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Abstract 

Physical activity is one approach that may help manage the symptoms experienced by persons 

with MS and the burden faced by their care-partners. This thesis examined: i) the efficacy of a 

physical activity intervention for increasing physical activity in dyads affected by moderate-to-

severe MS; and (ii) the interdependence in physical activity in MS-care-partner dyads. A 12-

week, randomized pilot feasibility trial was conducted in five (two intervention; three control) 

MS-care-partner dyads. Participants self-reported physical activity and wore an accelerometer 

for 7-days at baseline and 12-weeks (i.e., follow-up). A large effect of the intervention was 

observed on self-reported physical activity (d= 0.98) and time spent sedentary (d= -1.26). Most 

correlations in physical activity within dyads were moderate-to-strong at baseline (rs range= 

0.33-0.72) and over time (rs range= 0.40-0.80). The results from this pilot case study lay the 

foundation for larger physical activity interventions in dyads affected by MS. 
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Chapter 1: General Introduction 

1.1 Brief overview of multiple sclerosis  

Multiple sclerosis (MS) is a chronic, progressive disease affecting the myelin sheath of 

the central nervous system (CNS).1 Canada has one of the highest prevalence of MS in the world 

with an estimated 90,000 individuals living with MS.2 MS is usually diagnosed between the ages 

of 20-40 however, age at onset and diagnosis can vary.3 Common features of MS include a 

decline in mobility and cognitive function,4,5 heightened fatigue,6 and changes in mental and 

emotional function.7,8 These impairments can negatively impact participation in everyday 

activities and significantly reduce the quality of life for persons living with MS.3 Unfortunately, 

there is no curative treatment for MS, however, disease modifying therapies and other efforts to 

improve symptom management and quality of life have shown to be effective at reducing the 

impacts of the disease.9,10 

1.2 Disease progression and MS care-partners 

 As the disease course progresses, individuals with MS encounter new or worsening 

symptoms and an accumulation of disability which can significantly limit their independence in 

everyday life.3,11 Indeed, nearly all people with MS (93%) report experiencing some mobility 

impairment within 10 years of disease onset and 50% report requiring an assistive device within 

15 years of onset.12,13  Given the progressive nature of the disease, individuals with MS often 

require a “care-partner” that can provide support for their everyday activities.14 Recent studies 

report that family and friend caregivers provide up to 80% of the total care received by a person 

with MS.15 
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1.3 MS care-partner well-being 

Providing support for a person living with MS has shown to have negative effects on the 

mental and physical health of care-partners.16,17 For instance, care-partners of persons with MS 

are more likely to report lower health-related quality of life and higher rates of anxiety and 

depression than non-carers.18 General care-partner research indicates that chronic disease care-

partners are also at an elevated risk of developing chronic illnesses, such as depression and heart 

disease, and their mortality rate is increased by 63% compared to non-carers.19 Care-partners will 

often experience strain caused by the physical, emotional, social, and financial demands of the 

caregiving role.14,16 

1.4 Physical activity as a health-promoting behaviour for persons with MS and care-

partners 

Physical activity may, in part, mitigate the disabling symptoms associated with MS, and 

the strain experienced by an MS care-partner.20,21 Several studies have demonstrated that 

engaging in exercise can yield improvements in functional ability, cardiorespiratory fitness, 

fatigue, symptoms of depression and anxiety, and quality of life for persons with MS.22–27 

However, most of these studies have not included individuals with moderate-to-severe MS. 

While the study of physical activity in MS care-partners has been limited, general caregiver 

research has indicated that regular participation in physical activity can help reduce caregiver 

stress and improve the quality of life of care-partners providing support to individuals with 

Alzheimer’s disease, cancer, and other chronic diseases.28,29 Furthermore, physical activity may 

be able to partially alleviate stress and depressive symptoms experienced by care-partners.30 
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1.5 Needs assessment for a dyadic physical activity intervention for people with multiple 

sclerosis and their care-partners 

Both individuals with MS and their care-partners can benefit from regular engagement in 

physical activity as a health promoting behaviour.20,21 However, physical activity interventions 

incorporating both individuals in the dyad (i.e., the person with MS and their care-partner) have 

been limited. Research has demonstrated that physical activity patterns in dyads may be related, 

meaning that each member of the dyad can mutually influence each other’s physical activity 

levels.31,32 For instance, Lopes et al.31 demonstrated an association in moderate-to-vigorous 

physical activity (MVPA) and sedentary time (ST) within best-friend dyads. A similar 

relationship was found in mother-daughter dyads and in older adult spouses.32 Alternatively, one 

study by Fakolade et al.21 reported no significant correlations between ST, light physical activity 

(LPA), and MVPA within MS-care-partner dyads. Altogether, this evidence suggests that it may 

be beneficial to target the physical activity of both members of the MS-care-partner dyad given 

the potential reciprocity of the relationship, and importantly, the low levels of physical activity 

reported in both persons with MS and their care-partners.21  

While no study has targeted the health and well-being of both the person with MS and 

their care-partner, research involving other populations has demonstrated that dyadic physical 

activity interventions have an overall positive impact. One systematic review of dyadic physical 

activity interventions indicated that dyads with and without chronic illnesses saw an increase in 

physical activity and a decrease in ST after the intervention.33 Other studies have also reported 

that dyadic physical activity interventions can have numerous effects on the physical and 

psychological health of care-recipients.34–36 This supports the need for interventions that target 
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the well-being of the MS-care-recipient/care-partner dyad, recognizing them as a reciprocal 

interdependent partnership, rather than isolated units. 

1.5 Overview of ‘Physical Activity Together for People with MS and their caregivers’ 

intervention 

‘Physical Activity Together for People with MS and their caregivers (PAT-MS)’ is the 

first intervention to target physical activity levels in persons with moderate-to-severe MS and 

their care-partners. PAT-MS is a 12-week, group-based intervention that is delivered bi-weekly 

through videoconference by a trained facilitator.37 Each group session is interspersed with a 

brief, one-on-one phone call to reinforce concepts learned. The content of the intervention is 

theoretically grounded in the Theory of Dyadic Illness Management, with direction from Self-

Determination Theory (SDT), and Social Cognitive Theory (SCT).38–40 The facilitator works 

with dyads to establish physical activity goals, develop strategies to assist in shared dyadic 

appraisal and dyadic coping, and introduce techniques to stay motivated to increase physical 

activity long-term. The use of telerehabilitation (i.e., delivering the intervention through 

videoconference) provides an alternative to face-to-face delivery for persons with MS and their 

care-partners who may experience challenges to in-person delivery, such as transportation and 

accessibility.41 

The PAT-MS intervention was developed based on previous research on physical activity 

in MS-care-partner dyads and previous trials of a dyadic physical activity intervention in 

Alzheimer’s disease care-partners.21,42–44 A stakeholder evaluation of intervention content and 

delivery was then undertaken by our team, and involved persons with MS, MS care-partners, 

healthcare providers, physical activity and exercise specialists, and members of MS/caregiving 

organizations.45 Key recommendations from this evaluation allowed our research team to  
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generate consensus on intervention content and delivery, and improve the quality of the 

intervention prior to pilot testing. 

Following the implementation of these recommendations, a pilot randomized controlled 

trial was undertaken to evaluate the feasibility and preliminary efficacy of this intervention for 

persons with moderate-to-severe MS and their care-partners.37 Preliminary results from this pilot 

trial are, in part, reported in this dissertation. 

1.6 Rationale and specific aims of the dissertation 

Physical activity can have numerous physical and mental health benefits for both people 

with MS and care-partners; however, studies have demonstrated that these individuals, in 

general, are not meeting physical activity guidelines.20,21,22,40 Dyadic interventions, in which the 

care-recipient and care-partner are targeted as an interdependent team, provide an opportunity for 

dyads to develop positive communication patterns, acquire essential knowledge about physical 

activity, and develop specific action goals for improving their health together. Dyadic 

interventions have been effective for increasing physical activity participation in people with 

other chronic diseases; however, this approach has yet to be examined in dyads affected by 

MS.33 The specific aims of this thesis are threefold: (i) to determine the efficacy of PAT-MS for 

increasing self-reported physical activity (primary outcome) in dyads affected by moderate-to-

severe MS compared to a waitlist control condition; (ii) to determine the efficacy of PAT-MS on 

accelerometer-measured activity (secondary outcome) including reducing ST, and increasing 

time spent in LPA and MVPA, and daily step counts in dyads affected by moderate-to-severe 

MS compared to a waitlist control condition; and (iii) to explore the interdependence in physical 

activity levels in MS-care-partner dyads. 
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Chapter 2: Review of Literature 

2. 1. Overview of multiple sclerosis 

2.1.1 Pathophysiology, diagnosis, and management of multiple sclerosis 

Multiple sclerosis (MS) is a neurodegenerative, immune-mediated disease characterized 

by destruction of the myelin sheath and axons in the central nervous system (CNS).1 Such 

damage leads to a variety of neurological symptoms and disability.3 The pathophysiology and 

etiology of MS remain poorly understood. MS is not a disease that people are born with; rather, 

environmental agents can trigger the inflammatory disease in genetically susceptible 

individuals.48 MS can present at any age; however, onset and diagnosis usually occurs between 

the ages of 20-40 years old.49 This makes MS one of the most common neurodegenerative 

diseases with symptoms presenting in young adults. Furthermore, MS is three times more 

prevalent in women than men, and the prevalence ratio has increased markedly in recent 

decades.50 Because there are no curative treatments for MS, MS management across the lifespan 

requires a multidisciplinary approach that incorporates pharmacological disease modifying 

therapies, rehabilitation, lifestyle modifications, and speciality care provided by a comprehensive 

team of support personnel (i.e., neurologists, nurses, occupational therapists) to reduce the 

burden of the disease.9,10  

2.1.2 Prevalence of MS 

Canada has one of the highest prevalence of MS in the world at an estimated 260 

individuals per 100,000 adults.2 This number is expected to rise to over 450 individuals per 

100,000 by 2031.51 Longitudinal data from large registries have reported that from 2005 and 

onwards, the age group with the highest prevalence of MS has steadily shifted from 35-49 years 
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old to those over the age of 50 years old in Canada.52 This trend is expected to continue for 

decades to come, highlighting an aging MS population with accumulating health needs. 

2.1.3 Clinical manifestations of MS 

 The clinical manifestations of MS are unpredictable and highly dependent on the location 

and severity of nerve damage within the CNS.53 Common physical impairments associated with 

MS include sensory disturbances,54,55 walking and gait difficulties,4,56,57 loss of balance,58,59 

muscle weakness and spasms,60,61 and visual impairments.62 Changes in mental and emotional 

function commonly present in persons with MS as anxiety,7,8 depression,7,63 fatigue,64 and 

cognitive deficits.5,65 These symptoms can negatively impact participation in everyday activities 

and significantly reduce the quality of life for persons living with MS.3   

2.1.4 Disease course 

 The clinical course of MS can be classified into three general categories: relapsing-

remitting, secondary progressive, and primary progressive MS.48 The most common disease 

course is relapsing-remitting MS and is characterized by intermittent episodes of disease 

relapses, which are associated with demyelinating attacks.66 These episodes are interspaced with 

periods of remission where persons with MS typically present with few symptoms.66 Secondary 

progressive MS is characterized by an initial relapsing-remitting disease course that eventually 

transitions into a progressive course.48,66 This course involves a worsening of symptoms and the 

accumulation of irreversible neurological disability over time and can occur with or without 

relapses.48 Primary progressive MS is defined by ongoing progression from the onset of the 

disease.67 The disease course is characterized by a gradual worsening of disability, typically 

without relapses, but can include periods of recovery or disease plateau.48,67  
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2.1.5 Measuring disease progression 

The progression of MS over time can vary depending on several factors, such as the type 

of MS, age at disease onset, number and severity of relapses, sex, the presence of comorbidities, 

and the symptoms experience by the individual with MS.68 The most common and widely used 

tool used to describe disease progression is the Expanded Disability Status Scale (EDDS).69 The 

EDSS ranges between 0 (normal neurological function) to 10 (death due to MS) and increases by 

half-point increments where higher scores represent greater disability.70 Similar to the EDSS, the 

Patient Determined Disease Steps (PDDS) scale was developed to assess disease status and 

progression in persons with MS and has nine levels ranging between 0 (normal) to 8 (bedridden 

due to MS).71 Scores on the PDDS and EDSS are strongly correlated; however, a major 

difference between the scales is that the PDDS is patient-reported, while the EDSS is clinically 

administered.71,72 Due to the remote nature of this study, this thesis uses the PDDS to describe 

the disability level of participants. 

2.1.6 The impact of disease progression on persons with MS 

As the disease course progresses, individuals with MS encounter new or worsening signs 

and symptoms which can limit their independence and ability to perform activities of daily living 

(ADL).11 It is estimated that 50% of people with MS will experience at least moderate disability  

within 15-20 years of diagnosis, and this proportion increases to 75% within 45 years.73  

Walking impairment is the primary hallmark of disease progression in MS.74,75 Nearly all people 

with MS (93%) report experiencing some mobility impairment within 10 years of disease onset 

and 50% report requiring an assistive device within 15 years of onset.12,13 Loss of mobility in MS 

has been shown to have a negative impact on employment status,76,77 health-related quality of 

life,78,79 and can affect the independence of an individual with MS.80 Indeed, one prospective 
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study exploring changes in disability status across a 10-year period demonstrated that individuals 

with moderate-to-severe MS had an increase in wheelchair and walking aid dependency that did 

not occur in persons with mild MS.81 They also had a pronounced decline in their walking speed, 

cognitive processing, quality of life, social participation, and ADL.81 

2.1.7 The role of MS care-partners 

Given the progressive nature of the disease, individuals with MS may require support to 

participate in daily activities.82 This support is usually fulfilled by a “care-partner” or support 

partner.83 Often, it is family members and friends who take on this role.84,85 Recent studies report 

that family caregivers provide up to 80% of the total care received by a person with MS.15 The 

role of a care-partner is essential to disease management and can have enriching and fulfilling 

aspects; however, the challenges experienced by care-partners can also be great. The 

responsibility of providing emotional and/or physical support, often for extended periods of time, 

can negatively affect the health and well-being of the care-partner.17,85,86 For instance, care-

partners are more likely to report a lower health-related quality of life and higher rates of anxiety 

and depression than non-carers.87,88 In a study of 50 MS care-partners, 30% reported elevated 

mood scores (i.e., anger, depression, anxiety, confusion), and higher mood scores were 

significantly correlated with greater functional impacts of MS on the care-recipient (as perceived 

by the care-partner).89 Care-partners will often experience strain caused by the physical, 

emotional, social, and financial demands of the caregiving role.14,16  

The duration and extent of care provided by MS support-partners can depend on a host of 

factors, such as the severity of MS and the duration of the illness.84,90 With more severe 

symptoms, such as walking impairment, comes greater time commitment and more specialized 

caregiving which can further increase the strain on the caregiver.91,92 In addition, with recent 
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advances in treatment and therapeutic options, persons with MS are expected to live on average 

7.5 years less than their age- and sex-matched counterparts.93 Noting the early age of MS onset 

and diagnosis, this means that the caregiving role can last nearly a lifetime. Hence, MS not only 

has significant impacts for the well-being of the affected individual, but also for their family 

members and friends.  

The mutual experience of MS is important for care-recipients and care-partners, and is 

imperative for building a strong and gratifying long-term relationship.94 Individuals with MS and 

their care-partners may adapt to the ramifications of the disease by adopting a dyadic, 

interdependent relationship.94,95 An MS care-partner/care-recipient dyad can be defined as a 

partnership between two persons who provide caring roles for one another.96 This partnership 

may include the individual with MS and a relative or close friend.96 Positive dyadic relationships 

have been associated with improved physical and emotional health outcomes in people with MS 

and their care-partners.87,97 Collectively, this exemplifies the need for interventions that target the 

health and well-being of the MS care-recipient/care-partner dyad, recognizing them as a 

reciprocal interdependent partnership, rather than isolated units. 

2.2 Physical activity as a means of managing disease impact 

2.2.1 Physical activity as a health-promoting behaviour in people with MS 

Physical activity is a health-promoting behaviour that can, in part, mitigate many of the 

symptoms experienced by people with MS.26,46,47 Physical activity is defined as “any body 

movement produced by skeletal muscles that results in energy expenditure” and encompasses 

household, leisure, and occupation-related activities.25,98 Physical activity is described along a 

spectrum and can include light, moderate, and vigorous physical activities. Metabolic equivalents 

(METS), which provide an indicator of the amount of oxygen used during an activity compared 
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to rest, are often used to classify the intensity of physical activities.99 Light physical activity 

(LPA) and moderate-to-vigorous (MVPA) reflect activities that involve between 1-3 and ≥3 

METS, respectively.100 Sedentary time (ST) is defined as time spent in “any waking activity that 

requires ≤1.5 METS and is characterized by a sitting or reclining posture”.101 

There is substantial evidence that engaging in adequate physical activity can yield 

improvements in functional ability, cardiorespiratory fitness, fatigue, symptoms of depression 

and anxiety, and quality of life in persons with MS.22–27 Furthermore, sufficient physical activity 

can reduce the risk of secondary comorbidities, such as diabetes, metabolic syndrome, obesity, 

and vascular diseases.102,103 The emergence of physical activity as a modifiable health-promoting 

behaviour was accompanied by The Canadian Physical Activity Guidelines for Adults with 

MS.104 These guidelines recommend at least 30 minutes of moderate intensity aerobic activity 

twice per week and strength training exercises for major muscle groups twice per week for adults 

ages 18-64 with mild-to-moderate MS.104 Furthermore, clinician-based recommendations were 

recently developed to address and promote physical activity and exercise across the MS 

disability spectrum.105 Despite developed guidelines and acknowledged benefits of physical 

activity, individuals with MS are substantially less active than the general population.20,106  For 

instance, one large study reported that persons with MS spend 25% less time in MVPA than the 

general population.107 Furthermore, estimates indicate that persons with MS spend approximately 

80% of their day in ST, which is 11% greater than the average Canadian adult.108,109    

2.2.2 Physical activity levels in persons with moderate-to-severe MS 

Multiple studies have indicated that individuals with MS with greater disability (i.e., 

those who experience mobility impairment) may be more physically inactive than persons with 

MS with lower disability.110,111 For instance, Anens et al.112 demonstrated that variation in scores 
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on a self-report physical activity scale was mostly explained by disability level in persons with 

MS. In support of these findings, Motl & Goldman113 reported a moderate, negative partial 

correlation (pr= -0.43) between accelerometer-measured physical activity and disability score 

based on the EDSS, such that persons with MS with higher disability engaged in less activity. 

The accumulation of impairments (i.e., mobility loss, muscle weakness and spasticity) over time 

can also make sedentary behaviour more frequent and prolonged in persons with moderate-to-

severe MS.110 Fakolade et al.21 demonstrated that persons with moderate-to-severe MS spent 

76% of their accelerometer wear time (556 minutes/day) in ST. Importantly, only 1% of the day 

(7.6 minutes/day) was dedicated to engaging in MVPA, and no participants met MVPA 

guidelines (150 minutes/week).114 In comparison, persons with MS with lower disability spend 

an average of 18.7 minutes/day in MVPA, with 19.5% meeting general MVPA guidelines.115 

This evidence points to a worrisome cycle whereby persons with moderate-to-severe MS are 

unable to engage in sufficient levels of physical activity due to MS symptoms, mobility 

impairment, and physiological deconditioning, as well as a multitude of other personal and 

environmental barriers.116,117 These barriers can include logistic factors, such as accessibility 

issues, transportation, financial stability, and social/time constraints.118 Moreover, psychological 

factors such as lack of motivation, feelings of fear about physical activity and exercise, and 

beliefs surrounding physical activity can influence physical activity participation.105 Lack of 

physical activity can contribute to physiological deconditioning (i.e., loss of aerobic and 

muscular fitness), which ultimately worsens symptoms and impairments, and can lead to further 

inactivity.116  
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2.2.3 Physical activity in MS care-partners 

Similarly, care-partners of persons with MS may have limited opportunities to engage in 

physical activity. This could be due to a variety of circumstances including time constraints, low 

self-efficacy, lack of social support, and greater physical activity barriers.119 Fakolade et al.21 

demonstrated that care-partners of persons with moderate-to-severe MS spent a similar amount 

of time engaging in sedentary behaviour (559.1 minutes/day) and LPA (199.6 minutes/day) as 

their care-recipients. While care-partners did spend 1% more of their daily time in MVPA (21.4 

minutes/day), only 28% of all care-partners in the sample met the Canadian guidelines for 

MVPA (150 minutes/week).114 While MS care-partner research has been limited, general care-

partner research has demonstrated that regular participation in physical activity can help reduce 

the strain experienced by care-partners and improve the quality of life of care-partners providing 

support to individuals with Alzheimer’s disease, cancer, and other chronic diseases.28,29 

Furthermore, studies have also demonstrated that regular participation in physical activity can 

help to alleviate stress and depression experienced by care-partners.30  

2.2.4 Relationship between physical activity levels within MS-care-partner dyads  

 Current research is lacking on the relationship, or interdependence, in physical activity 

levels within MS-care-partner dyads. Only one study to date has investigated the 

interdependence of physical activity levels within dyads affected by MS. One study by Fakolade 

et al.21 found that physical activity levels (including ST, LPA, and MVPA) of persons with MS 

(n= 15; median PDDS= 5.0) were not significantly related to physical activity levels in their 

care-partners (n= 15). However, studies investigating physical activity patterns in other dyadic 

populations have reported contrasting results. For instance, one study by Lopes et al.31 

demonstrated a significant association in vigorous physical activity (ICC= 0.32), moderate 
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physical activity (ICC= 0.31), and sitting time behaviour (ICC= 0.21) within best-friend dyads. 

Similarly, Freedson & Evenson32 examined objective dyadic physical activity patterns in mother-

daughter dyads. The study involved classifying mothers and daughters into low physical activity 

and high physical activity categories based on their accelerometer activity counts. Data analysis 

revealed that familial aggregation of physical activity occurred in 74% of mother-daughter dyads  

(χ2 [1, N=30] = 6.72, p<0.05). One study by Li et al.120 further supported this association, reporting 

that physical activity patterns in middle-aged and older couples change in concordance over 

time, suggesting that this relationship is long-lasting and fluid. While studies investigating 

physical activity interdependence in other chronic disease populations have been sparse, one 

study by Mesquita et al.121 found that patients with chronic obstructive pulmonary disease had a 

greater likelihood of being physically active when their care-partner was also active (OR= 4.36; 

95% CI= 1.41-13.30; p= 0.01) compared to patients that had an inactive care-partner. In 

conclusion, these studies collectively suggest that dyads can exhibit similar physical activity 

behaviours; however, there is limited research examining if this relationship remains when one 

partner experiences significant disability. 

2.2.5 Dyadic physical activity interventions as a strategy to improve physical activity levels 

Collectively, evidence suggests that both individuals with MS and care-partners can 

benefit from regular engagement in physical activity as a health promoting behaviour. Dyadic 

physical activity interventions, in which both the person with MS and care-partner are involved, 

are a potential means for increasing participation in physical activity. Dyads mutually influence 

each other and can have a significant impact on the health behaviours they each engage in.122 

While no studies have examined the effects of a dyadic physical activity intervention in MS, 
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other areas of research can give insight into the potential benefits of conducting such an 

intervention.  

One systematic review involving healthy participants and people with chronic conditions 

(i.e., cancer, obesity, osteoarthritis) indicated that dyadic physical activity interventions had a 

positive effect for increasing physical activity (Hedges g= 0.20; 95% CI= 0.12-0.28) and 

reducing ST (Hedges g= 0.19; 95% CI= 0.10-0.28).33 General care-partner research including 

participants with other chronic conditions (i.e., Alzheimer’s disease, cancer, stroke) revealed that 

engaging in physical activity together as a dyad can reduce caregiver stress and improve quality 

of sleep, physical activity levels, self-efficacy for caregiving, and quality of life of the care-

partner.123 Other studies have reported that dyadic physical activity interventions can have a 

multitude of effects on the physical and psychological health of care-recipients as well.34–36 This 

evidence has contributed to the development of ‘Physical Activity Together For People with MS 

and their care-partners (PAT-MS)’, which is the first dyadic physical activity intervention for 

persons with moderate-to-severe disability and their care-partners. 

2.3 The development of PAT-MS intervention and pilot trial 

2.3.1 Evolution of PAT-MS intervention and pilot trial and focus of dissertation 

The PAT-MS intervention was developed based on intervention mapping and previous 

trials promoting physical activity in Alzheimer’s disease care-partners.33–36,41,123 Following the 

development of the intervention, a modified Delphi survey was conducted to evaluate the 

intervention.45 A panel of stakeholders (including people with MS, MS care-partners, healthcare 

providers, physical activity and exercise specialists, and members of MS/caregiving 

organizations) were consulted to generate consensus on intervention content, intervention 

delivery, and practical/logistical considerations. After receiving stakeholder feedback and 
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making adjustments to the intervention, a pilot feasibility trial was implemented.37 The pilot 

testing of this intervention forms the basis of this dissertation. 

2.3.2 Theoretical framework  

PAT-MS is a group-based, videoconference delivered intervention designed to increase 

physical activity behaviour in MS-care-partner dyads.37 The PAT-MS intervention is 

theoretically grounded in the Theory of Dyadic Illness Management, with direction from Self-

Determination Theory (SDT), and Social Cognitive Theory (SCT).38,40,124 The basic principle of 

the Theory of Dyadic Illness Management is that coping with illness is a dyadic process that 

requires dyads to work together as an interdependent team.38 The theory focuses on the ways 

dyads appraise the illness as a unit and how this appraisal can influence the behaviours of the 

dyad.38 Furthermore, the health of both members of a dyad are interconnected, and therefore, the 

adoption of health-promoting behaviours requires cooperation and engagement from both 

parties.38  

 SDT is a theory of human motivation that focuses on how behaviours are energized 

through intrinsic and extrinsic factors.40 Intrinsic factors are internal sources of motivation such 

as the need to gain knowledge or independence, while extrinsic factors relate to external rewards 

such as prizes.40 The theory stresses the concepts of autonomy, competence, and relatedness, 

emphasizing that these notions provide the energy needed to initiate and maintain health 

behaviours.125  Lastly, SCT emphasizes that learning occurs in situations that foster a dynamic 

and reciprocal interaction between the person, the environment, and the behaviour.39 The theory 

takes into consideration personal expectations, the social and environmental context, and 

individual self-efficacy for performing the health behaviour.124 Specifically, SDT and SCT guide 

the PAT-MS intervention through the implementation specific strategies and techniques for 
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increasing physical activity behaviour. Altogether, the content of this intervention is constructed 

to encourage self-efficacy, autonomy, and collaboration among dyads.  

2.3.3 Delivery of the intervention 

 The PAT-MS intervention will be delivered via group videoconference sessions (detailed 

below). Telerehabilitation, the use of telecommunication strategies to deliver rehabilitation 

interventions, provides the opportunity for persons with MS that do not have access to 

transportation and/or individuals with mobility issues an alternative to face-to-face intervention 

delivery.126 Telerehabilitation interventions also allow persons with MS and their care-partners 

residing in different geographical areas across Canada to participate in this intervention. Multiple 

studies in MS samples have demonstrated that telerehabilitation interventions are as effective as 

in-person interventions.127,128 Furthermore, researchers have shown that telerehabilitation 

interventions targeting physical activity behaviour were able to increase physical activity 

participation and improve psychosocial outcomes in persons with MS.129,130   

2.3.4 Objectives of PAT-MS pilot study 

The PAT-MS intervention will be tested using a 12-week, pilot feasibility randomized 

controlled trial design.131 The overall objectives of the study are to determine: 1) the feasibility 

of the PAT-MS intervention for MS-care-partner dyads; 2) the efficacy of the PAT-MS 

intervention for increasing physical activity in MS-care-partner dyads; and 3) the efficacy of the 

intervention for improving psychosocial outcomes (i.e., coping, resilience, quality of life, 

relationship quality). As outlined in Chapter 1, this thesis will solely focus on the second 

objective within the context of this larger study. 
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Chapter 3: Methods 

3.1 Design 

This pilot feasibility study used an assessor-blinded, two-arm, parallel-group randomized 

controlled trial design.37,131 Dyads were randomized using a 1:1 allocation into an immediate 

intervention condition or delayed intervention condition. The study protocol received research 

ethics approval from the University of Ottawa Health Sciences and Science Research Ethics 

Board [H-09-19-4886] and Queen’s University Health Sciences & Affiliated Teaching Hospitals 

Research Ethics Board (HSREB) [REH-822-21].  

3.1.1 Participants and eligibility 

Potential dyads were recruited through several mechanisms. Advertisements were 

distributed through the MS Society of Canada, the North American Research Committee on MS 

(NARCOMS) registry, caregiver-related organizations, caregiver support groups, and other 

online outlets. Additionally, information regarding the study was distributed to individuals who 

had expressed interest in participating in future research opportunities with our group. Interested 

participants were invited to contact the study coordinator for more information on participation 

and to undergo eligibility screening. The detailed eligibility criteria for people with multiple 

sclerosis (MS) and care-partners are described in Table 1. 

3.1.2 Outcome measures 

3.1.2.1 Demographics  

 

3.1.2.1.1 Demographics and clinical characteristics of persons with MS 

We collected demographic information from persons with MS using a questionnaire 

which captured the participant’s age, gender, height, weight, marital status, education level and 

employment status, and clinical characteristics (e.g., MS clinical course, disease duration). 
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Participants were also asked to report the amount of paid and unpaid care that they received. 

Participants were asked to complete the Patient-Determined Disease Steps (PDDS) scale to 

capture self-reported disability status.71 Lastly, participants completed the Self-Administered 

Comorbidities Questionnaire (SAC-Q)132 and a medication use questionnaire.  

3.1.2.1.2 Demographics of care-partners 

The same demographic and health history information obtained from participants with 

MS was collected from care-partners. Additionally, information about the care-partner role, 

including type and duration of caregiving activities, and the care-partner’s relationship to the 

person with MS was collected. 

3.1.2.2 Self-reported physical activity 

 
Self-reported physical activity levels were captured in all participants using the Godin 

Leisure-Time Exercise Questionnaire (GLTEQ).133 The GLTEQ is one of the most commonly 

used self-report physical activity questionnaires in persons with MS.133 The questionnaire 

captures the frequency of mild/light (e.g., easy walking), moderate (e.g., fast walking), and 

strenuous (e.g., running) activity in bouts of 15 minutes or more throughout a seven-day period. 

The GLTEQ was used in conjunction with an accelerometer to account for types of physical 

activities (i.e., swimming, cycling) that an accelerometer does not capture. Furthermore, The 

GLTEQ is influenced less by gait impairment, which is common in persons with moderate-to-

severe MS, in comparison to an accelerometer.134 The GLTEQ is a reliable and valid tool for 

measuring changes in physical activity in response to behavioural interventions in persons with 

MS.135,136  

3.1.2.3 Objectively-measured physical activity  
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Objective physical activity was measured in all participants using an ActiGraph 

accelerometer (model wGT3X-BT, ActiGraph, Pensacola, FL). The ActiGraph wGT3X-BT is a 

small (4.6cm x 3.3cm x 1.5cm) and lightweight (19g) wearable device that contains a triaxial 

accelerometer. The built-in sensors of the device measure the magnitude of the wearer’s 

acceleration in all three planes. This signal is then converted into activity counts, which are 

summed over a specific time interval (epoch) using ActiLife software (Version 6, ActiGraph, 

Pensacola, FL). Data were collected using an epoch length of 60 seconds. Participants were 

asked to wear the accelerometer at the non-dominant hip for 7 consecutive days. Furthermore, 

participants were given written instructions and provided a video demonstrating how to wear the 

device during all waking hours.  

3.1.3 Protocol 

Figure 1 presents an overview of the study protocol. Eligibility screening was conducted 

by the study coordinator by telephone or videoconference call. Once dyads were determined 

eligible for study participation, each individual was sent a unique link via email to access an 

online survey (SurveyMonkey Inc., San Mateo, CA). The survey first involved completion of 

consent to participate, followed by a questionnaire battery. Each participant was then mailed a 

package that included: (i) a copy of the GLTEQ; (ii) an accelerometer and wearing instructions; 

(ii) a logbook to record device wear time; and (iv) a stamped envelope for the return of study 

materials. The accelerometer was placed in a pouch on an elastic belt to be worn around the 

waist. Participants were asked to wear the monitor for 7 days and only take off the device when 

showering, bathing, or swimming. Participants were not asked to wear the device while sleeping. 

A lab member called the participants’ 2-3 days after receiving their package to remind them to 

wear the accelerometer and to troubleshoot any concerns. Once baseline testing was completed, 
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participants were randomly allocated to receive the intervention immediately (i.e., intervention 

group) or after a 12-week delay (i.e., waitlist control group). Participants in the delayed control 

condition were asked to maintain their usual activities for the proceeding 12 weeks. At the end of 

the 12 weeks, the same outcomes assessed at baseline were collected once again via online 

survey and postal mail. Participants in the delayed intervention group were then invited to 

participate in the same 12-week intervention.  

3.1.4 Structure and delivery of the intervention 

The intervention consisted of six group-based videoconference sessions (each lasting 

~45-60 minutes) every other week for a period of 12-weeks. Each session was structured to 

include a review of material from the previous week (except for the first session), teaching of 

new material, a discussion period, and activities to complete before the next session. The group 

calls were designed to be delivered to 2-3 dyads simultaneously to facilitate discussion and 

content delivery. The group videoconference sessions were designed to promote an environment 

that fosters social modelling, social support, and vicarious learning. The intervention was 

delivered by a facilitator trained in group videoconference delivery and followed a structured 

intervention manual. Participants were provided a participant manual that contained instructions, 

lesson content, tracking materials, resources, and practice activities for the intervention.  

The videoconference sessions were interspersed with brief, one-on-one support calls 

(~10-15 minutes) in the weeks that the group sessions did not occur. One-on-one support calls 

served to help reinforce information that was provided during group sessions, monitor physical 

activity adherence, and assist with any concerns participants had with the intervention. The 

group sessions and one-on-one support calls were delivered via videoconference call using Zoom 

for video communications (Zoom Video Communications, San Jose, CA). 
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3.1.5 The intervention 

The content of the intervention focused on introducing dyads to the concept of shared 

dyadic appraisal and dyadic coping, following the Theory of Dyadic Illness Management, with 

direction from Self-Determination Theory (SDT), and Social Cognitive Theory (SCT).38,40,124 

The intervention sought to educate dyads on the health benefits of regular physical activity and 

reinforce physical activity as a healthy coping strategy. The facilitator worked with dyads to 

establish realistic physical activity goals (e.g., an increase in physical activity by 25% over the 

course of the 12-week intervention), develop problem-solving techniques to help address 

common barriers to physical activity, and foster techniques to stay motivated to increase physical 

activity long-term. Participants received guidance from the facilitator throughout the intervention 

and feedback to increase self-efficacy for engaging in physical activity. Dyads were also 

provided with various support outlets to help them continue to participate in physical activity 

(i.e., links to community physical activity programs and opportunities to engage and learn from 

other dyads). The table of contents from the participant manual is included in Appendix 1. 

3.2 Data processing 

3.2.1 Self-reported physical activity 

The weekly frequencies of light, moderate, and strenuous leisure-time exercise reported 

on the GTLEQ were multiplied by three, five, and nine, respectively, and then summed to yield a 

total physical activity score. The total physical activity score was then used to classify 

participants as active (24 units), moderately active (14-23 units), or insufficiently active (<14 

units).135  
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3.2.2 Objective physical activity 

Raw data recorded on the accelerometer was downloaded using the ActiLife 6 Software 

(Actigraph, Pensacola, FL). Accelerometer data were checked for compliance by comparing the 

accelerometer wear time to the participant activity logbook. Non-wear time was defined as a 

period registering a zero-count for a minimum of 60 minutes. A day was considered valid when 

there was a minimum of 10 hours of wear time and no consecutive periods of zero exceeding 60 

minutes.137 Activity monitoring resulting in at least 4 valid days of data was included in the 

study.138 If the participant returned the accelerometer with less than 4 days of valid data, they 

were asked to wear the device again for another week.138 Accelerometer data was captured in 

activity counts per minute and converted to time spent in sedentary behaviour (ST), light 

physical activity (LPA), and moderate-to-vigorous physical activity (MVPA) using activity 

count cut-points. Based on previous research in the general population, an activity count of less 

than 100 counts/minute was classified as ST, 100-2019 counts/minute was classified as LPA, and 

≥2020 counts/minute was classified as MVPA for care-partners in this study.139 MS-specific 

accelerometer cut-points for were used to classify physical activity levels of participants with 

MS. An activity count of less than 100 counts/minute was classified as ST, 100-1583 

counts/minute was classified as LPA, and ≥1584 counts/minute was classified as MVPA.140 We 

calculated mean daily minutes spent in ST, LPA, and MVPA, as well as the percentage of wear 

time spent in each activity category (calculated to adjust for differences in individual wear time). 

Mean daily step counts were also calculated. The physical activity levels of participants were 

compared to Canadian physical activity guidelines for MVPA and ST.114 If participants 

accumulated ≥150 minutes of MVPA/week, the MVPA criterion was considered met, and if 

participants accumulated <8 hours/day of ST, the ST criterion was considered met.  
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3.3 Statistical analysis 

All data are presented in the text as mean (SD), unless specified otherwise. Data were 

analyzed using IMB SPSS Statistics, version 28.0 (IBM Corporation, Armonk, NY). 

Demographics and clinical characteristics, as well as self-reported and objective physical activity 

levels were summarized using descriptive statistics. Given the sample size, study design and 

phase, inferential statistics were not used to examine intervention effects. Effect sizes (ES) were 

used to demonstrate the efficacy of the intervention (i.e., the difference between groups over 

time) on physical activity outcomes, and were calculated as Cohen’s d.141 ESs were calculated as 

the mean change from before to after the intervention for the intervention group minus the mean 

change in the control group per outcome, divided by the pooled SD for each respective 

outcome.142 The magnitude of ESs was interpreted as small, medium, or large based on criteria 

of 0.2, 0.5, and 0.8, respectively.141  

Spearman’s correlation coefficients (rs) were calculated to investigate the 

interdependence of physical activity within dyads at baseline and in response to the intervention. 

Baseline interdependence in physical activity was determined as the relationship within partners’ 

self-reported and objective physical activity levels recorded at baseline. The change in physical 

activity interdependence was determined by calculating the difference in physical activity levels 

between baseline and 12-weeks in persons with MS and care-partners. Correlations in the change 

in physical activity over time within dyads were then performed. The magnitude of the 

correlation coefficients was interpreted as weak, moderate, or strong based on criteria of 0.1, 0.3, 

and 0.5, respectively.141   
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Chapter 4: Results 

4.1 Participants  

4.1.1 Study sample 

80 participants made contact with the research coordinator and 58 participants were 

assessed for eligibility (Figure 2). Eleven dyads (22 participants) were enrolled to the study and 

completed baseline data collection. One dyad discontinued participation after baseline data 

collection. Ten dyads were randomized to the intervention (n= 10 participants) and control (n= 

10 participants) conditions. Five dyads (n= 10 participants) were involved in the first wave of the 

study (delivery and data collection complete), and five dyads (n= 10 participants) were involved 

in the second wave of the study (delivery and data collection ongoing). Relative to wave one, one 

dyad in the intervention condition dropped-out of the study after randomization. As only one 

dyad remained in the intervention condition, the first wave of the intervention was not delivered 

in group format. Eight participants (n= 2 intervention; n= 6 control) completed baseline and 12-

week data collection and are presented in this pilot case study of the ‘Physical Activity Together 

for Persons with MS and their caregivers’ intervention. Flow of all participants through the 

study is presented in Figure 2. 

4.2 Baseline characteristics and physical activity  

4.2.1 Overall participant characteristics 

Characteristics of all participants (n= 22) at baseline are presented for people with 

multiple sclerosis (MS) and care-partners in Table 2. The mean age of persons with MS was 53.1 

(11.1) years and the sample was predominantly female (n= 8, 72.7%). The sample consisted 

primarily of individuals with relapsing-remitting MS (n=8, 72.7%) with a median Patient-

Determined Disease Steps (PDDS) scale score of 4.0 (IQR= 1.0), indicating that participants 
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required bilateral assistance for ambulation. The mean number of years since diagnosis of MS 

was 10.7 (9.7) years. On average, care-partners were women with a mean age of 50.1 (12.7) 

years. Most care-partners were spouses/partners (n= 8, 72.7%) and had been providing care to 

their partners for 6.6 (5.0) years. 

4.2.2 Baseline physical activity levels  

Table 3 presents self-reported and objective physical activity levels for persons with MS 

and care-partners at baseline (n= 20). The mean Godin Leisure-Time Exercise Questionnaire 

(GLTEQ) score for participants with MS was 13.8 (11.8). Two persons with MS (20%) met the 

criteria for ‘active’, four persons (40%) met the criteria for ‘moderately active’, and four persons 

(40%) were classified as ‘insufficiently active’. The mean GLTEQ score for care-partners was 

15.5 (17.0). Three care-partners (30%) met the criteria for ‘active’, one care-partner (10%) met 

criteria for ‘moderately active’, and 6 care-partners (60%) were ‘insufficiently active’. 

Persons with MS spent an average of 76.1% (10.9%) of their wear time (658.2 (130.1) 

minutes/day) in sedentary time (ST), 22.8% (10.7%) of their wear time (184.9 (82.4) 

minutes/day) in light physical activity (LPA), and 1.2% (1.4%) of their wear time (10.3 (12.3) 

minutes/day) in moderate-to-vigorous physical activity (MVPA). Persons with MS engaged in a 

mean of 2937.6 (1766.5) steps/day. Only one person with MS met the Canadian physical activity 

guidelines for ST and two met the guidelines for MVPA based on accelerometer data. Care-

partners spent an average of 67.4% (8.6%) of their wear time (577.6 (112.9) minutes/day) in ST, 

31.3% (8.8%) of their wear time (259.1 (56.8) minutes/day) in LPA, and 1.2% (1.2%) of their 

wear time (11.7 (10.3) minutes/day) in MVPA. Only two care-partners met the Canadian 

physical activity guidelines for ST and MVPA. 
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4.3 Case study of the PAT-MS intervention 

4.3.1 Participant characteristics 

Baseline characteristics of participants who were involved in the first wave of the study 

(n= 10 participants; 4 intervention, 6 control), are presented in Table 4. Overall, participants in 

the intervention group were female (n= 4, 100%) and had a mean age of 51.8 (3.3) years old. 

Dyads in the intervention group included spouses and siblings that lived together and apart. 

Care-partners in the intervention group provided care for an average of 4.0 (1.4) years. 

Participants in the control group were mostly female (n= 4, 66.7%) and had a mean age of 49.2 

(17.8) years old. Dyads in the control group were connected as spousal or parent-child 

relationships. All dyads lived in the same household. Care-partners provided an average of 7.7 

(6.7) years of care to their partner. 

4.3.2 Efficacy of PAT-MS on self-reported physical activity  

Table 5 provides data on self-reported physical activity levels at baseline and 12-weeks 

(i.e., post-intervention) for participants who completed the study to date (n= 8). Both participants 

in the intervention group reported an increase in self-reported physical activity levels; the overall 

increase was large in magnitude (mean change= 152.4%; d= 1.08). The change in self-reported 

physical activity shifted participants from the ‘insufficiently active’ to ‘active’ category. 

Overall, participants in the delayed control group reported no change in physical activity 

levels over the 12-week period (mean change= 2.0%; d= 0.03). A large effect of the PAT-MS 

intervention was observed in self-reported physical activity compared with the control condition 

over 12-weeks (d= 0.98), suggesting an increase in self-reported physical activity in response to 

the PAT-MS intervention.  
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4.3.3 Efficacy of PAT-MS on objective physical activity  

Table 6 provides data on objective physical activity levels at baseline and 12-weeks (i.e., 

post-intervention) for participants who completed the study (n= 8). Both participants in the 

intervention group demonstrated a decrease in ST; the overall decrease was large in magnitude 

(mean change= -14.8%; d= -3.03). Conversely, participants in the delayed control group saw no 

change in ST over the 12-week period (mean change= -1.3%; d= -0.09). A large effect of the 

PAT-MS intervention was observed on ST compared with the control group over 12-weeks (d=  

-1.26), suggesting a decrease in ST in response to the intervention.  

Both participants in the intervention group also demonstrated a decrease in percent of 

wear time spent in ST; the overall decrease was large in magnitude (mean change= -6.4%; d=     

-0.87). Participants in the delayed control group observed a small increase in percent of wear 

time spent in ST over the 12-week period (mean change= 2.7%; d= 0.23). A large effect of the 

PAT-MS intervention was observed in percent of wear time spent in ST compared with the 

control group over 12-weeks (d= -0.93), suggesting a decrease in percent of the day spent 

sedentary in response to the intervention.  

 In terms of LPA, both participants in the intervention group experienced an increase over 

the 12-week period; the overall increase was moderate in magnitude (mean change= 9.3%; d= 

0.47). Participants in the delayed control group demonstrated no change in LPA over the 12-

week period (mean change= -1.2%; d= -0.03). A moderate effect of the PAT-MS intervention 

was observed in LPA compared with the control group over 12-weeks (d= 0.40), suggesting an 

increase in LPA in response to the intervention.  

Participants in the intervention group demonstrated an increase in their percent of wear 

time spent in LPA that was large in magnitude (mean change= 17.2%; d= 0.90). There was no 
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change in percent of wear time spent in LPA over the 12-week period (mean change= -3.5%; d= 

-0.11). A large effect of the PAT-MS intervention was observed for the change in percent of 

wear time spent in LPA compared with the control group over 12-weeks (d= 0.85), suggesting an 

increase in daily time spent in LPA in response to the intervention.  

Both participants in the intervention group experienced a large decline in MVPA after the 

intervention (mean change= -48.0%; d= -1.67). Participants in the control group also 

demonstrated a large decline in MVPA over the 12-week period (mean change= -50.7%; d=        

-0.83). A large effect of the PAT-MS intervention was observed in MVPA compared with the 

control group over 12-weeks (d= 1.40), suggesting that participants involved in the PAT-MS 

intervention had a smaller decline in MVPA compared to the control group. 

A similar trend was observed for percent of wear time spent in MVPA, as both 

participants in the intervention group experienced a decrease in this outcome over time (mean 

change= -33.3%; d= -1.59). Participants in the control group demonstrated a moderate-to-large 

decline in percent of wear time spent in MVPA (mean change= -47.8%; d= -0.72). However, a 

large effect of the PAT-MS intervention was observed in percent of wear time spent in MVPA 

compared with the control group over 12-weeks (d= 1.20), suggesting that participants involved 

in the PAT-MS intervention had a smaller decline in their MVPA compared to the control group. 

Lastly, while both participants in the intervention experienced an increase in daily steps, 

this increase was small in magnitude (mean change= 4.8%; d= 0.23). Participants in the control 

group, however, experienced a small decline in daily steps (mean change= -20.1%; d= -0.39), 

and there was a moderate effect of the PAT-MS intervention on daily steps compared to the 

control group (d= 0.70). 
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4.4 Physical activity interdependence in dyads 

Table 7 provides data on the interdependence in physical activity within dyads at baseline 

(n= 20) and over 12-weeks (n= 8). There were strong correlations at baseline between care-

partner and care-recipient ST (rs= 0.72), and percent of wear time spent in LPA (rs= 0.55). 

There were moderate correlations between care-partner and care-recipient percent of wear time 

spent in ST (rs= 0.41), LPA (rs= 0.41), and daily steps (rs= 0.33). All other baseline correlation 

coefficients were weak in magnitude. 

There were strong correlations between change in care-partner and care-recipient self-

reported physical activity (rs= 0.60), LPA (rs= 0.60), percent of wear time spent in ST (rs= 

0.80), percent of wear time spent in LPA (rs= 0.60), and percent of wear time spent in MVPA 

(rs= 0.80) over the 12-week intervention. There was also a moderate correlation between care-

partner and care-recipient MVPA (rs= 0.40) and ST (rs= -0.40). All other correlation 

coefficients investigating physical activity interdependence over time were weak in magnitude. 
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Chapter 5: Discussion and Conclusion  

5.1 Summary 

The objectives of this thesis were: (i) to determine the efficacy of ‘Physical Activity 

Together for Persons with MS and their caregivers (PAT-MS)’ for increasing self-reported 

physical activity in dyads affected by moderate-to-severe multiple sclerosis (MS) compared to a 

waitlist control condition; (ii) to determine the efficacy of PAT-MS on accelerometer-measured 

activity including sedentary time (ST), light physical activity (LPA) and moderate-to-vigorous 

physical activity (MVPA), and daily step counts in dyads affected by moderate-to-severe MS 

compared to a waitlist control condition; and (iii) to explore the interdependence in physical 

activity levels in MS-care-partner dyads. 

Findings from this case study suggest that a videoconference-delivered dyadic physical 

activity intervention may be effective for increasing self-reported physical activity, LPA and 

daily steps, while reducing ST in MS-care-partner-care-recipient dyads. Furthermore, our results 

demonstrated moderate-to-strong interdependence in ST, LPA and daily steps within dyads at 

baseline and moderate-to-strong interdependence in self-reported physical activity, LPA, and 

MVPA over 12-weeks. Collectively, this pilot study supports the potential of the PAT-MS 

intervention for modifying physical activity behaviour in MS-care-partner dyads, and suggests 

physical activity behaviour is related within this population. No study to date has investigated the 

effects of a dyadic physical activity intervention in persons with MS and their care-partners; 

therefore, the results of this pilot case study can be used to inform the development of larger 

dyadic physical activity interventions.  

5.2 Physical activity levels in MS-care-partner dyads 

5.2.1 Physical activity levels in persons with MS 
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Persons with MS in our sample had a mean Godin Leisure-Time Exercise Questionnaire 

(GLTEQ) score of 13.8 at baseline (i.e., ‘insufficiently active’). This score is lower than most 

studies that have measured self-reported physical activity using the GLTEQ in persons with 

MS.135,143,144 For instance, Silveira & Motl144 reported a mean GLTEQ score of 19.1 for 588 

persons with MS (median Patient-Determined Disease Steps (PDDS) score= 2.0; range= 0-8) and 

Hubbard et al.143 reported a mean GLTEQ score of 23.9 in 1081 people with MS (median 

PDDS= 2.0; range= 0-8). Therefore, people with moderate-to-severe MS in our sample reported 

lower levels of physical activity compared to previous samples with milder disability. This aligns 

with previous research in persons with MS.112,115,145 For instance, research by Anens et al.112 

demonstrated that disease severity was a predictor of physical activity levels in persons with MS, 

such that those with higher disability reported lower activity levels (ß= -0.30, p< 0.02). 

Furthermore, one study by Motl et al.145 reported that worsening symptoms, a common feature of 

greater disability, was independently associated with lower self-reported physical activity (p= 

0.04). 

Persons with MS in our sample spent an average of 76.1% (658.2 minutes/day) of their 

wear time in ST, 22.8% (184.9 minutes/day) of their wear time in LPA, and 1.2% (10.3 

minutes/day) of their wear time in MVPA. These results align with a previous study by Fakolade 

et al.21 which reported that persons with MS (median PDDS= 5.0; IQR= 1.0) spent about 76% 

(566 minutes/day) of their wear time in sedentary behaviour, 23% (167 minutes/day) of their 

wear time in LPA, and 1% (5 minutes/day) in MVPA. When compared to samples with lower 

disability,115 persons with MS in our study spent more total wear time sedentary and less time 

engaging in LPA and MVPA. Furthermore, individuals in our sample spent a greater percentage 

of their wear time sedentary, and a lower percentage engaged in LPA and MVPA. For instance, 
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in one study Klaren et al.,115 662 middle-aged adults (median PDDS= 2.0; IQR= 2.0) spent 64% 

(533 minutes/day) of their wear time in ST, 34% (288 minutes/day) in LPA and 2% (19 

minutes/day) in MVPA. The difference between studies in physical activity levels is expected 

given that greater MS disability is associated with increased barriers to physical activity, such as 

mobility issues and physiological deconditioning, which can limit one’s engagement in physical 

activity.110,146 In fact, one study by Ezeugwu et al.110 comparing persons with MS with (PDDS≥ 

3) and without (PDDS≤ 3) mobility impairment demonstrated that individuals with mobility 

impairment spent 5% (28.8 minutes/day) more accelerometer wear time in ST, 3% (27.7 

minutes/day) less time in LPA, and 2% (14.3 minutes/day) less time in MVPA.  

The lower levels of physical activity in persons with moderate-to-severe MS extends to 

daily steps, as our sample averaged 2938 steps/day. Other studies reporting daily steps in persons 

with MS with lower disability report considerably greater daily step counts. For instance, one 

study by Dlugonski et al.147 reported a daily step count of 7167 in participants with mild MS 

(PDDS≤ 2; n= 255), compared to 4257 steps/day in 194 persons with greater disability (PDDS≥ 

3; n= 194). The substantially lower step count reported herein makes sense in the context of 

previous MS literature; one study by Block et al.148 reported a strong correlation between daily 

steps and Expanded Disability Status Scale (EDSS) scores (Spearman’s r= -0.71, p<0.001).  

Only one participant with MS met the Canadian guidelines for ST. The large portion of 

participants (n= 9, 90%) engaging in more than 8 hours/day of ST is concerning, as increased ST 

is associated with negative health outcomes in persons with MS.149 In fact, ST in persons with 

MS is assocaited with comorbid conditions such as hypertension, and can exaccerbate symptoms 

such as spasms and pain.150 Similarly, only two persons with MS met the Canadian Physical 

Activity Guidelines criteria for MVPA. MVPA levels have been associated with vascular 
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comorbidity in persons with MS, and vascular comorbidities have been linked with disease 

progression and an increased rate of relapses.151,152 It is imperative that future interventions 

targeting physical activity in persons with MS include specific strategies to reduce ST and 

increase MVPA, as these are related but different health behaviours. 

5.2.2. Physical activity levels in MS care-partners 

Our results show that care-partners of people with moderate-to-severe MS spent 67.4% 

(577.6 minutes/day) of their wear time in ST, 31.3% (259.1 minutes/day) of their wear time in 

LPA and 1.2% (11.7 minutes/day) of their wear time in MVPA and took 4614 steps/day. In the 

study by Fakolade et al.,21 MS care-partners spent slightly more time sedentary (71.8%, 551.9 

minutes/day), and engaged in more MVPA (2.8%, 21.4 minutes/day), but spent less time in LPA 

(25.4%, 199.6 minutes/day). Participants in that study also averaged over 1500 more steps per 

day compared to our sample. Discrepancies between the two studies may be due to the fact that 

our study was conducted during the COVID-19 pandemic which could impact physical activity 

participation.153 In accordance with our results, Sanudo et al.154 reported a large decrease in daily 

step counts (d= 1.61) and MVPA (d= 0.62) during the COVID-19 pandemic in 20 adults without 

a chronic disease. However, based on the study by Greaney et al. which reports that family care-

partners saw an increase in ST during the COVID-19 pandemic, we would have expected similar 

results in our sample.155 In other chronic disease populations such as Dementia, care-partners 

engaged in 259.3 minutes/day of LPA, and 8.3 minutes/day of MVPA.29 ST was not reported in 

that study. These findings closely align with the physical activity levels of care-partners in our 

study.  

Only two care-partners in our study met the Canadian ST guidelines. This is worrisome 

as greater ST is independently associated with inactivity-related comorbidities, such as type 2 
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diabetes and cardiovascular disease in the general population.153 Increased ST also increases the 

risk of colon cancer and high blood pressure. According to the World Health Organization, 

approximately 2 million deaths each year are attributed to physical inactivity and inactivity is 

among the top 10 leading causes of mortality and disability.157 Furthermore, only two care-

partners met the Canadian physical activity guidelines for MVPA. Low levels of MVPA may 

lead to poor cardiometabolic health and increased risk of heart disease, cancer, and depression in 

the general population.151,158 Evidently, the development of programs and interventions to 

address physical inactivity in care-partners of persons with MS are essential to overall health and 

well-being, and should be a focal point for researchers moving forward. 

5.3 Case study of the PAT-MS intervention  

 No study to date has investigated the effects of a dyadic physical activity intervention in 

dyads affected by MS, and a limited number of studies have investigated the effects in other 

populations with chronic disease. Additionally, many of the studies using a dyadic physical 

activity intervention target improvement in psychosocial outcomes as their primary end-point, 

rather than physical activity levels, and do not include control groups for comparison.33,34 One 

study involving nine dyads affected by dementia reported an increase in LPA and MVPA of 23.9 

minutes/week and 36.5 minutes/week, respectively, following a dyadic physical activity 

intervention.159 Similarly, participants in the PAT-MS intervention demonstrated an increase in 

LPA (160 minutes/week) after the intervention; however, they demonstrated a decline in MVPA 

(6.6 minutes/week). The discrepancy between studies may be due to the different study 

populations, as persons with moderate-to-severe MS experience physical impairments and 

physiological deconditioning which might limit their ability to participate in higher intensity 

physical activity compared to individuals with dementia.25 In agreement with our study, 
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Boudreau et al.160 also observed a 4.5% decrease in daily MVPA for dyads affected by obesity 

following a dyadic physical activity intervention. This phenomenon may be because the PAT-

MS intervention did not specifically targeted MVPA, as physical activity was self-selected by 

participants in our intervention. Furthermore, the intensity of physical activity was self-reported, 

rather than objectively-measured using a device such as a heart rate monitor. Such an approach 

may have helped participants increase the intensity of physical activity within the MVPA range. 

Nonetheless, the PAT-MS intervention still had a large effect (d= 1.40) on MVPA in 

dyads participating in the intervention compared to the control condition, indicating that the 

intervention seemingly prevented some of the decline in MVPA that could have occurred for 

various reasons (i.e., change in seasons, pandemic-related). One randomized controlled trial by 

Schneider investigated long-lasting changes in health behaviours (i.e., physical activity, 

sedentary behaviour, fruit and vegetable intake, and fat consumption) in 73 African American 

adolescents and their caregivers. The study reported that this family-oriented intervention, while 

having a large effect on ST (d= -0.61) similar to our study, reported a small main effect of 

treatment on MVPA (d= 0.28) compared to the control group.161 The same trend was observed in 

a study by Berli & Scholz162 where they reported that 121 obese couples experienced no change 

in self-reported MVPA or accelerometer-measured MVPA following a 14-day action-control 

dyadic physical activity intervention (F[1,98]= 0.36, p= 0.553, η2
p = 0.004) compared to the 

control group. The discrepancy between studies may be attributed to differences in 

methodologies, such as the accelerometers used, the study population, or the length and content 

of the interventions. 

With respect to self-reported physical activity in MS dyads, Sher et al. also reported 

similar improvements in self-reported physical activity (d= 0.82) in persons with cardiac disease 



 37 

and their partners following a couple’s oriented physical activity intervention compared to a 

control group.163 Individuals in the control, similarly to our study, experienced an improvement 

in self-reported physical activity after the 24-week period; however, this improvement mostly 

occurred in the initial stages of the intervention and physical activity actually decelerated over 

time (quadratic slope: 𝛽= -0.004).  

5.4 Interdependence of physical activity in MS-care partner dyads 

Our findings provide new insight into the interdependence of physical activity patterns 

among persons with MS and their care-partners. Our results demonstrated a strong correlation 

between ST of care-partners and care-recipients and a moderate correlation in the percent of 

wear time spent in ST. These results are mostly consistent with previous studies that have 

investigated physical activity interdependence in other populations. For instance, one study by 

Lopes et al.31 also demonstrated a significant association in sitting time behaviour (ICC= 0.21) 

within best-friend dyads. Similarly, one study by Ashe et al.164 reported that ST was significantly 

correlated within elderly couples (r= 0.44, p<0.001). Furthermore, in a study by Harada et al.,165 

multiple regression analyses revealed that ST of one spouse explained a significantly amount of 

variation in ST of the other spouse (𝛽= 0.30-0.47). The correlations between care-partner and 

care-recipient LPA (rs= 0.41), percent of wear time spent in LPA (rs= 0.55), and daily steps (rs= 

0.33) in the current study, also align with previous research which demonstrates that people are 

more likely to be active when their partners are also active. For instance, patients with COPD 

had a greater likelihood of being physically active when their care-partners were also active 

when compared to patients with an inactive care-partner (OR= 4.36; 95% CI= 1.41-13.30; p= 

0.01).121 In other chronic disease populations, this association has also been observed. For 

instance, one study measuring the physical activity patterns of 169 dyads affected by 
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osteoarthritis, reported that both MVPA and daily steps of patients with osteoarthritis were 

significantly and positively correlated to their partners physical activity.166 In contrast, an 

unexpected result from our study was that MVPA was not correlated within MS-care-partner 

dyads. A possible explanation for the difference in these findings is that the former study did not 

include dyads who are affected by a chronic neurodegenerative disease such as MS. Persons with 

MS may experience symptom exacerbation, disease progression, environmental barriers, and low 

self-efficacy for engaging in physical activity, which may impact their ability to become and stay 

physically active.112 These factors become even more apparent when persons with MS are 

engaging in higher intensity physical activity and may explain the low levels of MVPA observed 

in this population.108,167 As a result, it may be difficult for persons with MS and their care-

partners to engage in the same type and intensity of physical activity. Indeed, our findings are 

supported by previous research in dyads with MS, as Fakolade et al.21 also reported no 

significant correlation in MVPA within dyads. 

No study to date has investigated dyadic physical activity interdependence over time in 

MS-care-partner dyads. Our results demonstrated positive correlations between care-partner and 

care-recipient self-reported physical activity, and objective physical activity levels. This is 

expected as many health behaviours are concordant among couples, such as dietary intake and 

smoking habits.168 Furthermore, when one partner adopts a health-promoting behaviour, the 

other is likely to adopt it as well.169,170 Indeed, this trend is applicable for changes in physical 

activity over time in partners.164 For instance, in a longitudinal study by Jackson et al.,169 having 

a partner consistently engage in health promoting behaviours predicted an increase in the 

physical activity of the other partner (OR= 1.92; 95% CI= 1.37-2.70). Moreover, one study by 

Homish & Leonard171 found that there was a significant prospective association between wives 
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who engaged in regular exercise before marriage and husbands’ exercise habits over the first four 

years of marriage (OR= 2.16; 95% CI= 1.54-3.03; p< 0.001). This finding demonstrates the 

potential influence a person can have on the change in physical activity behaviour of their 

partner. In the chronic disease context, one study by Berli & Scholz162 also reported a strong 

correlation between care-recipients’ and care-partners’ change in MVPA (r= 0.50). 

Unfortunately, due to the small sample size we were unable to investigate if dyadic physical 

activity interdependence over time was different between intervention and control groups. We 

would anticipate that many of the topics covered during the PAT-MS intervention, such as 

dyadic coping, goal setting, and collaborative planning would drive physical activity changes in 

both partners. Future research should investigate group differences using quantitative and 

qualitative approaches to shed light on the potential processes driving changes in physical 

activity in MS-care-partner dyads. Nonetheless, our results support previous work emphasizing 

the bi-directional relationship of care-recipient-care-partner health and physical activity 

behaviours.172  

5.5 Strengths and Limitations   

 This thesis is unique in several ways. Firstly, the randomized controlled trial design of the 

study reduces bias and provides an accurate method to determine the efficacy of an intervention 

on specific outcomes, such as physical activity.173 Furthermore, the design and content of the 

intervention is theory-based and incorporates recommendations from various experts and 

stakeholders within the MS community. These recommendations, including transitioning to a 

videoconference-delivered intervention, and the inclusion of a participant manual made the 

intervention more participant-friendly and practical. This thesis extends current literature by 

including both persons with moderate-to-severe MS and their care-partners for the first time in a 
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dyadic physical activity intervention. This study employed both self-reported and objective 

methods to characterize physical activity levels. Accelerometers were used simultaneously with 

self-reported activity to explore the change in and interdependence of physical activity patterns 

in this sample.  

While this thesis did have its strengths, there were also important limitations to note.  

Firstly, our sample consisted mostly of participants that were middle-aged to older women with 

relapsing-remitting MS, and therefore, our results may not be generalizable to other MS support-

partner dyads. Another limitation of this thesis is the small sample of participants included. 

While our results suggest potential benefits of the PAT-MS intervention on dyadic physical 

activity, these findings should be confirmed in larger samples using high-quality designs. 

Thirdly, all assessments were conducted remotely which may have resulted in misinterpretation 

of study instructions. We included strategies to address this concern, such as detailed instructions 

for completing the online surveys, instructions and a video for wearing the accelerometers, as 

well as completing follow-up calls to ensure information was effectively communicated. 

Additionally, while the intervention was designed to be delivered to multiple dyads 

simultaneously, this pilot case study only included one dyad who received the PAT-MS 

intervention, as one dyad withdrew from the study after randomization. This is a limitation as the 

intervention lacked a group-based component which could have altered the social dynamics and 

experience of the videoconference-delivered sessions. Moving forward, it is essential to test the 

efficacy of the intervention in group-based format, as designed. Lastly, our results could be 

biased by the Hawthorne effect as participants in the intervention group may have been more 

motivated to increase their physical activity in response to the intervention, but this behaviour 
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change may not be long-lasting. Future studies should consider including an additional follow-up 

assessment after completion of the intervention to examine potential lasting effects. 

5.6 Conclusions 

Despite these limitations, our study is the first to examine the effects of a dyadic physical 

activity intervention in MS-care-partner-care-recipient dyads. Our findings demonstrate that the 

PAT-MS intervention may be beneficial for reducing daily ST and increasing engagement in 

physical activity, particularly LPA. Physical activity within dyads was interdependent at baseline 

and over 12-weeks, suggesting the potential for both members of the MS-care-partner dyad to 

influence each other’s physical activity levels. This study is a first step towards the development 

of larger dyadic physical activity interventions for improving overall physical activity levels in 

persons with moderate-to-severe MS and their care-partners. 
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Figure 2: Flow of participants through the study.  
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Table 1. Eligibility criteria for persons with MS and care-partners. 

 

Inclusion criteria 

1. Self-reported MS diagnosis and stable course of disease modifying therapies† 

2. PDDS score between 3-6  

3. Relapse free in the last 30 days† 

4. Support partner who provides greater than or equal to 1.0 hour of unpaid assistance 

per day † 

5. ≥18 years of age* 

6. Currently inactive (i.e., purposeful exercise less than or equal to 2 days/week for 30 

minutes)* 

7. Asymptomatic based on the Get Active Questionnaire* 

8. Able to communicate in English* 

9. Access to an internet-enabled device (e.g., phone or laptop)* 

10. No diagnosis of another neurological condition 
 

† Applies to people with MS.  

*Applies to both people with MS and care-partners. 
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Table 2. Characteristics of all participants at baseline (n=22). Values are reported as n (%), 

unless indicated otherwise. 

 

Variable Persons with MS 

(n=11) 

Care-partners 

(n=11) 

Age (years), M (SD) 53.1 (11.1) 50.1 (12.7) 

Gender   

Female 8 (72.7%) 7 (63.6%) 

Male 3 (27.3%) 4 (36.4%) 

Height (cm), M (SD) 166.7 (7.2) 170.8 (12.6) 

Weight (kg), M (SD) 85.5 (19.5) 90.9 (23.1) 

PDDS, MDN (IQR) 4.0 (1.0) - 

MS course   

RRMS 8 (72.7%) - 

PPMS 3 (27.3%) - 

Disease duration (years), M (SD) 10.7 (9.7) - 

Marital status   

Single, never married 2 (18.2%) 2 (18.2%) 

Married or common law 8 (72.7%) 8 (72.7%) 

Separated or divorce 1 (9.1%) 1 (9.1%) 

Relationship with person with MS   

Spouse/partner - 8 (72.7%) 

Child - 1 (9.1%) 

Sibling - 1 (9.1%) 

Friend - 1 (9.1%) 

Living status   

With person with MS - 9 (81.2%) 

Without person with MS - 2 (18.2%) 

Education   

Technical or trade school 0 (0.0%) 1 (9.1%) 

College 7 (63.6%) 4 (36.4%) 

Bachelor’s degree 2 (18.2%) 2 (18.2%) 

Master’s degree 2 (18.2%) 2 (18.2%) 

I’d rather not say 0 (0.0%) 2 (18.2%) 

Employment Status   

Full time (40+ hours/week) 3 (27.3%) 7 (63.6%) 

Unemployed (unable to work due to 

disability) 

5 (45.5%) 0 (0.0%) 

Retired 3 (27.3%) 4 (36.4%) 

Paid care received (minutes/day), M (SD) 0 (0) - 

Unpaid care received (minutes/day), M (SD) 101.8 (117.6) - 

Unpaid care provided (minutes/day), M (SD) - 254.6 (441.1) 

Years providing care, M (SD) - 6.6 (5.0) 

Comorbidities reported 

Yes 10 (90.9%) 5 (45.5%) 

No 1 (9.1%) 6 (54.5%) 

PDDS = Patient-Determined Disease Steps scale; RRMS = Relapsing-remitting multiple 

sclerosis; PPMS = Primary progressive multiple sclerosis 
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Table 3. Self-reported and objective physical activity at baseline (n=20). Values are 

reported as mean (SD), unless indicated otherwise.  

 

Variable Persons with MS 

(n=10) 

Care-partners 

(n=10) 

Self-reported physical activity    

GLTEQ score 13.8 (11.8) 15.5 (17.0) 

Accelerometer-measured physical activity    

ST (minutes/day) 658.2 (130.1) 577.6 (112.9) 

LPA (minutes/day) 184.9 (82.4) 259.1 (56.8) 

MVPA (minutes/day) 10.3 (12.3) 11.7 (10.3) 

Step count (steps/day) 2937.6 (1766.5) 4614.0 (1736.3) 

Percent of day spent in physical activity   

ST (%) 76.1 (10.9) 67.4 (8.6) 

LPA (%) 22.8 (10.7) 31.3 (8.8) 

MVPA (%) 1.2 (1.4) 1.2 (1.2) 

Meeting guidelines   

ST (n, %) 1 (10.0%) 2 (20.0%) 

MVPA (n, %) 2 (20.0%) 2 (20.0%) 

GLTEQ = Godin Leisure-Time Exercise Questionnaire; ST = sedentary time; LPA = light 

physical activity; MVPA = moderate-to-vigorous physical activity. 
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Table 4. Characteristics of participants included in the case study (n=10). Values are 

reported as n (%), unless indicated otherwise. 

 

Variable Intervention (n=4) Control (n=6) 

Age (years), M (SD) 51.8 (3.3) 49.2 (17.8)  

Gender   

Female 4 (100.0%) 4 (33.3%) 

Male 0 (0.0%) 2 (66.7%) 

Height (cm), M (SD) 162.8 (7.9) 170.3 (8.5) 

Weight (kg), M (SD) 77.3 (23.8) 86.3 (15.1) 

Marital status   

Single, never married 0 (0.0%) 2 (33.3%) 

Married or common law 2 (50.0%) 4 (66.7%) 

Separated or divorce 2 (50.0%) 0 (0.0%) 

Education   

College 3 (75%) 2 (33.3%) 

Bachelor’s degree 1 (25%) 1 (16.7%) 

Master’s degree 0 (0.0%) 1 (16.7%) 

I’d rather not say 0 (0.0%) 2 (33.3%) 

Employment Status   

Full time (40+ hours/week) 2 (50.0%) 2 (33.3%) 

Unemployed (unable to work due to 

disability) 

2 (50.0%) 1 (16.7) 

Retired 0 (0.0%) 3 (50.0%) 

Relationship*   

Spouse/partner 1 (50%) 2 (66.7%) 

Child 0 (0.0%) 1 (33.3%) 

Sibling 1 (50%) 0 (0.0%) 

Living status   

With partner 2 (50.0%) 6 (100.0%) 

Without partner 2 (50.0%) 0 (0.0%) 

Care provided (minutes/day), M (SD)* 90.0 (84.9) 90.0 (30.0) 

Care received (minutes/day), M (SD) † 45.0 (21.2) 220.0 (173.2) 

Years providing care*, M (SD) 4.0 (1.4) 7.7 (6.7) 

* Reported in care-partners only 
† Reported in persons with MS only 
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Table 5.  GLTEQ scores at baseline and 12-weeks after the intervention. 

 
Participant Baseline 12-Weeks ES (within 

groups) 

Intervention    

1 21 41  

2 0 12  

Mean (SD) 10.5 (14.8) 26.5 (20.5) 1.08 

Control   

3 0 25  

4 9 14  

5 30 43  

6 40 12  

7 33 27  

8 40 34  

Mean (SD) 25.3 (16.8) 25.8 (11.8) 0.03 

ES (between-groups) 0.98  

Odd numbers represent persons with MS and even numbers represent care-partners. 
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Table 6. Accelerometer-measured physical activity at baseline (pre) and 12-weeks after (post) the intervention. 

 
 ST % in ST LPA % in LPA MVPA % in MVPA Steps/day 

Participants Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 

Intervention        

1 628 505 76.1 68.2 195 237 23.6 31.8 2 0 0.2 0.0 2547 2678 

2 586 531 68.6 67.0 265 273 31.1 32.7 3 2.5 0.4 0.3 3420 3603 

Mean (SD) 607.0 

(29.60) 

516.9 

(19.6) 

72.3 

(5.4) 

67.7 

(1.0) 

230.0 

(49.5) 

253.1 

(27.9) 

27.4 

(5.2) 

32.1 

(0.8) 

2.5 

(0.8) 

1.3 

(1.7) 

0.3 

(0.1) 

0.2 

(0.2) 

2983.6 

(617.8) 

3126.6 

(673.4) 

ES (within 

groups) 

-3.03 -0.87 0.47 0.90 -1.67 -1.59 0.23 

Control        

3 868 679 92.7 92.4 41 54 7.1 7.4 1 1 0.3 0.2 288 327 

4 675 772 70.9 80.4 249 187 27.8 19.3 12 3 0.6 0.3 3476 2140 

5 613 604 71.7 67.8 210 271 24.6 30.5 32 15 3.7 1.7 5239 4439 

6 606 646 68.6 70.1 247 259 27.9 28.3 31 14 3.5 1.6 6735 5486 

7 634 640 71.0 72.7 229 222 25.7 25.6 30 15 3.3 1.7 4514 4124 

8 630 634 74.6 78.3 196 165 20.2 20.1 19 13 2.2 1.6 4688 3398 

Mean (SD) 671.0 

(99.5) 

662.5 

(58.8) 

74.9 

(8.9) 

76.9 

(9.0) 

195.3 

(78.5) 

193.0 

(79.3) 

22.7 

(7.9) 

21.9 

(8.3) 

20.7 

(12.7) 

10.2 

(6.4) 

2.3 

(1.5) 

1.2 

(0.8) 

4156.6 

(2175.3) 

3319.1 

(1840.9) 

ES (within 

groups) 

-0.09 0.23 -0.03 -0.11 -0.83 -0.72 -0.39 

ES (between-

groups) 

-1.26 -0.93 0.40 0.85 1.40 1.20 0.70 

 
 

Odd numbers represent persons with MS and even numbers represent care-partners; ST = sedentary time; % in ST = percent of wear time spent in sedentary 

time; LPA = light physical activity; % in LPA = percent of wear time spent in light physical activity; MVPA = moderate-to-vigorous physical activity; % in 

MVPA = percent of wear time spent in moderate-to-vigorous physical activity. 
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Table 7. Correlations in physical activity levels within dyads at baseline and over 12-weeks. 

 

Variable Baseline  

(n=20) 

∆ over 12-weeks 

(n=8) 

Self-reported physical activity    

GLTEQ 0.24 0.60 

Objective physical activity    

ST  0.72 -0.40 

% in ST 0.41 0.80 

LPA 0.41 0.80 

% in LPA 0.55 0.60 

MVPA 0.13 0.40 

% in MVPA 0.14 0.80 

Step count  0.33 0.20 

GLTEQ = Godin Leisure-Time Exercise Questionnaire; ST = sedentary time; % in ST = percent 

of wear time spent in sedentary time; LPA = light physical activity; % in LPA = percent of wear 

time spent in light physical activity; MVPA = moderate-to-vigorous physical activity; % in 

MVPA = percent of wear time spent in moderate-to-vigorous physical activity 
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