The participants will be recruited using the social
media, email and postal communications of the MS Society of Ireland. Additionally people with MS will be recruited via neurology clinics in three urban locations in
the west and south of Ireland. People who are interested
in taking part in the trial will be invited to contact the
research team at the University of Limerick via phone
or email, wherein they will be given an opportunity to
ask questions about Step it Up. When contacted, the researcher will explain the study in detail. Potential participants will be screened for selection criteria over the
telephone and participant information leaflet and informed consent forms via post or email will be sent to
each potential participant. Inclusion criteria are: (1)
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physician-confirmed formal diagnosis of MS, (2) aged
18 years or more, (3) Patient Determined Disease Steps
score of 0–3, (4) a sedentary lifestyle (<30 minutes of
moderate to strenuous exercise one day or more per
week over the last six months) and (5) willing to give
written informed consent. Exclusion criteria are: (1)
pregnancy, (2) MS relapse in the last 12 weeks and (3)
changes to MS medication or steroid treatment in the
last 12 weeks.
Random allocation procedures

Participants will be randomly allocated individually to
the exercise plus SCT-based intervention or the exercise
plus contact control education intervention. The allocation sequence will be concealed from all study personnel
until after data collection is complete. All participants
will be informed that we are evaluating the effect of
combining exercise and education, and as such will be
blind to their group allocation.
Intervention procedures
Exercise plus contact control education intervention

The control group will receive an exercise and a didactic
control education component. The exercise intervention
will be common to both groups, will include aerobic and
strengthening components and will be delivered by
physiotherapists who are trained in the delivery of this
standardised exercise intervention. The aim of the exercise component is to progressively increase the intensity
of both aerobic and strengthening activities to enable
the participants to reach the recently published MS exercise guidelines [7]. The aerobic activity will be walking, the
intensity of which will be monitored using step rate measured using the Yamax digiwalker pedometer* (which will
be provided to all participants) and an exercise log to
document duration of walking exercise and number of
steps taken. It is widely accepted that 100 steps per minute
equates to three MET or moderate intensity PA among
various clinical populations [27,28]. Similar values have
been established for people with MS where the mean steprate threshold at three METs for mean heights was 99 for
people with MS who had minimal walking impairment
and 96 for those with MS who had mild-moderate walking
impairment [29]. Thus the target walking exercise intensity for both groups in the current study will be a
rate of 100 steps per minute. Participants will begin
with 10 minutes of walking twice weekly at a rate of 100
steps/minute and increase incrementally in 5 minute
intervals over 5 weeks until they reach the guideline of
30 minutes twice weekly [7].
The strengthening programme is based on a communitybased exercise programme that has been evaluated previously [20] and will consist of ten exercises targeting
major muscle groups for the upper and lower extremities
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using elastic resistance band. The intensity and duration
of the strengthening component of the intervention will
be progressed by increasing the number of repetitions and
sets and changing the resistance of the elastic resistance
band used for each strengthening exercise. Participants
will begin with one set of 10–15 repetitions and gradually
increase the number of sets, repetitions and level of
resistance until they meet the target of two sets of each
exercise twice weekly with sufficient resistance that they
are failing on the 12th repetition. Over the 10-week
programme participants will attend the group exercise
class on six occasions, supplemented with a telephone
coaching call in the weeks without classes (intervention
weeks 4, 6, 7 and 9). These telephone calls will consist
of direct questions about the frequency, intensity, type
and duration of exercise they have completed and
whether they have experienced any adverse events or
relapses. Of note, these telephone calls will also be
conducted at weeks 16, 20 and 36, after the 10-week
intervention has been completed. After each of the
group exercise classes the control group will receive an
education session about topics unrelated to PA behaviour,
e.g. diet, vitamin D, sleep, temperature and hydration, and
immunisations and vaccinations.
Exercise plus SCT-based intervention

The exercise plus SCT-based intervention group will receive the same exercise intervention as the control
group (as described in the previous section).This group
will also receive a behaviour change intervention based
on the principles of SCT. The SCT-based education
sessions will be delivered after each exercise session by
physiotherapists who are trained in this area and will
incorporate the principle elements of SCT including
self-efficacy, outcome expectations, impediments and
goal-setting. Session 1 will consist of a discussion on the
benefits of exercise for persons with MS, instructions
for beginning an exercise program, education on outcome expectations (physical, social, self-evaluative and
mental outcome expectations) of the Step it Up intervention and instructions on effective self-monitoring of
one’s behaviour (use of exercise logs and pedometers).
Session 2 will include group discussion and physiotherapyled guidance on setting specific, measureable, adjustable,
action-oriented, realistic and time-based exercise and
PA goals. Participants will also complete group-based
written assignments and document their exercise goals
during this session. Session 3 will focus on the concept
of self-efficacy, with emphasis on the sources of
self-efficacy, namely: mastery accomplishments, social
modelling, social persuasion and the interpretation of
physiological states. Session 4 will consist of discussion
and documentation of the barriers and facilitators of
exercise (environmental, social, health and cognitive
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and behavioural). Session 5 will focus on the concept of
long-term maintenance of a physically-active lifestyle.
The last education session will involve a celebratory
ceremony for the participants to commend them on their
successful completion of the Step it Up programme.
Beyond providing presentation notes, individual reflection
and written exercises, group discussion on each of the
principles of SCT, and providing on-going feedback on all
aspects of PA behaviour, the program will include video
files of people with MS discussing PA behaviour and their
experiences of initiating and maintaining a physicallyactive lifestyle. The use of video files of people with MS is
grounded in a central tenet of SCT- the promotion of
self-efficacy via social modelling and social persuasion. On
the weeks when the participants do not attend group
sessions, they will receive a telephone coaching call from
the physiotherapist. These coaching calls will consist
of guided conversations that consider the components
of SCT delivered in the previous session and a revision
of other components. Of note, participants will also
receive telephone coaching calls from the physiotherapists
at weeks 16, 20 and 36 (after the 10-week programme has
been completed) in order to revise the topics covered
during the Step it Up programme and to act as a support
for long-term maintenance of a physically-active lifestyle.
Ensuring the fidelity of the interventions

A manual of operating procedures will be provided to
the physiotherapists and incorporated into training for
the physiotherapists and provided to them for their use
throughout their delivery of the Step it Up programme.
The physiotherapists’ adherence to the Step it Up intervention protocol will be verified using ad-hoc video
analysis of the intervention programme. Fidelity of the
intervention dose will be further monitored by recording
participant attendance for each session and participant
exercise completion and intensity of exercise using exercise log books throughout the 10-week intervention.
Measures

Outcome measures will be conducted pre-intervention
(week 1), post-intervention (week 12), and at 3-months
(week 24) and 6- months (week 36) follow-up. The outcome measures for this study include those measures
recommended by an expert consensus group on a core
set of outcome measures for exercise trials in MS [30]
and demonstrate acceptable reliability and validity coefficients among people with MS. The participants will be
sent all of the self-report outcome measures via post to
complete prior to their objective assessment meeting
with the blinded assessor (SH). Participants will receive
instruction on how to complete each self-report measure
according to standardised instructions for each measure
of outcome. The postdoctoral researcher (SH) will be
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blind to allocation and will conduct all objective assessments on the week preceding the start of the Step it Up
intervention.
Screening measure

Potential participants will be screened for eligibility for
this study using the PDDS scale [31]. The PDDS scale
contains a single item for measuring self-reported neurological impairment on an ordinal level from zero (Normal)
to eight (Bedridden). Scores from the PDDS are linearly
and strongly related with physician-administered Expanded Disability Status Scale (EDSS) scores [31].
Demographic and clinical information

Participants will be asked to supply details regarding age,
gender, level of formal education, time since diagnosis of
MS, duration of symptoms of MS, falls history, exercise
history, marital status and employment status. Additionally, a researcher formally training in the use of the
Expanded Disability Status Scale (EDSS) (SH) will
administer the EDSS to all participants at baseline in
order to gain a descriptive variable of disability. The
EDSS is a clinical outcome measure of MS disease progression and is commonly the standard that other outcome measures are compared against [32]. It consists
of functional systems subscales and a total score which
is an ordinal rating ranging from 0 (normal neurological status) to 10 (death due to MS).
Primary outcome

Consistent with the finding that people with MS report
mobility limitations as their greatest concern [5], the
primary outcome will be walking mobility. This will be
measured by the Six Minute Walk Test (6MWT), Timed
Up and Go test (TUG) and the Multiple Sclerosis Walking
Scale-12 (MSWS-12) in order to capture walking endurance, walking speed and participant-reported limitations
in walking.
The 6MWT will involve the participants being
instructed to walk for six minutes as quickly and safely
as possible [33] and the distance (m) covered will be
recorded. The 6MWT has demonstrated excellent testretest reliability and concurrent validity among people
with mild to moderate MS [33].
For the TUG, the participants will be instructed to
stand up from a chair, walk 3 m, then turn around walk
back to the chair and sit down, as quickly and safely as
possible. The participants’ performance will be timed
and the mean score of three performances of the TUG
will be used in analysis. TUG-cognitive involves adding
a cognitive task (subtracting three from a random number between 20 and 100) while performing the TUG.
Previous research demonstrates excellent test-retest reliability for people with mild MS (EDSS: 0–4) [34].

Coote et al. BMC Neurology (2014) 14:241

The MSWS-12 will be used to measure participants’
self-reported walking limitations due to MS during the
previous two weeks. All items are measured on a likert
scale ranging from 1 (not at all) to 5 (extremely). Psychometric testing of the MSWS-12 has demonstrated that it
has excellent internal consistency [35,36], test-retest
reliability [37] and concurrent validity [38].
Secondary outcomes

The 5 times sit to stand test [39] will be used to measure
lower extremity muscle strength. The participants will be
instructed to stand up and sit down as quickly as possible
when rising from a chair. It has demonstrated excellent
construct validity among people with MS [33]. The 5
times sit to stand test has also demonstrated moderate to
excellent concurrent validity among people with MS who
had mild to moderate disability [40].
Aerobic capacity will be measured among participants
using the Modified Canadian Aerobic Fitness Test [41]
(mCAFT). The mCAFT is a graded step test and can
predict VO2peak using a published regression equation
for people with MS [42].
The Hospital Anxiety and Depression Scale (HADS)
[43] is a 14-item self-report scale and will be used to
measure anxiety and depression among participants. The
HADS has been validated among people with MS, demonstrating acceptable sensitivity (90% and 89% for the
depression subscale) and specificity (87% and 81% for
the anxiety subscale) [44].
The Symbol Digit Modalities Test (SDMT) [45] will be
used to measure processing speed. Participants will be presented with a series of nine geometric symbols, each paired
with a different single digit number in a key at the top of
the page. Participants will be instructed to provide the digit
associated with each corresponding symbol and the score
shall be the number correctly completed in 90 seconds.
The SDMT is a commonly-used, validated assessment of
cognitive function in individuals with MS [46].
PA will be measured using the Godin Leisure-Time
Exercise Questionnaire (GLTEQ) [47] and the shortform of the International Physical Activity Questionnaire
(IPAQ) [48]. Evidence for the validity of these measures
in people with MS has been reported [49-51]. The
GLTEQ is a self-administered assessment that has three
items that measure the frequency of strenuous, moderate,
and mild physical activities for periods of more than
15 min during a person’s free time over the previous
week. The short-form of the IPAQ was designed for
population surveillance of PA among adults and measures the frequency and duration of vigorous-intensity
activities, moderate-intensity activities, walking and
sitting during a 7-day period.
Additionally, the SenseWear Arm band (SWA) will be
used as an objective estimate of PA using both mean
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daily step count and mean daily energy expenditure estimates over a 7-day period. The acceptable criterion validity of the mean daily energy expenditure (kilocalorie
estimates) over a 7-day period of the SWA has been demonstrated among people with mild disability with MS [52].
Adherence to the exercise programme will be documented throughout the 10-week intervention via selfreport exercise logs. These exercise logs will capture
information regarding participant attendance at the
exercise classes. In relation to the strengthening component of the exercise programme, the number of sets,
repetitions and colour of resistance band used will be
recorded for each exercise during each exercise session.
Additionally, the duration of each walking exercise
session and pedometer-measured step count will be
recorded in the exercise logs. The logs will also record
participants’ reported enjoyment of each exercise
session using a likert scale ranging from one (not at all) to
seven (very much) and their perceived rate of exertion
during each exercise session using a likert scale ranging
from 6 (no exertion at all) to 20 (maximal exertion) [53].
Five questionnaires will be implemented to measure
SCT domains. These include the Exercise Self-Efficacy
Scale (EXSE), Exercise Goal Setting (EGS) scale [54],
Multidimensional Outcomes Expectations for Exercise
Scale (MOEES) [55], the Social Provisions Scale (SPS)
[56] and an exercise benefits and barriers questionnaire.
These questionnaires have been validated and have been
used in previous research on PA [23,57,58].
The Multiple Sclerosis Impact Scale 29 (MSIS-29) [59]
is a measure of the physical and psychological impact of
MS from the patient’s perspective. Excellent internal
consistency for the physical and psychological subscales,
respectively, and moderate to excellent concurrent validity
for the physical and psychological subscales, respectively
have been reported for the MSIS-29 [60].
The Modified Fatigue Impact Scale (MFIS) is a 21-item
self-report questionnaire and will measure the impact of
fatigue on physical, cognitive and psychosocial aspects
functioning among participants. Excellent test-retest
reliability [61], internal consistency [62] and concurrent
validity [61] has been reported in MS populations.
Statistical analysis

Suitable numerical statistics and graphical summaries
will be used to describe characteristics of the sample at
baseline and to assess the validity of any distributional
assumptions needed for the formal analysis. The flow of
trial participants and the level of missing data for all outcomes will be documented and an analysis into the
cause of missingness (if present) will be conducted. All
losses to follow-up and dropouts will be accounted, and
where possible, reasons documented. The primary analysis will compare differences in the primary response
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variable, namely the difference in mean steps between
the two treatment arms across the 12 week time period.
Several analyses will be performed to compare the
change in the primary response variable across time and
between groups while adjusting for baseline as appropriate.
These will include linear mixed models for a continuous
response with different covariance structures compared in
order to best model the correlation structure within subjects across time. All tests of significance will be two-sided
and conducted at an alpha = 0.05 level of statistical significance. A further analysis will be performed to compare the
estimated effect of the intervention when imputing values
for all missing data in order to investigate the assumptions
relating to missingness, and the effect, if any, on the overall
conclusion. Multiple imputation will be performed
using a Predictive Model Based Method using chained
equations where each missing value is replaced by 20
imputed values. The results of each ‘complete’ model (i.e.
with imputed values) will be averaged using the BarnardRubin adjustment method.
Qualitative analysis

Qualitative study of participants’ experiences of the Step it
Up programme will be completed at weeks 12 and 36.
This study is to compliment the quantitative findings and
aspects and is response to a recent call for researchers
to include a qualitative component to intervention trials
[63]. In brief, 24 participants who complete the Step it Up
programme will take part in one to one semi-structured
interviews with questioning focusing on what worked and
did not work; interviews will be audio-recorded, transcribed and analysed using thematic analysis using a qualitative descriptive design [64,65]. The pertinent features
underlying qualitative description are: purposive sampling;
a semi-structured interview schedule with open-ended
questions; content data analysis and; descriptive results,
close to the dataset [64,65].

Discussion
This RCT will examine the effectiveness of an exercise plus
SCT-based behaviour change intervention on walking mobility among people with MS. The Step it Up programme
addresses limitations of exercise trials in the MS population
highlighted in the literature to date. Step it Up will combine
the well-recognised behaviour change principles of SCT
with an evidence-based exercise programme, employing
a mixed-methods approach and a long-term follow-up
period. In order to systematically examine the intervention
effects on walking mobility the Step it Up programme will
include an array of outcome measures that will be used as
manipulation checks, i.e. lower extremity muscle strength,
aerobic capacity, SCT domains. Additionally, the exercise
component of the Step it Up programme will be informed
by published evidence-informed PA guidelines for people
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with MS [7]. The Step it Up programme will build on the
work of Coote and colleagues [20,66] and Motl and colleagues [25] by evaluating the combined effects of an
evidence-based exercise programme with a behavioural
change programme using a RCT design. To this end, Step
it Up will serve to inform future directions of research and
clinical practice with regard to sustainable exercise interventions for people with MS.
Abbreviations
MS: Multiple sclerosis; PA: Physical activity; SCT: Social cognitive theory;
RCT: Randomised controlled trial.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
SC contributed to the conception and design of the study, supervises the study
and drafted and edited the manuscript. RWM contributed to the conception
and design of the study, the conception and design of the SCT-based
intervention and exercise programs, and editing the manuscript. JN
overseas the statistical aspects of the trial and contributed to editing the
manuscript. SH contributed to the design, delivery and evaluation of the
trial and drafting the manuscript. AL contributed to the recruitment strategy
employed edited the manuscript. SG contributed to the design, delivery and
evaluation of the study and will oversee the qualitative component of the study.
RM contributed to editing the manuscript. All authors read and approved the
final manuscript.
Authors’ information
SC is a Lecturer in Physiotherapy and member of the Centre for Physical
Activity and Health Research at the University of Limerick. SG is a Health
Psychologist and Lecturer in Psychology at the University of Limerick. JN is a
Senior Lecturer in Biostatistics and head of the Biostatistics Unit in the HRB
Clinical Research Facility, NUI Galway. AL is a National Services Development
Manager with the Multiple Sclerosis Society of Ireland. RM is a Senior
Lecturer in Psychology at the University of Limerick. RWM is an Associate
Professor with a background in Kinesiology and Neurosicience, who has
been conducting research on exercise, physical activity, and MS for over a
decade. SH is a Health Research Board post-doctoral research fellow with a
background in neurological physiotherapy clinical practice and research.
Acknowledgements
This work is supported by the Irish Health Research Board Health Research
Award, grant number: HRA_PHR/2013-264.
Author details
1
Department of Clinical Therapies, University of Limerick, Limerick, Ireland.
2
Department of Psychology, Centre for Social Issues Research, University of
Limerick, Limerick, Ireland. 3Multiple Sclerosis Society of Ireland, Dublin,
Ireland. 4HRB Clinical Research Facility and School of Mathematics, Statistics
and Applied Mathematics, National University of Ireland, Galway, Ireland.
5
Department of Kinesiology and Community Health, University of Illinois,
Urbana-Champaign, USA.
Received: 25 November 2014 Accepted: 8 December 2014

References
1. Snook EM, Motl RW: Effect of exercise training on walking mobility in
multiple sclerosis: a meta-analysis. Neurorehabil Neural Repair 2009,
23:108–116.
2. Coote S, Finlayson M, Sosnoff JJ: Level of mobility limitations and falls
status in persons with multiple sclerosis. Arch Phys Med Rehabil 2014,
95:862–866.
3. Bethoux F, Bennett S: Introduction: enhancing mobility in multiple sclerosis.
Int J MS Care 2011, 13:1–3.
4. Finlayson M: Introduction: occupational therapy practice and research
with persons with multiple sclerosis. Occup Ther Health Care 2004, 17:1–4.

Coote et al. BMC Neurology (2014) 14:241

5.

6.
7.

8.
9.

10.
11.

12.
13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

Heesen C, Böhm J, Reich C, Kasper J, Goebel M, Gold SM: Patient perception
of bodily functions in multiple sclerosis: gait and visual function are the
most valuable. Mult Scler 2008, 14:988–991.
Kjolhede T, Vissing K, Dalgas U: Multiple sclerosis and progressive resistance
training: a systematic review. Mult Scler 2012, 18:1215–1228.
Latimer-Cheung AE, Martin Ginis KA, Hicks AL, Motl RW, Pilutti LA, Duggan M,
Wheeler G, Persad R, Smith KM: Development of evidence-informed physical
activity guidelines for adults with multiple sclerosis. Arch Phys Med Rehabil
2013, 94:1829–1836.
Motl RW, Gosney JL: Effect of exercise training on quality of life in multiple
sclerosis: a meta-analysis. Mult Scler 2008, 14:129–135.
Kuspinar A, Mayo NE: Do generic utility measures capture what is
important to the quality of life of people with multiple sclerosis? Health
Qual Life Outcomes 2013, 11:71–81.
Andreasen AK, Stenager E, Dalgas U: The effect of exercise therapy on
fatigue in multiple sclerosis. Mult Scler 2011, 17:1041–1054.
Pilutti LA, Greenlee TA, Motl RW, Nickrent MS, Petruzzello SJ, Stephen J:
Effects of exercise training on fatigue in multiple sclerosis: a metaanalysis. Psychosom Med 2013, 75:575–580.
Pilutti LA, Platta ME, Motl RW, Latimer-Cheung AE: The safety of exercise
training in multiple sclerosis: a systematic review. J Neurol Sci 2014, 343:3–7.
Sandroff BM, Motl RW, Suh Y: Accelerometer output and its association
with energy expenditure in persons with multiple sclerosis. J Rehabil Res
Dev 2012, 49:467–476.
Motl RW, McAuley E, Snook EM: Physical activity and multiple sclerosis: a
meta-analysis. Mult Scler 2005, 11:459–463.
Klaren RE, Motl RW, Dlugonski D, Sandroff BM, Pilutti LA: Objectively quantified
physical activity in persons with multiple sclerosis. Arch Phys Med Rehabil
2013, 94:2342–2348.
Motl RW, McAuley E, Snook EM, Gliottoni RC: Physical activity and quality of
life in multiple sclerosis: intermediary roles of disability, fatigue, mood, pain,
self-efficacy and social support. Psychol Health Med 2009, 14:111–124.
Slawta JN, McCubbin JA, Wilcox AR, Fox SD, Nalle DJ, Anderson G: Coronary
heart disease risk between active and inactive women with multiple
sclerosis. Med Sci Sports Exerc 2002, 34:905–912.
Lalmohamed A, Bazelier MT, Van Staa TP, Uitdehaag BMJ, Leufkens HGM,
De Boer A, De Vries F: Causes of death in patients with multiple sclerosis
and matched referent subjects: a population-based cohort study. Eur J
Neurosci 2012, 19:1007–1014.
Motl RW, Fernhall B, McAuley E, Cutter G: Physical activity and self-reported
cardiovascular comorbidities in persons with multiple sclerosis: evidence
from a cross-sectional analysis. Neuroepidemiolgy 2011, 36:183–191.
Garrett M, Hogan N, Larkin A, Saunders J, Jakeman P, Coote S: Exercise in
the community for people with multiple sclerosis–a follow-up of people
with minimal gait impairment. Mult Scler 2013, 19:790–798.
Geidl W, Semrau J, Pfeifer K: Health behaviour change theories:
contributions to an ICF-based behavioural exercise therapy for individuals with chronic diseases. Disabil and Rehabil 2014, Epub ahead of print.
McAuley E, Motl RW, Morris KS, Hu L, Doerksen SE, Elavsky S, Konopack JF:
Enhancing physical activity adherence and well-being in multiple
sclerosis: a randomised controlled trial. Mult Scler 2007, 13:652–659.
Motl RW, Dlugonski D, Wojcicki TR, McAuley E, Mohr DC: Internet intervention
for increasing physical activity in persons with multiple sclerosis. Mult Scler
2011, 17:116–128.
Dlugonski D, Motl RW, McAuley E: Increasing physical activity in multiple
sclerosis: replicating Internet intervention effects using objective and
self-report outcomes. J Rehabil Res Dev 2011, 48:1129–1136.
Motl RW, Dlugonski D: Increasing physical activity in multiple sclerosis
using a behavioral intervention. Behav Med 2011, 37:125–31.
Baert I, Freeman J, Smedal T, Dalgas U, Romberg A, Kalron A, Conyers H,
Elorriaga I, Gebara B, Gumse J, Heric A, Jensen E, Jones K, Knuts K, Maertens
de Noordhout B, Martic A, Normann B, Eijnde BO, Rasova K, Santoyo Medina
C, Truyens V, Wens I, Feys P: Responsiveness and clinically meaningful
improvement, according to disability level, of five walking measures after
rehabilitation in multiple sclerosis: a European multicenter study.
Neurorehabil Neural Repair 2014, 28:621–631.
Tudor-Locke C, Craig CL, Aoyagi Y, Bell RC, Croteau KA, De Bourdeaudhuij I,
Ewald B, Gardner AW, Hatano Y, Lutes LD, Matsudo SM, Ramirez-Marrero FA,
Rogers LQ, Rowe DA, Schmidt MD, Tully MA, Blair SN: How many steps/day
are enough? For older adults and special populations. Int J Behav Nutr
Phys Act 2011, 8:80–99.

Page 7 of 8

28. Tudor-Locke C, Sisson SB, Collova T, Lee SM, Swan PD: Pedometer-determined
step count guidelines for classifying walking intensity in a young ostensibly
healthy population. Can J Appl Physiol 2005, 30:666–676.
29. Agiovlasitis S, Motl RW: Step-rate thresholds for physical activity intensity
in persons with multiple sclerosis. Adapt Phys Act Q 2014, 31:4–18.
30. Paul L, Coote S, Crosbie J, Dixon D, Hale L, Holloway E, McCrone P, Miller L,
Saxton J, Sincock C, White L: Core outcome measures for exercise studies
in people with multiple sclerosis: recommendations from a
multidisciplinary consensus meeting. Mult Scler 2014, 20:1641–1650.
31. Hadjimichael O, Kerns RD, Rizzo MA, Cutter G, Vollmer T: Persistent pain
and uncomfortable sensations in persons with multiple sclerosis.
Pain 2007, 127:35–41.
32. Goldman MD, Motl RW, Rudick RA: Possible clinical outcome measures for
clinical trials in patients with multiple sclerosis. Ther Adv Neurol Disord
2010, 3:229–239.
33. Fry DK, Pfalzer LA: Reliability of Four Functional Tests and Rating of
Perceived Exertion in Persons with Multiple Sclerosis. Physiotherapy
Canada 2006, 58:212–220.
34. Nilsagard Y, Lundholm C, Gunnarsson LG, Dcnison E: Clinical relevance
using timed walk tests and ‘timed up and go’ testing in persons with
multiple sclerosis. Physiother Res Int 2007, 12:105–114.
35. Hobart JC, Riazi A, Lamping DL, Fitzpatrick R, Thompson AJ: Measuring the
impact of MS on walking ability: the 12-Item MS walking scale (MSWS12). Neurology 2003, 60:31–36.
36. McGuigan C, Hutchinson M: The multiple sclerosis impact scale (MSIS-29)
is a reliable and sensitive measure. J Neurol Neurosurg Psychiatry 2004,
75:266–269.
37. Motl RW, McAuley E, Mullen S: Longitudinal measurement invariance of
the multiple sclerosis walking scale-12. J Neurol Sci 2011, 305:75–79.
38. Cavanaugh JT, Gappmaier VO, Dibble LE, Gappmaier E: Ambulatory activity
in individuals with multiple sclerosis. J Neurol Phys Ther 2011, 35:26–33.
39. Csuka M, McCarty DJ: Simple method for measurement of lower
extremity muscle strength. Am J Med 1985, 78:77–81.
40. Moller AB, Bibby BM, Skjerbaek AG, Jensen E, Sorensen H, Stenager E,
Dalgas U: Validity and variability of the 5-repetition sit-to-stand test in
patients with multiple sclerosis. Disabil Rehabil 2012, 34:2251–2258.
41. Weller IM, Thomas SG, Corey PN, Cox MH: Prediction of maximal oxygen
uptake from a modified Canadian aerobic fitness test. Can J Appl Physiol
1993, 18:175–188.
42. Kuspinar A, Andersen RE, Teng SY, Asano M, Mayo NE: Predicting exercise
capacity through submaximal fitness tests in persons with multiple
sclerosis. Arch Phys Med Rehabil 2010, 91:1410–1417.
43. Zigmond AS, Snaith RP: The hospital anxiety and depression scale.
Acta Psychiatr Scand 1983, 67:361–370.
44. Honarmand K, Feinstein A: Validation of the hospital anxiety and
depression scale for use with multiple sclerosis patients. Mult Scler 2009,
15:1518–1524.
45. Smith A: Symbol Digits Modalities Test. Los Angeles: Western Psychological
Services; 1982.
46. Benedict RH, Cookfair D, Gavett R, Gunther M, Munschauer F, Garg N,
Weinstock-Guttman B: Validity of the minimal assessment of cognitive
function in multiple sclerosis (MACFIMS). J Int Neuropsychol Soc 2006,
12:549–558.
47. Godin G, Shephard RJ: A simple method to assess exercise behavior in
the community. Can J Appl Sport Sci 1985, 10:141–146.
48. Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE,
Pratt M, Ekelund U, Yngve A, Sallis JF, Oja P: International physical activity
questionnaire: 12-country reliability and validity. Med Sci Sports Exerc
2003, 35:1381–1395.
49. Motl RW, McAuley E, Snook EM, Scott JA: Validity of physical activity
measures in ambulatory individuals with multiple sclerosis. Disabil Rehabil
2006, 28:1151–1156.
50. Snook EM, Motl RW, Gliottoni RC: The effect of walking mobility on the
measurement of physical activity using accelerometry in multiple
sclerosis. Clin Rehabil 2009, 2:248–258.
51. Gosney JL, Scott JA, Snook EM, Motl RW: Physical activity and multiple
sclerosis: validity of self-report and objective measures. Fam Community
Health 2007, 30:144–150.
52. Coote S, O’Dwyer C: Comparative validity of accelerometer-based measures
of physical activity for people with multiple sclerosis. Arch Phys Med Rehabil
2012, 93:2022–2028.

Coote et al. BMC Neurology (2014) 14:241

Page 8 of 8

53. Borg G: Borg’s perceived exertion and pain scales. US: Champaign IL; 1998.
54. Rovniak LS, Anderson ES, Winett RA, Stephens RS: Social cognitive
determinants of physical activity in young adults: a prospective
structural equation analysis. Ann Behav Med 2002, 24:149–156.
55. McAuley E, Motl RW, White SM, Wojcicki TR: Validation of the multidimensional
outcome expectations for exercise scale in ambulatory, symptom-free
persons with multiple sclerosis. Arch Phys Med Rehabil 2010, 91:100–105.
56. Cutrona CE, Russell DW: The provisions of social relationships and
adaptation to stress. Adv Pers Relatsh 1987, 1:36–37.
57. Plow MA, Resnik L, Allen SM: Exploring physical activity behaviour of
persons with multiple sclerosis: a qualitative pilot study. Disabil Rehabil
2009, 31:1652–1665.
58. Plow M, Finlayson M, Motl RW, Bethoux F: Randomized controlled trial of a
teleconference fatigue management plus physical activity intervention
in adults with multiple sclerosis: rationale and research protocol.
BMC Neurol 2012, 12:122.
59. Hobart J, Lamping D, Fitzpatrick R, Riazi A, Thompson A: The multiple
sclerosis impact scale (MSIS-29): a new patient-based outcome measure.
Brain 2001, 124:962–973.
60. Riazi A, Hobart JC, Lamping DL, Fitzpatrick R, Thompson AJ: Multiple
sclerosis impact scale (MSIS-29): reliability and validity in hospital based
samples. J Neurol Neurosurg Psychiatry 2002, 73:701–704.
61. Rietberg MB, Van Wegen EE, Kwakkel G: Measuring fatigue in patients with
multiple sclerosis: reproducibility, responsiveness and concurrent validity of
three Dutch self-report questionnaires. Disabil Rehabil 2010, 32:1870–1876.
62. Amtmann D, Bamer AM, Noonan V, Lang N, Kim J, Cook KF: Comparison of
the psychometric properties of two fatigue scales in multiple sclerosis.
Rehabil Psychol 2012, 57:159–166.
63. Glenton C, Lewin S, Scheel IB: Still too little qualitative research to shed
light on results from reviews of effectiveness trials: a case study of a
Cochrane review on the use of lay health workers. Implement Sci 2011,
27:53.
64. Sandelowski M: Whatever happened to qualitative description? Res Nurs
Health 2000, 23:334–340.
65. Neergaard MA, Olesen F, Andersen RS, Sondergaard J: Qualitative
description - the poor cousin of health research? BMC Med Res Methodol
2009, 9:52.
66. Coote S, Garrett M, Hogan N, Larkin A, Saunders J: Getting the balance
right: a randomised controlled trial of physiotherapy and Exercise
Interventions for ambulatory people with multiple sclerosis. BMC Neurol
2009, 9:34.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

