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Abstract  15 

Purpose: People with multiple sclerosis (PwMS) and their family caregivers often react to the 16 

impact of the disease as an interdependent dyad. The aim of this exploratory study was to 17 

examine the interdependence between physical activity (PA) patterns of dyads affected by 18 

moderate-to-severe MS disability. 19 

Methods: Fifteen pairs of PwMS and their family caregivers wore accelerometers for seven 20 

days. By collecting data simultaneously from both partners, we sought to test interdependence 21 

using the dyad as the unit of analysis. 22 

Results: PwMS and caregivers averaged 4091.3 (±2726.3) and 6,160.2 (±1653.0) steps/day 23 

respectively. The mean min/day of sedentary, light and moderate-to-vigorous activity for PwMS 24 

were 566.3 (±97.7), 167.4 (±94.0) and 7.6 (±12.4) respectively and 551.9 (±92.4), 199.6 (±63.4) 25 

and 21.4 (±18.2) respectively for caregivers. Interdependence between dyads for sedentary, light, 26 

moderate-to-vigorous activity and step count was low and non-significant (r=0.20, 0.26, 0.13 and 27 

-0.27 respectively; p>0.05).   28 

Conclusions: Although our findings do not support interdependence of PA between caregiver-29 

care-recipient MS dyads, they do show that both partners are not engaging in sufficient PA to 30 

achieve important health benefits. These findings are important for indicating that the dyads are 31 

likely to benefit from behavioral interventions for changing PA behavior. 32 

Keywords:  physical activity, accelerometry, multiple sclerosis, caregivers 33 

 34 
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INTRODUCTION 35 

Multiple sclerosis (MS) is the leading cause of non-traumatic neurological disability among 36 

young adults in Canada,1 where approximately 100,000 people are currently living with the 37 

disease2 and this number is expected to exceed 130,000 by 2031.3 Common features of MS such 38 

as decline in mobility and cognitive function present challenges to managing associated life roles 39 

and negatively impact quality of life (QOL).4 Indeed, approximately 30% of people with MS 40 

(PwMS) need assistance from family members, usually spouses, for activities of daily living.5 41 

While medical advances have improved life expectancy for PwMS,3 the rising prevalence of the 42 

disease means that an increasing number of caregivers are providing assistance to PwMS living 43 

at home.6 44 

The resulting demand for assistance may affect caregivers’ own health. For example, caregivers 45 

of PwMS are more likely than the general population to report poor health-related QOL.7 Gupta 46 

and colleagues8 further demonstrated that in comparison with caregivers of people with other 47 

chronic neurological conditions such as Alzheimer’s disease, MS caregivers experience a higher 48 

level of activity limitations, more emergency department visits and hospitalizations. Collectively, 49 

these issues may reflect caregiver burden, which has been described as the impact of the 50 

caregiving role on the wellbeing of the caregiver.9 Caregiver burden is related to the severity of 51 

symptoms and level of disability in the person with MS, as well as caregiver coping strategies 52 

and the quality of the relationship between the caregiver and care-recipient.10 Together, this 53 

research suggests that there is an interdependent or dyadic component to the caregiving role, and 54 

points to the need to consider the health of the person with MS and caregiver as an 55 

interdependent unit rather than each in isolation. 56 
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 One of the rehabilitation strategies to manage some of the impact of MS on the health of each 57 

partner and on the caregiver-care-recipient dyad includes increasing participation in physical 58 

activity (PA). In the caregiving literature, studies have shown that regular participation in PA can 59 

help reduce caregiver burden, improve sleep quality and QOL of caregivers of people with 60 

chronic health conditions such as Alzheimer’s disease and cancer.11,12 Beyond these benefits, 61 

caregivers who engage in regular PA are better able to deal with the physical and mental 62 

challenges associated with caregiving and may be able to delay institutionalization of their care-63 

recipients.13 Within literature specific to PwMS, there is evidence demonstrating the benefits of 64 

PA for symptom management, slowing disease progression and improving QOL.14,15 However, 65 

the majority of these studies have restricted inclusion criteria to PwMS who are independently 66 

mobile, excluding individuals with higher disability levels (i.e., significant walking limitations 67 

that require support for gait – Patient Determined Disease Step (PDDS) 3–7 or Expanded 68 

Disability Status Scale (EDDS) ≥6).16,17 Furthermore, no studies have capitalized on the potential 69 

benefits of including both PwMS and their caregivers in the same PA intervention.  70 

Although there is very limited research about dyadic PA behavior in the specific context of MS, 71 

examples of PA-related dyadic research are available in other populations.18-20 These studies 72 

indicate that dyads exhibit similar health-seeking or risky behaviors, and in particular, the 73 

characteristics of the dyad mutually interact to affect PA behavior. For example, in a cross-74 

sectional study, Lopes et al.,21 reported positive correlation between best friend dyads for both 75 

sedentary behavior and moderate-to-vigorous PA (MVPA). Similar findings were reported in 76 

another study by Pettee et al.,22 involving healthy older adult spousal dyads. This evidence was 77 

extended by recent longitudinal studies showing that changes in both the absolute level and 78 

trajectories of PA in middle-aged and older adult dyads are concordant over time.23  79 
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Current research is lacking however, about the relationship between PA behaviors of dyads 80 

affected by moderate-to-severe MS disability. An assessment of patterns of and interactions 81 

between dyads’ PA is an important first step in determining the potential utility of dyadic PA 82 

interventions in MS.  Therefore, the objective of this study was to examine the interdependence 83 

between dyadic PA patterns (i.e., time spent in sedentary behavior, light intensity activity (LPA) 84 

and MVPA) in dyads affected by moderate-to-severe MS disability.  85 

METHODS 86 

Design  87 

We used an exploratory, descriptive observational study design. 88 

Participants 89 

Participants were recruited from three communities located within a single Canadian province as 90 

part of a larger study investigating the development of a dyadic PA intervention in MS. The 91 

larger study involved a series of focus groups exploring the shared perspectives of people with 92 

moderate-to-severe MS disability and their family caregivers regarding PA. Dyads who 93 

participated in the focus groups were asked to indicate on their consent forms whether they 94 

would be willing to participate in the current study. We also recruited dyads outside of the 95 

groups via advertising in local MS clinics.  96 

The first author or a trained research assistant (RA) screened participants for eligibility to 97 

participate in the current study. Potential participants were eligible if they met the criteria in 98 

Table 1. The current study was reviewed and approved by the Research Ethics Boards at the 99 
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authors’ institution. All participants provided written informed consent. 100 

<Insert Table 1 here>  101 

Measures and procedures 102 

The Actical accelerometer (Philips Respironics, Bend, Oregon, USA) measures PA by 103 

registering vibrations that occur during acceleration. The device also contains an internal 104 

processor that provides step count data. The Actical produces a signal, proportionate to the 105 

magnitude and duration of the sensed acceleration. This signal is digitally converted into activity 106 

counts, which are then summed over a specified time-interval (epoch) length. The step count 107 

function detects vertical movement events that are then translated into steps accumulated per 108 

minute. The Actical accelerometer has established reliability and validity in both the general 109 

population and PwMS.24,25 110 

After screening for eligibility and provision of signed informed consent, we measured 111 

participants’ height (cm) and weight (kg) using standard techniques at an in-person orientation 112 

meeting. All participants were then asked to complete a self-reported questionnaire and received 113 

an accelerometer, and a PA logbook. The questionnaire for PwMS captured background 114 

information on the participant’s demographic (age, sex, marital status, education and current 115 

employment status) and clinical (type of MS, years since diagnosis and perceived health status) 116 

characteristics. The family caregiver questionnaire captured background information on the 117 

participant’s demographic characteristics (age, sex, marital status, relationship to person with 118 

MS, education and current employment status), general caregiving information (type of support 119 

provided and years since providing support) and perceived health status.  120 
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Participants were given verbal, written and graphic instructions to wear the accelerometer on an 121 

elastic band over the non-dominant hip during all waking hours over a 7-day monitoring period. 122 

We defined waking hours as the moment of getting out of bed in the morning until the moment 123 

of getting into bed in the evening. Participants were instructed only to remove the accelerometer 124 

for sleeping or bathing and maintain routine activity during the 7-day period. Simultaneously, 125 

participants completed the logbook recording wear time, type and duration of activities 126 

performed. The first author or the RA called the participants every other day during the 7-day 127 

period to remind them to wear the accelerometer and to troubleshoot any issues with the device. 128 

Participants were provided with a prepaid envelope to return the study materials after the 7-day 129 

period. Data were collected between April and October 2015. 130 

Data processing and analysis 131 

Raw data from the accelerometer were downloaded using the Actical manufacturer’s software. 132 

The downloaded data were imported into the Personal Activity Location Measurement System 133 

(PALMS) for data processing. PALMS is a web-based software that allows researchers to study 134 

activity patterns of participants in free-living studies (https://ucsd-135 

palmsproject.wikispaces.com/). Data were considered spurious if 20,000 or more counts per 136 

minute (cpm) or if ≥253 steps/min (maximum number of steps/min possible according to 137 

manufacturer’s specifications) were registered. Accelerometer data were visually checked for 138 

compliance by comparing accelerometer wear time against participant-recorded wear time from 139 

the logbook. Non-wear time was defined as periods registering zero counts for at least 60 140 

consecutive minutes with allowance of 1 minute of counts between 0 and 100. Wear time was 141 

computed by subtracting non-wear time from 24 hours. A day was considered valid when 142 
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presenting with ≥10 hours of wear time without periods of consecutive zeros exceeding 60 143 

minutes.26 144 

Dyads with at least three days of valid data were included in the analysis.26 Based on previous 145 

research,27,28 activity count cut-points of 100cpm and 1534cpm were applied to differentiate 146 

between sedentary behavior and LPA, while 3960cpm was used to differentiate between 147 

moderate and vigorous intensity PA. It is important to note that activity counts generated by the 148 

accelerometer have no real value until they are converted to relevant constructs, based on the 149 

level of intensity.29 We calculated step counts and minutes as well as percentage of wear time per 150 

day spent in sedentary behavior, LPA and MVPA (calculated to adjust for individual wear time).   151 

By collecting data from both partners in the dyad, we sought to use the dyad as the unit of 152 

analysis and examine dyadic PA interaction in the context of the actor–partner interdependence 153 

model (APIM) developed by Kenny.30 The APIM is a framework for collecting and analyzing 154 

dyadic data. It is based on the idea that in an interacting relationship, an individual’s behavior is 155 

affected not only by the individual’s own characteristics (actor effects), but also by the other 156 

person’s characteristics (partner effects) and the individual’s perceptions of that other person. 157 

The APIM also provides appropriate statistical techniques for measuring and testing these effects 158 

(e.g., hierarchical linear modeling).30 159 

Data analysis was performed using SPSS Statistics version 24. Data were first checked for 160 

normality by visually inspecting histograms and normal Q-Q plots, and confirmed using the 161 

Shapiro-Wilk test. Descriptive statistics (e.g., frequencies, means, and standard deviations) were 162 

obtained for the demographic and clinical variables. Before using the APIM, we tested its 163 

assumption of interdependence between distinguishable dyads using Pearson correlations. 164 
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Specifically, these correlations provide insight into the degree to which dyad partners’ scores on 165 

the accelerometer variables are significantly similar (or interdependent). Because our data 166 

violated this assumption, it was not advisable to proceed with using the APIM. Therefore, we 167 

had to treat our data as independent samples, using an independent sample t-test for normally 168 

distributed data and Mann-Whitney U test for data that did not follow a normal distribution. 169 

Statistical significance was set at p≤0.05.  We calculated effect sizes (ES) to provide information 170 

about the magnitude of the difference between groups. There are various ways to calculate ES31. 171 

Because of our study design, ES was calculated using Cohen’s d analysis (i.e., difference 172 

between mean scores for two groups divided by the pooled standard deviation). An ES >0.8 is 173 

considered large; 0.5<0.8 is considered moderate; and 0.3<0.5 is considered small.32 174 

RESULTS 175 

Participants’ characteristics 176 

Of the 15 dyads enrolled in the study, one dyad was excluded for having <3 days of data. 177 

Therefore, 14 dyads were retained for the analysis (see Figure 1).  Participants’ characteristics 178 

are presented in Table 2. On the average, PwMS were middle-aged females (52.0±11.7 years) 179 

with relapsing remitting MS (42.9%). Importantly, the median PDDS score was 5.0 (IQR=1.0), 180 

indicating disability severe enough to require use of a cane or bilateral support for ambulation. 181 

The average disease duration was 13.2±8.2 years. Caregivers were slightly older middle-aged 182 

(54.1±13.5 years), male spouses (71.4%) who had been providing assistance to a person with MS 183 

for 10.8±6.8 years. 184 

<Insert Figure 1 here> 185 
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<Insert Table 2 here> 186 

Between dyad correlations  187 

The results of the Pearson correlations used to test the assumption of interdependence in each of 188 

the accelerometer variables indicate that interdependence between dyads for sedentary behavior, 189 

LPA, MVPA and step count was low and non-significant  (r=0.20, 0.26, 0.13 and -0.27 190 

respectively; p>0.05). As explained previously, it was not advisable to proceed with further use 191 

of the APIM because none of the correlations were statistically significant (i.e., the assumption 192 

of interdependence between distinguishable dyads was not supported by our data).  193 

Patterns of physical activity  194 

Table 3 presents the means for step count and min/day of sedentary behavior, LPA and MVPA. 195 

The table further contains proportion of wear time spent in the categories of PA along with the 196 

proportion of participants meeting public health guidelines for PA. Across the 7-day period, 197 

caregivers accumulated significantly more steps/day than their care-recipients (t(26) =-2.43, 198 

p=0.02) with a large, positive ES (d=0.95). However no significant differences were found 199 

between groups for average minutes spent in sedentary behavior (t(26) =-0.40, p = 0.69, d=0.16) 200 

and light PA (t(26) =-1.07, p = 0.29, d= 0.24). Comparison of average time spent in MVPA 201 

showed significant differences between groups (U =27.50, p=0.001) with a large, positive ES 202 

(d=0.92). Among people with MS and their caregivers, there were no statistically significant 203 

associations between accelerometer-derived (i.e., step count, time spent in sedentary behavior, 204 

LPA and MVPA) and sociodemographic variables (i.e., age, sex, marital status, education, and 205 

employment). 206 
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Overall, this sample of dyads spent approximately 9.3 hours/day (74.1% of wear time) in 207 

sedentary behavior, 2.6 hours/day (24.1% of wear time) in LPA and 13.3 minutes (1.9% of wear 208 

time) in MVPA. Only four (28.6%) of the caregivers were meeting public health guidelines for 209 

MVPA (i.e., accumulating ≥30min/day of MVPA). No person with MS accumulated up to 210 

30min/day of MVPA. Although family caregivers took significantly more steps/day than PwMS, 211 

neither group was meeting the 10,000-steps/day recommendations.  212 

<Insert Table 3 here> 213 

DISCUSSION 214 

Our study extends the MS literature by exploring dyadic PA behavior, an important first step in 215 

determining the potential utility of incorporating MS caregiver-care-recipient dyads into the 216 

same PA intervention. To our knowledge, no previous studies have reported the PA patterns of 217 

people with moderate-to-severe MS disability together with that of their family caregivers. 218 

Moreover, accelerometers were used for simultaneous measurement of PA in the dyads, which 219 

has never been done before. 220 

Our findings provide new insights by showing that the PA patterns of PwMS were not 221 

significantly correlated with that of their caregivers. This finding was unexpected, considering 222 

that previous studies have suggested that there is an inter-relationship between dyadic PA 223 

patterns.20,33 For instance, Anderssen and Wold20 found a moderate correlation between 224 

adolescent male dyads (r=0.23) and adolescent female dyads (r=0.31) for leisure-time PA. 225 

Recently, Lopes and colleagues21 showed that best friend dyads (ages 13-18 years) were similar 226 

on moderate (ICC=0.31) and vigorous (ICC=0.32) PA, and on sitting time (ICC=0.21). Other 227 
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researchers have demonstrated similarity in PA participation between older adult spousal 228 

dyads.33 For instance, in the study by Pettee et al.,22 an active husband was 2.97 (95% CI= 1.73-229 

5.10) times more likely to have an active wife. The authors also reported similar results when 230 

examining if the wife’s PA status was an important determinant of the husband’s PA status 231 

[OR=2.48 (1.40-4.38)]. 232 

We speculate that the difference in findings between previous studies and this current study may 233 

have at least two possible explanations. First, none of the previous studies included dyads in 234 

which one partner was affected by a chronic neurodegenerative condition such as MS. It is 235 

possible that disease-specific factors such as disability progression, unpredictability of symptoms 236 

and complementary decline in physical capacity34 may impact the pattern of engagement in PA 237 

in care-recipients with MS differently than caregivers. For instance, caregivers may be getting 238 

more activity from caregiving responsibilities. Thus, it may be difficult for care-recipients to 239 

engage in the same manner and level of PA as their caregivers. Nevertheless, one study reported 240 

insufficient PA in both partners in the stroke caregiver-care-recipient dyad but did not measure 241 

correlation in PA pattern.35 Another possible explanation is that the previous studies typically 242 

measured PA using self-report questionnaires, which have the potential bias of subjectivity and 243 

the necessity of recall, leading to inaccuracy in measurements. The use of accelerometers in this 244 

study eliminates bias associated with self-report. 245 

Our results show that PwMS spent about 76% of the wear time (566 min/day) in sedentary 246 

behavior and engaged in LPA and MVPA for approximately 23% (167 min/day) and one percent 247 

(5 min/day) of wear time respectively. This finding is consistent with previous studies involving 248 

PwMS across the disability spectrum.36,37 For instance, Ezeugwu and colleagues36 showed a 249 
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similar trend in PwMS with mobility disability (i.e., PDDS ≥3) who were sedentary for about 250 

533 min/day (65% of the day), engaged in LPA for approximately 280 min/day (34%) while 251 

MVPA made up only 10mins (1%) of the day. Recently, Klaren et al.,37 showed that middle-aged 252 

(40-59 years old) adults with MS with mild disability (PDDS mdn=2; IQR=3) spent about 533 253 

min/day in sedentary behavior, engaged in LPA for about 288 min/day while MVPA made up 254 

only 19 min/day.  255 

Little objective PA measurement in caregivers has been documented. However, older adult 256 

caregivers (mean age=69 years old) in the study by Marquez and colleagues13 spent about 260 257 

min/day in LPA and 8 min/day in MVPA. The authors did not document time spent in sedentary 258 

behavior. Recently, Schulz et al.,38 measured PA across four different time points after cardiac 259 

surgery in 28 patients (mean age=70.7 years old) and their caregivers (mean age=69 years old). 260 

Across the four time points, the authors reported that the caregivers spent 11-16min/day in 261 

MVPA. A similar pattern was observed in our current study, although our caregivers spent about 262 

5-10 min/day in MVPA more than caregivers in the studies by Shulz et al., and Marquez and 263 

colleagues. The minimal difference between studies may be due to age-related-factors, as our 264 

caregivers were relatively younger (mean age=54years old). Previous researchers have shown 265 

that PA declines with age in the general adult population.39  266 

Although caregivers engaged in more MVPA than care-recipients, both groups were still far 267 

below the public health guidelines of ≥30 min/day of MVPA for the general population. The 268 

significant proportion of the day spent in sedentary behavior by our sample has implications for 269 

risks of comorbidity in the dyads. Studies have shown that sedentary behavior is associated with 270 

a greater risk of diabetes, high blood pressure, increased blood lipids and poorer long-term 271 
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mortality outcomes, independent of PA status.40 Therefore, PA interventions that target a 272 

reduction of sedentary behavior and increases in MVPA may be particularly important for dyads 273 

affected by moderate-to-severe MS disability, a finding supported by previous researchers.37 274 

Similar to previous research involving Canadian adults,41 participants in this study did not 275 

regularly meet the daily public health recommendations of 10,000 steps/day. Using the step 276 

count classification system for the general population proposed by Tudor-Locke and Bassett,42 277 

PwMS would be classified as sedentary while their caregivers are classified as low active. The 278 

number of steps accumulated by PwMS in this study is consistent with previous research 279 

reporting an average step count of about 5,000 steps/day, with higher disability resulting in fewer 280 

steps.43 Although few studies have documented step count of caregivers of people with chronic 281 

disease, our findings are consistent with research by Zalewski et al.,35 who reported that 282 

caregivers of people with stroke accumulate 6,378 (±2,149) steps/day. 283 

The significant difference in step count between PwMS and caregivers suggests that dyadic PA 284 

interventions may need to incorporate different strategies to enhance care-recipient and caregiver 285 

PA within the time constraints of caregiving responsibilities. Other researchers have suggested 286 

that shorter, more frequent bouts of activity may be more feasible for caregivers to accomplish 287 

given the time constraints associated with caregiving.13 Educating MS dyads about the health 288 

benefits associated with and methods of reallocating sedentary time to alternative activities (i.e., 289 

LPA or MVPA) may be an additional strategy to increase PA participation among these groups, 290 

an idea supported by previous studies.44-47 For instance, Hamer et al.,46 reported that replacing 291 

sedentary time with an equal amount of MVPA was associated with favorable effects on 292 

cardiovascular disease risk factors. Other researchers have shown that replacing sedentary time 293 
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with equivalent amounts of LPA is associated with improvement in physical health and 294 

wellbeing among healthy middle-aged and older adults, as well as individuals with chronic 295 

health conditions.47-50 The health benefits associated with sedentary time reallocation to LPA 296 

suggests that targeting an increase in at least LPA among people with MS and caregivers may be 297 

a practical and achievable way to induce change in PA behaviors rather than seeking to increase 298 

levels of MVPA, which may be more challenging. This body of evidence together with our 299 

current findings underscores the need for tailored PA interventions specific to the population 300 

affected by moderate-to-severe MS disability.  301 

LIMITATIONS 302 

This study has limitations that warrant consideration. First, we used the same cutoff points for 303 

PwMS and caregivers. Evidence suggests that PwMS expend more energy than healthy controls 304 

despite similar rates of accelerometer counts.51 Therefore, published cutoff points for interpreting 305 

Actical outputs for healthy individuals may not be appropriate for PwMS. Although MS-specific 306 

activity cut points have been established for other accelerometer types (i.e., ActiGraph), no 307 

cutoff points have been published for Actical among PwMS and this may be an interesting 308 

avenue for future research.  It is also possible that the step count classification system proposed 309 

by Tudor-Locke and Bassett42 for the general population may not be appropriate for use in the 310 

MS population, increasing the risk of misclassifying the PA level of PwMS.  311 

Second our participants were recruited from three small urban areas within a single Canadian 312 

province, which limits the generalizability of our findings. Moreover, it is possible that 313 

regional/geographical differences in services available to support PA participation may influence 314 

PA patterns. Future researchers may want to explore the differences in PA between caregiver-315 
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care-recipient dyads living in major metropolitan cities versus those who live in smaller areas.  316 

Third, our sample consisted of middle-aged to older adults and our results may not be 317 

representative of young people with moderate-to-severe MS disability. Finally our small sample 318 

size made it difficult to test actor-partner influences on PA behavior using the APIM. Future 319 

studies with larger samples may be interested in exploring specific caregiver-care-recipient 320 

characteristics that mutually interact to affect dyadic PA behavior. 321 

CONCLUSION 322 

Despite these limitations, the current study is the first, to our knowledge, to examine PA patterns 323 

in MS dyads. Although our data do not support the interdependence of PA among the dyads, our 324 

findings do show that both partners are not engaging in sufficient PA to achieve important health 325 

benefits. These findings are important for indicating that these dyads could benefit from 326 

behavioral interventions for changing PA behaviors. 327 

KEY MESSAGES 328 

What is already known on this topic 329 

 PA has emerged as an alternative behavioral approach for managing the consequences of 330 

MS. However, the PA behavior of caregiver-care-recipients dyads with moderate-to-331 

severe disability has not yet been investigated. 332 

What this study adds 333 

 Clinicians and researchers need to start adopting an integrative approach that addresses 334 
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caregiver-care-recipient dyads affected by moderate-to-severe MS as a focus for PA 335 

promotion interventions. 336 

 Interventions may need to incorporate different strategies to enhance care-recipient and 337 

caregiver PA within the time constraints of caregiving responsibilities. 338 
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Table 1: Eligibility criteria  

Inclusion criteria Exclusion criteria 

1. ≥18 years olda 1. Severe cognitive deficits (weighted 

score of <12 on the short version Blessed 

Orientation Memory Concentration test)a 

 

2. Self-reported diagnosis of MSb 2. Other medical conditions that may 

impair participant’s ability to engage in 

physical activitya 

3. A PDDS score between 3 (moderate 

disability) and 6 (bilateral support required)b 

 

4. Providing at least 45mins/day of assistance to 

a person with MS who has a PDDS score 

between 3 and 6c 

 

aCriterion applies to both PwMS and caregivers  

bCriterion applies only to PwMS 

cCriterion applies only to family caregivers 

PDDS – Patient Determined Disease Steps 
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Table 2: Characteristics of the participants 504 

Variables Response options PwMS (n=14) Caregivers (n=14) 

  Mean (SD) Mean (SD) 

Age (years)  52.0(11.7) 54.1(13.5)

Body mass Index (kg/m2)  28.5(8.5) 27.6(4.9)

Disease duration (years)  13.2(8.2) ________

Caregiving duration (years)  ________ 10.8(6.8)

Median PDDS (IQR)  5.0(1.0) ________

  Count (%) Count (%) 

Sex Male 4.0(28.6) 10.0(71.4)

 Female 10.0(71.4) 4.0(28.6)

Education High school or less 5.0(35.7) 6.0(42.9)

 College or other 7.0(50.0) 4.0(28.6)

 University 2.0(14.3) 4.0(28.6)

Employment Employed 0.0(0.0) 7.0(50.0)

 Unemployed or stay at home 9.0(64.3) 2.0(14.3)

 Retired 5.0(35.7) 5.0(35.7)

Marital status Married/common law 12.0(85.7) 14.0(100.0)

 Single/divorced/widowed 2.0(14.3) 0.0(0.0)

Type of MS* Relapsing-remitting 6.0(42.9) ________

 Primary-progressive 3.0(21.4) ________

 Secondary-progressive 2.0(14.3) ________

Providing assistance with Mobility  ________ 8.0(57.1)
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 Shower/bath  ________ 2.0(14.3)

 Dressing  ________ 4.0(28.6)

 Meal preparation ________ 12.0(85.7)

 Transportation ________ 13.0(92.9)

 Negotiating stairs ________ 10.0(71.4)

 Getting in/out of bed ________ 3.0(21.4)

PDDS – Patient Determined Disease Steps, IQR – Interquartile range,  505 

Not working included unemployed, stay at home and retired, * Three PwMS did not report the 506 

type of MS 507 

 508 

 509 

 510 

 511 

 512 

 513 

 514 

 515 

 516 

 517 

 518 

 519 

 520 

 521 

 522 



 

27 
 

Table 3: Wear time, Step Count, Time Spent in Sedentary Behavior and Different Intensities of Physical 523 

Activity & Percentage of Meeting Guidelines 524 

 525 

 526 

 527 

 PwMS 

Mean (SD) 

Caregivers 

Mean (SD) 

p-value Effect 

size 

CI 

Accelerometer variables      

Step count* 4091.3 (2726.3) 6160.2 (1653.0) 0.022 -0.95 -805.6-803.7 

ST (min/day) 566.3 (97.7) 551.9 (92.4) 0.69 0.16 -33.8-34.1 

LPA (min/day) 167.4 (94.0) 199.6 (63.4) 0.29 -0.42 -28.2-29.0 

MVPA (min/day)* 7.6 (12.4) 21.4 (18.2) <0.001 0.92 -6.8-4.6 

% of day spent in PA      

ST 76.4 (13.5) 71.8 (8.3) 0.28 0.43 -3.6-4.4 

LPA 22.8 (12.6) 25.4 (7.7) 0.51 -0.26 -4.0-3.5 

MVPA 1.0 (1.6) 2.8 (2.4) <0.001 -0.92 -1.6-0.2 

 Count (%) Count (%)  

Meeting MVPA guidelines    

Yes 0.0 (0.0) 4 (28.6)  

No 14.0 (100.0) 10 (71.4)  

ST: sedentary time; LPA: light physical activity; MVPA: moderate-to-vigorous physical activity; MVPA guidelines: 

≥30mins/day of MVPA 
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Figure Captions 536 

Figure 1: Participant flow through study 537 


