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ABSTRACT 

 

The overall aim of this dissertation was to examine the role of physical activity 

as a management and rehabilitation strategy for persons with MS. The research 

undertaken compared differences in fatigue, depression and quality of life 

measures in persons with MS who did and did not regularly participate in 

physical activity, assessed modifiable determinants of physical activity 

behaviour, as well as compared adaptations to two different exercise training 

modalities. To complete this research, three separate studies were conducted. 

 

The purpose of study one was to compare fatigue, depression and quality of life 

scores in persons with MS who did and did not regularly participate in physical 

activity. This was a cross-sectional questionnaire study of one-hundred and 

twenty-one patients with multiple sclerosis (MS). Study participants were 25-65 

years old and lived in Queensland, Australia. Physical activity level, fatigue, 

depression and quality of life were assessed using the International Physical 

Activity Questionnaire, Health Status Questionnaire Short Form-36, Beck 

Depression Inventory and Modified Fatigue Impact Scale. Results indicated that 

fifty-two participants completed at least two, 30 minute exercise sessions per 

week (exercising group) and sixty-nine participants did not participate in regular 

physical activity (non-exercising group). Individuals in the exercising group 

reported favourable fatigue, depression and quality of life scores when 

compared to participants in the non-exercising group. We also found 

significantly weak correlations between both leisure-time and overall reported 

physical activity levels and some subscales of the quality of life and fatigue 

impact questionnaires. The findings of study one suggest that favourable 

fatigue, depression and quality of life scores are reported by persons with MS 

who regularly participate in physical activity, when compared to persons with 

MS who do not.  

 

The purpose of study two was to examine the perceived benefits and barriers 

to exercise participation in persons with MS. This study was a cross-sectional 
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postal survey comprised of ninety-three adults with MS. Participants completed 

the Exercise Benefits and Barriers Scale, Spinal Cord Injury Exercise Self-

Efficacy Scale, Multiple Sclerosis Impact Scale, Disease Steps Scale and 

International Physical Activity Questionnaire. Forty-two participants reported 

completing at least two, 30 minute exercise sessions per week (exercising 

group) and participants did not participate in regular physical activity (non-

exercising group). Participants in the exercising group reported significantly 

higher scores on the Exercise Benefits and Barriers Scale, and the Spinal Cord 

Injury Exercise Self-Efficacy Scale. In both the exercising and non-exercising 

groups, items related to physical performance and personal accomplishment 

were cited as the greatest perceived benefits to exercise participation, and 

those items related to physical exertion were cited as the greatest barriers to 

exercise participation. The findings of study two suggest that persons with MS 

have different perceived barriers to exercise participation than individuals in the 

general population. Furthermore, awareness of the benefits of physical activity 

is not sufficient to promote exercise participation in persons with MS. Perceived 

exercise self-efficacy was shown to play an important role in promoting exercise 

participation in persons with MS.  

 

The purpose of study three was to compare adaptations in functional and 

quality of life measures following endurance- and resistance-exercise training in 

persons with MS. In this study sixteen individuals with MS completed both an 

eight week endurance- and a eight week resistance-exercise training program 

separated by an eight week washout period. The order the two exercise 

programs were completed was randomised. Exercise training was comprised of 

an individualised progressive program completed twice weekly in a supervised 

group setting. Functional measures assessed were grip strength, functional 

reach distance, time taken to complete the Four Step Square, and Timed Up 

and Go tests, and distanced walking during the Six Minute Walk Test. Quality of 

life measures included the Multiple Sclerosis Impact Scale, Modified Fatigue 

Impact Scale, Beck Depression Inventory and Health Status Short Form-36. 

Sixteen of the twenty-one participants (76%) completed the study. Participants 
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completed 13.2 ± 1.6 endurance- and 15.8 ± 1.9 resistance-exercise training 

sessions. No adverse events were reported. No significant differences (p<0.05) 

in any outcome measures were observed between the two exercise training 

programs, either at baseline or following the completion of both training 

programs. The findings of study three suggest that both endurance- and 

resistance exercise training are well tolerated and appear to provide similar 

effects for persons with MS, however larger studies are required to confirm 

these findings. 
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This chapter provides a review of the literature in the area of multiple sclerosis (MS) 

that focuses on the following themes: 1) disease characteristics, 2) symptoms of MS, 

3) determinants of participation in physical activity, and 4) exercise training in the 

management and rehabilitation of people with MS. This chapter concludes with a 

rationale for undertaking the present research and a statement of purpose.   

 

Disease characteristics 

Prevalence and aetiology 

Multiple sclerosis is the most common neurological disorder affecting young adults in 

developed countries.1 It is estimated that 2.5 million people suffer from MS worldwide,2 

with global prevalence rates unevenly distributed (Figure 1). Prevalence rates vary 

from <5 cases per 100,000 in regions of Asia and South America, to >100-200 cases 

per 100,000 in Scotland and North America.3  In Australia, prevalence rates range 

between 11 and 74 cases per 100,000.3 Multiple sclerosis typically presents in adults 

aged 20-50 years, with a peak age of onset occurring at 30 years of age.4 Women are 

more commonly affected with MS than men, with female:male ratios as high as 3.2:1 

are reported in the literature.5 

 

Figure 1: Worldwide prevalence of multiple sclerosis. Prevalence per 100,000 
population. (Source: Atlas multiple sclerosis resources in the world 2008, page 15 © 2008, 
reproduced with permission from the World Health Organisation) 
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Although the cause of MS is unresolved, it is generally accepted that MS results from a 

complex interaction between susceptibility genes and environmental factors. The two 

environmental factors suggested to be most likely implicated in MS pathology are lack 

of sunlight exposure (which mediates vitamin D synthesis and ultra violet radiation) 

and infectious agents such as Epstein-Barr virus.3    

 

Disease pathology 

Multiple sclerosis is predominately an inflammatory demyelinating disease.6 However, 

MS also has a significant neurodegenerative component. Disease activity can be 

divided into two phases. The early phase is characterised by inflammation of the 

central nervous system (CNS), caused by infiltration of activated T-cells, B-cells and 

macrophages (Figure 2).6 The macrophages, T-cells, and antibodies secreted from the 

B-cells, attack selected neurons causing demyelination.6  Following this initial phase, 

the disease gradually progresses to the second phase, which is characterised by axonal 

loss and neurodegeneration.6 Disease course will vary between patients and symptom 

presentation will be dependent upon the area of the CNS affected. The symptoms 

experienced by persons with MS are reviewed in the next section of this chapter.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Multiple sclerosis pathology. Undifferentiated T-cells (THo) within the periphery 
are activated by antigen presenting cells (APCs). Once activated the T-cell undergoes clonal 
expansion producing a greater number of pro-inflammatory T-helper type 1 (TH1) cells. Matrix 
metalloprotease (MMP) assists the activated T-cells to penetrate and cross the blood-brain 
barrier (BBB). In the central nervous system (CNS) T-cells are reactivated by APCs and secrete 
pro-inflammatory cytokines, inducing CNS inflammation via macrophages, B-cells and other T-
cells. Macrophages and B-cells subsequently attack the myelin sheath via cytotoxic mediators 
such as tumor necrosis factor alpha (TNF-α), Interferon gamma (INF-γ) and interleukin two (IL-
2). B-cells differentiate into plasma cells that secrete demyelinating antibodies. TH2: T-helper 
type 2. Adapted from Lipsy et al.6  
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Disease course 

According to the pattern and frequency of symptoms, disease course is classified under 

one of four clinically defined types of MS (Figure 3). Relapsing-remitting MS is the most 

common type of MS and accounts for approximately 80% of new diagnoses and 55-

60% of the total MS population.7, 8 Patients with relapsing-remitting MS experience 

relapses, a period of time where symptoms increase, followed by periods of remission, 

where fewer or no symptoms are present. Relapses in relapsing-remitting MS are 

associated with focal areas of inflammation and demyelination.8  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3: Visual representation of the variable disease course in multiple sclerosis. 
The lines represent disability. When the line of the figure goes vertically up, it is indicative of a 
relapse. When the line of the figure goes vertically down, a remission has occurred. A) 
Relapsing-remitting multiple sclerosis, B) Secondary-progressive multiple sclerosis, C) Primary-
progressive multiple sclerosis, D) Progressive-relapsing multiple sclerosis (Source: All about 
multiple sclerosis, available at www.mult-sclerosis.org) 
 

Many patients with relapsing-remitting MS will develop secondary-progressive MS. 

After an initial period of relapsing-remitting MS, the individual will experience a 

progressive loss of function.8 This progressive disability is associated with irreversible 

axonal damage within the CNS.8 It is possible for relapses to cease or continue with 

C. D. 
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secondary-progressive MS. Approximately 20-30% of the MS population have  

secondary-progressive MS.7, 8  

 

When MS is progressive from disease onset, it is termed primary-progressive MS. In 

primary-progressive MS, patients experience a steady or stepwise progression in 

disability without symptomatic relief.8 Primary-progressive MS affects 5-10% of the MS 

population.7, 8 In progressive-relapsing MS, patients experience an increase in disability 

from disease onset, as well as relapses. This disease pattern is relatively rare, affecting 

5% of the MS population.7, 8 

 

Disease severity 

The Expanded Disability Status Scale (EDSS) is the most common clinical scale used for 

assessing neurological impairment in MS.9 The EDSS is a neurologist assessed 

measure, where patients are assessed according their history and a neurological 

examination. Following assessment persons with MS are scored on an ordinal scale 

between zero and 10 (Figure 4). A score of zero indicates no neurological impairment 

and a score of 10 indicates death due to MS.9 Despite being the most commonly used 

scale to measure disability in persons with MS, it has several limitations. The EDSS has 

been found to have poor reliability.10-13 This is likely to be due to the EDSS being 

comprised of a large subjective component, particularly in relation to assessment of 

ambulation and the bladder/bowel. This can lead to variability in scores when tested by 

different neurologists. Similarly, the use of the terms, “mild’, “moderate” and “severe” 

in the assessment items, could have different meanings to different assessors, 

resulting in variability in scoring.10 The EDSS has also been criticised for its use of a 

non-linear scale. Patients will progress faster from steps one to five, than between 

steps five to seven. As a result of this non-linear scale, many cross-sectional studies 

show a bimodal distribution of EDSS scores.10 Finally, as the EDSS is usually 

administered by a neurologist, it is not always an appropriate or cost-effective measure 

to use in clinical and research settings. 
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Figure 4: Visual representation of the Expanded Disability Status Scale. The Expanded 
Disability Status Scale is an ordinal scale that ranges between zero and ten. A higher score is 
indicative of a greater degree of disability. Adapted from Kurtze, 1983.9  
 

While the EDSS provides a more comprehensive assessment of disease severity, many 

non-specialist neurologists and allied health professionals, who have little experience 

with the EDSS, often prescribe treatments for persons with MS. Therefore there was a 

need for a simpler assessment tool. The Disease Steps Scale (DSS) (Table 1) was 

developed to meet this need, and allow non-speciality health care providers and 

researchers to assess disease severity.14 The EDSS and DSS have been found to be 

highly correlated (r=0.944). The DSS has also been found to have several advantages 

when compared to the EDSS. 1) It is quick and easy to use, without the need to refer 

to details, 2) patients show a uniform distribution among different steps whereas a 

bimodal distribution occurs with the EDSS, and 3) the DSS has a lower inter-rater 

variability when compared to the EDSS.15 Therefore, the DSS has been suggested a 

useful alternative to measure EDSS in some clinical and research settings.15  
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Table 1: Disease Steps Scale 

Disease Step Scale score Description 
0: Normal Functionally normal with no limitations on 

activity or lifestyle 
 

1: Mild disability Mild symptoms and/or signs 
 

2: Moderate disability Main feature is visibility abnormal gait 
 

3: Early cane Use a cane/unilateral support for greater 
distances but can walk at least 25 ft (7.62 m) 
without it 
 

4: Late cane Unable to walk 25 ft without a cane/unilateral 
support 
 

5: Bilateral support Requires bilateral support to walk 25 ft 
 

6: Wheelchair Essentially confined to a wheelchair 
 

7: Unclassifiable Used for patients who do not fit above 
classification 

Adapted from Hohol et al.15 
 

Symptoms of multiple sclerosis  

A multitude of symptoms can be experienced by persons with MS. Symptoms 

experienced by individuals include muscle weakness, spasticity, fatigue, depression, 

tremor, and impairments in cognition, balance, gait and vision. However, some 

symptoms are more commonly reported than others. The Sonya Slifka Longitudinal 

Multiple Sclerosis Study, an epidemiological study comprised of >2000 persons with 

MS, found that 83% of the participants in their study reported fatigue, and 67% 

experienced difficulty walking.16 This section will discuss fatigue and mobility 

impairments in addition to those symptoms relevant to the research undertaken.  

 

Fatigue 

The Multiple Sclerosis Council for Clinical Practice Guidelines defines fatigue as, “ a 

subjective lack of physical and/or mental energy that is perceived by the individual or 

caregiver to interfere with usual and desired activities .”17  Fatigue is the most common 

symptom experienced by persons with MS and is reported by up to 90% of patients.16, 

18, 19 Fifteen to 40% of patients who experience fatigue describe it as their most 

disabling symptom.18, 20-23 Fatigue in MS may be directly related to the disease process 

(primary fatigue) or it may be due to non-disease specific factors such as sleep 

disturbance and depression (secondary fatigue). The pathological basis of primary 
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fatigue in MS is complex and its precise mechanism unresolved. However, hypotheses 

related to both immune and central nervous system have been proposed: 

 

Immune dysfunction 

Alterations in immune function may play a role in MS-related fatigue. Studies 

investigating cytokine profiles in persons with MS have reported differences in 

individuals who do and do not experience fatigue. Heesen et al. found that persons 

with MS who experienced fatigue had significantly higher mean interferon gamma 

(IFN-γ) and tumour necrosis factor alpha (TNF-α) concentrations than persons with MS 

who did not experience fatigue.24 Furthermore,  Flachenecker et al. examined 37 

persons with MS, and while these authors found no relationship between fatigue and 

IFN-γ or interleukin-10 (IL-10), TNF-α messenger ribonucleic acid (mRNA) was 

significantly higher in persons with MS who experienced fatigue.25 These two studies 

suggest a possible role of the proinflammatory cytokines, in particular TNF-α, in the 

pathology of MS related fatigue. The role of TNF-α in the pathology of fatigue in MS is 

further supported by the work of Giovannoni et al., who found that persons with MS 

with fatigue had significantly higher C-reactive protein levels than those individuals 

who did not report fatigue.26 C-reactive protein is an acute phase protein which 

responds to various proinflammatory cytokines, including TNF-α.25 Interestingly, people 

with obstructive sleep apnoea27, 28 and chronic fatigue syndrome29 have both been 

found to have abnormal cytokine profiles. Additional support for the role of 

proinflammatory cytokines in MS-related fatigue, is provided by Spath-Schwalbe et al., 

who reported that the administration of IL-6 induced fatigue in healthy men.30 

Furthermore, administration of both interferon beta (INF-β) and IFN-γ or TNF-α and 

IFN-γ induced fatigue in cancer patients.31, 32  

 

Central nervous system dysfunction 

In a recent review of the literature, Vucic et al. discuss several hypothesed 

mechanisms of fatigue due to CNS dysfunction.33 These mechanisms involve decreased 

gamma-aminobutyric acid (GABA) activity, sodium (Na+) channel dysfunction, 

increased cortical activation and reduced glucose metabolism.    

 

Transcranial magnetic stimulation studies observed a reduction of intracortical 

inhibition in both the pre- and post- exercise period, in persons with MS who 

experience fatigue.33, 34 Vucic et al. suggest that as intracortical inhibition is mediated 



Review of the literature 
 

 
10 

 

by GABA-generic inhibitory cortical interneurons, GABA activity may be down-regulated 

to compensate for the conduction failure that occurs in demyelinated pyramidal tract 

fibres.33 It has also been found that in persons with MS who experience fatigue, it 

takes longer for motor thresholds to normalise during the post-exercise period, 

compared to those who do not experience fatigue.34 As motor thresholds reflect 

membrane excitability, this suggests a possible role of Na+ channel dysfunction in 

fatigue pathology. 

 

Magnetic resonance imaging (MRI) studies have found that when conducting a simple 

motor task, persons with MS have widespread cortical activation, including non-motor 

cortical areas.23, 33, 35-37 It has been suggested that this increase in cortical activation 

may be an adaptive response to weakness that has resulted from dysfunction in the 

motor pathways, and induces fatigue.33 Furthermore, impairments in cortico-subcortical 

interactions (which are utilised in motor planning and execution) and increased 

activation of the anterior cingulate cortex have been observed in fatigued persons with 

MS.35 Vucic et al. propose that these mechanisms may lead to a higher perceived effort 

when performing an executed task.23, 33, 35 

 

Functional brain imaging has demonstrated reduced glucose metabolism in the 

prefrontal cortex and basal ganglia of persons with MS who experience fatigue when 

compared to patients who do not.38 Furthermore, this reduction in glucose metabolism 

was found to correlate with fatigue severity.38 It has been proposed that 

hypometabolism in the gray matter of persons with MS may be the result of plaque 

deposits, iron deposition and neurodegeneration.23  

 

The fatigue experienced by persons with MS appears to be different than the fatigue 

experienced by the general population. Kurtze et al.39 interviewed 32 persons with MS 

and 33 control subjects and found reported differences in the fatigue experienced. 

Fatigue in persons with MS was 1) worse in the heat, 2) prevented sustained physical 

functioning, 3) came on easily, 4) interfered with physical functioning, 5) interfered 

with responsibilities and 6) caused frequent problems.39 Additionally, fatigue in MS 

tends to follow a diurnal circadian pattern, with fatigue severity peaking in the 

afternoon.40 
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Several studies suggest that fatigue is an independent predictor of quality of life in 

persons with MS.41-43 Fatigue may interfere with a person’s ability to complete everyday 

activities.19 44, 45 It has been reported that some days people with MS will awaken with 

an overwhelming sense of fatigue that cannot be alleviated with rest, and when this 

occurs, social activities can be difficult to plan.45 Persons with MS may avoid outdoor 

activities or prolonged periods of physical activity as these are activities that can 

increase fatigue.45 Fatigue can negatively impact upon the ability to complete tasks 

within the workforce, and is one of the major reasons for an increased unemployment 

rate in persons with MS.46 Furthermore, cognitive processing, memory and 

concentration can all be impaired during periods of fatigue.18   

 

When interviewed by Lohne et al. Persons with MS have made the following comments 

in regards to fatigue and its impact: 1) “I am so exhausted just when I walk around 

my house... What I can no longer do gives me continued sorrow” , 2) “...suddenly the 

battery is empty. It just comes and disappears again....I slept for a long time, I slept 

till seven in the evening, and then I got up for an hour or so , went to bed again and 

slept all night....well this lasted for half a year or so...and I was exactly as tired when I 

woke up again...” 3) “I could feel very vigorous, and be on duty...and the next day I 

just stayed in bed, and this is hard........and then it’s hard to have a job; it’s 

impossible, really...” 44 As fatigue is a major problem and reported by the majority of 

persons with MS, it is important to identify strategies that reduce fatigue and its impact 

on the lives of those with MS. 

 

MS-related fatigue is typically assessed using a fatigue rating scale. Various scales are 

used in research and clinical practice. However, there is no “gold standard” for 

determining fatigue in persons with MS. Some of the more common scales utilised are 

the Modified Fatigue Impact Scale, Fatigue Severity Scale, MS Specific Fatigue Severity 

Scale, and Visual Analogue Scale.47 Flachenecker et al (2002) compared these fatigue 

rating scales, and although all scales showed significant differences between fatigued 

and non-fatigued persons with MS, the Fatigue Severity Scale and Modified Fatigue 

Impact Scale were found to be the most discriminative scales.47  When the Fatigue 

Severity Scale and Modified Fatigue Impact Scale were directly compared, the two 

scales were found to be strongly correlated with one another.48 However, the authors 

of this study concluded that the Fatigue Severity Scales predominately measures the 

physical aspects of fatigue, whereas, the Modified Fatigue Impact Scale provides more 
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information on fatigue impact as it assesses not only the physical impact of fatigue, but 

cognitive and psychosocial aspects as well.48 The Modified Fatigue Impact is also 

recommended by The Multiple Sclerosis Council for Clinical Practice Guidelines, as a 

good scale to assess fatigue impact in persons with MS.17  

 

Mobility impairment 

Mobility refers to moving by changing body positions or location, or by transferring the 

body from one place to another.49 Mobility impairments, particularly gait impairments, 

are reported by up to 90% of persons with MS.16, 50, 51 Although, more common in 

patients with greater disease duration and a higher level of disability, mobility 

impairments are also observed in the early phases of MS.52, 53 Goldman et al. report 

reductions in walking speed and distance for the Six Minute Walk Test in those with an 

EDSS scores ≤2.5 when compared to control participants.53 Similarly, Martin et al. 

observed that patients with mild MS (EDSS ≤2.5) and no visible gait abnormalities, had 

a decrease in gait speed and stride length, and spent a prolonged period of time in the 

double-limb phase of gait.52 Additionally, Heesen et al. found that regardless of disease 

duration or severity, lower limb function was ranked as the highest priority of 13 

different bodily functions (Figure 5).54  

 
Figure 5: Perception of most important bodily functions in persons with MS. Result 
indicate the percentage of patients who ranked that bodily function as most important. Red 
bars indicate patients who have had multiple sclerosis for less than five years, black bars are 
the results for patients who have had multiple sclerosis for longer than 15 years. Adapted from 
Heesen et al.54  
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Mobility aid use is common in persons with MS. Research suggests that within 15-20 

years following diagnosis, 50% of patients will require the use of a walking aid,55 and 

within 25 years, 50% will be unable to walk at all.56 Mobility aid use varies from a 

unilateral support (such as a cane), progressing to a motorised wheelchair, dependent 

upon the degree of disability and limitation. Increased age, worsening overall health 

and a secondary progressive disease course are all factors that increase the likelihood 

of mobility aid use.57 Factors that may contribute to mobility impairments in MS 

include: muscle weakness, spasticity, ataxia, imbalance, clonus, tremor, fatigue, heat 

intolerance and low endurance.57   

 

Mobility in MS can be measured using a variety of objective and self-reported 

measures. Objective measures used include walking tests such as the Twenty Five Foot 

Walk Test and Two- or Six-Minute Walk Tests, which provide measures of walking 

ability/capacity. To obtain an objective measure of habitual walking performance, or 

total amount of walking a patient performs over a period of time in their living 

environment, information can be collected from accelerometers or pedometers.  

Alternatively, self-reported measures can be used to collect this information. Some of 

the questionnaires commonly used to examine mobility in persons with MS include the 

Multiple Sclerosis Impact Scale, Multiple Sclerosis Walking Scale, The Human Activity 

Profile and the Rivermead Mobility Index.  

 

The National Multiple Sclerosis Society recommends the use of the Twenty-five Foot 

Walk Test as an outcome measure in clinical trials,58 however, the Twenty-five Foot 

Walk Test appears to have poor responsiveness in persons with MS who have mild-

moderate ambulatory impairments, as well as have limited sensitivity in persons with 

MS who have a EDSS score  <4.0.59-61 The Six Minute Walk Test is an objective 

measure of mobility that may provide a more reliable measure of mobility in persons 

with MS. The Six Minute Walk Test was originally used for patients with 

cardiopulmonary disease, however in recent years has been increasingly used in 

neurological populations.58 The Six Minute Walk Test has been found to be a greater 

predictor of habitual walking performance than the Twenty-five Foot Walk Test.62 The 

Six Minute Walk Test has also been found to be both reliable and valid, and sensitive 

to change following rehabilitation programs in persons with MS.53, 62-64 Additionally,  it is 

well tolerated even in persons with MS who have severe walking disability.53 
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Mobility impairments in MS have been associated with a decreased quality of life and 

may also impact upon the patient’s ability to perform activities of daily living.65-68 

Paltamaa et al. conducted a logistic regression analysis in 120 ambulatory persons with 

MS and found that reduced walking speed, stride length and walk distance in the Six 

Minute Walk Test were associated with an increase in reported activity limitations.66 

The activities of daily living most frequently affected in persons with MS are those 

activities that could be classified as mobility-related and physically demanding (e.g., 

gardening and household chores).65 Although 52% of patients taking disease modifying 

drugs report some improvements in mobility,51 alternate interventions and 

rehabilitation strategies that can improve, or slow the decline in mobility, potentially to 

a greater extent than pharmacological interventions alone,  have the potential to 

improve quality of life and must be explored.  

 

Balance impairments 

Balance is essential in conducting a variety of everyday tasks including reaching for an 

object or transferring from one position to another. In order to maintain balance the 

body relies on the integration of visual, somatosensory and vestibular input, central 

integration and motor control.69, 70 All of these variables may be affected in persons 

with MS depending on the area of disease activity. Furthermore, common symptoms 

experience by persons with MS, such as muscle weakness, spasticity and loss of co-

ordination, may also contribute to imbalance in persons with MS.69  However, despite 

the large range of potential contributors of balance impairment in persons with MS, 

recent postural control studies suggest that balance impairments are primarily related 

to slowed somatosensory conduction and impaired central integration.71-73 Cameron 

and Lord (2010) speculate that in persons with MS, sensory and proprioceptive deficits 

will predominate in individuals with a greater number of spinal lesions, and central 

processing deficits will predominate in those with a greater number of brain lesions.71 

These impairments in somatosensory conduction and central integration impair the 

individual’s ability to maintain their position, move towards their limits of stability and 

respond to postural displacements and perturbations.71 

 

During both quiet stance and standing with eyes closed, postural sway is increased in 

persons with MS when compared to healthy individuals.74-77 Furthermore, persons with 

MS have greater difficulty maintaining their stance under conditions that reduce their 

base of support, e.g. tandem stance, however balance impairments are most evident 
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under conditions that require the individual to respond to either an internal or external 

perturbation.78 For example, persons with MS have a reduced ability to move towards 

their limits of stability, and will do so at a slower velocity than healthy individuals.71 

Studies conducted in persons with MS have also demonstrated a smaller reach distance 

on the Functional Reach Test,52, 74, 78 a reduction in centre of pressure displacement 

during leaning and reaching tasks,79 as well as poorer trunk control and delayed 

postural responses during tasks where the support surface is moved, when compared 

to healthy individuals.72, 73, 80 These balance impairments are common in persons with 

MS and can be present even in the early stages of the disease.52  

 

Balance impairments can negatively impact upon quality of life by interfering with a 

person’s ability to perform everyday tasks. A questionnaire-based study found that 

50% of persons with MS report that balance impairments negatively impact on their 

ability to perform activities of daily living.19 Furthermore, balance impairments in 

persons with MS, have been found to be associated with an increased fall risk.81-84  

Studies indicate that persons with MS fall frequently and they have an increased risk of 

obtaining an injury during a fall.82-85  Studies suggest that in the previous six months at 

least 50% of persons with MS will have experienced a fall and approximately 12% will 

have had a fall that results in an injury.84-86 Peterson et al (2007) found that 63.5% of 

persons with MS report a fear of falling, and that 80% of these individuals reduce their 

level of activity due to this fear.85 

 
Although the Berg Balance Scale has been reported to be a reliable measure of balance 

in MS patients,63 the application of this assessment tool is limited in individuals with 

mild MS, due to its ceiling effect (i.e., maximum score).78  In a laboratory setting, 

balance can be assessed using centre of pressure measurements obtained on a force 

platform. Assessment of centre of pressure during stance is commonly used to assess 

balance in elderly and diseased populations.87, 88 When balance was assessed using 

both the Berg Balance Scale and centre of pressure measurements in minimally 

impaired MS patients, centre of pressure measurements were found to have an 

increased sensitivity, detecting differences between individuals with MS and apparently 

healthy individuals, that were not identified by the Berg Balance Scale.79 Tests 

commonly used to assess dynamic balance include the Timed Up and Go and the Four 

Step Square Test. The Timed Up and Go assesses the subjects ability to rise from a 

chair, walk three meters, turn around and come back to sit in the chair. This test is 
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often used in MS research and has been found to have excellent intra-rater (r=0.979, 

p<0.001, n=22) and inter-rater reliability (r=0.973, p<0.001, n=22) in patients with 

spinal cord injury.89 The Four Step Square Test has been found to be a valid and 

reliable measure of balance in elderly individuals, with an inter-rater intraclass 

coefficient of 0.99 (n=30) and a retest reliability intraclass coefficient of 0.98 (n=20).90  

 

Muscle weakness  

Muscle weakness is commonly reported by persons with MS and studies assessing 

muscular strength during both isokinetic91-93 and isometric contractions94-96 typically 

report significantly lower values for persons with MS when compared to control 

subjects. Muscle weakness may be the result of both central and peripheral 

mechanisms.  

 

Muscle activation may be affected by the slowing or blocking of nerve conduction 

which occurs secondary to the demyelination and axonal degeneration that occurs in 

MS. A decrease in motor unit discharge rate and incomplete motor unit recruitment has 

been observed in persons with MS.97 However, other studies have demonstrated that 

persons with MS have an increased central motor drive.98-100 It is suggested that an 

increased central motor drive is a compensatory strategy that allows persons with MS 

to generate a desired force.99, 100 An increased central motor drive has been observed 

even in persons with MS who do not present any clinical signs of muscle weakness.99 

Thickbroom et al. (2006) suggest that the increased central motor drive required to 

maintain or produce a required muscle force, explains the increased effort (rating of 

perceived exertion) reported by persons with MS, when performing a muscle 

contraction at the same relative exercise intensity as healthy individuals.98 This may 

also provide a plausible explanation for the fatigability reported with exercise 

participation in persons with MS.  

 

In addition to alterations in central motor drive, alterations in peripheral mechanisms 

such as a slowing of muscle contractile properties,97, 101-103 impaired excitation 

contraction coupling101, 102 and altered muscle metabolic responses to exercise,101, 102, 104 

have been observed in persons with MS and may contribute to muscle weakness. 

Peripheral mechanisms of muscle weakness may be secondary to physical inactivity. 

The general consensus in the literature, is that persons with MS are less active than 

the general population.105-109  Furthermore, muscle fibre properties in this clinical 



Review of the literature 
 

 
17 

 

population are comparable to those observed in individuals with a history of reduced 

physical activity. Kent-Braun et al. (1997) analysed the tibialis anterior muscle of 

persons with MS and observed a smaller muscle fibre cross-sectional area, greater 

percentage of type IIa fibres and decreased succinate dehydrogenase activity 

compared to control subjects.94 Additionally, a relationship between muscle cross-

sectional area and muscle strength has been observed in persons with MS.94 This 

suggests that regular physical activity may be a potential strategy that could be used 

to reduce the decline in muscular strength observed in persons with MS.  

 

Muscle strength in MS is measured using performance based tests such as a one 

repetition maximum or maximal voluntary isometric contraction. Tests of muscular 

strength can be performed for any muscle group; however, testing in MS research 

typically targets the lower extremities.110, 111 It is likely that muscle strength would 

influence the ability to perform activities of daily living in persons with MS, although 

this relationship has not been directly examined. Research conducted in healthy elderly 

individuals has demonstrated that muscular strength is related to the ability to 

complete activities of daily living.112, 113  

 

Depression 

Major depression is the most common neuropsychiatric disorder experienced by 

persons with MS.114 The lifetime risk for depression in persons with MS is 50%, which 

is approximately three times higher than that reported for the general population.115-117 

Depression in persons with MS can negatively impact on quality of life, and is reported 

to influence morbidity, mortality, cognitive functioning and adherence to 

pharmacological interventions.117, 118 Furthermore, depression has been reported as the 

most powerful determinant of suicidal intent in persons with MS.118 Depression in MS 

does not appear to be related to disease severity119, and can occur at any stage of the 

disease.120, 121 Despite the high incidence of depression in persons with MS, the 

pathological mechanisms remain unclear. Both psychological and disease-related 

mechanisms have been suggested as potential causes of depression in MS.117, 122-124 

 

Psychological factors influencing depression 

Due to the nature of MS, with its uncertain prognosis, lack of cure and limited 

interventions, it is understandable that some persons with MS may experience feelings 

of helplessness, hopelessness and uncertainty about their future. It is also 
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understandable that these feelings may negatively affect mood in some individuals.117 

Poor social relationships, inadequate coping strategies, loss of recreational activities 

and high stress levels are factors experienced by some persons with MS that may 

contribute to the presentation of depressive symptoms.117 However, depression in MS 

is not simply the inability to cope with psychosocial challenges.  Although a lack of 

social support  is a risk factor for depression in persons with MS,125, 126 studies 

implementing social support mechanisms (peer support groups) for those with MS who 

experienced depression, failed to observe any beneficial effect on mood.127 

Additionally, psychological determinants of depression fail to account for the higher 

incidence of depression in persons with MS when compared to patients with other 

chronic illnesses.128 Therefore, although psychological variables may influence 

depressive symptoms, it is likely that disease-specific factors play an important role in 

depression aetiology in MS.  

 

Disease-related factors implicated in depression aetiology 

Although no clear anatomical location has been identified, lesion load in various areas 

of the CNS has been associated with depression scores in some122, 123, 129, 130 but not all 

studies,123 when assessed using T2-weighted MRI.  Other researchers have found that 

brain atrophy, particularly of the temporal lobe, is associated with depression in MS.123, 

124, 129 Alternatively, immunological changes associated with MS, (including abnormal 

cytokine profiles, inflammation and immune infiltration of the CNS) have been 

implicated in depression aetiology in MS.131 However, the precise role of these 

variables in depression aetiology is unclear.131 Although antidepressants have been 

shown to decrease inflammatory markers in persons with MS,132, 133 the relationship 

between inflammation and depression is unclear. It is not known whether depression is 

a primary, secondary or coincidental factor of inflammation.131 Understanding the 

cause of depression in persons in MS is an area that requires further investigation. In 

the interim, it is important to implement and investigate strategies, such as regular 

exercise participation, that may decrease depression in persons with MS.  

 

Depression in persons with MS is measured using a range of questionnaires. Common 

questionnaires used are the Beck Depression Inventory and The Mental Health 

Inventory. The Mental Health Inventory assesses overall emotional functioning and is 

comprised of four subscales: 1. anxiety, 2. depression, 3. behaviour control and 4. 

positive affect. The Mental Health Inventory has been found to be a reliable measure 
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with a correlation co-efficient of 0.93.134 The Beck Depression Inventory is a 21 itemed 

questionnaire asking patients how they have felt over the past seven days. Each 

question is scored between 0-3, with higher scores indicating more severe depression. 

The Beck Depression Inventory has been found to be a valid measure of depression in 

patients with MS.135  

 

Quality of life  

Quality of life is a multi-dimensional construct that is defined by the World Health 

Organisation as "An individual's perception of his/her position in life in the context of 

the culture and value systems in which he/she lives, and in relation to his/her goals, 

expectations, standards and concerns. It is a broad-ranging concept, incorporating in a 

complex way the person's physical health, psychological state, level of independence, 

social relationships, and their relationship to salient features of their environment.”136 

Persons with MS tend to report lower quality of life scores than the general 

population.137 Furthermore, persons with MS have been found to have lower quality of 

life score than individuals with diabetes, prostate disease or epilepsy.137  

 

Quality of life in persons with MS can be influenced by various factors. Many of the 

symptoms experienced by persons with MS have been negatively associated with 

quality of life scores.138-141 Subjective contributing factors include perception of 

symptoms, level of fitness, self image, satisfaction with family life, work, social 

support, financial situation, and life in general, 142 while objective factors include 

clinical presentation of the disease, social status, social and living conditions, as well as 

the number and intensity of social contacts.142  However, it appears that it is in the 

physical domain in particular, that persons with MS tend to exhibit lower quality of life 

scores.137   

 

Both generic and MS-specific questionnaires are used to assess quality of life in 

persons with MS. Common generic questionnaires used to determine quality of life in 

persons with MS are the Health Status Questionnaire Short Form-36 (SF36) and 

Sickness Impact Profile. The SF36 provides scores for eight dimensions of quality of 

life: physical functioning, role-physical, bodily pain, general health, vitality, social 

functioning, role-emotional and mental health, in the previous four weeks and takes 

approximately nine minutes to complete.143 The SF36 has been found to have good 

reliability and validity in the general population,144in patients undergoing renal 
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replacement therapy145 and patients with cervical spondylotic myelopathy.146  

Disadvantages of the SF36 a relatively low sensitivity to change in QoL.142  The 

Sickness Impact Profile assesses 12 areas of functioning: sleep and rest, eating, work, 

home management, recreation and pastimes, ambulation, mobility, body care and 

movement, social interaction, alertness behavior, emotional behavior, and 

communication.147 The Sickness Impact Profile has been found to be reliable and valid 

in healthy individuals, as well as patients with hyperthyroidism, rheumatoid arthritis 

and hip replacement.147 The disadvantage of the Sickness Impact Profile is the length 

of the questionnaire, with 136 items and taking up to 30 minutes to complete. 

 

The most common MS-specific scales used to assess quality of life in persons with MS, 

are the Multiple Sclerosis Quality of Life Inventory and the Hamburg Quality of Life 

Questionnaire. The Multiple Sclerosis Quality of Life Inventory is an assessment of 138 

items organised into ten scales: 1. SF36, 2. Modified Fatigue Impact Scale, 3. MOS 

Pain Effects Scale, 4. Sexual Satisfaction Scale, 5. Bladder Control Scale, 6. Bowel 

Control Scale, 7. Impact of Visual Impairment Scale, 8. Perceived Deficits 

Questionnaire, 9. Mental Health Inventory, and 10. MOS Modified Social Support 

Survey. 

 

The Multiple Sclerosis Quality of Life Inventory was field tested on 300 MS patients, 

with a cross-section of low, moderate and severe disability levels assessed. The 

reliability coefficient scores of the ten scales in the Multiple Sclerosis Quality of Life 

Inventory varied between 0.74 and 0.97.134 In support of these findings, a study which 

compared the reliability of the Multiple Sclerosis Quality of Life Inventory in 60 MS 

patients (thirty patients younger than 60 years, and thirty patients older than 60 years) 

reported reliability coefficients between 0.77 and 0.92 in the cohort of younger 

patients, and 0.76 and 0.90 in the older cohort.148 The disadvantage of the Multiple 

Sclerosis Quality of Life Inventory is the length of the inventory, taking participants up 

to 40 minutes to complete. The Hamburg Quality of Life Questionnaire is also lengthy 

38 item questionnaire which takes participants approximately 25 minutes to 

complete.149. Therefore, due to the multiple measures and questionnaires the 

participants in these studies were asked to complete, I chose to use the SF36 as a 

measure of quality of life in the research undertaken for this dissertation. 
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Pharmacological therapies 

Despite the extensive and on-going research in MS pathology and treatment options, 

there is still no cure for MS. However, pharmacological agents are used in an attempt 

to control specific symptoms and modify disease course. The first-line agents used to 

treat MS are INF-β and glatiramer acetate. INF-β is available in three forms, known as 

Avonex®, Rebif® and Betaseron®.  Avonex® is injected weekly, whereas Rebif® is 

injected three times a week, and Betaserson® every alternate day. The exact 

mechanism through which INF-β is beneficial is not known. Clinical trials have shown 

that when compared to placebo, INF-β reduces relapse rate by approximately 18-54%, 

and slows the rate of disability progression.150 Unfortunately, all three forms of INF-β 

are associated with mild, and to a lesser extent, more severe side effects (Table 2). 

 

Table 2: Side effects of the interferon-ß agents used to treat multiple sclerosis 
Pharmacological 
agent 

Common side effects Other possible side effects 

Avonex® Flu-like symptoms including 
myalgia, fever, fatigue, headache, 
chills, nausea and vomiting.  

Paresthesiae, hypertonia, 
myasthenia, depression, suicidal 
ideation and new or worsening 
psychiatric disorders. 

Betaseron® Flu-like symptoms and pain, 
elevated liver enzymes, 
lymphopenia, injection-site 
reaction and asthenia. 

Depression, suicidal ideation and 
injection site necrosis. 

Rebif® Flu-like symptoms, injection-site 
reaction, elevated liver enzymes 
and haematological abnormalities. 

Depression and suicidal ideation. 

Source: Vosoughi & Freedman150 
 

Glatiramer acetate, also known as Copaxone® is a synthetic amino acid polymer which 

is injected daily. Clinical trials have reported a 33-76% reduction in relapse rates; 

however, it has not been shown to be beneficial in slowing disability progression.150 

When compared to INF-β, glatiramer acetate is seen to be more favourable in terms of 

adverse reactions. Unlike INF-β, glatiramer acetate is not associated with liver 

abnormalities or leukopenia, and flu-like symptoms do not occur. However, 

approximately 15% of patients experience a post-injection systemic reaction that is 

characterised by chest tightness, flushing, anxiety, dyspnea and palpitations. Skin 

reactions and hives are also common following glatimer acetate use. 

 

The second-line pharmacological agents used to treat MS are natalizumab and 

mitoxantrone. Natalizumab, also known as Tysabri®, is a monoclonal antibody 
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developed specifically for treating relapsing-remitting MS. Two clinical trials have been 

conducted on natalizumab. The first demonstrated a 68% reduction in relapse rate 

after one year, and a 42% reduction in disability progression after two years when 

compared to a placebo.150 In the second trial, patients who had a relapse in the 

previous year while taking Avonex® were administered natalizumab as an additional 

therapy.150 This combination therapy was not as effective as Anovex® administered on 

its own. The combined therapy was associated with a 35% reduction in relapse rate 

after one year, and a 24% reduction in disability progression after two years.150 

Headache and fever are the most common side effects following natalizumab use.150 

However, other adverse reactions include arthralgia, urinary tract infection, lower 

respiratory tract infections, gastroenteritis, vaginitis, extremity pain, diarrhoea and 

hypersensitivity reactions such as rash and urticardia.150 The most severe side effect 

associated with natalizumab use is an increased risk of developing progressive 

multifocal leukoencephalopathy (a usually fatal viral disease characterised by 

progressive inflammation and damage of the white matter in the brain).151 The risk of 

developing multifocal leukoencephalopathy increases with long term natalizumab 

use.150 Due to this severe and usually fatal side effect, natalizumab is restricted to 

those patients with very active relapsing-remitting MS.150 

 

Mitoxantrone, also known as Novantrone®, has both immunosuppressive and 

immunomodulatory properties, and has been shown to be beneficial to persons with 

both relapsing-remitting and secondary-progressive MS.150 Mitoxantrone has been 

recommended as a temporary treatment option for persons with relapsing-remitting 

MS who do not respond to INF -ß or glatiramer acetate.150 Usual mitoxantrone side 

effects include nausea and vomiting. Cardiotoxicity is a serious life-threatening side 

effect that is associated with Mitoxantrone use.150 Other side effects that can present 

include acute myelogenous leukemia, godal dysfunction and amenorrhea.150 Due to the 

limitations in the efficacy of pharmacological agents and associated side effects, the 

development of intervention strategies that facilitate coping with, and the management 

of, MS are important.  
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Exercise participation 

Exercise prescription guidelines and benefits of regular physical activity 

The American College of Sports Medicine (ACSM) recommends that individuals in the 

general population participate in at least 30 minutes of moderate-intensity aerobic 

exercise, five days per week, or at least 20 minutes of vigorous intensity exercise, 

three times per week.152  Moderate-intensity aerobic exercise will noticeably elevate 

heart rate, and is generally equivalent to a brisk walk152, whereas vigorous-intensity 

aerobic exercise (e.g. jogging) will result in rapid breathing and substantially increase 

heart rate (Table 3).152 The recommended 30 minutes of moderate-intensity activity 

can be accumulated in bouts lasting at least 10 minutes in duration. The recommended 

amount of aerobic activity is in addition to routine activities of daily living of light 

intensity, or those lasting less than 10 minutes in duration.152 In addition to this 

aerobic (or endurance based activity), the ACSM recommends that individuals perform 

activities that increase or maintain muscular strength and endurance at least twice a 

week.152 It is recommended that 8-10 exercises, that target the major muscle groups, 

be performed on two or more non-consecutive days each week.152 A weight that allows 

8-12 repetitions of each exercise, and results in volitional exhaustion should be used.152 

Examples of muscle strengthening exercises include progressive weight-training, 

weight bearing calisthenics and stair climbing.152 
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Table 3: MET equivalents of common physical activities classified as light, moderate 
or vigorous intensity 
 
LIGHT <3.0 METs MODERATE 3.0-6.0 METs VIGOROUS >6.0 METs 
Walking 

- Slowly around home or 
office =2.0* 

 
- Walking 3.0 mph = 3.3* 
- Walking 4.0 mph = 5.0* 

 
- Walking 4.5 mph = 6.3 
- Walking/hiking at 

moderate pace and 
grade with no or light 
pack (< 10lb) = 7.0 

- Hiking at steep grades 
and pack 10-42 lb = 7.5-
9.0 

- Jogging 5 mph = 8.0* 
- Jogging 6 mph = 10.0* 
- Running 7 mph = 11.5* 

Household & Occupation 
- Sitting using computer, 

using light hand tools = 
1.5 

- Standing performing 
light work such as 
making bed, washing 
dishes, ironing, 
preparing food or store 
clerk = 2.0-2.5 

 
- Cleaning- heavy: 

washing windows, car, 
cleaning garage = 3.0 

- Sweeping floors, 
vacuuming, mopping = 
3.0-3.5 

- Carpentry-general = 3.6 
- Carrying & stacking 

wood = 5.5 
- Mowing lawn-walking 

power mower = 5.5 
 

 
- Shoveling sand, coal etc 

= 7.0 
- Carrying heavy loads 

e.g. bricks = 7.5 
- Heavy farming = 8.0 
- Shoveling, digging 

ditches = 8.5 
 

Leisure- time & Sports 
- Arts & crafts, playing 

cards = 1.5 
- Billiards = 2.5 
- Boating -powered = 2.5 
- Croquet = 2.5 
- Darts = 2.5 
- Fishing- sitting = 2.5 
- Playing most musical 

instruments = 2.0-2.5 

 
- Badminton-recreational 

= 4.5 
- Basketball-shooting 

around = 4.5 
- Bicycling on flat, light 

effort 10-12 mph = 6.0 
- Dancing –ballroom slow 

= 3.0, ballroom fast = 
4.5 

- Fishing from river bank 
& walking = 4.0 

- Golf-walking pulling 
clubs = 4.3 

- Sailing boat, windsurfing 
= 3.0 

- Swimming leisurely = 
6.0** 

- Table tennis = 4.0 
- Tennis doubles = 5.0 
- Volleyball non-

competitive = 3.0-4.0 

 
- Basketball game = 8.0 
- Bicycling on flat 

moderate effort  (12-14 
mph) = 8.0, fast (14-16 
mph) = 10 

- Skiing cross country –
slow = 7.0, fast = 5.0-7.9 

- Soccer-casual = 7.0,  
- Soccer-competitive = 

10.0 
- Swimming-

moderate/hard = 8-11.0 
** 

- Tennis singles = 8.0 
- Volleyball-competitive or 

at beach = 8.0 
 

Source: Ainsworth et al.153 * On flat surface. ** MET values can vary substantially for swimming 
due to different strokes and skill level. MET: metabolic equivalent, mph: miles per hour. 
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Numerous studies conducted on individuals in the general population have investigated 

the benefits of physical activity on health and well-being, and the positive effect of 

keeping physically active is well established.154-156 Table four presents some of the 

known physiologic, metabolic and psychological benefits of regular physical activity in 

the general population. Regular physical activity can also reduce the occurrence of co-

morbidities such as cardiac events, incidence of stroke, hypertension, type II diabetes, 

colon and breast cancer, osteoporotic fractures, gallbladder disease, obesity, 

depression, and anxiety and delays mortality when compared to individuals leading a 

sedentary lifestyle.154, 155, 157-159 Furthermore, studies assessing changes in physical 

activity levels have found that individuals who go from leading a sedentary lifestyle to 

being physically active, or who change from being physically unfit to being physically 

fit, have a lower rate of disease and mortality compared to those who continue to 

remain inactive or unfit.155, 160-163 These studies highlight the importance of leading a 

physically active lifestyle.  

 

Several studies have reported the effect of regular exercise (exercise training) on 

persons with MS;110, 164-170 this data will be discussed later in this chapter. In general, 

research suggests that exercise training in persons with MS is beneficial to overall 

health and wellbeing, and does not exacerbate disease progression. Similarly, as 

observed for individuals in the general population, persons with MS who do not 

regularly participate in physical activity, increase their risk of developing co-morbidities. 

Reason for death in 4254 Danish persons diagnosed with MS between 1949 and 1996 

were investigated, and it was found that cardiovascular disease was the cause of death 

in 15.5% of patients.171 Furthermore, rate of death due to cardiovascular disease was 

significantly greater in Danish patients with MS than age-matched individuals in the 

general population.171 This finding would suggest that the increased inactivity of 

persons with MS may place individuals in a high risk category for developing 

cardiovascular disease. As physical inactivity is a major risk factor for the development 

of cardiovascular disease,172 it would be reasonable to argue that regular physical 

activity could decrease cardiovascular risk in persons with MS. The American College of 

Sports Medicine recommends that persons with MS complete three endurance- , and 

two resistance- exercise training sessions person week, in addition to stretching once 

or twice daily (Table 5).173   
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Table 4: Benefits of regular physical activity in the general population 

Improvements in cardiovascular and respiratory function 

• Increased maximal oxygen uptake resulting from both central and peripheral 
adaptations 

• Decreased minute ventilation at a given absolute sub-maximal intensity 

• Decreased myocardial oxygen cost at a given absolute sub-maximal intensity 

• Decreased heart rate and blood pressure at a given sub-maximal intensity 

• Increased capillary density in skeletal muscle 

• Increased exercise threshold for  the accumulation of lactate in the blood 

• Increased exercise threshold for the onset of disease signs and symptoms (e.g. angina 
pectoris, ischemic ST-segment depression, claudication) 

Reduction in coronary artery disease risk factors 

• Reduced resting systolic and diastolic pressure 

• Increased serum high-density lipoprotein cholesterol and decreased serum triglycerides 

• Reduced total body fat, reduced intraabdomial fat 

• Reduced insulin needs, improved glucose tolerance 

• Reduced body platelet adhesiveness and aggregation 

Decreased morbidity and mortality 

Primary prevention (i.e., interventions to prevent the initial occurrence) 

• Higher activity and/or fitness levels are associated with lower death rates from coronary 
artery disease 

• Higher activity and/or fitness levels are associated with lower incidence rates for 
combined cardiovascular diseases, coronary artery disease, stroke, type II diabetes, 
osteoporotic fractures, cancer of the colon and breast, and gallbladder disease 

Secondary prevention (i.e. interventions after a cardiac event, to prevent another) 

• Based on meta-analyses, cardiovascular and all-cause mortality are reduced in post 
myocardial infarction patients who participate in cardiac rehabilitation exercise training, 
especially as a component of multifactorial risk factor reduction 

• Randomised controlled trials of cardiac rehabilitation exercise training involving post 
myocardial infarction patients do not support a reduction in the rate of nonfatal 
reinfartion  

Other postulated benefits 

• Decreased anxiety and depression 

• Enhanced physical function and independent living in older persons 

• Enhanced feelings of wellbeing 

• Enhanced performance of work, recreational and sports activities 

• Reduced risk of falls and injuries in older persons 

• Prevention or mitigation of functional limitations in older adults 

• Effective therapy for many chronic diseases in older adults 

Adapted from American College of Sports Medicine156 
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Table 5: ACSM guidelines and considerations for exercise prescription in multiple 
sclerosis 
Mode of 
Exercise/Activity 

General Goals Intensity/Frequency
/Duration 

Special 
Considerations 

Physical Activity 
Activities of daily living 
Built in inconveniences 
Leisure activities and 
hobbies 

 
Increase daily energy 
expenditure 

 
30 minutes of 
accumulated physical 
activity each day on 
most days 

 
Strategies for energy 
conservation may be 
necessary 

Endurance Exercise  
e.g. stationary cycling, 
walking, water or chair 
aerobics, treadmill 
walking 

 
Increase cardiovascular 
function 
Reduce risk of coronary 
artery disease 

 
60-70% heart-rate 
peak/ 50-65% VO2peak 
3 sessions/week 
One 30 minute session 
or three 10 minute 
session/day 

 
Air temperature should 
be kept cool 
Fans may be helpful 
Therapeutic swimming 
water is often too 
warm 

Resistance Exercise 
e.g. Therabands, free 
weights, weight 
machines, pulley 
weights, Pilates 

 
Increase general 
muscle strength and 
tone. Equalise 
agonist/anatagonist 
strength & reduce 
spasticity 

 
Perform on non-
endurance training 
days 
2 sessions/week 
8-15 repetitions 
60-80% 1RM 
Minimum of 1 minute 
rest between 
sets/exercises 

 
If upper-extremity 
sensory deficit exists 
do not use free 
weights.  
Training performed in 
seated position if 
balance is impaired.  

Flexibility 
e.g. Passive and active 
range of motion, yoga, 
tai chi 
 

 
Increase joint range of 
motion 
Counteract spasticity 
Improve balance 

 
Perform 1-2 sessions 
daily 
Hold stretch 30-60 
seconds for 
mild/moderate 
tightness 
Positional stretching 
with assistance of 
gravity up to 20 
minutes for contracture 

 
Should be performed in 
a seated or lying 
position 

Adapted from American College of Sports Medicine173 

 

Physical activity behaviour and exercise participation in persons with multiple sclerosis 

Six studies have compared physical activity levels in persons with MS, with healthy 

individuals or with other diseased populations (Table 6).105-109, 174 These studies have 

utilised both self-reported questionnaires105-109, 174 and accelerometer data108, 174  to 

assess physical activity levels. Most studies reported that persons with MS are less 

active than the general population.105, 106, 109, 174 Although one study did find women 

with MS to be more active than women in the general population.107 These authors 

suggested that the higher rate of physical activity levels in this cohort compared to the 

general population may have been due to the fact that the 85% of MS patients in this 
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Table 6: Physical activity behavior in persons with MS 

 
AP: angina pectoris, AS: asthma, DB: diabetes, CFS: chronic fatigue syndrome, CIS: Checklist Individual Strength, COPD: chronic obstructive pulmonary 
disease, CP: chronic pain, CPMS: chronic progressive multiple sclerosis, DP: dialysis patients, EI: elderly individuals, GP: general population, HAC: healthy 
active control subjects, , HSC: healthy sedentary control subjects, MS: multiple sclerosis, MSF: multiple sclerosis patients with fatigue, NR: not reported, 
RRMS: relapsing-remitting multiple sclerosis, SIP: Sickness Impact Profile 
 

Authors Sample size Disability 
(EDSS) 

Type of MS Measure of physical 
activity 

Main findings 

Nortvedt et al.106 N = 22,312 
MS: 87 
GP: 20,544 
AP: 109 
AS: 1353 
DB: 219 

NR NR Hr/ wk leisure time activity MS less active than GP, AP, AS ,DB,  

Slawta et al.107 N = 43,855 
MS: 123 
GP: 43,732 

NR NR Modified Yale Physical Activity 
Survey 

MS more active than GP 

Mostert & Kesselring105 N = 52 
MS: 26 
GP: 26 

1-6.5 NR Baecke activity questionnaire  MS less sport-specific physical activity than GP 
No difference MS and GP work or leisure time physical 
activity 

Ng & Kent-Braun108 N = 40 
MS: 18 
HSC: 15 
HAC: 8 

1.5- 6 RRMS: 10 
CPMS: 8 

Accelerometer 
7day recall questionnaire 

Recall questionnaire:  
MS less activity than HAC 
Similar activity to HSC 
Accelerometer: 
MS less activity than HAC & HSC 

Stuibergen109 N=768 
MS: 37 
GP: 477 
EI: 102 
CP: 83 
COPD: 30 
DP: 39 

NR NR Human Activity Profile No difference MS and DP daily energy expenditure  
MS lower daily energy expenditure than GP,EI, CP, COPD 

Vercoulen et al.174 N= 154 
MSF: 50 
CFS: 51 
GP: 53 

1 – 6 RRMS: 31 
CPMS: 19 

Accelerometer  
7-point likert scale rating daily 
activity 
Activity subscale of CIS 
Mobility and walking subscales 
of SIP. 

No difference MSF and CFS activity levels 
MS lower activity levels than GP 
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study had mild MS and were fully ambulatory. Alternately, the authors suggest that the 

higher rate of self-reported physical activity levels may have been influenced by the 

fact that participants in the MS cohort were recruited through the promotion of a 

health behaviour study that may have attracted more health-conscious individuals (n= 

123), in contrast to individuals in the non-MS cohort (n=43,732), where data obtained 

was collected for a large scaled National Health Interview Survey. In the study 

conducted by Ng and Kent-Braun, persons with MS were found to be less active than 

both active and sedentary individuals in the general population when accelerometer 

data was analysed.108 However, when data was assessed using a  seven day recall 

questionnaire, persons with MS were found to perform a similar amount of daily 

activity than sedentary individuals.108 Ng and Kent-Braun suggested that the seven day 

recall questionnaire utilised in their study lacked the sensitivity to detect differences in 

physical activity at the low end of the activity spectrum, and suggested that the 

accelerometer data gave a better indication of activity levels.108 

 
Two additional studies have examined the amount of physical activity performed by 

persons with MS. Turner et al. asked 2295 veterans with MS, “how often do you 

engage in regular activities long enough to work up a sweat?” 71% of participants 

indicated that they participated in no exercise, 10.5% exercised less than once per 

week, 8.2% exercised 1-2 times per week, 6.2% exercised 2-4 times per week and 

3.7% exercised more than five times per week.175 The second study was a large 

internet-based survey conducted by The Multiple Sclerosis International Federation.176 

Two hundred and thirty-two patients with MS completed the survey.  36% of 

respondents completed 1-3 hours of exercise per week, 36% completed less than 1 

hour and 28% completed greater than four hours of exercise per week.176   

 

When compared to other disease populations, persons with MS have been reported to 

have similar activity levels to dialysis patients109 and individuals with chronic fatigue 

syndrome.174 However, persons with MS were found to be less active than patients 

with angina pectoris,106 asthma106, type II diabetes,106 chronic pain,109 chronic 

obstructive pulmonary disease,109 and elderly individuals.109 Due to the low physical 

activity levels reported in persons with MS, it is important to identify factors that will 

increase physical activity levels in this clinical population. The first step in this process 

is to identify the factors that will facilitate physical activity behaviours in persons with 
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MS.  Identifying these factors will allow effective interventions to be developed and 

implemented.   

 

Determinants of physical activity behaviours 

Participation in physical activity among healthy adults in the general population is 

influenced by a range of personal, social and environmental factors. The two most 

common demographic correlates of physical activity behaviour in the general 

population are age and gender.177, 178 Physical activity levels are higher in men and 

inversely associated with age.179 Socioeconomic status, occupation and educational 

attainment are additional demographic determinants of physical activity behaviours 

consistently found to influence physical activity levels in the general population.179 

When studies assessing interpersonal variables were reviewed, exercise self-efficacy (a 

person’s confidence in their ability to participate in regular physical activity) was found 

to be the most commonly cited correlate of physical activity behaviour.179 Additionally, 

barriers to physical activity, lack of time, too tiring, too weak, fear of falling, bad 

weather, as well as lack of facilities and exercise partners are reported to strongly 

influence leisure time activity in both men and women.179 Social support also appears 

to strongly influence physical activity behaviour.  Every study reviewed by Trost et al., 

that included a measure of social support in their analysis, found a significant positive 

association between social support and physical activity levels.179 Finally, several 

environmental factors are known to influence physical activity behaviour in the general 

population.179 These environmental factors include; equipment at home, access to 

facilities, satisfaction with recreational facilities and community level influences such as 

neighbourhood safety, hilly terrain, frequent observation of others exercising 

(modelling) and enjoyable scenery.179 Although determinants of physical activity have 

been well established in the general population, few studies have investigated the 

determinants of physical activity in persons with MS. It is unknown whether the 

determinants of physical activity behaviour will be the same in persons with MS. It 

could be speculated that due to the nature of MS, disease specific factors may 

influence physical activity behaviours, and barriers to physical activity may differ from 

those observed in the general population. 

 

A group of researchers from the University of Illinois in the USA have investigated MS 

symptoms and their association with physical activity behaviour.180-183 In the first of 

their published studies on this topic, 196 patients with MS completed a checklist of 
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symptoms experienced in the previous 30 days, and wore an accelerometer for seven 

days.180 Correlation analysis found a moderate inverse relationship between the 

number of symptoms experienced in the previous 30 days and physical activity level 

over a seven day period.  Motl et al (2008) then conducted a study where they 

examined worsening of MS symptoms over a 3-5 year period in relation to self-

reported physical activity levels.182 These researchers found that participants who 

experienced a worsening of their symptoms reported lower physical activity levels. This 

relationship was not attenuated by disease severity or type of MS.182 The results of this 

study suggest that managing MS symptoms may be important in the promotion of 

physical activity.  

 

Motl et al. also investigated the role of both overall and specific MS symptoms on 

physical activity behaviour.181 In this study, 133 persons with MS completed the 

Symptom Inventory to assess overall symptoms; as well as the Fatigue Severity Scale, 

Centre for Epidemiological Studies-Depression Scale, short form of the McGill Pain 

Questionnaire and the Multiple Sclerosis Walking Scale, to provide measures of fatigue, 

depression, fatigue and walking ability. Physical activity was assessed using the Godin 

Leisure-Time Exercise Questionnaire. Higher levels of overall symptoms, fatigue and 

walking impairment were associated with lower physical activity levels.181 These results 

support the previous findings of these researchers, suggesting a relationship between 

overall symptoms and physical activity levels. As these results suggest that walking 

impairments impede physical activity behaviour, it would be interesting to know 

whether education and information in regards to the various exercise modalities 

available (e.g., activities that are not heavily reliant upon one’s ability to ambulate, 

such as swimming, cycling and resistance-based exercises), and the ability to modify 

exercise programs in order to accommodate the individual’s symptoms and limitations, 

would increase exercise participation in those with this disease? Likewise, if persons 

with MS are aware that exercise training does not exacerbate their fatigue, and is a 

potential mechanism that may improve chronic fatigue levels, would fatigue be less of 

a barrier to exercise participation?  

 

In their subsequent study in this area, Snook et al. examined the frequency of both 

overall and motor symptoms on physical activity level over a  seven day period.183 In 

this study exercise self-efficacy was examined using the Exercise Self-efficacy Scale. 

Physical activity levels were correlated with both overall (r=-0.47) and motor 
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symptoms (r=-0.49), as well as exercise self-efficacy scores (r=0.39). The observation 

that exercise self-efficacy may positively influence physical activity behaviour is an 

important finding, as exercise self-efficacy is a determinant of physical activity 

behaviour that has the potential to be improved with appropriate interventions. The 

role of exercise self-efficacy will be discussed in greater detail later in this chapter.  

 

Although it is important to understand the impact of MS symptoms on physical activity 

behaviour, the efficacy of pharmacological and therapeutic interventions are limited for 

most of the symptoms experienced by persons with MS. Therefore, the ability to 

manage symptoms in order to increase physical activity is very limited. The research 

conducted for this thesis focuses on identifying modifiable variables that influence the 

likeliness of an individual participating in regular physical activity. It is through the 

identification of these modifiable determinants of physical activity that effective 

interventions to promote physical activity levels can be developed. To investigate these 

modifiable determinants of physical activity, three elements of the Health Promotion 

Model will be applied. The Health Promotion Model is based on the constructs of the 

social learning and expectancy-value theory, identifying eight variables that may 

influence the likeliness of individuals participating in a health-promoting behaviour 

(Figure 6).184 The three variables of the Health Promotion Model which are of particular 

interest, due to their ability to be modified, are perceived benefits of action, perceived 

barriers to action and perceived self efficacy.184  
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Figure 6: Health Promotion Model. Adapted from Pender et al.184 
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Perceived benefits of action  refers to the individual’s assessment of the possible gains 

associated with engaging in a particular health-promoting behaviour.185 Perceived 

barriers to action provide information about an individual’s assessment of the potential 

obstacles which prevent the individual from engaging in health promoting 

behaviours,185 and perceived self-efficacy refers to an individual’s judgement of  their 

capability to perform a specific behaviour successfully.186   

 

Information detailing the perceived benefits of physical activity in persons with MS is 

limited. One study has explored this concept.187 Kasser interviewed twelve adults with 

MS, who were participating in an exercise training program, about their motivation for 

participating in the program.187 Kasser found that three central themes arose from the 

interviews (Figure 7). The first theme that emerged, was that persons with MS 

participated in the exercise training program to improve their health and function. 

Kasser found that as individuals aged and the disease progressed, they believed that 

exercise was necessary in order to maintain the ability to perform daily tasks and 

participate in social activities.187 Nine of the 12 patients in this study who had regularly 

exercised prior to being diagnosed commented that, prior to diagnosis, they exercised 

for recreational and fitness-related reasons, whereas following diagnosis they exercised 

for functional and health-based reasons.187 Study participants also made favourable 

comments on the psychological benefits of exercise. The second theme that arose was 

that self-efficacy played an important role in exercise adherence. Self-efficacy was 

enhanced through the achievement of personal accomplishments, as well as exercising 

with others perceived to have similar capabilities, challenges and needs.187 Thirdly, 

patients commented that exercising made them feel hopeful and optimistic.187 While 

this study indicates that exercising to maintain health and fitness, to improve self-

efficacy, and to increase hope and optimism are perceived benefits to exercise 

participation in persons with MS, this study only interviewed participants already 

participating in an exercise training program. To improve physical activity levels in 

those with MS not currently leading an active lifestyle, we need to know what the 

perceived benefits to physical activity are in these patients, as well as, if and how they 

differ from active persons with this disease.  
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Figure 7: Themes and associated variables on the meaning of exercise in 12 persons 
with MS interviewed about their motivation for exercise participation. Adapted from 
Kasser187 
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implementing strategies or modifying exercise training programs to enhance or 

improve exercise participation. It would be particularly useful to know if there are any 

differences in perceived barriers to exercise participation in active and inactive persons 

with MS. Do inactive persons with MS have different perceived barriers to exercise 

participation than active persons with this disease, or, is there some other factor such 

as exercise self-efficacy that facilitates exercise participation?  

 

Previous correlation-based studies in persons with MS suggest that higher perceived 

exercise self-efficacy may be associated with higher levels of physical activity.189, 190 

This finding is in agreement with data obtained in the general population,179 and 

suggests that interventions that increase exercise self-efficacy may improve physical 

activity behaviours in those with MS. One study has assessed the impact of an exercise 

self-efficacy based intervention on physical activity behaviours in persons with MS.191 

Although this study did not investigate the influence of an exercise self-efficacy 

enhancement intervention on increasing physical activity levels in inactive persons with 

MS, they did find that adherence to an exercise training program was improved in 

persons with MS when compared to patients who did not complete the exercise self-

efficacy enhancement program. The research conducted for this dissertation will 

further explore the role of exercise self-efficacy as a determinant of physical activity 

behaviour, focusing on the difference in exercise self-efficacy in persons with MS who 

do, and do not, participate in regular physical activity. 

 

Exercise training in multiple sclerosis management and rehabilitation 

Safety considerations when exercising persons with multiple sclerosis 

In order for persons with MS to safely participate in exercise, special considerations 

should be made when prescribing exercise. Firstly, one should be aware that symptom 

exacerbations may occur during or following periods of physical activity. Symptom 

exacerbations refers to the onset, or increase in the intensity of symptoms. For 

example, persons with MS may develop foot drop or become progressively unsteady 

while participating in, or following physical activity.192 Symptom exacerbations are one 

of the primary reasons why persons with MS were originally discouraged from exercise 

participation.193  

 

Smith et al. found that 62% of persons with MS reported a change in sensory 

symptoms following a single individualised exercise session.194 During the exercise 
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session, subjects cycled or self-propelled a manual wheelchair at a intensity that 

elicited 12-14 on the Borg Rating of Perceived Exertion Scale,195 followed by resistance-

based activities (three to six exercises at an intensity equivalent to 50% of one-

repetition maximum) and stretching. The exercise session lasted between five and 45 

minutes (median 15 minutes). The main symptoms reported by patients following the 

exercise session were blurred vision, tingling, weakness and vibration.194 In another 

study, 10% of patients who performed an incremental exercise test to volitional 

fatigue, reported experiencing symptom exacerbations.105 The main symptoms 

reported after completing the incremental exercise test were elevated muscle 

spasticity, paraesthesia and vertigo. Other symptom exacerbations that may occur 

following a period of physical activity include fatigue, slurred speech and muscle 

weakness. 

 

The aetiology of exercise-induced symptom exacerbation in persons with MS is not 

fully understood. Mechanisms that have been proposed include increased body 

temperature and increased nitric oxide levels. It is thought that increased body 

temperature may lead to symptom exacerbations by inducing conduction block in 

partially demyelinated axons.196 Alternatively, an increase in nitric oxide levels following 

physical activity197 has been proposed as the mechanism that may be responsible for 

the development of symptom exacerbations following exercise participation.198, 199 

Experimental studies investigating the effect of nitric oxide on nerve conduction have 

reported that when nitric oxide levels are increased to levels exceeding those expected 

to occur during inflammation, reversible axonal conduction block is induced, 

particularly in nerves with demyelinated axons.198  

 

Although the exact cause of symptom exacerbations are unresolved, we do know that 

symptom exacerbations are transient and resolve after a rest period.194 In the study 

conducted by Smith et al., 85% of participants who experienced symptom 

exacerbations, returned to pre-exercise status within 30 minutes of completing their 

individualised exercise session , and all participants returned to pre-exercise status 

within 24 hours.194  

 

Increased body temperature during exercise is the result of the accumulation of 

metabolic heat generated by the exercising muscles.200 The effect of heat on the 

individual during exercise can be minimised by either reducing heat production or 
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increasing heat loss. As heat production is proportional to the amount of work 

performed by the skeletal muscle, heat production cannot be reduced without reducing 

the physical work performed.200 Therefore, it is the strategies that increase heat loss 

that are beneficial. Possible cooling strategies include exercising in an air-conditioned 

environment, using fans or water spray bottles, and wearing cooling garments.173, 200 

Exercising in the morning may also be beneficial as this is when the circadian body 

temperature is at its lowest.173 Studies in persons with MS have found that utilising 

cooling strategies in either the pre- or post- exercise period is beneficial in preventing 

or treating symptom exacerbations, as well as improving physical performance.200-202   

 

The impact of individual symptoms experienced must also be considered. Some 

persons with MS will experience various sensory deficits including subtle losses in 

tactile and proprioceptive sensations.173 Therefore, the use of some exercise equipment 

may be dangerous. Sensory impairments may lead to difficulties in grasping and 

controlling free weights, as well as interfering with the ability to perceive muscle and 

joint position.173 The Amercian College of Sports Medicine173 recommends that persons 

with sensory deficits utilise machine weights when participating in resistance-exercise 

training.173 Compared to free weights, machine weights reduce the amount of control 

and co-ordination required, as well as provide visual feedback in regards to range of 

motion and force production.173 Exercising in front of a mirror is another useful 

strategy for those who have difficulties with proprioception.173   

 

Spasticity, tremor and ataxia can cause uncoordinated movement patterns, making 

some exercise activities, such as using free weights, dangerous.173 Once again, the use 

of machine weights during resistance-exercise may be more appropriate for persons 

who experience these symptoms. Furthermore, many persons with MS experience 

slight cognitive and memory deficits. Therefore it is important to check the individuals 

understanding of the activity, in addition to providing continual reminders on technique 

and equipment use.173  

 

Although it is important to be aware of these exercise considerations, it would be 

extremely valuable to know, if different exercise modalities are more effective at 

minimising the risk of symptom exacerbations occurring. In terms of exercise training 

modalities, endurance- and resistance-exercise presents the two basic extremes of 
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exercise training. The research conducted for this dissertation will compare an 

endurance- and a resistance-exercise training in persons with MS. 

Exercise training in persons with multiple sclerosis 

This section of the literature review will review and summarise previous exercise-

training intervention studies that have utilised endurance- or resistance-exercise 

training protocols for persons with MS. Articles were retrieved from PubMed 

(http://www.ncbi.nlm.nih.gov/pubmed/ ) using the terms exercise and physical activity 

in combination with multiple sclerosis. Articles up until June 2010 were reviewed.  

 

Endurance-exercise training 

Table seven presents the 13 articles related to endurance-exercise training that were 

reviewed. The endurance-based activities utilised in these studies were overground 

walking,203 treadmill walking,64, 170, 204 ergometer cycling,105, 205-210 combined arm and 

leg ergometry168 and aquatic exercise211. Studies were predominately conducted on 

patients with mild-moderate MS. Training programs were between four and 26 weeks 

in duration.  

 

These studies indicate that endurance-exercise training is generally well tolerated by 

persons with MS. Four of the 13 studies reported that no adverse events were 

associated with the exercise sessions,64, 203, 207, 209 and two studies reported that the 

exercise sessions were “well tolerated.”170, 204 Five studies failed to report if any 

adverse events were associated with exercise participation,168, 205, 208, 210, 211 and two 

studies reported the occurrence of adverse events in some study participants following 

exercise training.105, 206 Rampello et al. reported that two of the four participants who 

dropped out of their study experienced breathlessness following the exercise training 

sessions. The exercise session in this study involved cycling for five minutes at 30% 

maximum work rate, 30 minutes at 60% maximum work rate, followed by a five 

minute cycling cool down.206 Mosert and Kesselring reported temporary symptom 

impairment following 6% of the 180 training sessions in their study.105 The exercise 

sessions in their study was comprised of 30 minutes of cycling at an intensity 

equivalent to the anaerobic threshold.105 Mosert and Kesselring also reported that two 

participants suffered from elevated spasticity in the lower extremities after completing 

the graded exercise test in the testing phase of their study.105 
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Table 7: Summary of endurance-exercise training studies conducted in persons with multiple sclerosis 

Authors Sample 
size 

Design Disability 
 

Type 
of 
MS 

Duration 
(wk) 

Frequency 
(d/wk) 

Intensity Training 
protocol 

Main findings 

Sosnoff et 
al.205  

n = 22 
ET: 12 
C: 10 

RCT 
 

0-6 RR, 
PP, 
SP 

4 3 Unloaded  
 

Ergometer 
cycling 
30min 

Spasticity: 
H-reflex: NS 
MAS: NS 
MSSS: improved 

Geddes et 
al.203 

n = 12 
ET: 8 
C: 4 

RCT 3.5-6 RR, 
PP, U 

12 3 Individualis
ed THR 

Home-based 
walking 
program. 
5 min warm-up 
and 5 min cool 
down below 
THR. 
Wk 1-2: 15 min 
in THR  
Wk 3-12: time 
in THR gradually 
increased from 
20-30min 

Function: 
6 min walk distance: improved 
Cardiovascular parameters: 
HRmax:NS 
PCI: improved 
BP: NS 
Fatigue: 
FSS:NS 

Lo et al.64 n= 13 
ET:6 
ETR:7 

RCOT 3-7 RR, 
SP, 
PP 

6 sessions 
over 3 
weeks 

- Initial 
treadmill 
speed 1.5 
km/hr 
which was 
gradually 
increased 
over study 

40min of body 
weight 
supported 
treadmill 
walking 

Function: 
25FT walk distance: improved 
6 min walk distance: improved 
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Summary of endurance-exercise training studies conducted in persons with multiple sclerosis continued 
Authors Sample 

size 
Design Disability 

 
Type 
of MS 

Duration 
(wk) 

Frequency 
(d/wk) 

Intensity Training 
protocol 

Main findings 

Rampello et 
al.206 

n = 11 
ET: 6 
NRT: 5 

RCOT 0-6 NR 8 3 60-80% of 
VO2max 

Ergomter 
cycing 
40min  

Function: 
6 min walk distance: improved 
VO2max: improved 
Pulmonary function: NS 
Fatigue: 
MFIS: NS 

Newman et 
al.170 

n = 16 
ET: 16 
 

NC NR NR (12 
sessions) 

- 55-85% 
age-
predicted 
HRmax 

Treadmill 
walking 
30 min  

Function: 
VO2 at CWS: decreased 
2 min walk distance: increased 
10 m walk time: -12% 
Gait: 
Time in DSP: reduced 
CWS: increased 

Van den Berg 
et al.204 

n = 16 
ET:8  
C: 8 

RCOT NR NR 4 3 55-85% 
age-
predicted 
HRmax 

Treadmill 
walking, 
up to 30 
min with 
maximum 
of 3 rest 
periods 

Function: 
10 m walk time: -17% 
2 min walk distance: NS 
Fatigue: 
FSS: NS 

Kileff & 
Ashburn207 

n = 8 
ET: 8 

NC 4-6 NR 12 2 60-80% 
HR 
reserve 

Ergometer 
cycling 
30min 

Function: 
10 m walk time: NS 
6 min walk distance: +16% 
Fatigue: 
FSS: NS 
Spasticity & disability: 
GNDS: -38% 
MAS: NS 
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Summary of endurance-exercise training studies conducted in persons with multiple sclerosis continued 
Authors Sample 

size 
Design Disability 

 
Type 
of MS 

Duration 
(wk) 

Frequency 
(d/wk) 

Intensity Training 
protocol 

Main findings 

Oken et al.209 n = 69 
ET: 21 
YT: 26 
C: 22 

RCT 0-6 NR 26 1 (& 
encouraged 
to exercise 
at home) 

Light & 
moderate 

Ergometer 
cycling 
until 
fatigued 
or a 
personal 
goal 
reached 

Fatigue: 
MFI: -8% 
Depression: 
CESD: NS 
POMS: NS 
Quality of life: 
Vitality scale of SF-36: -16% 

Mostert & 
Kesselring105 

n = 26 
ET: 13 
C: 13 

RCT 1-6.5 RR, CP, 
B 

3-4 5 60% VO2max  Ergometer 
cycling 
30min 

Function: 
VO2max: NS 
Aerobic threshold: +12% 
FVC: +12% 
Fatigue: 
FSS:NS 
Quality of life: 
SF36 vitality: +46% 
SF36 social functioning: 
+36% 

Rodgers et 
al.210 

n = 18 
ET: 18 

NC 1-6.5 NR 24 3 65-70% 
age-
predicted 
HRmax 

Ergometer 
cycling 
30 min 

Function: 
Vo2max: +15% 
Gait: 
Dorsiflexion angle: decreased 
Plantarflexion angle: 
increased 
Ankle ROM: NS 
Knee ROM: NS 
Hip ROM: increased 
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Summary of endurance-exercise training studies conducted in persons with multiple sclerosis continued 
Authors Sample 

size 
Design Disability 

 
Type 
of MS 

Duration 
(wk) 

Frequency 
(d/wk) 

Intensity Training 
protocol 

Main findings 

Petajan et 
al.168 

n = 46 
ET: 21 
C: 25 

RCT 0-6 NR 15 3 60% of 
VO2max 

Arm/leg 
ergometer 
40 min 

Function: 
VO2max: +22% 
Maximal power output: +48% 
Muscle strength: 
Upper extremities: +17% 
Lower extremities: +11% 
Fatigue: 
FSS: NS 
Quality of life: 
POMS: improved at 5 and 10 
wk 

Gehlsen et 
al.211 

n = 10  
ET: 10 

NC 3-6 NR 10 3 60-75% 
HRmax 

Aquatic 
exercise 
1 hr 

Muscle strength: 
Knee extensor & flexors: NS 
Swimbench force of upper 
extremities: +45-85% 
Fatigue: 
Lower extremities: -14% 

B: benign, BDNF: brain derived neurotrophic factor, BSC: balance, stretching and co-ordination training C: control subjects, CESD: centre for epidemiological 
studies depression scale, CP: chronic progressive, CWS: comfortable walking speed, DSP: double support phase, ET: endurance training, ETR: endurance 
training-robot assisted treadmill walking, FSS: fatigue severity scale, FVC: forced vital capacity, GNDS: Guys neurological disability scale, HAQUAMS: 
Hamburg quality of life questionnaire for multiple sclerosis,  HC: healthy controls, HRmax: Maximal heart rate, IL: interleukin, MAS: modified Ashworth scale, 
MFI: multidimensional fatigue inventory, MFIS: modified fatigue impact scale, MSSS: multiple sclerosis spasticity scale, NC: non-controlled, NGF: nerve 
growth factor, NR: not reported, NRT: neuro-rehabilitation training, NS: not significant, RCT: randomised control trial, RCOT: randomised cross-over trial, 
ROM: range of motion, RR: relapsing-remitting, PCI: physiological cost index, POMS: profile of mood states, PP: primary-progressive, SF-36: health status 
questionnaire short form-36, sIL-6R: soluble interleukin six receptor, SP: secondary-progressive, THR: target heart rate, U: unknown, VO2: oxygen uptake, 
VO2max: maximal oxygen uptake, YT: yoga training  
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The results of the endurance-exercise training studies reviewed suggest that 

endurance-exercise training can have both physiological and psychological benefits.  

Four studies105, 168, 206, 208 evaluated the impact of endurance-exercise training on peak 

aerobic power (determined by measuring peak oxygen uptake). Three of these four 

studies reported improvements in peak aerobic power following endurance-exercise 

training. Although the study by Mossert and Kesselring did not find a significant 

improvement in peak oxygen uptake, an increase in the anaerobic threshold was 

observed, suggesting an improvement in exercise tolerance when working at sub-

maximal intensities.105 Newman et al. reported a reduction in steady-state oxygen 

uptake when ambulating at a comfortable walking speed,170 suggesting improved 

walking economy when exercising at a sub-maximal power output.  

 

Various measures of functional ability were used in the exercise intervention studies 

reviewed. Improvement in the Six64, 206, 207 and Two170, 204 Minute Walk Tests, 25 ft64 

and 10 m170, 204 Walk Tests were reported. Only two studies did not report a significant 

improvement in a measure of functional ability. Geddes et al. did not observe a 

significant improvement in walk distance on the Six Minute Walk Test and Klieff and 

Ashburn did not find a significant improvement in the 10 m Walk Test.207 Although 

neither of these studies observed a significant improvement on these measures, a 

“trend” towards improvement was reported. No study reviewed reported a decrease in 

measures of functional ability following endurance-exercise training. 

 

Three studies investigated gait parameters following endurance-exercise training.64, 170, 

210 Lo et al. and Newman et al. reported normalisation of gait patterns following 

endurance-training.64, 170 A  decrease in time spent in the double support phase of 

gait,64, 170 and an increase in stride length170 were observed, suggesting that 

endurance-exercise training may be beneficial in maintaining, or improving normal gait 

pattern in persons with MS. The decrease in steady-state oxygen uptake when 

ambulating at a comfortable walking speed observed by Newman et al. is also 

indicative of a more efficient gait pattern.170 The third study was conducted by Rodgers 

et al. and investigated both kinematic and kinetic changes in walking following a six 

month cycling program.210 Favourable improvements in maximal oxygen uptake, and 

passive range of motion during internal and external rotation of the hip joint were 

reported.210 However, a reduction in self-selected walking speed, increased hip flexor 

tightness, as well as increased plantar flexion and reduced knee range of motion 
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during the gait cycle were observed.210 Although these findings appear to suggest a 

negative impact of endurance training, it should be noted that this investigation was 

conducted over a six month period, and no control group was examined. As MS is a 

progressive disease, it is possible that disease progression may have occurred over the 

six month period. Rodgers et al. did observed an increase in the Expanded Disability 

Status Score over the period of this study and suggested that while some results were 

undesirable, they do not necessarily represent a negative training effect. Rodgers et al. 

concluded that normal neurological fluctuations and disease progression often results 

in a decline in functional ability and may have contributed to the changes in gait 

parameters he observed.210  

 

The impact of endurance-exercise training on fatigue is unclear. Some studies have 

found improvements in fatigue,209, 211 whereas other studies have not.105, 168, 203, 204, 206-

208 However no study reported a significant increase in fatigue following endurance-

exercise training, indicating that endurance-exercise training does not increase fatigue 

in persons with MS. In addition, endurance-exercise training also appears to favourably 

influence quality of life. Following endurance-exercise training, improvements in quality 

of life measured using the Hamburg Quality of Life Questionnaire for Multiple 

Sclerosis,208 SF-36105, 209 and Profile of Mood States questionnaire168 were reported.  

 

Due to the limited number of endurance –exercise training studies conducted and the 

large variability in training study design, it is unclear what frequency, mode, and 

intensity of endurance-exercise training is most beneficial for persons with MS. 

However, the overall findings from the endurance-exercise training studies conducted, 

suggest that steady state submaximal endurance-exercise training is well tolerated by 

persons with MS and provides a potential means to improve physical and psychological 

variables in individuals with this disease.   

 

Resistance-exercise training 

Table eight summaries the 10 articles (based on five studies) related to resistance-

exercise training that were reviewed in the present thesis. Four studies targeted the 

lower extremities,110, 111, 164, 165, 167, 212-214 and one study targeted both the upper and 

lower extremities.166, 215 Four studies were conducted in a supervised environment,110, 

111, 164, 166, 167, 212-215 and one study was home based.165  All studies were conducted on  
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Table 8: Summary of resistance-exercise training studies conducted in persons with multiple sclerosis 

Authors Sample 
size 

Design Disability 
(EDSS) 

Type 
of MS 

Duration 
(wk) 

Frequency 
(d/wk) 

Intensity Training 
protocol 

Main findings 

Dalgas et al. 
164 & Dalgas 
et al.110 

n = 38 
RT: 19 
C: 19 

RCT 3-5.5 RR 12 2 Wk 1-2: 
load 
equivalent 
to 15RM 
Wk 3-4: 
12RM 
Wk 5-6: 
12RM 
Wk 7-8: 10 
RM 
Wk9-10: 
8RM 
Wk11-12: 
8RM 

Wk 1-2: 3 sets, 
10 reps. 
Wk3-4: 3 sets, 
12 reps 
Wk 5-6: 4 sets, 
12 reps 
Wk7-8: 4 sets 10 
reps 
Wk 9-10: 4 sets 
8 reps 
Wk 11-12: 3 sets 
8 reps 
 
5 exercises 
targeting the 
lower extremities 

Muscle strength: 
Handgrip strength: NS 
Knee extensor MVC: 
+16% 
1RM leg press: +37% 
Function: 
Chair Stand Test: -
28% 
Stair climbing: -12% 
10 m walk time: -12% 
6 min walk distance: 
+15% 
Fatigue: 
MFI: improvement in 
general fatigue 
subscale only 
FSS: improved 
Quality of life: 
SF-36 MCS: NS 
SF-36PCS: improved 
Mood: 
MDI: improved 

DeSouza-
Teixeira et 
al.111  

n = 13 
RT:13 

NC 1-6 NR 8 (+8 wk 
control 
period) 

2 Wk 1-2: 
40% MVC 
Wk 3-4: 
45% MVC 
WK 5-6: 
50% MVC 
Wk 7-8: 
55% MVC 

3 sets of 10-15 
repetitions on leg 
extension 
machine 
3 min rest 
between sets 

Muscle strength:  
Leg extension MVC: 
+15% 
Leg power: +51% 
Muscle endurance: 
Leg extension 
endurance: +84% 
Muscle CSA: 
Quadriceps:+4% 
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Summary of resistance-exercise training studies conducted in persons with multiple sclerosis continued 
Authors Sample 

size 
Design Disability 

(EDSS) 
Type 
of MS 

Duration 
(wk) 

Frequency 
(d/wk) 

Intensity Training 
protocol 

Main findings 

Taylor et al. 
215 & Dodd et 
al.166 

n = 9  
RT: 9 

NC NR NR 10 (+ 4 wk 
familiarisatio
n) 

2 60-80% 
1RM 

2 sets of 10-12 
reps. 3 machine 
exercises 
targeting both 
upper & lower 
extremities 

Muscle strength:  
1RM leg press: +32% 
1RM arm press: 14% 
Muscle endurance:  
Leg press endurance: 
+171% 
Arm press endurance: 
NS 
Function: 
Walking speed: +6% 
2 min walk distance: 
NS 
Stair climbing: NS 
Qualitative 
measures: 
Physical, psychological 
and social benefits 

DeBolt  and 
McCubbin165 

n = 36 
RT: 19 
C:17 

RCT 1-6.5 B, RR, 
CP,P,  

8 3 Body weight 
vest used. 
Initial load 
0.5% body 
weight, 
increased 
0.5-2.0% 
every 2 wk 

Home based 
using weight 
vest. 2-3 sets, 8-
12 reps of 5 
exercises targets 
the lower 
extremities 

Muscle strength:  
Leg extension power: 
+37% 
Function: 
AP & ML sway: NS 
Sway velocity: NS 
TUG: NS 
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Summary of resistance-exercise training studies conducted in persons with multiple sclerosis continued 
Authors Sample 

size 
Design Disability 

(EDSS) 
Type 
of MS 

Duration 
(wk) 

Frequency 
(d/wk) 

Intensity Training 
protocol 

Main findings 

White et 
al.212, White 
et al.213, 
White et al.214 
& Gutierrez 
et al.167 

n = 12 
RT: 12 

NC 2.5-5.5 RR 8 2 Wk 1: 
50%MVC 
Wk 2: 60% 
MVC 
Wk 3-8: 
70% MVC, 
then 
intensity 
increased 2-
5% when 
15 reps 
performed  

Wk 1: 1 set, 6-10 
reps 
Wk 2-8: 1 set, 
10-15 reps 
 
5 machine 
exercises 
targeting the 
lower extremities  

Muscle strength: 
Knee extensor: +7% 
Plantar flexor: +52% 
Muscle CSA: 
Quadriceps & 
hamstrings: NS 
Function: 
Step test: +9% 
Gait velocity: NS 
Stride length: +8% 
Fatigue: 
MFIS: -24% 
Resting cytokine 
concentration: 
IL-4:-54% 
IL-10: -43% 
CRP: -28% 
IFN-γ -52% 
IL-2, IL-6 & TNF-α: NS 

AP: anterior-posterior, B: begin, C: control subjects, CP: chronic-progressive, CRP: c-reactive protein, CSA: cross-sectional area, IFN: interferon, EDSS: 
expanded disability status score, FSS: fatigue severity scale. IL: interleukin, MDI: major depression inventory, MFI: multidimensional fatigue inventory, MFIS: 
modified fatigue impact scale, ML: medial-lateral, MVS: maximal voluntary contraction, NC: non-controlled, NR: not reported, NS: non-significant, P: 
progressive, RCT: randomised control trial,  RR: relapsing-remitting, RT: resistance training, TNF: tumor necrosis factor, TUG: timed up and go test, wk: 
week(s), 1RM: one repeat maximum 
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patients with mild-moderate MS. Training studies were between eight and 12 weeks in 

duration. 

 

Resistance-exercise training appears to be well tolerated by persons with mild-

moderate MS. Two of the five studies reported that no adverse events occurred 

following the resistance-exercise training sessions,166, 212-215 while three studies failed to 

report if symptom exacerbations occurred following exercise participation.110, 111, 164, 165 

Both physical and psychological benefits were reported in these studies. Muscular 

strength was found to improve with resistance-exercise training. Dalgas et al. reported 

a 37% increase in leg press one-repetition maximum, and a 16% increase in maximal 

voluntary contraction of the knee extensors.110 Similarly, DeSouza-Teixeira et al. and 

White et al. reported a 15% and 7% increase in knee-extensor maximal voluntary 

contraction, respectively, following eight weeks of resistance-exercise training.111, 214 

 

Although research in MS is typically focused on the lower extremities, the study 

conducted by Taylor et al. suggest that upper extremity strength can also be 

improved.215 Taylor et al (2006) observed a 32% and 14% increase in leg- and arm-

press one repetition maximum, respectively, after completion of a 10 week progressive 

resistance-exercise training program that targeted both the upper and lower 

extremities.215  

 

Two studies used MRI of the thigh to assess changes in muscle cross-sectional area 

following resistance-exercise training.111, 214 Following eight weeks of resistance 

exercise training, twice a week, DeSouza-Teixeira et al.111 reported a 4% increase in 

quadriceps cross-sectional area, whereas White et al.214 reported no changes in either 

quadriceps or hamstring cross-sectional area.  Although both studies were of the same 

duration, participants in the study by DeSouza-Teixeira et al. completed three sets of 

10-15 repetitions, whereas subjects in the White et al. study only performed one set of 

6-15 repetitions. These findings suggest that to increase muscle cross-sectional area, a 

minimal stimulus (i.e., certain number of repetitions) may be required for this 

adaptation to occur. 

 

Four of the five resistance-exercise training studies reviewed investigated measures of 

functional ability.110, 165, 214, 215 These four studies presented mixed results. A 12-week 
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resistance exercise training program conducted by Dalgas et al. reported 

improvements on the Chair Stand, Stair Climbing, 10 m Walk Time and Six Minute Walk 

Tests. Furthermore, these improvements in functional ability were associated with 

improvements in muscle strength.110 In contrast, Taylor et al. did not find a significant 

improvement in the Two Minute Walk or Stair Climbing Tests,215 although a trend 

toward improvement was observed, following 10 weeks of resistance-exercise training 

in persons with MS. The lack of significant finding in the Taylor et al. study may have 

been influenced by a small sample size (n=9), or by the training duration and intensity, 

which were lower than that used by Dalgas et al.110  The eight week study conducted 

by White et al. observed improvement in the Step- but not the 25 ft-Walking Test.214 

The fourth study reviewed was a home-based study which did not observe any 

changes in the Timed Up and Go Task.165 These results may have been influenced by 

the nature of the training programs (home-based vs supervised setting). During home-

based programs, participants may not adhere to the program, not completing the full 

program or performing exercises at a lower intensity than prescribed. Participants may 

also perform exercises incorrectly and therefore do not gain maximal benefit from the 

activity.  

 

Overall the results from these resistance-exercise intervention studies suggest that 

resistance-exercise training may improve functional ability in persons with MS, however 

benefits may be affected by program design. Findings from previous studies suggest 

that resistance training should be completed at least twice a week and that three sets 

of exercises are more beneficial than one. However, due to the limited number of 

exercise training studies that have been conducted in persons with MS, details in 

regards to exercise prescription are unclear and further investigation is required. The 

resistance-exercise training program conducted as part of this research will provide 

further information into the effectiveness of resistance-exercise training on functional 

ability for persons with MS.  

 

The studies reviewed suggest resistance-exercise training may improve fatigue and 

quality of life scores. Two studies investigated the effect of resistance-exercise training 

on fatigue164, 167. Dalgas et al. reported reduced fatigue when measured using the 

general subscale of Multidimensional Fatigue Inventory, as well as on the Fatigue 

Severity Scale,164 and Gutierrez et al. observed a 24% reduction in scores on the 
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Modified Fatigue Impact Scale167 following completion of a resistance-exercise training 

program. When quality of life scores were examined, Dalgas et al. reported 

improvements in the Physical but not the Mental Component Summary Score of the 

SF36, indicating that resistance-exercise training may improve quality of life in the 

physical domain. Due to the small number of studies that have investigated the impact 

of resistance-exercise training on fatigue and quality of life measures in persons with 

MS further investigations are required before we have a clear understanding of the role 

of resistance-exercise training on fatigue and quality of life in persons with MS. The 

research conducted for this thesis will assess both fatigue and quality of life measures 

following both a resistance- and an endurance- exercise training program. The 

research conducted for this thesis will also be the first to compare these outcome 

measures between these two exercise modalities in the same cohort of persons with 

MS. Therefore not only will this research provide much needed information on the 

impact of either an endurance- or a resistance-exercise training program on functional 

ability, fatigue and quality of life, it will be able to investigate if either of these training 

modalities appears to provide greater benefit to persons with MS.    

 

Research Rationale and Statement of Purpose 

Multiple Sclerosis is a progressive disease with no known cause or cure, and limited 

treatment options. Disease onset often occurs in early adulthood, but life expectancy in 

MS is similar to those without this disease.171 Therefore, as persons with MS live with 

this progressive disease and its associated symptoms and disability for many years, it is 

important to identify intervention strategies that may lessen the impact of this disease. 

Although persons with MS were originally discouraged from exercise participation, a 

growing body of evidence suggests that exercise may provide patients with both 

physical and psychosocial benefits. However, in order to clarify and fully understand 

the impact of regular physical activity on persons with MS, further research 

investigating the relationships between physical activity participation and both physical 

and psychological variables is required. Therefore the primary aim of chapter two was 

to investigate the relationship between physical activity levels and physical and 

psychosocial variables. Results of this first research study suggest that exercise 

participation does not appear to have a harmful effect on persons with MS and a 

positive relationship between being physically active and quality of life was observed. 

Therefore, if physical activity is a possible intervention strategy that can be used to 
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improve quality of life in persons with MS, how do we increase exercise participation 

rates in persons with this disease? I aimed to answer this research question in my 

second research study. In the second research study (chapter three), I aimed to 

identify the potential determinants of physical activity behaviours that could then be 

targeted in intervention strategies. It is through the identification of modifiable 

determinants of physical activity that effective interventions strategies can be 

established to improve exercise participation rates in persons with MS. Results of this 

second research study found that persons with MS perceive factors related to physical 

exertion to be the greatest barriers to exercise participation. 

 

Based on the finding of study one, which suggests regular physical activity can be 

beneficial for persons with MS, and study two, which indentified factors related to 

physical exertion as barriers to exercise participation, I wanted to conduct an exercise 

training program for persons with MS that minimised their concerns about exercise 

participation. Therefore, to minimise participants concerns about exercising, research 

study three, an exercise intervention study, was conducted in small groups in a fully 

supervised community-based setting. Furthermore, as current information in regards to 

potential adaptations to exercise training is limited and details in regards to exercise 

prescription are not available, the primary aim of study three (chapter four) was to 

investigate whether endurance- or resistance-exercise training would provide optimal 

benefits for persons with MS. 

 

Studies one and two were postal questionnaire-based studies. The postal 

questionnaire-based design was used as it allowed a cross-sectional analysis of a larger 

sample size to be investigated and provided information on persons with MS across the 

entire disease spectrum. Study three was an interventional based exercise training 

study. This study was a cross-over design study comparing endurance and resistance-

exercise training in persons with MS. A cross-over design was used to allow 

comparison of the two exercise modalities to be conducted using the same cohort of 

persons with MS. Given that the presentation of MS is highly variable between 

individuals, this approach minimised the potential risk of poorly matched experimental 

groups that randomised cross-sectional designs may have produced. The rationale, aim 

and hypothesis of the three research studies conducted are presented below. 
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Study 1: The impact of regular physical activity on fatigue, depression and 

quality of life in persons with multiple sclerosis  

Rationale: In order to implement effective exercise-intervention strategies that will 

improve quality of life in persons with MS, a greater understanding of the impact of 

regular physical activity on quality of life is required. 

Aim: The primary aim of study one was to compare fatigue, depression and quality of 

life scores in persons with multiple sclerosis who do and do not regularly participate in 

physical activity. 

Hypothesis: Persons with MS who do not regularly participate in physical activity will 

have lower quality of life, and higher fatigue and depression scores, than those 

individuals with MS who do regularly participate in physical activity. 

 

Study 2: The perceived benefits and barriers to exercise participation in 

persons with multiple sclerosis 

Rationale: Despite observations that regular exercise participation may be beneficial, 

research suggests that persons with MS are less active than those without this disease. 

This study will investigate the perceived benefits and barriers to exercise participation 

in persons with MS, and compare these between patients who do and do not 

participate in regular physical activity. Identifying factors that encourage and prevent 

persons with MS from exercising will facilitate the development of appropriate exercise 

training programs specific for those with this disease. Furthermore, by comparing the 

perceived benefits and barriers to exercise participation in persons with MS who do and 

do not regularly participate in physical activity, it will highlight factors that have the 

potential to promote exercise participation in patients who do not currently participate 

in regular physical activity. This knowledge will also allow health care professionals to 

develop strategies that will not only promote exercise participation, but will assist with 

adherence to exercise training programs. 

Aim: The primary aim of study two was to examine the perceived benefits and barriers 

to exercise participation in persons with multiple sclerosis. 

Hypothesis: Persons with MS who do not regularly participate in physical activity will 

have greater perceived barriers and fewer perceived benefits to exercise participation.  
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Study 3: Comparing endurance- and resistance-exercise training in persons 

with multiple sclerosis 

Rationale: Although research suggests that exercise may be beneficial for persons with 

MS there is little information available in regards to exercise prescription. To date, the 

majority of exercise training studies have investigated the impact of endurance-

exercise training on persons with MS. Although many improvements have been 

observed following endurance- exercise training, we do not know if endurance-exercise 

training will provide the greatest benefits to persons with MS. Two common 

impairments observed in MS are muscle weakness and balance impairments, which 

have been found to be improved with resistance-exercise training. As no study has 

directly compared endurance- and resistance-exercise training in the same cohort of 

persons with MS, we do not know which exercise mode will provide optimal benefits 

for patients with this disease. 

Aim: The primary aim of study three was to compare adaptations in functional and 

quality of life measures following endurance- and resistance-exercise training in 

persons with multiple sclerosis. 

Hypothesis: Resistance-exercise training will lead to greater improvements in balance, 

mobility, fatigue, depression and quality of life scores when compared to endurance-

exercise training.  
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Study One: The impact of physical activity on fatigue, depression and quality of life 
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Multiple Sclerosis (MS) is a relapsing or progressive debilitating neurological disease with an 

unknown etiology and only partially effective treatment. Disease course and symptom 

presentation is unpredictable, and the related impairments and limitations are variable. MS 

can have a negative impact on both physical and psychological well being,1, 2 and individuals 

with this disease often report lower quality of life scores than when compared to healthy 

individuals.1 Fatigue and depression levels are also higher in MS patients than healthy 

individuals, and these conditions may negatively impact upon quality of life. However, 

participation in regular physical activity has been suggested to positively influence feelings 

of fatigue3, 4 and depression,5 as well as modify quality of life6, 7 in persons with MS.  

 

Fatigue is the most common symptom reported by persons with MS,1, 8 and has been 

negatively associated with quality of life scores.9 There are two types of fatigue reported by 

persons with MS: chronic fatigue that is defined as an overall sense of tiredness, lack of 

energy or feeling of exhaustion that is present even at rest;10 and acute fatigue (also known 

as fatigability) that is defined as a sense of exhaustion after completing a period of physical 

activity, sometimes only a few minutes.8 Considering the symptoms, it is reasonable to 

suggest that both acute and chronic fatigue levels deter individuals with MS from 

participating in physical activity. Nevertheless, studies have reported decreased chronic 

fatigue levels in persons with MS following participation in regular physical activity.3, 11 A 

decrease in the level of chronic fatigue and the ability to tolerate higher levels of activity 

(reduced fatigability) following a program of regular exercise might lead to improvements in 

quality of life in persons with MS. 

 

Depression is commonly observed in persons with MS, although its incidence varies 

depending on the cohort of MS participants investigated. Depression rates as high as 60% 

are reported in the literature.12, 13 Depression has been negatively associated with quality of 

life scores in persons with MS.14, 15 However, participation in regular physical activity has 

been suggested as a potential moderator of depression. Furthermore, cross-sectional 

analyses in non-MS populations suggest that individuals who participate in regular exercise 

are less likely to suffer from depression.16 If regular physical activity also positively 

influences depression in persons with MS, then it follows that associated improvements in 

quality of life may also be observed. 
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The present study investigated the relationship between regular physical activity, fatigue, 

depression and quality of life scores in persons with MS. It was hypothesised that persons 

with MS who participated in regular physical activity (≥ two 30-minute exercise sessions per 

week) would report favourable fatigue, depression and quality of life scores when compared 

to those with MS who do not regularly participate in physical activity (< two 30-minute 

exercise sessions week).  

 

Materials and Methods 

Participants 

A postal survey of adult men and women aged 18-65 years diagnosed with MS was 

conducted over a six month period. Participants were volunteers who responded to a “call 

for participants” mail-out sent to patients from two local databases. From a total of 

approximately 1000 individuals living in South-East Queensland, Australia listed on the 

Multiple Sclerosis Society of Queensland’s patient database, 300 individuals between the 

ages of 18 and 65 years were randomly invited to participate in the study. In addition, 118 

patients listed in the MS patient database at the Gold Coast Hospital, Queensland, Australia 

were asked to participate. Of the 418 individuals invited to participate, 130 (31%) returned 

the questionnaires. Seven returned questionnaires were not included due to incomplete 

responses and two were excluded as activity levels recorded were reported as not being 

representative of usual activity levels. Therefore, the responses of 23 men and 98 women 

with MS were included in the results of this study. 

 

Procedures 

Ethical approval for this study was obtained from the Human Ethics Research Committee, 

Griffith University, Queensland, Australia (PES/24/06/HREC). A background information 

questionnaire (Appendix 1) was used to collect information on demographic and disease 

characteristics including: sex, age, year of MS diagnosis and disease course. Disease severity 

was classified using the Disease Steps Scale (DSS; Appendix 1) and Multiple Sclerosis 

Impact Scale (Appendix 2). The DSS asks the subjects to indicate what characteristics best 

represent their situation and is scored on an ordinal scale between 0-6. A score of 0 = 

normal; 1 = mild disability, mild symptoms or signs; 2 = moderate disability, visible 

abnormality of gait; 3 = early cane, intermittent use of a cane; 4 = late cane, cane 

dependant; 5 = bilateral support; 6 = confined to a wheelchair. Although the DSS  is a self 

administered questionnaire, it has been found to correlate significantly with the Expanded 
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Disability Status Score (a neurologist assessed measure of disease severity) and is 

recommended as an alternate measure of disability status.17 

 

The Multiple Sclerosis Impact Scaleis a 29 itemed questionnaire that assesses the 

individual’s view of how their MS has impacted upon their daily functioning during the 

previous two weeks. Subjects are asked to indicate how much their MS had limited their 

ability to perform a task, or how much they have been bothered by a symptom. Responses 

for each of the 29 items in the questionnaire are scored as follows: 1= not at all, 2=a little, 

3= moderately, 4= quite a bit, 5= extremely. The higher the score, the greater the impact 

of the disease on the patient over the two week assessment period. The Multiple Sclerosis 

Impact Scale has been found to be a reliable and valid measure of disease impact, and is 

suggested to be a useful and responsive outcome measure in clinical research.18-20 

 

Subjects were classified into an exercising (EX) or non-exercising (non-EX) group based on 

the results of the International Physical Activity Questionnaire (Appendix 3). This 

questionnaire quantifies physical activity performed by the individual in the preceding seven 

days. A total physical activity score is calculated based on total activity time and intensity. 

The total physical activity score is reported in metabolic equivalents (MET) minutes per 

week. The total physical activity score is a combination of scores reported in four domains: 

transportation, work, domestic-garden, and leisure. A higher score indicates a greater 

amount of physical activity performed. Individuals in this study were classified as ‘Exercisers’ 

if they reported completing at least two, 30-minute exercise sessions per week during their 

leisure time or if their physical activity score in the leisure domain of the International 

Physical Activity Questionnaire was greater than 600 MET minutes per week.21 The 

questionnaire asks the individual to indicate if the data reported is representative of their 

usual physical activity levels. If data was not representative of the subject’s usual physical 

activity levels it was excluded from analysis (n=2). 

 

Quality of life was assessed using the Health Status Questionnaire Short Form-36 (SF36; 

Appendix 4). The SF36 is a widely used quality of life measure that provides scores for eight 

dimensions: physical functioning (limitations in physical functioning due to health problems), 

role-physical (limitations in usual activities because of physical health problems), bodily pain, 

general health (perception of general health), vitality (energy and fatigue), social functioning 

(limitations in social functioning due to physical or emotional problems), role-emotional 
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(limitation in usual activities due to emotional problems) and mental health (psychological 

distress and well-being).22 These scales are combined to produce two summary scales: i) a 

physical component summary score, and ii) a mental component summary score; on all 

scales higher scores indicate a higher quality of life. The SF36 has been found to have good 

reliability and validity in the general population,23 patients undergoing renal replacement 

therapy24 and patients with cervical spondylotic myelopathy.25 

 

Depression was assessed using the Beck Depression Inventory(Appendix 5). The Beck 

Depression Inventory is a 21 item questionnaire asking patients how they have felt over the 

past seven days. Each question is scored between zero and three, with higher scores 

indicating more severe depression.26 The Beck Depression Inventory has been found to be a 

valid measure of depression in persons with MS.27  

 

Fatigue was assessed using the Modified Fatigue Impact Scale (Appendix 6) and provides an 

indication of fatigue experienced by an individual in three domains; physical, cognitive, and 

psychosocial. The independent scores can be analysed separately or as a combined score to 

give a general assessment of fatigue. Higher scores indicate that fatigue has a greater 

impact on the individual. The Modified Fatigue Impact Scale has been suggested as a useful 

measure of fatigue in MS research and clinical practice.28 

 

Data analysis 

Data were analysed using the statistical software package SPSS version 14.0. Independent 

t-tests between individuals in the EX and non-EX groups were performed for age, years 

since MS diagnosis, Multiple Sclerosis Impact Scale, Beck Depression Inventory and each 

subscale of the SF36 and Modified Fatigue Impact Scale. A Chi-square analysis was 

performed between the two groups for sex, disease course and disease severity. Pearson’s 

bivariate correlations between both the overall and leisure International Physical Activity 

Questionnaire score and the Beck Depression Inventory, and all subscales of Modified 

Fatigue Impact Scale and SF36 were performed. Univariate analysis between disease 

severity, exercise status and the Beck Depression Inventory and all subscales of the 

Modified Fatigue Impact Scale and SF36 were also conducted. Statistical significance was 

accepted at p ≤ 0.05. 
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Results 

Demographic and clinical characteristics 

In this sample population, 52 of the 121 (43%) subjects were classified as Exercisers. 

Selected demographic and clinical characteristics are presented in table one. No significant 

difference in age (t= -0.245, p= 0.807), sex (χ2 (1, N= 121) =0.572, p= 0.450), years since 

MS diagnosis (t= 0.566, p= 0.572) or disease severity (χ2 (6, N= 121) = 5.491, p= 0.483) 

was observed between the EX and non-EX group. Exercisers reported significantly lower 

scores on the Multiple Sclerosis Impact Scale (t= -3.99, p < .001) and a chi square analysis 

revealed a significant difference in disease course (χ2 (4, N= 121) = 13.80, p= 0.008) 

between the two groups. 

 

Table 1: Subject demographic and clinical characteristics 

 Exercising 
group 
n= 52 

Non-exercising 
group 
n= 69 

Total MS 
sample 
n=121 

Age (yr) 50 ± 10 50 ± 11 50 ± 10 
Sex (% male) 23.1 15.9 19.0 
Disease duration (yr)  12 ± 8 11 ± 8 12 ± 8 
Multiple Sclerosis Impact Scale  61 ± 18** 77 ± 26 70 ± 24 
 
Disease Steps Scale (%) 

   

0 15.4 8.7 11.6 
1 26.9 24.6 25.6 
2 17.3 13.0 14.9 
3 5.8 11.6 9.1 
4 19.2 17.4 18.2 
5 11.5 11.6 11.6 
6 3.8 13.0 9.1 
 
Disease Course (%)* 

   

Relapsing-remitting 51.9 55.1 53.7 
Secondary progressive 23.1 13.0 17.4 
Primary progressive 1.9 17.4 10.7 
Progressive relapsing 0.0 4.3 2.5 
Unknown 23.1 10.1 15.7 

Results are presented as mean ± standard deviation unless otherwise indicated. ** EX significantly 
different from non-EX group, p<0.001. *EX significantly different to non-EX group, p<0.05.  
 

Fatigue, depression and quality of life scores  

When fatigue, depression and quality of life scores were examined, an independent t-test 

revealed significantly higher scores for the EX group on the Physical Functioning, Physical 
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Role, Bodily Pain, General Health, Vitality, Social Functioning, Emotional Role, Mental Health 

, Physical Component Summary Score and Mental Component Summary of the SF36 (Figure 

1). Significantly lower scores for the EX group were observed on the Beck Depression 

Inventory (Figure 2) and the Physical and Psychosocial components, and overall score of the 

Modified Fatigue Impact Scale (Figure 3). No significant difference was observed between 

EX and non-EX groups on the cognitive component of the Modified Fatigue Impact Scale.  

 

 
Figure 1: Quality of Life scores in people with multiple sclerosis.  
Error bars represent standard deviations. Higher scores represent more favourable perceived 
quality of life. Exercising group represent individuals who reported participating in at least 
two, 30-minute exercise sessions per week, or had a physical activity score in the leisure 
domain of the International Physical Activity Questionnaire greater than 600 MET-minutes per 
week.  * Exercising group significantly different from non-exercising group, p<0.05. ** 
Exercising group significantly different from non-exercising group, p<0.001.  
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Figure 2: Depression scores in people with multiple sclerosis.  
Error bars represent standard deviations. Higher scores represent greater depression 
levels. Exercising group represent individuals who reported participating in at least 
two, 30-minute exercise sessions per week, or had a physical activity score in the 
leisure domain of the International Physical Activity Questionnaire greater than 600 
MET-minutes per week.  ** Exercising group significantly different from non-
exercising group, p<0.001.  

 

 

Figure 3: Fatigue scores in people with multiple sclerosis.  
Error bars represent standard deviations. Higher scores represent greater fatigue 
levels. Exercising group represent individuals who reported participating in at least 
two, 30-minute exercise sessions per week, or had a physical activity score in the 
leisure domain of the International Physical Activity Questionnaire greater than 600 
MET minutes per week.  * Exercising group significantly different from non-exercising 
group, p<0.05. ** Exercising group significantly different from non-exercising group, 
p<0.001.  
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The impact of disease severity on fatigue, depression and quality of life 

Univariate analysis of variance between disease severity, exercise status and depression, 

fatigue and quality of life scores in persons with MS found main effects for exercise status 

and disease severity in some quality of life and fatigue scores (Table 2). An interaction effect 

was reported for the Physical Function, Bodily Pain and Physical Component Summary Score 

of the SF-36 (Figures 4-6). The results indicate that these quality of life parameters wer 

similar between individuals in the EX and non-EX groups who have a DSS≤1 or ≥5. 

However, for individuals who have a DSS between two and four inclusively, those in the EX 

group had significantly higher scores than those in the non-EX group. 

 

Table 2: Univariate analysis of exercise status, disease severity and quality of life, 
depression and fatigue scores 
 BDI SF36PF SF36RP SF36BP SFGH 
Exercise 
Status  
 

5.632* 12.983** 1.236 2.149 9.325** 

Disease 
Severity 
 

1.159 39.953** 10.437** 4.921** 2.810* 

Interaction 
effect 

0.822 2.527* 0.988 2.754* 2.004 

 SF36VT SF36SF SF36RE SF36MH SF36PCSS 
Exercise 
Status  
 

5.631* 7.440** 3.074 7.398** 5.532* 

Disease 
Severity 
 

3.752** 1.527 0.791 0.839 23.693** 

Interaction 
effect 

1.191 0.406 0.430 0.450 2.314* 

 SF36MCSS MFISphy MFIScog MFISpsy MFIStot 
Exercise 
Status  
 

5.436* 9.247** 1.153 4.547** 1.549 

Disease 
Severity 
 

0.671 10.624** 3.986** 10.489** 7.160** 

Interaction 
effect 

0.202 0.707 1.813 0.486 0.413 

Values represent F score of a univariate analysis of variance.  BDI: Beck Depression Inventory, SF36: Health 
Status Questionnaire Short Form-36, PF: physical function, RP: physical role, BP: bodily pain, GH: general health, 
VT: vitality, SF: social functioning, RE: emotional role, MH: mental health, PCSS: physical component summary 
score, MCSS: mental component summary score, MFISphy: Modified Fatigue Impact Scale physical component, 
MFIScog: Modified Fatigue Impact Scale cognitive component, MFISpsy: Modified Fatigue Impact Scale 
psychosocial component, MFIStot: Modified Fatigue Impact Scale overall score.  IPAQleisure: International 
Physical Activity Questionnaire leisure score. *p<0.05. **p<0.001. 
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Figure 4: Health Status Questionnaire Short Form-36 Physical Component 
Summary Score across disease severity in people with multiple sclerosis.  
Error bars represent standard deviations. Higher scores represent more favourable perceived 
quality of life. Exercising group represents individuals who reported participating in at least 
two, 30-minute exercise sessions per week, or had a physical activity score in the leisure 
domain of the International Physical Activity Questionnaire greater than 600 MET minutes per 
week.  
 

 
Figure 5: Health Status Questionnaire Short Form-36 Physical Function 
Component Score across disease severity in people with multiple sclerosis. Error 
bars represent standard deviations. Higher scores represent more favourable perceived 
quality of life. Exercising group represent individuals who reported participating in at least 
two, 30-minute exercise sessions per week, or had a physical activity score in the leisure 
domain of the International Physical Activity Questionnaire greater than 600 MET minutes per 
week.  
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Figure 6: Health Status Questionnaire Short Form-36 Bodily Pain Component 
Score across disease severity in people with multiple sclerosis.  
Error bars represent standard deviations. Higher scores represent more favourable perceived 
quality of life. Exercising group represents individuals who reported participating in at least 
two, 30-min exercise sessions per week, or had a physical activity score in the leisure domain 
of the International Physical Activity Questionnaire greater than 600 MET minutes per week.  
 

 

The influence of the quantity of regular physical activity on fatigue, depression and quality 

of life scores  

Correlations between leisure time and overall weekly physical activity levels and fatigue, 

depression and quality of life scores are presented in table three. Significant but weak 

correlations were reported between the leisure-time activity subscale of the International 

Physical Activity Questionnaire and the Physical Role and General Health subscales of the 

SF36, and the Physical and Psychosocial scales of the Modified Fatigue Impact Scale. When 

overall activity levels were analysed, significant but weak correlations were reported 

between the overall score of the International Physical Activity Questionnaire and the 

Physical Function, Physical Role, Vitality and Physical Component Summary Score of the 

SF36 and the Physical and Psychosocial scales of the Modified Fatigue Impact Scale. 
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Table 3: Correlation coefficients between physical activity levels and quality of life, 
depression and fatigue scores in people with multiple sclerosis 
 BDI SF36PF SF36RP SF36BP SFGH 
IPAQleisure -0.145 0.163 0.214* -0.007 0.254** 
IPAQtotal -0.174 0.409** 0.234* 0.058 0.169 

 SF36VT SF36SF SF36RE SF36MH SF36PCSS 
IPAQleisure 0.127 0.269** 0.090 0.077 0.179 
IPAQtotal 0.198* 0.159 0.034 0.124 0.312** 

 SF36MCSS MFISphy MFIScog MFISpsy MFIStot 
IPAQleisure 0.099 -0.220* 0.015 -0.246** -0.137 
IPAQtotal -.001 -0.250** -0.015 -0.257** -0.170 

Values represent r values.  BDI: Beck Depression Inventory, SF36: Health Status Questionnaire Short 
Form-36, PF: physical function, RP: physical role, BP: bodily pain, GH: general health, VT: vitality, SF: 
social functioning, RE: emotional role, MH: mental health, PCSS: physical component summary score, 
MCSS: mental component summary score, MFISphy: Modified Fatigue Impact Scale physical 
component, MFIScog: Modified Fatigue Impact Scale cognitive component, MFISpsy: Modified Fatigue 
Impact Scale psychosocial component, MFIStot: Modified Fatigue Impact Scale overall score.  
IPAQleisure: International Physical Activity Questionnaire leisure component, IPAQtotal: International 
Physical Activity Questionnaire overall score. *p<0.05, **p<0.001 
 

Discussion 

The objective of this study was to compare fatigue, depression and quality of life scores 

between individuals with MS who do and do not participate in regular physical activity. The 

findings of this study support the hypothesis that regular physical activity is associated with 

favourable fatigue, depression and quality of life scores in persons with MS. 

  

Fatigue pathology in MS is complex, and despite continued research the cause of MS-related 

fatigue remains unresolved. Some exercise intervention studies have reported improvements 

in fatigue in persons with MS.3,11 The present study supports the hypothesis that regular 

exercise participation may improve fatigue in persons with MS. In the present study, 

subjects in the EX group reported less chronic fatigue on the Physical and Psychosocial 

scales and overall score of the Modified Fatigue Impact Scale. These results are supported 

by Trojan et al. who preformed correlation analysis on the General, Mental and Physical 

scales of the Multidimensional Fatigue Inventory and found that physical activity was weakly 

correlated with the Physical but not the General or Mental scales of the Multidimensional 

Fatigue Inventory.29  

 

Chronic fatigue in MS may be attributed to primary factors related to the disease process or 

secondary factors such as sleep disturbances, depression, pain and medication use.30 

Theories of primary chronic fatigue in MS including hypo-functioning within the central 
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nervous system,31 reduced glucose metabolism in the cortical regions of the brain,32 reduced 

inhibition of the primary motor cortex in the pre- and post- exercise period33 and abnormal 

cytokine profiles.34, 35 Both endurance- and resistance-based exercise programs have been 

found to alter cytokine profiles in persons with MS36, 37 and this provides a plausible 

explanation for the improvement in fatigue seen in some people with MS following regular 

physical activity. Alternatively improvements in secondary factors such as depression with 

regular physical activity may explain the improvements seen in chronic fatigue in some 

persons with MS.  

 

It is well recognised that exercise is positively associated with psychological well being in the 

general population.38-42 This study supports the hypothesis that regular exercise participation 

is positively associated with depression scores in persons with MS. It is unclear exactly how 

exercise improves depression in non-MS populations, however several theories have been 

proposed including: regulation of the hypothalamic-pituitary axis,43 increased β-endorphin 

levels,43 normalisation of hippocampal brain derived neurotrophic factor,44 regulation of 

central monoamines43 and improved perceptions of self efficacy.45 The hypothalamic-

pituitary axis,46 brain-derived neurotrophic factor47 and serotonin48 have all been implicated 

in MS pathology. If exercise influences hypothalamic-pituitary axis function, brain-derived 

neurotrophic factor concentration or serotonin concentration in persons with MS, this 

provides a possible explanation for the decreased incidence of depression observed in 

persons with MS who regularly participate in physical activity. Alternatively, depression 

etiology in MS may have a psychological rather than neurobiological explanation. In persons 

with MS, a positive relationship between activity levels and self-efficacy has been reported.49 

It is possible that the favourable depression scores observed in individuals in the EX group in 

the present study are secondary to higher levels of perceived self-efficacy. Due to the 

relatively high incidence of depression in MS, both the etiology and the influence of exercise 

on depression are areas that warrant further investigation.  

 

Subjects in the EX group had significantly higher scores on all components of the SF36, 

which is suggestive of a higher quality of life. The findings of this study are supported by 

Stuifbergen et al. who found that exercise behaviour, measured using the exercise/physical 

subscale of the Health Promoting Lifestyle Profile ΙΙ had a significant weak correlation with 

quality of life measured using the Quality of Life Index–MS version.7 
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It is unlikely that physical activity levels are the sole determinant of fatigue, depression or 

quality of life scores in persons with MS. Relationships between factors such as disease 

severity and fatigue,50 depression51 and quality of life scores52 have been reported. This 

current study is in agreement with these findings. In the present study, a univariate analysis 

of variance suggested that disease severity was associated with the Physical Function, 

Physical Role, Bodily Pain, General Health, Vitality and Physical Component Summary Score 

of the SF36, and the Physical, Cognitive, Psychosocial and Overall Scores of Modified Fatigue 

Impact Scale. However, exercise status was also associated with Physical Function, General 

Health, Vitality and Physical Component Summary Score of the SF36, as well as the Social 

Function, Mental Health and Mental Component Summary Scores of the SF36. Although we 

did not find a relationship between disease severity and depression scores, the findings of 

the present study suggests that even though disease severity can influence fatigue and 

quality of life scores in persons with MS, regular physical activity may still positively 

influence fatigue and quality of life scores. These results are supported by Stuifbergen53 who 

investigated health promotion practices and quality of life scores in persons with MS. This 

study found that although there was an association between increased disability and 

reduced quality of life, participation in health promoting behaviours such as physical activity, 

nutrition, health responsibility, interpersonal relationships, spiritual growth and stress 

management, was positively associated with quality of life scores.53  

 

Univariate analysis also revealed interaction effects between exercise status and disease 

severity for the Physical Function, Bodily Pain and Physical Component Summary Scores of 

the SF36. Figures 4-6 suggests that although scores on these quality of life scales are similar 

between the EX and non-EX group, in those with mild MS (DSS≤1), regular physical activity 

impacts favourably upon these scores in patients with a DSS between two and four 

inclusively. Once disease severity reaches a DSS ≥5, scores on these scales of the SF36 are 

similar between those participants who do and do not regularly participate in physical 

activity. Therefore, participation in regular physical activity appears to have the greatest 

positive influence on quality of life in patients once visual abnormalities in gait have 

developed until the point of time when bilateral support for ambulation is required. This may 

suggest that prior to visual abnormalities in gait occurring, regardless of exercise status, 

persons with MS do not perceive their physical function or bodily pain to impact greatly on 

their quality of life. However, once visual abnormalities in gait occurs, individuals have visual 

feedback of their disease. It is at this point in time that non-exercisers report a large 
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decrease in quality of life scores on both the physical function and bodily pain subscales of 

the SF36. Exercise participation may prevent a decline in quality of life scores in these 

domains, as despite the gait impairment they are experiencing and observing, they are still 

active and may feel that are successfully overcoming these impairments. However, once the 

disease progresses to a stage where the individual requires bilateral support for ambulation, 

it is likely that greater limitations are placed on the individual’s mobility and ability to 

complete everyday tasks. It is likely that at this point in time, regardless of exercise status, 

persons with MS perceive that their physical function is greatly impacted in everyday 

activities and thus we see that both exercisers and non-exercise report similar quality of life 

scores on these two subscales. 

  

Cross-sectional studies investigating the role of physical activity on quality of life in persons 

with MS have typically correlated activity levels and quality of life scores.7, 54 The present 

study reported significant weak correlations between both leisure and overall activity scores 

on the International Physical Activity Questionnaire, and fatigue, depression and quality of 

life scores in persons with MS. This suggests that there may not be a linear relationship 

between activity levels and fatigue, depression and quality of life scores in persons with MS.  

 

Exercise guidelines established for adults by the American College of Sports Medicine,55 

recommend completing a minimum of 30 minutes of moderate intensity aerobic exercise five 

days per week or a minimum of 20 minutes of vigorous intensity aerobic exercise two days 

per week in addition to two days per week of activities targeted to increase muscular 

strength. The current study classified Exercisers as patients who completed at least two 30-

minute exercise sessions per week. This exercise volume does not meet the recommended 

dose of exercise prescribed by the American College of Sports Medicine.55 It is unknown 

whether the completion of two 30-minute exercise sessions per week would elicit 

adaptations in cardiovascular fitness or reduce the risk of co-morbidities and unhealthy 

weight gain in this clinical population. However, the current study does suggest that 

completing at least two 30-minute exercise sessions per week may positively influence 

disease specific symptoms such as fatigue and depression in persons with MS. 

 

There are several limitations that should be taken into account when interpreting the results 

of this study. Firstly, subjects recruited through the MS Society of Queensland’s database 

have not had their MS diagnosis confirmed by a physician or neurologist. Additionally 
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disease course and severity are patient and not physician reported. It is also worthwhile 

noting that although the sex distribution between the EX (23% male) and non-EX (17% 

male) groups were not statistically significant, these numbers may in fact represent a 

difference that may impact on the results of this study.  

 

An interesting finding in this study was the difference in the Physical Component Summary 

Score, Physical Function and Bodily Pain scales of the SF36 in subjects with a DSS between 

2 and 4 inclusively. This is a novel finding and an area that warrants further investigation, in 

order for patients and health care practitioners to gain a greater understanding of the 

potential role of physical activity in promoting quality of life in persons with MS across all 

disease severities.  

 

Conclusion 

Due to the cross-sectional nature of this study we cannot draw conclusions on the direction 

of causality between activity levels and fatigue, depression and quality of life scores and it 

cannot be ruled out that those individuals with higher quality of life are more likely to 

exercise. However, this study does not suggest that there is a harmful effect of exercise on 

persons with MS, in fact this study suggests that those who regularly complete at least two 

30-min exercise sessions per week have favourable fatigue, depression and quality of life 

scores when compared to persons with MS who do not regularly participate in physical 

activity. 
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Despite continual research, there is no cure for multiple sclerosis (MS) and pharmacological 

interventions are limited in their ability to manage the disease. Therefore, health-promoting 

activities such as participation in regular physical activity can play an important role in the 

management of MS. Exercise participation in persons with MS has been associated with 

many positive benefits including improvements in muscular strength,1 and reductions in 

feelings of fatigue1, 2 and depression.3 However, some investigations have suggested that 

persons with MS are less physically active than the general healthy population.4  In order to 

establish effective intervention programs that encourage regular physical activity in persons 

with MS, it is important to identify the perceived benefits and barriers of exercise 

participation in persons with MS.  

 

Understanding the benefits and barriers that encourage and discourage individuals from 

engaging in health-promoting activities may be facilitated by the Health Promotion Model.5 

The Health Promotion Model is based on constructs of the social learning and expectancy-

value theory,5 and identifies variables (prior related behaviour, personal factors, perceived 

benefits to action, perceived barriers to action, perceived self-efficacy, activity-related affect, 

interpersonal influences and situational influences) that may influence the likeliness of an 

individual to engage in health-promoting behaviours. The three variables from the Health 

Promotion Model which are of particular interest, due to their ability to be modified, are 

perceived benefits of action, perceived barriers to action and perceived self-efficacy.5 

Currently, only a few studies have investigated the determinants of physical activity in 

persons with MS, and these studies predominately focus on the influence of self-efficacy on 

activity levels.6-8  

 

This study will utilise the Exercise Benefits/Barriers Scale (EBBS; Appendix 7)9 to investigate 

the perceived benefits and barriers to exercise participation and the Spinal Cord Injury 

Exercise Self-Efficacy Scale (EXSE; Appendix 8)10 as a measure of exercise self-efficacy. Due 

to the symptoms that persons with MS can experience, the association between self-efficacy 

and activity levels in persons with MS6-8 and the finding that individuals in the general 

population who regularly participate in exercise report greater perceived benefits and fewer 

perceived barriers to exercise11, 12, we hypothesised that 1) Persons with MS will report 

different perceived benefits and barriers to exercise compared to those reported previously 

for the general population, 2) Persons with MS who regularly participate in physical activity 

will report greater benefits and fewer barriers to exercise participation than persons with MS 
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who do not regularly participate in physical activity, and 3) Persons with MS who regularly 

exercise will report higher exercise self-efficacy scores than persons with MS who do not 

participate in regular physical activity. 

 

Materials and Methods 

General Procedures 

Three-hundred adult men and women aged 18-65 years were randomly selected from the 

1000 individuals living in South-East Queensland who are registered with the Multiple 

Sclerosis Society of Queensland. An additional 118 patients listed in the MS patient database 

at the Gold Coast Hospital, Queensland, Australia were posted a “call for participants” mail 

out. Of the 418 individuals invited to participate in the study, 130 (31%) returned the 

questionnaires. Thirty-five returned questionnaires were not used due to incomplete 

responses and two participants were excluded because they indicated that their reported 

activity level for the previous week was not indicative of their normal physical activity levels. 

Once the questionnaires had been returned, data was collated and analysed. Ethical 

approval for this study was obtained from the Griffith University Human Ethics Research 

Committee (PES/17/07/HREC).   

 

Participants 

The results of this study include the responses of 17 men and 76 women with MS, aged 27-

65 years.  The male:female participant ratio in this study (1:4) is similar to the male:female 

ratio of persons with MS reported in the general population (1:3).13 Participants were 

categorised into an exercising (EX group) or non-exercising (non-EX group) based on the 

results of the International Physical Activity Questionnaire. Clinical characteristics including 

disease severity, disease course, years since MS diagnosis, heat sensitivity and Uthoffs 

phenomenon (increase or onset of symptoms following physical activity) were recorded 

based on participant responses to a background information questionnaire, and are 

presented in table one. Many of the participants in this study also participated in the first 

research study conducted for this thesis. 
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Table 1: Participant clinical characteristics 

 Exercising group 
(n=42) 

Non-Exercising 
group (n=51) 

Total MS sample 
(n=93) 

MS Course (%)*    
   Relapsing-   remitting 55 59 58 
    Secondary- progressive 26 10 18 
     Primary-progressive 2 20 11 
     Progressive-relapsing 0 2 1.0 
    Unknown 17 10 13 
Disease Duration (yr ± SD) 12 ± 8 11 ± 9 12 ± 9 
Disease Steps Score (%)    
    Zero 17 8 13 
    One 29 31 30 
    Two 14 12 13 
    Three 10 10 10 
     Four 14. 16 14 
     Five 12 14 12 
     Six 5 10 8 
MSIS-29 (± SD) 59 ± 18** 74 ± 23 67 ± 22 
Heat sensitive (%)    
    Yes 90 94 92 
     No 5 4 5 
     Unsure 5 2 6 
Uhthoffs Phenomenon (%)    
     Yes 64 57 61 
     No 26 20 24 
     Unsure 10 24 15 

MS: multiple sclerosis, MSIS-29: Multiple Sclerosis Impact Scale. * Exercising group significantly 
different to non-exercising group, p<0.05. ** Exercising group significantly different to non-exercising 
group, p<0.001. 
 

Questionnaires 

The background information questionnaire (Appendix 1) was used to obtain information on 

demographic and disease characteristics including sex, age, year of MS diagnosis and 

disease course. Disease severity was classified using the Disease Steps Scale(DSS; Appendix 

1)14 and Multiple Sclerosis Impact Scale (Appendix 2).15 The DSS asks participants to 

indicate what characteristics best represent their situation and is scored on an ordinal scale 

between 0-6. A score of 0 = normal; 1 = mild disability, mild symptoms or signs; 2 = 

moderate disability, visible abnormality of gait; 3 = early cane, intermittent use of a cane; 4 

= late cane, cane dependant; 5 = bilateral support; 6 = confined to a wheelchair. Although 

the DSS is a self-administered questionnaire, it has been found to correlate significantly with 
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the Expanded Disability Score (a neurologist assessed measure of disease severity) and is 

recommended as an alternate measure of disability status in MS.16   

 

The Multiple Sclerosis Impact Scale is a 29 itemed questionnaire that assesses an 

individual’s view of how their MS has impacted upon their daily functioning during the 

previous two weeks.  Participants were asked to indicate how much their MS limited their 

ability to perform a task, or how much they were bothered by a specific symptom. The 

Multiple Sclerosis Impact Scale has been found to be a reliable and valid measure of disease 

impact, and is suggested to be a useful and responsive outcome measure in clinical 

research.15, 17, 18  

 

Physical activity levels were assessed using the results of the International Physical Activity 

Questionnaire (Appendix 3). This questionnaire quantifies physical activity performed by the 

individual in the preceding seven days.  A total physical activity score is calculated based on 

total activity time and intensity. The total physical activity score is reported in metabolic 

equivalents (MET) minutes per week. The total physical activity score is a combination of 

scores reported in four domains: transportation, work, domestic-garden, and leisure. A 

higher score indicates a greater amount of physical activity performed. Individuals in this 

study were categorised into the EX group if they reported completing at least two, 30-

minute exercise sessions per week during their leisure time or if their physical activity score 

in the leisure domain of the International Physical Activity Questionnaire was greater than 

600 MET minutes per week.19  Individuals who did not complete at least two, 30-minute 

exercise sessions per week were categorised into non-EX group. The International Physical 

Activity Questionnaire asks individuals to indicate if the data reported is representative of 

their usual physical activity levels. If data was not representative of a participant’s usual 

physical activity levels, the participant was excluded from analysis (n=2). 

 

Exercise self-efficacy, an individual’s judgement of their ability to complete a specific 

behaviour,20 was assessed using the EXSE. The EXSE is a 10 item questionnaire that uses a 

four point Likert scale scoring system. Higher scores are indicative of higher perceived 

exercise self-efficacy.  The EXSE is reported to be a reliable and valid measure of exercise 

self-efficacy in patients with spinal cord injury.10 
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Participant’s assessment of the possible gains associated with exercise participation, and the 

obstacles which would prevent them from engaging in physical activity were assessed using 

the EBBS. The EBBS is a 43 item questionnaire that also utilises a four point Likert scale. 

The EBBS produces two scores: an EBBS benefits scale score and EBBS barriers scale score. 

Higher scores on the EBBS benefits scale indicates higher perceived benefits of physical 

activity, while higher scores on the EBBS barrier scale indicates lower perceived barriers to 

physical activity. Questions in the EBBS benefits scale are grouped into five categories: 1) 

life enhancement, 2) physical performance, 3) psychological outlook, 4) social interaction 

and 5) preventive health. Questions in the EBBS barriers scale are grouped into four 

categories: 1) exercise milieu, 2) time expenditure, 3) physical exertion and 4) family 

encouragement.  

 

According to Sechrist, Walker and Pender9 the EBBS has good internal consistency with a 

Cronbach alpha coefficient of 0.953 and 0.866 reported for the EBBS benefits and EBBS 

barrier scales respectively. In the current study a Cronbach alpha coefficient of 0.956 for the 

EBBS benefit scale and 0.826 for the EBBS barrier scale was observed. Missing data from 

the questionnaire was handled according to the recommendations of Sechrist, Walker and 

Pender;9 if greater than two items were missing, the subject was excluded from analysis 

(n=23), if less than two item responses were unanswered (n= 32) the median score for that 

item was utilised.  

 

Data Analysis 

Data were analysed using the statistical software package SPSS version 15.0. An 

independent t-test between participants in the EX group and non-EX group were performed 

for age, years since MS diagnosis, Multiple Sclerosis Impact Scale, EXSE, EBBS Benefits 

Scale and EBBS Barriers Scale. A chi-square analysis was performed between the two 

groups for sex, ethnicity, type of residence, disease course, disease severity, heat sensitivity 

and the presence of Uhthoffs phenomenon.  

 

Results 

Demographic and clinical characteristics of the participants 

Forty-two of the 93 (45%) participants completed at least two, 30-minute exercise sessions 

per week or had a physical activity score in the leisure domain of the International Physical 

Activity Questionnaire that was greater than 600 MET minutes per week. Selected 
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demographic and clinical variables are presented in table one and two. No significant 

differences in sex (χ2 (1, N =93) = 0.20, p =0.48), age (t= 0.24, p = 0.58), years since MS 

diagnosis (t=0.56, p=0.58), disease severity (χ2 (6, N=93) = 2.59, p=0.86), ethnicity (χ2 (6, 

N=93)= 4.82, p=0.57), type of residence (χ2 (2, N= 93)= 1.26, p= 0.53), heat sensitivity 

(χ2 (2, N= 93)= 0.63, p= 0.73) or the presence of Uhthoffs phenomenon (χ2 (2, N=93)= 

3.28, p= 0.19) were observed between the EX group and non-EX group. Individuals in the 

EX group reported significantly lower scores compared to the non-EX group on the Multiple 

Sclerosis Impact Scale (t= -3.29, p= 0.001), and a chi-square analysis revealed significant 

differences in MS course (χ2 (4, N=93) = 11.11, p= 0.025) between the two groups. It 

appears that the percentage distribution of participants with relapsing-remitting MS was 

similar between EX group and non-EX group (55 vs 59%). However, a greater percentage of 

individuals in the EX group had secondary progressive MS (26 vs 10%), and a greater 

percentage of individuals in the non-EX group had primary progressive MS (20 vs 2%). 

 
Table 2: Participant demographic characteristics 
 Exercising group 

(n=42) 
Non-Exercising 
group (n=51) 

Total MS sample 
(n=93) 

Age (yr ± SD) 50 ± 10 50 ± 11 50 ± 10 
Sex (% male) 21 16 18 
Ethnicity (%)    
   Australian 71 65 68 
   New Zealand 2 2 2 
   Oceanic 2 0 1 
   European 21 31 27 
   Asian 0 2 1 
   American 2 0 1 
Type of Residence 
(%) 

   

   City 12 6 9 
  Suburb 71 73 72 
   Rural 17 22 19 

Exercise self-efficacy and perceived benefits and barriers to exercise participation  

 

The EBBS benefits and barriers, and EXSE scores of the participants are presented in table 

three. The EX group scored significantly higher on both the EBBS benefits (t=3.83, p< 

0.001) and barriers score (t= 2.37, p= 0.02), and the EXSE score (t= 3.39, p= 0.001), when 

compared to the non-EX group. The EBBS categories found to be significantly different 

between the two groups were life enhancement, physical performance, psychological 

outlook, social interaction and physical exertion (Table 4).  
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Table 3: Exercise benefits, barriers and self-efficacy scores 

EBBS: Exercise Benefits and Barriers Scale, EXSE: Spinal Cord Injury Exercise Self-efficacy Scale. * 
Exercising group significantly different to non-exercising group, p<0.05. ** Exercising group 
significantly different to non-exercising group, p< 0.001. 
 
 
Table 4: Exercise benefit and barrier categories significantly different between 
individuals in the Exercising and Non-Exercising groups 

* Exercising group significantly different to non-exercising group, p<0.05. ** Exercising group 
significantly different to non-exercising group, p< 0.001. 
 

The highest mean scores (highest agreement) on the EBBS benefit items for both the EX 

group and non-EX groups were related to physical performance and sense of personal 

accomplishment. A ranked list of the top five benefit statement scores are presented in table 

five. The lowest mean scores (highest agreement) on the EBBS barrier items for both groups 

were those items relating to physical exertion and access to exercise facilities. Table six 

presents a ranked list of the top five barrier statements.    

 

 
 
 
 
 
 
 
 
 
 
 

 Exercising 
group 
(n= 42) 

Non-Exercising group 
(n =51) 

Total MS sample 
(n= 93) 

EBBS benefits score 92 ± 12** 83 ± 12 87 ± 13 

EBBS barriers score 
 

40 ± 5* 37 ± 6 39 ± 6 

EXSE 31 ± 6** 27 ± 5 29 ± 6 

 Exercising group  
(n= 42) 

Non-Exercising group 
(n=51) 

Life enhancement 34 ± 5** 31 ± 6 
Physical Performance 30 ± 4** 28 ± 4 

Psychological Outlook 24 ± 3** 21± 4 
Social Interaction 11 ± 2** 9. ± 2 

Physical Exertion 7 ± 2* 6 ± 2 
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Table 5: Top five ranked perceived benefits to exercise in persons with multiple sclerosis 

 
 
Table 6: Top five ranked perceived barriers to exercise in persons with multiple sclerosis 

Exercising group Non-Exercising group 
Statement  Mean SD Statement Mean SD 
Exercise tires me 2.07 0.71 Exercise tires me 1.82 0.74 

I am fatigued by exercise 2.19 0.71 I am fatigued by exercise 1.84 0.67 

Exercise is hard work for me 2.24 0.73 Exercise is hard work for me 1.92 0.82 

There are too few places for 
me to exercise 

2.76 0.79 Places for me to exercise are 
too far away 
 

2.63 0.92 

Exercise facilities do not have 
convenient schedules for me 

2.81 0.74 There are too few places for me 
to exercise 

2.69 0.79 

The EBBS barriers scale is reverse scored, therefore the items with the lowest mean represent highest 
agreement. 
 
Discussion 

In the present study, 45% of participants completed at least two, 30-minute exercise 

sessions per week or had a physical activity score in the leisure domain of the International 

Physical Activity Questionnaire greater than 600 MET minutes per week.  Within Australia, 

66% of the adult population report participating in at least 100 minutes of exercise per 

fortnight,21 indicating that the participants in the present study complete less physical 

activity than the general population. These results are consistent with previous findings. 

Motl et al.,22 conducted a meta-analysis on physical activity levels in persons with MS and 

found that the evidence suggested that persons with MS engaged in less physical activity 

than the general population. It is reasonable to suggest that the physical symptoms 

Exercising group Non-Exercising group 
Statement  Mean SD Statement Mean SD 

Exercise gives me a sense of 
personal accomplishment 

3.57 0.51 Exercise improves functioning 
of my cardiovascular system 

3.27 0.49 

Exercise increases my muscle 
strength 

3.55 0.50 Exercise increases my muscle 
strength 

3.24 0.51 

Exercise increases my level of 
physical fitness 

3.55 0.50 Exercise increases my level of 
physical fitness 

3.20 0.60 

Exercise improves functioning 
of my cardiovascular system 
 

3.55 0.58 Exercise gives me a sense of 
personal accomplishment 

3.18 0.55 

My muscle tone is improved 
with exercise 

3.47 0.55 My muscle tone is improved 
with exercise 

3.16 0.58 
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experienced by persons with MS, may impact on their ability to participate in physical 

activity and/or increase their perceived barriers to exercise. 

 

In the present study, the most highly rated perceived benefits to exercise participation were 

those items related to improvements in physical performance and health, as well as 

experiencing a sense of personal accomplishment. Perceived benefits of action refer to the 

individual’s assessment of the possible gains associated with engaging in a particular health-

promoting behaviour.23 As these perceived benefits to exercise were ranked highest in both 

the EX group and non-EX group, it suggests that although important, simply being aware of 

the positive benefits associated with exercise participation is not sufficient to facilitate 

participation in regular physical activity in persons with MS.   

 

Perceived barriers to action provide information about an individual’s assessment of the 

potential obstacles which prevent the individual from engaging in a health-promoting 

behaviour.23 The most highly ranked perceived barriers to exercise reported in this study 

were those items related to physical exertion (e.g., “exercise tires me”, “I am fatigued by 

exercise” and “exercise is hard work for me”). As with the high-ranked benefit items, these 

perceived barriers to exercise were similar irrespective of current physical activity levels (EX 

group vs non-EX group). This suggests that even persons with MS who regularly exercise 

need to overcome issues related to physical exertion when undertaking physical activity.  

 

When the top-ranked perceived benefits and barriers in the participants of this study are 

compared with those reported in healthy populations,12, 24 it appears that, like the general 

healthy population, persons with MS are aware that regular exercise participation will 

improve physical performance. The perceived benefit that appears to be unique to persons 

with MS is that exercise will provide a sense of personal accomplishment. It could be 

speculated that due to the physical impairments and fatigue commonly experienced by 

persons with MS, individuals with this disease may perceive exercise to be a greater 

challenge than individuals in the general population. 

 

In the general population, time is the most commonly reported barrier to exercise,12, 24 

whereas participants in this study reported factors relating to physical exertion as the 

greatest barrier to exercise participation. This physical exertion may be the result of physical 

limitations including mobility and gait impairments, muscle weakness and balance deficits or 
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the onset of symptoms and fatigue following physical activity.25-27 These results highlight the 

need for health care professionals to develop and implement exercise intervention programs 

that minimise or enable persons with MS to overcome the difficulties associated with 

exercise, in particular those elements associated with physical exertion. Several exercise 

intervention studies have reported improvements in chronic fatigue levels in persons with 

MS.28 Therefore, it is possible that an increased awareness of the benefits of exercise on 

fatigue levels may minimise this perceived barrier to exercise and facilitate participation in 

physical activity, especially when fatigue is one of the most common symptoms reported in 

persons with MS.29, 30    

 

Although participants in both the EX group and non-EX group reported a similar ranked list 

of perceived benefits and barriers to exercise, the EBBS scores were significantly different 

between the two groups. The EX group reported that regular exercise participation was 

more beneficial in the following EBBS benefit categories: life enhancement, physical 

performance, psychological outlook and social interaction. The non-EX group rated those 

items in the physical exertion category as a greater barrier to exercise participation.  

 

Given the difference in these EBBS scores, and the finding that there were no significant 

differences in disease severity between the two groups in this study, we need to ask the 

question why some persons with MS exercise and others do not? Do participants in the EX 

group, exercise simply because they have stronger views about the benefits of regular 

exercise, and/or perceive the barriers to exercise to be not as great? Or is there another 

influencing factor that prevents some persons with MS from participating in regular physical 

activity?  

 

It is possible that the exercise self-efficacy scores reported by the participants in this study 

may help to explain exercise status. The Health Promotion Model suggests that even when 

the perceived benefits of an activity are high and perceived barriers low, an individual may 

not engage in an activity if perceived self-efficacy is low. Perceived self-efficacy refers to an 

individual’s judgement of their capability to perform a specific behaviour successfully.31 

Individuals tend to undertake activities they feel they are capable of performing and avoid 

those tasks which they believe exceed their capabilities.20 Previous studies in persons with 

MS suggest that there is a relationship between self-efficacy and health promoting 

behaviours such as exercise participation.6-8, 32 The results of the present study support 
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these findings. We found that exercise self-efficacy was significantly greater in those 

participants in the EX group. This may explain why participants in the EX group did not 

perceive the barriers to exercise to be as great as those in the non-EX group. Thus, 

strategies that improve exercise self-efficacy in persons with MS, may play a key role in 

promoting exercise participation in individuals with this disease. 

 

This study has a few limitations that need to be considered when interpreting the results of 

this study. Firstly, physical activity levels and health indicators such as disease severity and 

course were self-reported and were not assessed by a neurologist. Due to the variability and 

changing course of MS, it is possible that some participants may have incorrectly identified 

their disease course and severity. Additionally, this study only had a response rate of 31% 

which is considerably lower than two previous postal surveys related to physical activity in 

persons with MS. These two previous studies reported response rates of 90% and 64%. 33, 34 

The low response rate in the present study may have lead to overestimating physical activity 

levels in persons with MS, as health-conscious individuals may have been more inclined to 

participate in the study. Due to the relatively small number of participants with progressive 

forms of MS in this study, the results of this study may not accurately represent individuals 

with all types of MS. Furthermore, due to the cross-sectional nature of the current study no 

causal relationships can be implied.  

 

In conclusion the findings of this study suggest that the perceived barriers to exercise 

participation in persons with MS are unique. In order to facilitate exercise participation in 

this clinical population, strategies that minimise physical exertion need to be addressed.  

Research investigating the mode of physical activities that can provide persons with MS both 

physical and psychological benefit, and limit side-effects such as exercise-induced fatigue is 

warranted.  

 

Persons with MS also need to be educated about the different modes of exercise training 

that are available and how exercises can be modified to accommodate their physical abilities 

and symptoms. We believe that persons with MS also need to be further educated about the 

benefits of exercise, emphasising that regular exercise has the potential to improve chronic 

fatigue levels. Addressing and overcoming the barriers to exercise participation for persons 

with MS may lead to improvements in exercise self-efficacy, and subsequently improve 

exercise participation rates. 
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Multiple sclerosis (MS) is a progressive or relapsing neurological disorder of the central 

nervous system (CNS). Physical symptoms including fatigue and mobility impairments can 

contribute to a reduction in functional capacity and interfere with the individual’s ability to 

perform activities of daily living. The activities of daily living that are most affected in 

persons with MS are those tasks that could be classified as mobility-related and physically 

demanding (e.g. housework, gardening).1 In persons with MS a reduced ability to complete 

activities of daily living is associated with higher depression scores and decreased quality of 

life.2 Currently, MS has no cure and pharmacological interventions are limited in their ability 

to slow/prevent the progression of physical disability.3 Therefore, alternative evidence-based 

interventions that can improve functional capacity, as well as increase quality of life in 

persons with MS must be explored.   

 

Research examining adaptations to exercise in persons with MS have predominately focused 

on endurance-exercise training programs (see Dalgas et al, 2008 for review4). Endurance-

exercise can be described as moderate-intensity continuous exercise that involves the use of 

large skeletal muscle groups and predominately uses aerobic metabolism to sustain the 

activity.5 Examples of such activity are exercises like treadmill walking, or stationary cycling. 

While there is some evidence to suggest that endurance-exercise training may improve 

mobility and cardiorespiratory fitness in persons with MS6, 7, endurance-exercise training 

may have little impact on muscular strength8, 9, or balance.6 Thus, exercise training 

adaptations from endurance-exercise training may not translate to the greatest 

improvements in functional capacity in persons with MS.   

 

The primary aim of resistance-exercise training is to improve muscular strength and/or 

muscle endurance. Adaptations vary depending upon the workout protocols used.5 Few 

studies have investigated the effect of resistance-exercise training on persons with MS (see 

Dalgas et al, 2008 for review4). While previous studies suggest that resistance-exercise 

training may improve strength, the impact of resistance-exercise training on functional 

capacity in persons with MS is still inconclusive.4 A recent study which specifically 

investigated the impact of progressive resistance-exercise training on muscular strength and 

functional capacity in persons with MS, found that progressive resistance-exercise training 

improved muscular strength and functional capacity.10 Dalgas et al. (2009) reported a 

21.5% increase in functional capacity in 19 persons with MS.10 Participants in the Dalgas et 

al. study improved their performance on the following functional capacity tasks; Chair Stand, 
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Ascending Stair Climbing, Ten Meter Walk and Six Minute Walk Tests.10 Further investigation 

is required to confirm the impact of resistance training on functional capacity in persons with 

MS. 

 

The impact of exercise training on quality of life in persons with MS is inconclusive. A meta-

analysis examining the impact of exercise training on quality of life in persons with MS, 

concluded that although endurance-exercise training significantly improved quality of life, 

there was insufficient evidence to draw conclusions on the effect of non-endurance-exercise 

training (such as resistance-exercise training) on quality of life in persons with MS.11  

 

No previous study has directly compared endurance- and resistance-exercise training in the 

same cohort of persons with MS. Thus, it remains unclear as to which mode of exercise 

training will elicit optimal physical and psychological improvements in this clinical population. 

The aim of this study was to compare adaptations in grip strength, balance, mobility, 

fatigue, depression and quality of life following endurance and resistance-exercise training in 

persons with MS. 

 

Methods  

Experimental design: The present study was a cross-over design where sixteen 

participants completed eight weeks of endurance-exercise training and eight weeks of 

resistance-exercise training (Figure 1). Participation in the two programs was separated by 

an eight week interval. Program order was randomised using a coin toss. Eleven subjects 

performed resistance-exercise training first. Outcome measures were assessed before and 

after the endurance- and resistance-exercise training programs. The primary outcomes in 

this study were mobility, fatigue and quality of life. The secondary outcomes were grip 

strength, balance, disease impact and depression. Two of the four assessors were blinded to 

the order subjects completed the training program. This study was approved by the Griffith 

University Human Research Ethics Committee and the Queensland Health Research Ethics 

Committee (PES/04/08/HREC).  
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Figure 1: Flowchart of study outline 

 

Subjects: Twenty-one individuals with MS responded to a “call for volunteers” flyer 

displayed at local Community Health Centres, and were accepted to participate in the 

program. Participants with MS were included in the study if they could ambulate 

independently either with or without the use of walking aid. Over the course of the study, 

five volunteers withdrew from the study for various reasons including difficulties with time 

commitments, moving house, and ill dependants. Analyses were performed on data 

Eligible subjects (n=21) 

Randomisation 

Group 1 Group 2 

Pre-testing Pre-testing 

8 weeks endurance training  
(n=6) 

8 weeks resistance training  
(n=15) 

Dropouts 
Time (n=1) 

Completed endurance training  
(n=6) 

Completed resistance training  
(n=14) 

Post-testing Pos-testing 

8 weeks interval period 8 weeks interval period 

Dropouts 
Time (n=2) 

Moved house 
(n=1) 

Dropouts 
Ill dependent (n=1) 

Pre-testing Pre-testing 

8 weeks resistance training  
(n=5) 

8 weeks endurance training  
(n=11) 

Completed endurance training  
(n=11) 

Completed resistance training  
(n=5) 

Post-testing Pos-testing 

Analysed (n=5) Analysed (n=11) 



Comparing endurance- and resistance-exercise training 
 
 

 
110 

 

collected from 12 female and four male subjects aged 47 to 66 years. Disease severity was 

assessed by a registered physiotherapist using the Disease Steps Scale (DSS).12 Subject 

demographic and clinical characteristics are presented in table one. participants obtained 

approval for participation in the training programs from their General Practitioner and each 

subject gave their written informed consent to participate in the study.  

 

Table 1: Subject demographic and clinical characteristics 

Age (yr ± SD) 55 ± 7 

Gender (male:female) 4:12 

Disease duration (yr ± SD) 10 ± 10 

Disease Steps Scale score (0-6 scale)  

1 n = 7 

2 n = 5 

3 n = 4 

Disease Course  

Relapsing-remitting n = 10 

Secondary progressive n = 3 

Primary progressive n = 3 

Disease Steps Scale score: 0 = normal; 1 = mild disability, mild symptoms or signs; 2 
= moderate disability, visible abnormality of gait; 3 = early cane, intermittent use of a 
cane; 4 = late cane, cane dependant; 5 = bilateral support; 6 = confined to a 
wheelchair 
 

Measures of physical ability:  

Several measures of physical ability were used to provide an indication of functional 

capacity. Grip strength was assessed using a hand-held dynamometer (North Coast Medical 

hand dynamometer 800-821-9319). This test was performed in the seated position with 

theparticipant’s arm held out straight and parallel to the ground at shoulder height. 

Participants were instructed to squeeze the hand dynamometer with maximal force. Balance 

was assessed using the Functional Reach,13 and Four Step Square Tests,14 and the Timed Up 

and Go15 and Six Minute Walk Tests16 were used to provide a measure of mobility. The Six 

Minute Walk Test was administered in accordance to the guidelines outlined by the 

American Thoracic Society,16 with the exception that a 25 m, rather than a 30 m track was 

used in the present study (due to space constraints). In all measures of physical ability, two 

trials of each task were performed with the best performance used in the data analysis. 
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Questionnaires: 

Disease impact was assessed using the Multiple Sclerosis Impact Scale (Appendix 2).17 The 

Multiple Sclerosis Impact Scale assesses the individual’s view of how their multiple sclerosis 

has impacted upon their daily functioning during the previous two weeks. The higher the 

score, the greater the impact of the disease on the patient over the  two week assessment 

period.  

 

Depression was assessed using the Beck Depression Inventory (Appendix 5). The Beck 

Depression Inventory is a 21 itemed questionnaire with higher scores indicating more severe 

depression.18  

 

Fatigue impact was assessed using the Modified Fatigue Impact Scale (Appendix 6).19 This 

questionnaire provides an indication of the impact fatigue has on an individual in three 

domains: physical, cognitive, and psychosocial. Higher scores indicate that fatigue has a 

greater impact on the individual.  

 

Quality of life was assessed using the Health Status Questionnaire Short Form-36 (SF36; 

Appendix 4). The SF36 provides scores for eight dimensions which are combined to produce 

two summary scales: i) a Physical Component Summary Score, and ii) a Mental Component 

Summary Score; on all scales higher scores indicate a higher quality of life.20  

 

Exercise training 

Both the endurance- and resistance-exercise training programs were eight weeks in duration 

and consisted of two exercise sessions per week. All training sessions were supervised by 

two Exercise Physiologists. Before all training sessions, subjects completed a  five minute 

warm-up comprised of walking at a self-selected speed. Progression through the exercise 

training programs was at the discretion of the Exercise Physiologists and was based upon 

the subjects rating of difficulty for each activity. For both the endurance- and resistance-

exercise training programs, subjects rated the difficulty of each exercise using the Borg 

Category Ratio Scale21 immediately after completing each exercise during the training 

session . This rating was based on the subject’s level of exertion. The intensity/difficulty of 

each activity was adjusted in order to maintain a rating of three to five (moderate-hard). 

The training sessions were concluded with 15-20 minutes of supervised static and dynamic 

stretching of the major upper- and lower-body muscle groups. In order to minimise the 
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effect of overheating, oscillating pedestal fans and water spray bottles (on request) were 

used. All testing and training sessions were performed at Queensland Health facilities 

(Bundall or Helensvale Community Health Centres). 

 

Endurance-exercise training program:  

The endurance-exercise training program involved a circuit of eight exercise stations 

comprising of six different activities. Subjects exercised for five minutes at each station and 

rested for two minutes every 10 minutes (i.e. after the completion of every two activities). 

The eight exercise stations were: 1) step ups (step height 10-20 cm), 2) arm cranking 

(ADPE Duo Bike), 3) upright cycling (Tunturi F35 Competence or York Magnaforce 5000 

HRC), 4) arm cranking, 5) recumbent cycling (Vision Fitness R2250 HRT), 6) cross-trainer 

(Octance Fitness Q35), 7) treadmill walking (Elite DX726 or Pacer 3701), and 8) arm 

cranking. The exercise-intensity of each activity was increased throughout the program by 

adjusting resistance and/or cadence. Additionally exercise time was progressively increased 

over the eight week endurance-exercise training program for those subjects who initially 

were unable to complete five minutes of continuous activity.  

 

Resistance-exercise training program: 

The resistance-exercise training program consisted of three upper-body and three lower-

body exercises as well as one core-strength, and one stability exercise (Table 2).  For each 

exercise, subjects commenced and progressed through a series of exercises dependent upon 

the individual’s initial level of strength and rate of improvement. Subjects performed 2-3 

sets, comprised of 6-10 repetitions of each exercise per set. Subjects were instructed to 

have a minimum of 30-60 seconds rest between each exercise set. Progression through the 

resistance-exercise training program was facilitated by increasing the resistance of 

Therabands and/or weights used on applicable exercises (Table 2) and by progressing 

through a series of exercises. The progression for each exercise is presented in table two.   
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Table 2: Progression of exercises during resistance exercise training  

UPPER BODY EXERCISES 
EXERCISE 1 

 
Chest Press with Theraband* 

EXERCISE 2 
 

Seated Row with Theraband* 

EXERCISE 3 
 

Shoulder abduction with 
Theraband* 

Chest Press with dumbbell* Upright Row with dumbbell* Shoulder abduction with 
dumbbell* 

Wall push-up   
Push-up on parallel bar   

Knee push-up on ground   
Full push-up 

 
  

LOWER BODY EXERCISES 
EXERCISE 1 

 
Sit-to-stand 

EXERCISE 2 
 

Static lunge with support 
(inside parallel bars) 

EXERCISE 3 
 

Hip abduction 

Standing half squats with 
support (standing inside 

parallel bars) 

Static lunge without support Hip abduction with ankle 
weights* 

¾ ball squats (using Swiss 
ball) 

Dynamic lunge with return Lateral step-ups (increasing 
from small to medium to large 

step height) 
Full ball squats Dynamic lunge with return off 

step (increasing from small to 
medium to large step height) 

Lateral step-ups with ankle 
weights* 

Full ball squats with hand 
weights* 

Dynamic lunge off step with 
ankle weights* 

 

 

CORE AND LOWER-LIMB STABILITY EXERCISES 
CORE EXERCISE 

 
Prone support (on hands and knees) with single 

leg extension 

STABILITY EXERCISE 
 

Tandem stance 

Prone support with arm and leg extension of 
contralateral limbs 

Tandem stance on foam mat 

Laying supine on floor, knees bent with hip lift Heel-to-toe walk along foam beam 
Laying supine on floor, feet elevated on swiss 

ball with hip lift 
Single leg stance 

Front support on elbows and  knees Single leg stance on foam 
Front support on elbows and toes Standing on wobble board 

 
Participant’s progression through the above series of exercises was dependent upon the individual’s rate 
of improvement during the program. *Indicates that the Theraband or dumbbell/ankle weight used in 
these exercises was increased prior to progression to the next exercise. Four Theraband resistances 
were used (red, green, blue, black), dumbbell weights of 1kg, 2kg, 3kg and 4kg, and ankle weights 
weighing 1kg, 1.5kg, 2kg, 2.5kg and 5kg were utilised. This rate of progression was monitored and 
directed by an Exercise Physiologist.  

 

 

Pr
og

re
ss

io
n 

of
 e

xe
rc

is
es

 
Pr

og
re

ss
io

n 
of

 e
xe

rc
is

es
 

Pr
og

re
ss

io
n 

of
 e

xe
rc

is
es

 



Comparing endurance- and resistance-exercise training 
 
 

 
114 

 

Data analysis 

To determine if there were significant differences in baseline measures between training 

modes and the order the training programs were completed, a mixed factor ANOVA with 

baseline values as the within subject variable and training order as the between subject 

variable was conducted using Bonferroni adjustments. Results suggested that there was no 

carry over effect of the two programs and that values for the dependant variables prior to 

commencing endurance- and resistance-exercise training were similar. Therefore, data in 

this study were analysed as endurance- versus resistance-exercise training irrespective of 

the order participants completed the training programs. 

 

Pre- and post-exercise training scores for all outcome measures were assessed using a 

repeated measures ANOVA with Bonferroni adjustments. Data are presented as the mean ± 

standard deviation. For all analysis, statistical significance was accepted at p<0.05. All tests 

were two-tailed. Data were analysed using the statistical analysis software package SPSS 

version 15.0.  

 

Results 

No adverse effects attributed to the exercise training intervention were reported during 

either training program. Both training programs were well attended. Of the 16 sessions in 

the training program, subjects attended 13.2 ± 1.6 endurance- and 15.8 ± 1.9 resistance-

exercise training sessions.  

 

Measures of physical ability 

Pre- and post-training results for the measures of physical ability are presented in table 

three. No differences between training modes (endurance- vs resistance-exercise training) 

were found for any of the measures of physical ability. However, with the exception of grip 

strength, analysis of the data found that all measures of physical ability significantly 

improved with eight weeks of exercise training (Table 3).  
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Table 3: Performance on functional measures following 8 weeks of endurance- or resistance-
exercise training  

 ENDURANCE  

TRAINING 

 RESISTANCE  

TRAINING 

 

Pre- 

training 

Post- 

training 

∆ Pre- 

training 

Post-

training 

∆ 

Grip 

Strength 

(kg) 

32.4 ± 13.3 33.0 ± 13.0 0.6 ± 2.7 30.3 ± 14.2 31.6 ± 12.8 1.3 ± 7.8 

Functional 

Reach Test 

(cm)** 

38.6 ± 5.9 40.0 ± 5.3 -0.6 ± 9.6 35.8 ± 6.7 41.3 ± 5.2 7.4 ± 13.4 

Four Step 

Square 

Test (s)** 

8.8 ± 1.8 8.1 ± 1.9 -0.7 ± 0.9 9.5 ± 2.4 8.3 ± 2.1 -1.2 ± 1.8 

Timed Up 

and Go 

(s)** 

7.2 ± 1.7 6.7 ± 1.4 -0.5 ± 0.7 7.5 ± 2.2 6.8 ± 1.8 -0.7 ± 0.8 

Six Minute 

Walk Test 

(m)** 

484 ± 96 503 ± 100 18.6 ± 40.1 447 ± 111 486 ± 107 38.1 ± 70.0 

Values represent mean (± SD). ** A within-within repeated measures ANOVA with Bonferroni 
adjustments revealed a significant main effect for pre/post difference, p<0.01. 
 

Questionnaires 

Pre- and post-training results on the questionnaires assessing disease impact, fatigue, 

depression and quality of life are presented in table four.  No difference in training modes 

were found on any of the questionnaires utilised in this study.  When changes in pre- and 

post-exercise training scores were examined, significant improvements on the physical scale 

of the Multiple Sclerosis Impact Scale, and the physical and psychosocial scales of Modified 

Fatigue Impact Scale were observed. We found no significant changes in the psychological 

scale of the Multiple Sclerosis Impact Scale, cognitive scale of the Modified Fatigue Impact 

Scale, Beck Depression Inventory, or SF36. 
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Table 4: Fatigue, depression and quality of life scores following 8 weeks of endurance- or 
resistance-exercise training  

 ENDURANCE  
TRAINING 

 RESISTANCE 
 TRAINING 

 

Pre- 
training 

Post- 
training 

∆ Pre- 
training 

Post-
training 

∆ 

MSIS Physical 
Score* 43.5 ± 12.4 39.1 ± 12.9 

 
-4.1 ± 9.6 
 

43.8 ± 15.3  39.3 ± 13.1 -6.3 ± 
12.2 

MSIS 
Psychological 
Score 

19.6 ± 8.0 16.9 ± 6.1 -2.7 ± 6.5 20.0 ± 9.3 17.1 ± 7.2 -1.9 ± 8.2 

Beck 
Depression 
Inventory 

9.7 ± 11.6 10.3 ± 11.6 0.6 ± 3.9 9.8 ± 9.0 8.7 ± 7.7 -2.3 ± 5.4 

MFIS Physical 
Scale* 19.6 ± 7.6 16.9 ± 5.5 -2.7 ± 5.3 18.3 ± 7.5 16.6 ± 7.1 -1.6  ± 3.3 

MFIS 
Psychosocial 
Scale** 

3.1 ± 1.5 2.4 ± 1.5 -0.8 ± 1.4 3.6 ± 1.8 2.4 ± 1.8 -1.6 ± 
11.6 

MFIS Cognitive 
Scale 15.8 ± 10.2 13.5 ± 10.0 -2.3 ± 6.0 14.4 ± 10.0 12.3 ± 9.5 -3.3 ± 7.8 

SF36 Physical 
Component 
Summary Score 

37.8 ± 6.7 37.7 ± 7.7 -0.2 ± 6.8 36.1 ± 9.1 39.8 ± 7.3 3.7 ± 7.0 

SF36 Mental 
Component 
Summary Score 

48.1 ± 13.3 50.4 ± 12.8 2.3 ± 10.6 53.2 ± 11.2 51.3 ± 12.9 -1.9 ± 9.7 

Values represent mean (± SD).  MSIS: Multiple Sclerosis Impact Scale; MFIS: Modified Fatigue Impact 
Scale, SF36: Health Status Questionnaire Short Form-36. * A within-within repeated measures ANOVA 
with Bonferroni adjustments revealed a significant main effect for pre/post difference, p<0.05. ** A 
within-within repeated measures ANOVA with Bonferroni adjustments revealed a significant main effect 
for pre/post difference, p<0.01. 
 
 

Discussion 

The aim of this study was to compare changes in grip strength, balance, mobility, fatigue 

impact, depression and quality of life following eight weeks of endurance- and resistance-

exercise training in persons with MS. When the two modes of exercise training were 

compared, neither the resistance- or endurance-exercise training elicited greater 

improvements in any of the outcome measures used in this study.   
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Measures of physical ability 

When pre- and post- training scores were examined improvements in balance and mobility 

were observed following both the endurance- and resistance-exercise training programs. 

The finding that resistance-exercise training was associated with improved balance is in 

contrast to the findings of a previous study. De Bolt et al.22 reported no improvements in 

balance after a home-based resistance-training program in persons with MS.  The 

supervised exercise setting used in the present study, when compared to the home-based 

training described in the study by De Bolt et al.,22 may explain the discrepancies in balance 

adaptations observed following resistance-exercise training. Similarly, a recent meta analysis 

on walking mobility in persons with MS, found that walking mobility improved with exercise 

training when conducted in a supervised environment, but not when the training was home-

based.23   

 

In the current study, like the resistance-exercise training program we observed that 

performance on the Functional Reach and Four Step Square Tests improved following 

endurance-exercise training. These results are supported by two previous case studies that 

have reported improvements in balance in persons with MS following regular treadmill 

walking.24, 25 

 

The type of endurance-exercise training performed may be of importance in determining 

balance outcomes.  A study conducted in older adults with balance deficits investigated 

different types of endurance-exercise training and found that balance improved when the 

activities performed “stressed” the participant’s balance.26  That is, those activities during 

which the individual was required to maintain their centre of mass over their base of support 

in response to either an internal or external perturbation. These authors reported that 

cycling did not improve balance, whereas walking and aerobic-exercise classes did.26  In the 

present study, our endurance-exercise training program was comprised of six different 

activities.  It is possible that the activities that stressed balance (treadmill, cross-trainer and 

step-ups) contributed to the improvement in balance observed.  However this is an area that 

requires further investigation.  

 

In agreement with previous investigations, this study reported improvements in mobility 

following both endurance- and resistance-exercise training.23 The mechanisms through 

which endurance- and resistance-exercise lead to improvements in mobility have not yet 
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been determined. A previous three week balance training program reported improvements 

in both the Berg Balance Scale and Dynamic Gait Index Score and suggests that balance 

training improved both balance and mobility in persons with MS.27 Additionally a relationship 

between postural sway and brisk walk time in persons with MS has been reported.28  It is 

possible that the improvements in mobility observed in the present study are secondary to 

improvements in balance. However other factors such as improved gait kinematics (gait 

pattern) and cardiorespiratory fitness cannot be ruled out.  

 

Resistance-exercise training has previously been shown to improve gait kinematics in 

persons with MS.29 This may enable patients to walk quicker and further without tiring. 

Similarly, endurance-exercise training may improve efficiency through gait kinematics, 

although this relationship has not yet been examined in MS. Alternatively, endurance-

exercise training may improve exercise tolerance in persons with MS by improving 

cardiorespiratory fitness.7, 30 Improved cardiorespiratory fitness may enable the individual to 

ambulate quicker (or exercise at a higher intensity), as well as improve walking endurance. 

However, as we did not analyse gait kinematics or directly measure cardiorespiratory fitness 

in this study we are unable to examine or comment on these relationships.  

 

Of the measures of physical ability examined in this study, the only measure in which we did 

not observe an improvement with exercise training was grip strength. It is possible that grip 

strength was not influenced in the current study, as neither program focused on activities 

which involved the forearm extensor and flexor muscles.  

 

Questionnaires 

In the current study we found that fatigue impact in the physical and psychosocial domains 

decreased following exercise training. Surprisingly, we found that neither endurance- or 

resistance-exercise training was associated with improvements in depression or quality of 

life.  

 

Fatigue in MS is defined as “A subjective lack of physical and /or mental energy that is 

perceived by the individual or caregiver to interfere with usual or desired activities.” 31  

Previous studies have produced conflicting results on the impact of exercise training on 

fatigue. An overall score >38 on the Modified Fatigue Impact Scale (score when three 

subscales are combined) has been suggested as a cut-off score for determining fatigued and 
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non-fatigued individuals.32 Based on this cut-off, eight of sixteen participants before 

endurance-exercise training, and six of sixteen participants before resistance-exercise 

training were classified as experiencing significant fatigue in the present study. This 

decreased to four of sixteen participants following both endurance- and resistance-exercise 

training.  

 

Fatigue pathology in MS is complex. It may result from the disease pathology itself, may be 

caused by secondary factors including medication use, sleep disturbance or depression, or 

may be the consequence of physical deconditioning caused by physical inactivity.33  It is 

likely that underlying fatigue pathology is largely responsible for the variability in results 

observed in different exercise intervention studies. As exercise modality was not found to 

elicit different effects on fatigue impact in the present study, we believe that both 

endurance- and resistance-exercise training may be useful strategies in the management of 

fatigue in persons with MS. Most importantly this study suggests that exercise training does 

not exacerbate fatigue in persons with MS.  

 

Previous cross-sectional studies have suggested a relationship between physical activity 

levels and a reduced incidence of depression in persons with MS.34  In this study we found 

no changes in depression following exercise training. However, our ability to investigate 

depression was limited due to the small number of subjects in this study who suffered from 

depression.  Based on previous establish criteria (Beck Depression Inventory score ≥13),35, 36 

only three of the sixteen subjects in this study experience depression prior to both the 

endurance- and resistance-exercise training programs. Therefore we are unable to make any 

interpretation on the different effect of the two training programs on depression. 

 

In the current study we observed no changes in quality of life following either endurance- or 

resistance-exercise training. A score of 50 ± 10 on both the Physical and Mental Component 

Summary Scores represents normative quality of life scores in the general population.37 

Although scores for the participants in the current study indicated a reduced quality of life in 

the physical domain, the Mental Component Summary Score was similar to that of the 

general population. Therefore, we would not expect to see large changes in the Mental 

Component Summary Score, restricting our ability to examine the impact of exercise training 

on this outcome measure. 
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Previous studies investigating the impact of exercise training on quality of life in persons 

with MS have reported conflicting results. Some studies have reported improvements in 

quality of life with exercise training30, 38  while other studies have not.39-41 Overall, as 

indicated by a recent meta-analysis,11 the literature does seem to suggest that exercise 

training is associated with a small improvement in quality of life in persons with MS.   

 

This study has several limitations that must be considered when interpreting the results of 

this study. This study is comprised of a small group of patients with mild-moderate MS and 

results will not necessarily translate to individuals with more severe disability. The sample 

size in this study is small, increasing the chance of making a type II error. Further 

investigation with a larger sample of patients is required. Although standardised criteria 

were used in all pre- and post-testing, two of the four assessors were not blinded to the 

order the subjects had completed the training programs. Our process of randomisation (coin 

toss) lead to a larger number of subjects completing the resistance-exercise training 

program first. Also as no non-exercising cohort was investigated, we are unable to assess if 

exercise training is better than no exercise training.  Finally, this study is subject to the 

limitations of a cross-over design. This study is based on the assumption that an eight week 

period provided a sufficient period of time for a “washout” period to occur. Although 

statistical analysis of the data supported this, we cannot rule out that a type II error 

occurred (concluding that there was no carry over effect between the two programs when 

there was). 

 

The results of the present study suggest that both endurance- and resistance-exercise 

training appear to provide similar benefits to persons with MS.  However further 

investigation with a larger sample size is required to confirm the findings of this study.
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As multiple sclerosis (MS) is a disease with no known cure, it is important to develop 

intervention strategies that may improve functional capacity and quality of life in persons 

with this disease. Although originally discouraged from participating in exercise, research 

and antedotal evidence collected over the past few years suggests that regular physical 

activity may improve functional capacity and quality of life in persons with MS 1-10. However, 

little information in regards to exercise prescription is available. Therefore the ultimate aim 

of this dissertation was to compare physical and psychosocial adaptations to both an 

endurance- and a resistance-exercise training program. However, before this comparison 

could be made it was important to explore the impact of regular physical activity on both 

physical and psychological variables, as well as identify and minimise barriers to exercise 

participation. This allowed an exercise training program that minimised participant concern 

to be developed. The findings of the three research studies conducted for this dissertation 

are summarised below. 

 

Summary of the findings 

Study one compared fatigue, depression and quality of life scores in 121 persons with MS 

who did and did not participate in regular physical activity. Results from this questionnaire-

based study found that persons with MS who regularly participated in physical activity (more 

than two, 30-min exercise sessions per week, or a physical activity score in the leisure 

domain of the International Physical Activity Questionnaire greater than 600 metabolic 

equivalent minutes per week), reported favourable fatigue, depression and quality of life 

scores when compared to persons with MS who did not regularly participate in physical 

activity. The results of this study suggest that regular physical activity does not have a 

harmful effect on persons with MS.  

 

Study two investigated the perceived benefits and barriers to exercise participation in 93 

persons with MS. When assessed using the Exercise Benefits/Barrier Scale, it was found that 

items related to improvements in physical performance and health, as well as experiencing a 

sense of personal accomplishment were the most highly rated perceived benefits to exercise 

participation. The most highly ranked perceived barriers to exercise reported in this study 

were those items related to physical exertion. Interestingly the highest ranked perceived 

benefits and barriers to exercise were similar between those individuals who did and did not 

participate in regular physical exercise. When the top-ranked perceived benefits and barriers 
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in the participants of this study are compared with those reported in healthy populations,1, 2 

it appears that, like the general healthy population, persons with MS are aware that regular 

exercise participation will improve physical performance. The perceived benefit that appears 

to be unique to persons with MS is that exercise will provide a sense of personal 

accomplishment. It could be speculated that due to the physical impairments and fatigue 

commonly experienced by persons with MS, individuals with this disease may perceive 

exercise to be a greater challenge than individuals in the general population. 

 

Participants in the present study reported factors relating to physical exertion as the 

greatest barriers to exercise participation. This physical exertion may be the result of 

physical limitations, including mobility and gait impairments, muscle weakness and balance 

deficits, or the onset of symptoms and fatigue following physical activity.3-5 These results 

highlight the need for health care professionals to develop and implement exercise 

intervention programs that minimise or enable persons with MS to overcome the difficulties 

associated with exercise, in particular those elements associated with physical exertion.  

 

Study three compared an eight week endurance- and an eight week resistance-exercise 

training program in persons with MS. Differences in functional capacity and quality of life 

outcomes were examined and compared between the two different exercise programs. This 

study found no significant differences in any of the outcomes when results from the 

endurance- and the resistance-exercise training programs were compared. Both endurance- 

and resistance-exercise training were associated with improvements in balance, mobility, 

fatigue, as well as the physical impact of the disease.  Furthermore, participation in the 

training programs did not worsen or exacerbate fatigue. No adverse events were reported, 

suggesting that both endurance- and resistance-exercise training are well tolerated by 

persons with MS. The findings of the present suggest that regular exercise can be beneficial 

for persons with MS, and that both endurance- and resistance-exercise training will provide 

similar benefits to patients.  

 

Overall the results of the studies conducted for this dissertation suggest that regular 

exercise participation in persons with MS is not harmful and can be beneficial irrespective of 

exercise modality.  However, to encourage persons with MS to participate in, and experience 

the benefits of regular exercise, strategies that minimise the difficulties associated with 

exercise participation need to be developed and implemented. 
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Recommendations 

Based on the findings of the present research, we recommend that: 

1. An exercise-based component should be incorporated into rehabilitation 

programs for people with MS. This will enable patients to experience the physical 

and psychological benefits associated with exercise participation. 

2. Health professionals should make persons with MS aware that regular physical 

activity will not exacerbate or worsen fatigue, and that research suggests that 

regular exercise may even help reduce fatigue levels. This will help to minimise 

the misconception that exercise participation will increase fatigue. 

3. Health professionals should explain to persons with MS that exercise training 

programs can be modified to meet their individual needs. This will help to 

minimise the perceived barriers associated with exercise participation in this 

clinical population. 

 

Future directions 

Based on the findings of our results, and current gaps in the literature, the following 

suggestions for further research are recommended.  Studies that examine interventions 

aimed at increasing exercise self-efficacy should be examined. Firstly strategies that increase 

exercise self-efficacy in persons with MS need to be identified. Once these strategies have 

been identified, subsequent investigations into how increased exercise self-efficacy impacts 

on exercise participation and adherence rates are needed. Due to the potential benefits of 

regular exercise (and the current low exercise participation rates) in persons with MS, any 

intervention strategy that will promote exercise participation will be beneficial to helping 

patients manage their disease.  

 

Due to the variability of MS as a disease, and as this research was the first study to compare 

endurance- and resistance-exercise training in persons with MS, study three, comparing the 

effect of an endurance- and resistance-based exercise training program should be replicated 

in another cohort of persons with MS.  

 

In addition to confirming these results, we suggest a combined endurance- and resistance-

exercise training program should be compared to exercise training programs that are 

comprised of only endurance- or resistance-exercises. This would help to ascertain whether 

a combined training program would provide any additional or additive benefits to persons 
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with MS. The dose-response relationship to exercise in persons with MS should also be 

examined. This will provide information on the duration, frequency and intensity of exercise 

training that is required for persons with MS to obtain optimal benefits.  

 

Finally, as the majority of exercise training programs (including the current research 

conducted for this dissertation) are conducted on persons with mild-to-moderate MS little is 

known about the impact of exercise training on persons with more severe forms of MS. The 

impact of disease severity on both the psychological and physical benefits of exercise should 

be explored to provide a greater understanding of the needs of patients across the entire 

disease spectrum. 
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Abbreviated Terms 
 
CNS  central nervous system 

DSS  Disease Step Scale 

EDSS  Expanded Disability Status Score 

EX  exercising 

GABA  gamma aminobutyric acid 

IFN-β  interferon beta 

IFN-γ  interferon gamma 

IL  interleukin 

MET  metabolic equivalents 

MRI  magnetic resonance imaging  

MS  multiple sclerosis 

Na+  sodium 

Non-EX non-exercising 

SF36  Health Status Questionnaire Short Form-36 

TNF-α  tumor necrosis factor alpha 
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APPENDIX 1: BACKGROUND INFORMATION QUESTIONAIRE 
 
 

This aim of this questionnaire is to establish some background information 
about you and your MS. 

 
1.  Date of Birth: _____________ 
 
2.  Gender:  male/ female 
 
3.  Weight:___________ 
 
4.  Height:___________ 
 
5.  Year of MS diagnosis:_________ 

 
 
 

6. Please place a tick in the box that corresponds to the statement which best 
describes you. 
 
 

I have mild MS symptoms that do not limit my activity or lifestyle. 
 
 

I have mild MS symptoms such as sensory problems, mild in-coordination or 
weakness, and fatigue but no visible problems with my walking. 

 
 

My main problem from MS is trouble walking, but I do not use any type of aid 
to help me walk. 

 
 

I can walk 25 feet (7.6 meters) without a cane or some other form of support, 
such as a splint, brace or crutch, but I use this occasionally for longer 
distances. 

 
 

To be able to walk 25 feet, I must use a cane or some other form of support 
on one side, such as holding onto furniture or touching the wall. I may use a 
scooter or wheelchair for longer distances. 

 
 

To walk 25 feet, I must use two canes, a walker, or two crutches.  I may use a 
scooter or wheelchair for longer distances. 

 
My only form of mobility is a wheelchair. 
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7. What type of MS do you have? 

 

 Relapsing Remitting MS 

 Secondary Progressive MS 

 Primary Progressive MS 

 Progressive Relapsing MS 

 Don’t know / Not sure 

 
8. Please indicate the symptoms you currently have and how severe they are, and 

also indicate if you have ever had these symptoms  

 

 Currently have this symptom Ever had this 
symptom 

 mild moderate severe  
Vision problems     
Vertigo     
Deafness     
Facial weakness, 
numbness or pain 

    

Numbness tingling or 
pain elsewhere 

    

Arm weakness     
Leg weakness     
Balance problems     
Bladder/bowel 
problems 

    

Memory loss     
Fatigue     
Tremor     
Muscle spasticity      
Depression     
 

9. Have your symptoms ever been made worse by being in hot or cold 

environments?  

 Yes  No        Unsure   
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10. Have your symptoms ever being made worse with exercise?  

Yes  No        Unsure 

 

11. Which of the following best describe your ethnic ancestry? 

 Aboriginal  Australian  Oceanic  European 

 Asian   African  American 

 Other please describe______________________ 

 

 

12. What area of South East Queensland do you live in? 

 Brisbane City    Gold Coast 

 Tweed   Beaudesert 

 Boonah    Gatton 

 Toowoomba   Laidley 

 Ipswich   Logan 

 Redland   Esk 

 Pine Rivers   Redcliffe 

 Caboolture   Caloundra 

 Maroochy   Noosa 

 Kilcoy  

 
13. How would you classify your place of residence? 

 City   Suburb  Rural  
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14. Do you suffer from any other chronic disease or conditions (eg. diabetes, lung 

disease, high blood pressure etc)? 

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________ 
15. Please list any medications you are currently taking: 

(Please attach sheet if you require more space) 

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________ 

 

16. Please indicate which healthcare services you have utilised in the last 12 
months and an estimation of the number of visits to that healthcare provider during 
the last 12 months. 
 
Healthcare Service   Number of visits in last 12 months 
 
□ General Practitioner  ______________________________ 
□ Neurologist    ______________________________ 
□ Physiotherapist   ______________________________ 
□ Occupational Therapist    ______________________________ 

□ Chiropractor   ______________________________ 
□ Psychologist/psychiatrist  ______________________________ 
□ Social worker   ______________________________ 
□ Surgeon    ______________________________ 
□ Acupuncturist   ______________________________ 
□ Podiatrist    ______________________________ 
□ Osteopath    ______________________________ 
□ Urologist    ______________________________  
□ Massage therapist  ______________________________ 
□ Other    ______________________________ 
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17.  How long has it been since you last saw or talked to a doctor or healthcare 
professional about your health?_______________________________________ 
 
18. During the last 12 months were you a patient in hospital overnight?   Y / N 
 
19.  In the last 12 months how many different times have you stayed in hospital 
overnight or longer? _________________________________________________ 
  
 
20. How many times in the last 12 months have you seen a doctor or healthcare 

professional (eg. physician or physiotherapist) due to sustaining an injury during a 

fall?_______________________________________________________________ 

 

21. Are you a cigarette smoker?______ If so, how many per day?__________ 

      Previous cigarette smoker?_______ If so, when did you quit?__________ 
 
 
22. Please rate your daily stress levels (select one): 
 
□ Low 
□ Moderate 
□ High: I enjoy the challenge 
□ High: Sometimes difficult to handle 
□ High: often difficult to handle 
 

23. What do you feel would be the major limitations or factors preventing you from 

participating in regular exercise? 

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________ 

 

24. What benefits do you think you would gain from participating in regular exercise 

25. Would you like to receive a summary of the studies results? 

  Yes  No 
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26. Over the next few years Griffith University will be conducting research in the role 

of exercise in improving quality of life and psychological wellbeing in individuals with 

multiple sclerosis.  If you would you are interested in being contacted about any 

future research studies please indicate below?  

 

  Yes  No 

 

 

27.  If you answered yes to questions 25 or 26 please provide you contact details 

below: 

 

Name:_____________________________________________________________  

Address:____________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________ 

Email address: _______________________________________________________ 

Phone number:_______________________________________________ 



Appendices 
 
 

 
141 

 

APPENDIX 2: MULTIPLE SCLEROIS IMPACT SCALE (MSIS-29) 

 
• The following questions ask for your views about the impact of MS on your 

day-to-day life during the past two weeks. 
 

• For each statement please circle the one number that best describes your 
situation 

 
• Please answer all questions 

 
In the past two weeks, how much has your multiple sclerosis limited your 
ability to…………………………………. 
 
 Not at all A little Moderately Quite a bit Extremely 
Do physically demanding tasks? 1 2 3 4 5 
Grip things tightly (eg. turning on 
taps)? 

1 2 3 4 5 

Carry things? 1 2 3 4 5 
 
 
In the past two weeks, how much have you been bothered by………………. 
 
 Not at all A little Moderately Quite a bit Extremely 
Problems with balance? 1 2 3 4 5 
Difficulties moving about indoors? 1 2 3 4 5 
Being clumsy? 1 2 3 4 5 
Stiffness? 1 2 3 4 5 
Heavy arms and / or legs? 1 2 3 4 5 
Tremor of your arms or legs? 1 2 3 4 5 
Spasms in your limbs? 1 2 3 4 5 
Your body not doing what you want 
it to do? 

1 2 3 4 5 

Having to depend on others to do 
things for you? 

1 2 3 4 5 

Limitations in your social and leisure 
activities at home? 

1 2 3 4 5 

Being stuck at home more than you 
would like to be? 

1 2 3 4 5 

Difficulties using your hands in 
everyday tasks? 

1 2 3 4 5 

Having to cut down the amount of 
time you spent on work or other daily 
activities? 

1 2 3 4 5 

Problems using transport (eg car, 
bus, train, taxi etc.)? 

1 2 3 4 5 

Taking longer to do things? 1 2 3 4 5 
 Not at all A little Moderately Quite a bit Extremely 
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Difficulties doing things 
spontaneously (eg. going out on 
spur of moment)? 

1 2 3 4 5 

Needing to go to the toilet urgently? 1 2 3 4 5 
Feeling unwell? 1 2 3 4 5 
Problems sleeping? 1 2 3 4 5 
Feeling mentally fatigued? 1 2 3 4 5 
Worries related to your multiple 
sclerosis? 

1 2 3 4 5 

Feeling anxious or tense? 1 2 3 4 5 
Feeling irritable, impatient, or short-
tempered? 

1 2 3 4 5 

Problems concentrating? 1 2 3 4 5 
Lack of confidence? 1 2 3 4 5 
Feeling depressed? 1 2 3 4 5 
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APPENDIX 3: INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE 

 

We are interested in finding out about the kinds of physical activities that people do 

as part of their everyday lives. The questions will ask you about the time you spent 

being physically active in the last 7 days. Please answer each question even if you 

do not consider yourself to be an active person. Please think about the activities you 

do at work, as part of your house and yard work, to get from place to place, and in 

your spare time for recreation, exercise or sport. 

 

Think about all the vigorous and moderate activities that you did in the last 7 days. 

Vigorous physical activities refer to activities that take hard physical effort and make 

you breathe much harder than normal. Moderate activities refer to activities that take 

moderate physical effort and make you breathe somewhat harder than normal. 

 

PART 1: JOB-RELATED PHYSICAL ACTIVITY 

 

The first section is about your work. This includes paid jobs, farming, volunteer work, 

course work, and any other unpaid work that you did outside your home. Do not 

include unpaid work you might do around your home, like housework, yard work, 

general maintenance, and caring for your family. These are asked in Part 3. 

 

1. Do you currently have a job or do any unpaid work outside your home? 

 

 Yes 

 
 No Skip to PART 2: TRANSPORTATION 

 

The next questions are about all the physical activity you did in the last 7 days as 

part of your paid or unpaid work. This does not include traveling to and from work. 
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2.  During the last 7 days, on how many days did you do vigorous physical 

activities like heavy lifting, digging, heavy construction, or climbing up stairs 

as part of your work? Think about only those physical activities that you did 

for at least 10 minutes at a time. 

 

_____ days per week 

 

 No vigorous job-related physical activity Skip to question 4 

 

3. How much time did you usually spend on one of those days doing vigorous 

physical activities as part of your work? 

 

_____ hours per day 

_____ minutes per day 

 

4. Again, think about only those physical activities that you did for at least 10 

minutes at a time. During the last 7 days, on how many days did you do 

moderate physical activities like carrying light loads as part of your work? 

Please do not include walking. 

 

_____ days per week 

 

 No moderate job-related physical activity Skip to question 6 

 

5. How much time did you usually spend on one of those days doing moderate 

physical activities as part of your work? 

 

_____ hours per day 

_____ minutes per day 
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6. During the last 7 days, on how many days did you walk for at least 10 

minutes at a time as part of your work? Please do not count any walking you 

did to travel to or from work. 

 

_____ days per week 

 

 No job-related walking Skip to PART 2: TRANSPORTATION 

 

7. How much time did you usually spend on one of those days walking as part 

of your work? 

 

_____ hours per day 

_____ minutes per day 
 
 

PART 2: TRANSPORTATION PHYSICAL ACTIVITY 

 

These questions are about how you traveled from place to place, including to places 

like work, stores, movies, and so on. 

 

8. During the last 7 days, on how many days did you travel in a motor vehicle 

like a train, bus, car, or tram? 

 

_____ days per week 
 

 No traveling in a motor vehicle Skip to question 10 
 

9. How much time did you usually spend on one of those days traveling in a 

train, bus, car, tram, or other kind of motor vehicle? 

 

_____ hours per day 

_____ minutes per day 
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Now think only about the bicycling and walking you might have done to travel to 

and from work, to do errands, or to go from place to place. 

 

10. During the last 7 days, on how many days did you bicycle for at least 10 

minutes at a time to go from place to place? 

 

_____ days per week 
 

 No bicycling from place to place Skip to question 12 

 

11. How much time did you usually spend on one of those days to bicycle from 

place to place? 

 

_____ hours per day 

_____ minutes per day 

 

12. During the last 7 days, on how many days did you walk for at least 10 

minutes at a time to go from place to place? 

 

_____ days per week 
 

 No walking from place to place Skip to PART 3: 

HOUSEWORK, HOUSE 

MAINTENANCE, AND 

CARING FOR FAMILY 
 

13. How much time did you usually spend on one of those days walking from 

place to place? 

 

_____ hours per day 

_____ minutes per day 



Appendices 
 
 

 
147 

 

PART 3: HOUSEWORK, HOUSE MAINTENANCE, AND CARING FOR FAMILY 

 

This section is about some of the physical activities you might have done in the last 
7 days in and around your home, like housework, gardening, yard work, general 

maintenance work, and caring for your family. 

 

14. Think about only those physical activities that you did for at least 10 minutes 

at a time. During the last 7 days, on how many days did you do vigorous 

physical activities like heavy lifting, chopping wood, shoveling snow, or 

digging in the garden or yard? 

 

_____ days per week 
 

 No vigorous activity in garden or yard Skip to question 16 

 

 

15. How much time did you usually spend on one of those days doing vigorous 

physical activities in the garden or yard? 

 

_____ hours per day 

_____ minutes per day 

 

16. Again, think about only those physical activities that you did for at least 10 

minutes at a time. During the last 7 days, on how many days did you do 

moderate activities like carrying light loads, sweeping, washing windows, and 

raking in the garden or yard? 

 

_____ days per week 
 

 No moderate activity in garden or yard Skip to question 18 
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17. How much time did you usually spend on one of those days doing moderate 

physical activities in the garden or yard? 

 

_____ hours per day 

_____ minutes per day 
 
18. Once again, think about only those physical activities that you did for at least 

10 minutes at a time. During the last 7 days, on how many days did you do 

moderate activities like carrying light loads, washing windows, scrubbing 

floors and sweeping inside your home? 

 

_____ days per week 
 

 No moderate activity inside home Skip to PART 4: 

RECREATION, SPORT 

AND LEISURE-TIME 

PHYSICAL ACTIVITY 

 

19. How much time did you usually spend on one of those days doing moderate 

physical activities inside your home? 

 

_____ hours per day 

_____ minutes per day 
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PART 4: RECREATION, SPORT, AND LEISURE-TIME PHYSICAL ACTIVITY 

 

This section is about all the physical activities that you did in the last 7 days solely 

for recreation, sport, exercise or leisure. Please do not include any activities you 

have already mentioned. 

 

20. Not counting any walking you have already mentioned, during the last 7 
days, on how many days did you walk for at least 10 minutes at a time in 
your leisure time? 

 

_____ days per week 
 

 No walking in leisure time Skip to question 22 

 

21. How much time did you usually spend on one of those days walking in your 

leisure time? 

 

_____ hours per day 

_____ minutes per day 
 

22. Think about only those physical activities that you did for at least 10 minutes 

at a time. During the last 7 days, on how many days did you do vigorous 

physical activities like aerobics, running, fast bicycling, or fast swimming in 
your leisure time? 

 

_____ days per week 
 

 No vigorous activity in leisure time Skip to question 24 

 

23. How much time did you usually spend on one of those days doing vigorous 
physical activities in your leisure time? 

_____ hours per day 
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_____ minutes per day 
24. Again, think about only those physical activities that you did for at least 10 

minutes at a time. During the last 7 days, on how many days did you do 

moderate physical activities like bicycling at a regular pace, swimming at a 

regular pace, and doubles tennis in your leisure time? 

 

_____ days per week 
 

 No moderate activity in leisure time Skip to PART 5: TIME 

SPENT SITTING 

 

25. How much time did you usually spend on one of those days doing moderate 

physical activities in your leisure time? 

_____ hours per day 

_____ minutes per day 
 

 

PART 5: TIME SPENT SITTING 

 

The last questions are about the time you spend sitting while at work, at home, while 

doing course work and during leisure time. This may include time spent sitting at a 

desk, visiting friends, reading or sitting or lying down to watch television. Do not 

include any time spent sitting in a motor vehicle that you have already told me about. 

 

26. During the last 7 days, how much time did you usually spend sitting on a 

weekday? 

 

_____ hours per day 

_____ minutes per day 
 

27. During the last 7 days, how much time did you usually spend sitting on a 

weekend day? 
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_____ hours per day 

_____ minutes per day 
 

28. In terms of activity, would you say the last 7days are representative of a 

fairly typically week for you? 

             Yes 

              
             No …….. If no please explain below 

 ________________________________________________________
 ________________________________________________________ 
 ________________________________________________________ 

________________________________________________________ 
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APPENDIX 4: HEALTH STATUS QUESTIONNAIRE SHORT FORM-36 

This survey asks for your views about your health and daily activities.  Please answer every 
question. If you are not sure which answer to select, please choose the one answer that comes 
closest to describing you. 
 

1. In general, would you say your health is: 

�  1. Excellent �  2. Very good �  3. Good �  4. Fair �  5. Poor 

 

2. Compared to ONE YEAR AGO, how would you rate your health in general NOW? 

�  1. MUCH BETTER than one year ago. 

�  2. Somewhat BETTER now than one year ago. 

�  3. About the SAME as one year ago. 

�  4. Somewhat WORSE now than one year ago. 

�  5. MUCH WORSE now than one year ago. 

 

 

 

 

 

 

 

3. The following items are about activities you might do during a typical day.  Does your 
health now limit you in these activities? If so, how much? 

Activities 1. Yes, 
Limited 
A Lot 

2.  Yes, 
Limited  
A Little 

3.  No,  
Not Limited 
At All 

a) Vigorous activities, such as running, lifting heavy 

objects, participating in strenuous sports? 
�  1. Yes, 
limited a lot 

�  2. Yes, 
limited a little 

�  3. No, not 
limited at all 

b) Moderate activities, such as moving a table, 

pushing a vacuum cleaner, bowling, or playing golf? 
�  1. Yes, 
limited a lot 

�  2. Yes, 
limited a little 

�  3. No, not 
limited at all 

c) Lifting or carrying groceries? �  1. Yes, 
limited a lot 

�  2. Yes, 
limited a little 

�  3. No, not 
limited at all 

d) Climbing several flights of stairs? �  1. Yes, 
limited a lot 

�  2. Yes, 
limited a little 

�  3. No, not 
limited at all 

e) Climbing one flight of stairs? �  1. Yes, 
limited a lot 

�  2. Yes, 
limited a little 

�  3. No, not 
limited at all 

f) Bending, kneeing or stooping? �  1. Yes, 
limited a lot 

�  2. Yes, 
limited a little 

�  3. No, not 
limited at all 

g) Walking more than a mile? �  1. Yes, 
limited a lot 

�  2. Yes, 
limited a little 

�  3. No, not 
limited at all 

h) Walking several blocks? �  1. Yes, 
limited a lot 

�  2. Yes, 
limited a little 

�  3. No, not 
limited at all 

i) Walking one block? �  1. Yes, 
limited a lot 

�  2. Yes, 
limited a little 

�  3. No, not 
limited at all 

j) Bathing or dressing yourself? �  1. Yes, 
limited a lot 

�  2. Yes, 
limited a little 

�  3. No, not 
limited at all 
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4. During the past 4 weeks, have you had any of the following problems with your work or 

other regular activities as a result of your physical health? 

 Yes No 

a) Cut down on the amount of time you spent on work or 

other activities? 
�  1. yes �  2. No 

b) Accomplished less than you would like? �  1. yes �  2. No 

c) Were limited in the kind of work or other activities? �  1. yes �  2. No 

d) Had difficulty performing the work or other activities 

(for example it took extra effort)? 
�  1. yes �  2. No 

 
5. During the past 4 weeks, have you had any of the following problems with your work or 

other regular daily activities as a result of any emotional problems (such as feeling 

depressed or anxious)? 

 Yes No 

a) Cut down on the amount of time you spent on work or 

other activities? 
�  1. yes �  2. No 

b) Accomplished less than you would like? �  1. yes �  2. No 

c) Didn’t do work or other activities as carefully as usual? �  1. yes �  2. No 

 

6. During the past 4 weeks, to what extent has your physical health or emotional 
problems interfered with your normal social activities with family, friends, neighbors, 
or groups? 
�  1. Not at all �  2. Slightly �  3. Moderately     �  4. Quite a bit     �  5. Extremely 

 

7. How much bodily pain have you had during the past 4 weeks? 

�  1. None      �  2. Very mild     �  3. Mild     �  4. Moderate    �  5. Severe     �  6. Very 

severe 

 

8. During the past 4 weeks, how much did pain interfere with your normal work (including 

both work outside the home and housework)? 

�  1. Not at all �  2. A little bit �  3. Moderately     �  4. Quite a bit     �  5. Extremely 
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9. These questions are about how you feel and how things have been with you 
during the past 4 weeks.  For each question , please give the one answer that 
comes closest to the way you have been feeling.  How much of the time during the 
past 4 week … 
 1. All of 

the 
time 

2. Most 
of the 
time 

3. A 
good bit 
of the 
time 

4. 
Some 
of the 
time 

5. A little 
of the 
time 

6. None 
of the 
time 

a) Did you feel full of pep? �  1. All 
of the time 

�  2. Most 
of the time 

�  3. A good 
bit of the time 

�  4. 
Some of the 
time 

�  5. A little 
of the time 

�  6. None of 
the time 

b) Have you been a very 
nervous person? 

�  1. All 
of the time 

�  2. Most 
of the time 

�  3. A good 
bit of the time 

�  4. 
Some of the 
time 

�  5. A little 
of the time 

�  6. None of 
the time 

c) Have you felt so down 
in the dumps that nothing 
could cheer you up?  

�  1. All 
of the time 

�  2. Most 
of the time 

�  3. A good 
bit of the time 

�  4. 
Some of the 
time 

�  5. A little 
of the time 

�  6. None of 
the time 

d) Have you felt calm and 
peaceful? 

�  1. All 
of the time 

�  2. Most 
of the time 

�  3. A good 
bit of the time 

�  4. 
Some of the 
time 

�  5. A little 
of the time 

�  6. None of 
the time 

e) Did you have a lot of 
energy? 

�  1. All 
of the time 

�  2. Most 
of the time 

�  3. A good 
bit of the time 

�  4. 
Some of the 
time 

�  5. A little 
of the time 

�  6. None of 
the time 

f) Have you felt 
downhearted and blue? 

�  1. All 
of the time 

�  2. Most 
of the time 

�  3. A good 
bit of the time 

�  4. 
Some of the 
time 

�  5. A little 
of the time 

�  6. None of 
the time 

g) Do you feel worn out? �  1. All 
of the time 

�  2. Most 
of the time 

�  3. A good 
bit of the time 

�  4. 
Some of the 
time 

�  5. A little 
of the time 

�  6. None of 
the time 

h) Have you been a happy 
person? 

�  1. All 
of the time 

�  2. Most 
of the time 

�  3. A good 
bit of the time 

�  4. 
Some of the 
time 

�  5. A little 
of the time 

�  6. None of 
the time 

i) Did you feel tired? �  1. All 
of the time 

�  2. Most 
of the time 

�  3. A good 
bit of the time 

�  4. 
Some of the 
time 

�  5. A little 
of the time 

�  6. None of 
the time 

 
10. During the past 4 weeks, how much of the time has your physical health or 
emotional problems interfered with your social activities (like visiting with friends, 
relatives, etc.)? 
�  1. All of the time 

�  2. Most of the time. 

�  3. Some of the time 

�  4. A little of the time. 

�  5. None of the time. 
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11. How TRUE or FALSE is each of the following statements for you? 
 1. 

Definitely 
true 

2. 
Mostly 
true 

3.  
Don’t 
know 

4. 
Mostly 
false 

5. 
Definitely 
false 

a) I seem to get sick a little 
easier than other people? 

�  1.  
Definitely true 

�  2. 
Mostly true 

�  3.  
Don’t know  

�  4.  
Mostly false 

�  5.  
Definitely false 

b) I am as healthy as anybody 
I know? 

�  1.  
Definitely true 

�  2. 
Mostly true 

�  3.  
Don’t know  

�  4.  
Mostly false 

�  5.  
Definitely false 

c) I expect my health to get 
worse? 

�  1.  
Definitely true 

�  2. 
Mostly true 

�  3.  
Don’t know  

�  4.  
Mostly false 

�  5.  
Definitely false 

d) My health is excellent? �  1.  
Definitely true 

�  2. 
Mostly true 

�  3.  
Don’t know  

�  4.  
Mostly false 

�  5.  
Definitely false 
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APPENDIX 5: BECKS DEPRESSION INVENTORY 

 
 
ID#____________________________  Date_______________ 

 
 
 

Directions: Each question contains a set of four statements.  Please place an X  
     in the box corresponding to the statement that best describes you. 

1. 
□I do not feel sad. 
□I feel sad 
□I am sad all the time and I can't snap out of it. 
□I am so sad and unhappy that I can't stand it.  

2. 
 □I am not particularly discouraged about the future. 
 □I feel discouraged about the future. 
 □I feel I have nothing to look forward to. 
 □I feel the future is hopeless and that things cannot improve.  

3. 
 □I do not feel like a failure. 
 □I feel I have failed more than the average person. 
 □As I look back on my life, all I can see is a lot of failures. 
 □I feel I am a complete failure as a person.  

4. 
 □I get as much satisfaction out of things as I used to. 
 □I don't enjoy things the way I used to. 
 □I don't get real satisfaction out of anything anymore. 
 □I am dissatisfied or bored with everything.  

5. 
 □I don't feel particularly guilty 
 □I feel guilty a good part of the time. 
 □I feel quite guilty most of the time. 
 □I feel guilty all of the time.  

6. 
 □I don't feel I am being punished. 
 □I feel I may be punished. 
 □I expect to be punished. 
 □I feel I am being punished.  



Appendices 
 
 

 
157 

 

7. 
 □I don't feel disappointed in myself. 
 □I am disappointed in myself. 
 □I am disgusted with myself. 
 □I hate myself.  

8. 
 □I don't feel I am any worse than anybody else. 
 □I am critical of myself for my weaknesses or mistakes. 
 □I blame myself all the time for my faults. 
 □I blame myself for everything bad that happens.  

9. 
 □I don't have any thoughts of killing myself. 
 □I have thoughts of killing myself, but I would not carry them out. 
 □I would like to kill myself.  
 □I would kill myself if I had the chance.  

10. 
 □I don't cry any more than usual. 
 □I cry more now than I used to. 
 □I cry all the time now. 
 □I used to be able to cry, but now I can't cry even though I want to.  

11. 
 □I am no more irritated by things than I ever was. 
 □I am slightly more irritated now than usual. 
 □I am quite annoyed or irritated a good deal of the time. 
 □I feel irritated all the time.  

12. 
 □I have not lost interest in other people. 
 □I am less interested in other people than I used to be. 
 □I have lost most of my interest in other people. 
 □I have lost all of my interest in other people.  

13. 
 □I make decisions about as well as I ever could. 
 □I put off making decisions more than I used to. 
 □I have greater difficulty in making decisions more than I used to. 
 □I can't make decisions at all anymore.  
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14. 
 □I don't feel that I look any worse than I used to. 
 □I am worried that I am looking old or unattractive. 
 □I feel that there are permanent changes in my appearance that make me look 
unattractive. 
 □I believe that I look ugly.  

15. 
 □I can work about as well as before. 
 □It takes an extra effort to get started at doing something. 
 □I have to push myself very hard to do anything. 
 □I can't do any work at all.  

16. 
 □I can sleep as well as usual. 
 □I don't sleep as well as I used to. 
 □I wake up 1-2 hours earlier than usual and find it hard to get back to sleep. 
 □I wake up several hours earlier than I used to and cannot get back to sleep.  

17. 
 □I don't get more tired than usual. 
 □I get tired more easily than I used to. 
 □I get tired from doing almost anything. 
 □I am too tired to do anything.  

18. 
 □My appetite is no worse than usual. 
 □My appetite is not as good as it used to be. 
 □My appetite is much worse now. 
 □I have no appetite at all anymore.  

19. 
 □I haven't lost much weight, if any, lately. 
 □I have lost more than five pounds. 
 □I have lost more than ten pounds. 
 □I have lost more than fifteen pounds.  

20. 
□I am no more worried about my health than usual. 
□I am worried about physical problems such as aches and pains, or upset      
stomach, or constipation. 
□I am very worried about physical problems and it's hard to think of much else. 
□I am so worried about my physical problems that I cannot think about anything 
else.  
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21. 
□I have not noticed any recent change in my interest in sex. 
□I am less interested in sex than I used to be. 
□I have almost no interest in sex. 
□I have lost interest in sex completely. 
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APPENDIX 6: MODIFIED FATIGUE IMPACT SCALE 

Following is a list of statements that describe how fatigue may affect a person. Fatigue is 

a feeling of physical tiredness and lack of energy that many people experience from time 

to time. In medical conditions like MS, feelings of fatigue can occur more often and have 

a greater impact than usual. Please read each statement carefully, and then mark the 

one number that best indicates how often fatigue has affect you in this way during the 

past 4 weeks. Please answer every question. If you are not sure which answer to select, 

please choose the one answer that comes closest to describing you.  

 
Because of my fatigue during the past 4 weeks…….  
(Please tick one box for each item) 

 Never 
(0) 

Rarely 
(1) 

Sometimes 
(2) 

Often 
(3) 

Almost 
always 

(4) 

I have been less alert 
 

     

I have had difficulty 
paying attention for long 
periods of time 

     

I have been unable to 
think clearly 

     

I have been clumsy and 
uncoordinated 

     

I have been forgetful      
I have had to pace 
myself in physical 
activities 

     

I have been less 
motivated to do 
anything that requires 
physical effort 

     

I have been less 
motivate to participate 
in social activities 

     

I have been limited in 
my ability to do things 
away from home 

     

I have had trouble 
maintaining physical 
effort for long periods 

     

I have had difficulty 
making decisions 
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Because of my fatigue during the past 4 weeks…….  
(Please tick one box for each item) 
 

 Never 
(0) 

Rarely 
(1) 

Sometimes 
(2) 

Often 
(3) 

Almost 
always 

(4) 

I have been less 
motivated to do 
anything that requires 
thinking 

     

My muscles have felt 
week 

     

I have been physically 
uncomfortable 

     

I have had trouble 
finishing tasks that 
require thinking 

     

I have had difficulty 
organising my thoughts 
when doing things at 
home or at work 

     

I have been less able to 
complete tasks that 
require physical effort 

     

My thinking has been 
slowed down 

     

I have had trouble 
concentrating 

     

I have limited my 
physical activities 

     

I have need to rest 
more often or for longer 
periods 
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 APPENDIX 7: EXERCISE BENFITS/BARRIERS SCALE  
 

Below are statements that relate to ideas about exercise.  Please indicate the degree 
to which you agree or disagree with the statement by circling SA for strongly agree, 
A for agree, D for disagree or SD for strongly disagree. 
 
 Strongly 

agree 
Agree Disagree Strongly 

disagree 
I enjoy exercise SA A D SD 
Exercise decreases feelings of 
stress and tension for me 

SA A D SD 

Exercise improves my mental 
health 

SA A D SD 

Exercising takes too much of my 
time 

SA A D SD 

I will prevent heart attacks by 
exercising 

SA A D SD 

Exercise tires me SA A D SD 
Exercise increases my muscle 
strength 

SA A D SD 

Exercise gives me a sense of 
personal accomplishment 

SA A D SD 

Places for me to exercise are too 
far away 

SA A D SD 

Exercising makes me feel relaxed SA A D SD 
Exercising lets me have contact 
with friends and persons I enjoy 

SA A D SD 

I am too embarrassed to exercise SA A D SD 
Exercising will keep me from 
having high blood pressure 

SA A D SD 

It costs too much to exercise SA A D SD 
Exercise increases my level of 
physical fitness 

SA A D SD 

Exercise facilities do not have 
convenient schedules for me 

SA A D SD 

My muscle tone is improved with 
exercise 

SA A D SD 

Exercise improves functioning of 
my cardiovascular system 

SA A D SD 

I am fatigued by exercise SA A D SD 
I have improved feelings of well 
being from exercise 

SA A D SD 

My spouse (or significant other) 
does not encourage exercising 

SA A D SD 

Exercise increases my stamina SA A D SD 
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 Strongly 
agree 

Agree Disagree Strongly 
disagree 

Exercise improves my flexibility SA A D SD 
Exercise takes too much time from 
family relationships 

SA A D SD 

My disposition is improved by 
exercise 

SA A D SD 

Exercising helps me sleep better at 
night 

SA A D SD 

I will live longer if I exercise SA A D SD 
I think people in exercise clothes 
look funny 

SA A D SD 

Exercise helps me decrease 
fatigue 

SA A D SD 

Exercising is a good way for me to 
meet new people 

SA A D SD 

My physical endurance is improved 
by exercising 

SA A D SD 

Exercising improves my self-
concept 

SA A D SD 

My family members do not 
encourage me to exercise 

SA A D SD 

Exercising increases my mental 
alertness 

SA A D SD 

Exercise allows me to carry out 
normal activities without becoming 
tired  

SA A D SD 

Exercise improves the quality of my 
work 

SA A D SD 

Exercise takes too much time away 
from my family responsibilities 

SA A D SD 

Exercise is good entertainment for 
me 

SA A D SD 

Exercising increases my 
acceptance by others 

SA A D SD 

Exercise is hard work for me SA A D SD 
Exercise improves overall body 
functioning for me 

SA A D SD 

There are too few places for me to 
exercise 

SA A D SD 

Exercise improves the way my 
body looks 

SA A D SD 

 K. Sechrist, S. Walker, N. Pender, 1985. Reproduction without authors' express written consent is not permitted. Permission to use this scale 
may be obtained from: Dr. Karen Sechrist, Berlin Sechrist Associates, 18 Morningstar, Irvine, CA 92603-3745; e-mail, krsech@pacbell.net. 
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APPENDIX 8: EXERCISE SELF-EFFICACY SCALE 
 

Please tell us how confident you are with regards to carrying out physical activities 
and exercise.  
 
 Please circle the response that best corresponds to you. 

 
 

 Not at all 
true 

Rarely 
true 

Moderately 
true 

Always 
true 

I can overcome barriers and 
challenges with regard to physical 
activity and exercise if I try hard 
enough 

 
1 

 
2 

 
3 

 
4 

I can find means and ways to be 
physically active and exercise 

 
1 

 
2 

 
3 

 
4 

I can accomplish the physical 
activity and exercise goals that I 
set 

 
1 

 
2 

 
3 

 
4 

When I am confronted with a 
barrier to physical activity or 
exercise I can find several 
solutions to overcome this barrier 

 
1 

 
2 

 
3 

 
4 

I can be physically active or 
exercise even when I am tired 

 
1 

 
2 

 
3 

 
4 

I can be physically active or 
exercise even when I am feeling 
depressed 

 
1 

 
2 

 
3 

 
4 

I can be physically active or 
exercise even without the support 
of my family and friends 

 
1 

 
2 

 
3 

 
4 

I can be physically active or 
exercise even without the help of a 
therapist or trainer 

 
1 

 
2 

 
3 

 
4 

I can motivate myself to start being 
physically active or exercise again 
after I’ve stopped for awhile 

 
1 

 
2 

 
3 

 
4 

I can be physically active or 
exercise even if I have no access 
to a gym, exercise training, or 
rehabilitation facility 

 
1 

 
2 

 
3 

 
4 
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