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ARTICLE INFO ABSTRACT

Keywords: Background: Many people with advanced multiple sclerosis (MS) and their care-partners do not engage in suf-
Multiple sclerosis ficient physical activity (PA) for health benefits. We developed “Physical Activity Together for MS (PAT-MS)”, a
Dyads

12-week dyadic behavioural intervention, to promote PA among these dyads. Herein, we evaluated the feasibility
of PAT-MS before a definitive trial.

Methods: A randomized controlled feasibility trial, with 1:1 allocation into the intervention or wait-list control
condition. Predefined progression criteria included rates of recruitment, retention, safety, participant satisfaction
and adherence. Changes in self-reported and accelerometer-measured PA were assessed at baseline and post-
intervention using mixed-factor ANOVAs. Effects sizes were calculated as Cohen’s d.

Results: The recruitment rate (i.e., 20 participants in 10 months) was not acceptable. However, retention (80%) was
acceptable. No serious adverse events were reported. There were high levels of participant satisfaction with the
intervention (content (median = 6 out of 7), facilitator (median = 7 out of 7), and delivery (median = 5 out of 7))
and adherence (92% of the group sessions, 83% of the individual support calls, and 80% of the practice activities
were completed). There were statistically significant time-by-condition interactions on self-reported PA, steps/
day, and %wear time and minutes in sedentary behaviour, and moderate-to-vigorous PA from baseline to post-
intervention in people with MS and their family care-partners.

Conclusion: PAT-MS appears feasible, safe, and efficacious for PA promotion in MS dyads. We established effect
size estimates to power a future definitive trial and identified necessary methodological changes to increase the
efficiency of study procedures and improve the quality of the intervention.

Trial registration: ClinicalTrials.gov NCT04267185; Registered February 12, 2020, https://clinicaltrials.gov/ct2/
show/NCT04267185.

Randomized controlled trial
Physical activity

1. Introduction

Multiple sclerosis (MS) remains one of the leading causes of non-
traumatic neurological disability among adults in North America [1].
In Canada alone, current estimates suggest that more than 90,000 in-
dividuals live with MS [2]. By 2031, the number of Canadians living
with MS is projected to be 133,635, and their total healthcare costs will

reach $2 B annually [3]. Individuals with MS have to manage a complex,
incurable, neurodegenerative disease with a variable course and largely
unpredictable exacerbations that often result in progressive disability
[4]. Approximately 93% of people with MS report gait impairment (i.e.,
moderate disability) within 10 years of disease onset. Further, an esti-
mated 50% are unable to walk unaided (i.e., severe disability) within 15
years of diagnosis [5-7].
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As disability accumulates, most people with MS rely on family
members or close friends (i.e., care-partners) for assistance and support
[8]. Although there are positive aspects of MS caregiving [9,10], many
care-partners report detrimental impacts on quality of life (QoL),
well-being, and resilience [10-12]. Together, this evidence suggests that
MS has life-altering consequences for people with the disease and their
care-partners, highlighting an opportunity to develop strategies to
improve the health of both partners to benefit each individual and the
dyad (i.e., partnership).

Within the general dyadic health literature, emerging cross-sectional
and prospective evidence indicates that people with or at risk of chronic
diseases and their care-partners have a “reciprocal influence” on each
other that affects health behaviours (e.g., physical activity (PA)) and
outcomes [13-19]. In literature specific to dyads with advanced MS, low
PA levels have also been reported [20]. These findings further highlight
the importance of acknowledging the unique inter-relatedness of health
behaviours and outcomes among dyads affected by chronic diseases,
such as MS.

Dyadic behavioural PA interventions (i.e., targeting behaviour
change relative to PA determinants such as goal setting among care-
recipients and their care-partners together, as active participants) can
improve the health and well-being of dyads affected by chronic diseases
[21]. For instance, one randomized controlled trial of a dyadic PA
intervention for people with chronic osteoarthritis and their
care-partners reported that dyadic participants were more likely to have
improved coping, self-efficacy, pain control, and physical fitness than
individuals participating without their partners [22]. Similar improve-
ments in physical and psychological health outcomes were reported by
people with dementia and their care-partners participating in dyadic PA
interventions [23-26]. However, despite the promise of such in-
terventions, no studies have capitalized on the potential benefits of
including people with advanced MS and their care-partners as active
participants in a dyadic behavioural PA intervention [27].

In response, we systematically applied a staged research approach
[20,28], incorporating guidance from the Medical Research Council
(MRC) framework [29], and elements from Bleijenberg et al. [30] and
O’Cathain et al. [31] to develop Physical Activity Together for MS
(PAT-MS) - the first dyadic behavioural PA intervention for
care-recipient-care-partner dyads affected by moderate-to-severe MS
disability. We defined moderate-to-severe disability as experiencing
significant walking limitations that require support for gait—Patient
Determined Disease Step (PDDS) score between 3 and 6 [32]. In the
present study, our objective was to test the feasibility of PAT-MS versus a
wait-list control condition. Specifically, we explored primary feasibility
indicators [33,34] recommended for PA studies in MS [35], and assessed
the signals of improvement (baseline to post-test) in PA levels. Sec-
ondary outcomes related to dyadic adjustment, caregiving tasks,
care-partner quality of life, coping, and MS impact, as well as qualitative
feedback from participants, will be reported elsewhere.

2. Methods

The published protocol provides full details of the study design and
methods [36], and as such, these are only briefly described below.
Supplementary Table 1 summarizes key protocol modifications to
ensure the trial’s safety and continuity due to the COVID-19 pandemic
[37]. Reporting of this trial is in line with CONSORT guidelines for pilot
and feasibility studies [38].

2.1. Study design

This study was a single-site, parallel-group, randomized controlled
feasibility trial using a 1:1 allocation into the intervention or a wait-list
control condition. Ethics approval was granted by The Ottawa Hospital
Research Ethics Board (20190329-01H) and the University of Ottawa
Research Ethics Board (H-09-19-4886). The trial was conducted in
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compliance with the Declaration of Helsinki. Informed written consent
was obtained from all participants.

2.2. Participants

2.2.1. Sample size

As a feasibility trial, a formal calculation was not appropriate [39,
40]. In keeping with recommendations for feasibility trials [39,40] and
similar trials for people with MS [41], our goal was to recruit and
randomize 20 MS dyads with moderate-to-severe disability per condi-
tion within a 6-month recruitment window.

2.2.2. Recruitment and enrollment

Our original recruitment plan was to provide potential participants
with a study information sheet at our local MS Clinic, and obtain their
consent to be contacted by the research team to discuss the study and
screen for eligibility [36]. Recruitment efforts began in February 2020
but had to be discontinued in March 2020, due to the COVID-19
pandemic and restrictions to in-person clinic visits. With no known
end to the pandemic at the time, we modified our procedures to enable
study progression via a remote protocol. We restarted recruitment in
April 2021, following ethical approval of our revised protocol. Our
revised recruitment strategies included online outlets via relevant
community-based support organizations across Canada (e.g., Carers
Canada, MS Canada Research Portal, etc.). Social media websites (e.g.,
Facebook) were also used as platforms to disseminate information about
the study. Further, recruitment emails were sent to individuals who had
participated in previous studies conducted by members of our research
team and consented to be contacted for additional research projects. The
original and modified eligibility criteria for people with MS and their
care-partners are presented in Supplementary Table 1.

2.3. Study procedures

In our published protocol [36], we had planned for eligible partici-
pants to be scheduled for a baseline assessment (T1) for the provision of
informed consent and collection of baseline data by blinded assessors at
a university research laboratory. However, our research laboratory was
required to halt any in-person contact with research participants in
March 2020. As with other clinical trials, we were unable to enroll new
participants through in-person assessments until further notice. There-
fore, we transitioned to a remote assessment process — See Supplemen-
tary Table 1. Participants received a link to an online survey via a
university-licensed SurveyMonkey account (SurveyMonkey Inc., San
Mateo, CA, USA) to confirm eligibility and for baseline assessment.
When participants activated the online survey link, they were prompted
to provide informed consent before completing the baseline assessment.
Participants were sent an accelerometer, via postal services. Each
participant was instructed to wear their accelerometer in the 7 days after
completing the baseline survey. Participants were instructed to wear the
accelerometer in a pouch on an elastic belt around their waist with the
device placed at the non-dominant hip during all waking hours.
Pre-stamped, pre-addressed envelopes were provided for the return of
each accelerometer.

Randomization occurred after the collection of baseline data. Par-
ticipants were randomized using a randomization sequence generated
by a biostatistician independent of the research team, using 1:1 alloca-
tion into the intervention or a wait-list condition (i.e., maintenance of
usual activities for 12-weeks). Participants in the wait-list condition
received the intervention after the post-intervention assessment (T2).
We followed the same intervention delivery procedures for the wait-list
condition as for the intervention condition. Members of the research
team monitoring and entering participant data were unaware of group
allocation.
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2.4. PAT-MS intervention

The full details of the PAT-MS intervention content, including
theoretical frameworks, are reported in the published protocol [36]. We
had planned to deliver the intervention via teleconference. However, an
e-Delphi consensus process to further refine study procedures,
completed during the COVID-19 pandemic in October 2020 [42], indi-
cated a preference for videoconference delivery. Hence, participants
received six group videoconference sessions delivered via Zoom (Zoom
Video Communications Inc., San Jose, CA, USA) every other week for a
period of 12 weeks. The group sessions were interspersed with
one-on-one support calls in the weeks that the group sessions did not
occur. Each group session was facilitated by a trained facilitator using a
structured intervention manual. Participants also received a PDF or hard
copy of the intervention manual, depending on preference. The manual
had six sections corresponding to each bi-weekly group session. Each
section included a review of the material from the previous week, new
teaching content (e.g., information about shared disease appraisal,
benefits of shared participation in PA as a dyadic coping strategy etc.),
group discussion questions, and an explanation of practice activities to
be completed before the next session. We also included a section for
participants to take notes and document areas to discuss with the
facilitator during the one-on-one support calls. PAT-MS was delivered to
the intervention and wait-list control conditions in two concurrent
waves of 5 dyads per wave.

2.5. Feasibility outcomes

We assessed outcomes related to: 1) recruitment (i.e., percentage of
participants recruited within the recruitment window); 2) retention (i.e.,
percentage of randomized participants who completed the post-
intervention assessment at T2); 3) cost of intervention (i.e., cost of
intervention materials and delivery); 4) staff time (i.e., time for the group
sessions, individual support calls, and staff preparation and de-briefing);
5) technical requirements (i.e., number of technical issues reported by
participants and/or staff during intervention delivery and data collec-
tion); and 6) safety (i.e., overall rate, severity and characteristics of
adverse events (AEs)). We defined AEs as any unfavourable change in
health experienced by a participant during the trial period [43]. Par-
ticipants recorded any unfavourable change in their health in their
PAT-MS intervention manual. During the one-on-one support calls, the
facilitator asked for, recorded, and rated any AE reported by each
participant. AEs were then discussed with the intervention team. Each
AE was rated using the National Institutes of Health terminology and
classification scheme [43]); 7) participant satisfaction with intervention
components (i.e., content, facilitator, and delivery), assessed using a
questionnaire adapted from Wong et al., [44]. Items were scored using a
7-point scale with higher scores reflecting greater satisfaction; 8)
participant adherence (i.e., number of group sessions, one-on-one support
calls, and practice activities completed); and 9) facilitator compliance
with the protocol, assessed using a checklist and weekly review meetings
with the first (AF) and/or last (LP) authors [45].

We assessed treatment effect (i.e., change in self-reported and
accelerometer-measured PA at baseline and post-intervention (12
weeks) between intervention and control conditions). See Supplemen-
tary Table 2. Self-reported PA was assessed using the Godin Leisure-
Time Exercise Questionnaire (GLTEQ) [46]. Accelerometer-measured
PA (i.e., steps/day, and %wear time and minutes in sedentary behav-
iour, light and moderate-to-vigorous PA) was assessed using an Acti-
Graph model GT3X-BT (ActiGraph LLC, Pensacola, FL, USA).

The following criteria were used to define acceptable feasibility and
progression to a definitive trial [47]: 1) a minimum of 50% of the
intended 20 dyads, recruited within a 6-month recruitment window; 2)
>80% retention; 3) <10% of participants report a serious AE; 4) a
minimum of 70% participant adherence; and 5) >4 out of 7 on a satis-
faction survey.

Contemporary Clinical Trials Communications 36 (2023) 101222

2.6. Data analyses

Data analyses were conducted using SPSS Statistics, Version 28 (IBM
Corporation, Armonk, NY). Given the sample size and phase of study
development, people with MS and their care-partners were considered
together in these analyses. Descriptive summaries (means, SD, fre-
quencies, and proportions, as appropriate) were reported for baseline
characteristics and feasibility outcomes. We conducted a per-protocol
analysis of changes in PA levels using mixed-factor ANOVAs. Condi-
tion (Intervention and Control) was the between-subjects factor and
time (Baseline and 12-weeks) was within-subjects factor. Effects sizes
associated with F-statistics were expressed as partial eta® (ﬂ§)~ Effect
sizes representing the difference between conditions over time were also
expressed as Cohen’s d [48].

3. Results
3.1. Participant characteristics

Baseline participant characteristics for the overall sample and by
conditions (i.e., intervention and wait-list control) are presented in
Table 1. Ten eligible people with MS and their 10 respective care-
partners completed baseline assessment, and were randomized to the
intervention or wait-list condition. People with MS were mostly women

Table 1
Characteristics of participants who completed baseline assessments and were
randomized into the intervention and control conditions.

Variable Total sample  Intervention Control
condition condition

Persons with MS n=10 n=>5 n=>5
Median (Range) Age, y 51.5 (33-67) 50.0 (38-54) 57.0 (33-67)
Sex (n, %)

Male 3(30.0) 1 (20.0) 2 (40.0)

Female 7 (70.0) 4 (80.0) 3(60.0)
Education (n, %)

Technical or trade school - - -

College 6 (60.0) 3(60.0) 3(60.0)

Bachelor’s degree 2 (20.0) 1 (20.0) 1 (20.0)

Master’s degree 2(20.0) 1 (20.0) 1(20.0)

I'd rather not say - - -
Employment (n, %)

Full-time (>40 h/week) 3(30.0) 1 (20.0) 2 (40.0)

Unemployed 5 (50.0) 4 (80.0) 1 (20.0)

Retired 2(20.0) - 2 (40.0)
Type of MS (n, %)

Relapsing-remitting MS 7 (70.0) 3(60.0) 4 (80.0)

Primary progressive MS 3 (30.0) 2 (40.0) 1 (20.0)
Median (Range) Disease 7.5 (2-16) 6 (6-9) 9.0 (2-16)

diagnosis, y
Median (Range) PDDS 4.0 (3-6) 4.0 (4-5) 4.0 (3-6)
Care-partners n=10 n=5 n=>5
Median (Range) Age, y 51.0 (32-67) 48.0 (35-56) 54.0 (32-67)
Sex (n, %)

Male 3(30.0) 2 (40.0) 1 (20.0)

Female 7 (70.0) 3 (60.0) 4 (80.0)
Education (n, %)

Technical or trade school 1(10.0) 1 (20.0) -

College 4 (40.0) 3 (60.0) 1 (20.0)

Bachelor’s degree 2 (20.0) - 2 (40.0)

Master’s degree 1(10.0) 1 (20.0) -

I'd rather not say 2(20.0) - 2 (40.0)
Employment (n, %)

Full-time (>40 h/week) 7 (70.0) 4 (80.0) 3(60.0)

Unemployed (unable to - - -

find work)

Retired 3(30.0) 1 (20.0) 2 (40.0)
Median (Range) min/day of  75.0 40.0 (30-1440) 90.0

caregiving (30-1440) (45-720)

MS: Multiple Sclerosis, PDDS: Patient Determined Disease Steps.
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(70%), with a median age of 51.5 (range = 33-67) years, and with
relapsing-remitting MS (70%). Their median PDDS score was 4.0 (range
= 3-6). Care-partners were about the same age as their care-recipients,
(median = 51.0, range = 3-6) years, and predominantly women (70%)
who reported caregiving for a median of 75.0 (range = 30-1440) min/
day.
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3.2. Feasibility outcomes

Fig. 1 details participant flow through the trial (i.e., recruitment and
retention rates). Table 2 provides details on feasibility outcomes,
including staff time, participant adherence, and facilitator compliance
with the protocol.

Recruitment: Between April 2021 and February 2022, 80 potential
participants were screened prior to eligibility assessment, and 22 were

== CONSORT

A2 1] TRANSPARENT REPORTING of TRIALS

t Screened J

Screened prior to eligibility
assessment (n=80)

Excluded (n=22)

A

A4

+ No response (n=10)
+ Not interested (n=8)
+ Not meeting inclusion criteria (n=4)

4

t Enrollment }

Assessed for eligibility (n=58)

Excluded (n=38)
+ Not meeting inclusion criteria (n=20)

+ No response/not interested (n=10)
+ Declined to participate (n=2)
+ Other (n=6)

A 4

Randomized (n=20)

v

J |

Allocation 1 v

Allocated to intervention (n=10)
+ Received allocated intervention (n=8)
+ Did not receive allocated intervention (n=2)

Allocated to control (n=10)
+ Received allocated intervention (n=10)
+ Did not receive allocated intervention (n=0)

Follow-Up W

A 4

J

Lost to follow-up (n=0)
+ No longer interested in study (n=0)

Discontinued intervention (n=0)

Lost to follow-up (n=2)
+ No longer interested in study (n=2)

Discontinued intervention (n=0)

v { Assessment W

Assessed for follow-up (n=8)

Assessed for follow-up (n=8)

Fig. 1. CONSORT flow diagram.
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Table 2

Description of staff time, participant adherence, and facilitator compliance in
the intervention and control conditions for the participants who completed the
12-week program.

Total Intervention Control
sample (n = condition (n = 8) condition (n =
16) 8)
Staff time
Mean (SD) per wave, 20.7 (4.0) 23.0 (4.2) 18.4 (1.7)
hours
Mean (SD) preparation 4.9 (0.8) 5.5 (0.0) 4.3(0.8)
time per wave, hours
Mean (SD) debrief time 6.3 (1.5) 7.0(1.8) 5.7 (0.3)
per wave, hours
Group Sessions
Attendance, % 93.8 91.7 95.6
Perfect Attendance, % 62.5 50.0 75
Activity Completion, % 88.8 80.0 97.5
Mean (SD) Duration, 36.8 (12.8) 40.2 (13.6) 33.4 (11.6)
min
Individual Calls
Attendance, % 82.9 82.5 83.3
Perfect Attendance, % 43.8 62.5 25.0
Completion as Dyad, %  57.5 55.0 66.7
Mean (SD) Duration, 13.0 (5.1) 13.7 (6.2) 12.3 (3.3)
min
Facilitator Compliance
High (>75%), % 97.1 96.1 98.0
Medium (50-75%), % 2.9 3.9 2.0

excluded. Of the 58 potential participants assessed for eligibility, 20
participants (10 dyads) met the eligibility criteria, completed the base-
line assessment, and were randomized into the intervention or wait-list
control condition. Taking the recruitment period as 10 months, a mean
of one dyad (i.e., two participants) per month were recruited and ran-
domized into the study conditions.

Retention: Of the 20 randomized participants, 16 completed the study
and returned post-intervention assessment materials (retention rate
80%). In wave 1, two participants (one person with MS and their
respective care-partner) in the intervention condition dropped out of the
study after randomization and did not receive the allocated interven-
tion. In wave 2, two participants (one person with MS and their
respective care-partner) in the control condition did not complete the
post-intervention assessment at T2. Reasons for drop-out are presented
in Fig. 1. The data from these four individuals are not considered in the
analysis of treatment effects.

Time, costs, and technical requirements: In both waves, a main facili-
tator and an assistant (for support e.g., monitoring the chat) delivered
the group sessions and debriefed afterwards. The same facilitator was
involved in the individual support calls. The intervention delivery time
was distributed across the group sessions (mean duration = 36.8 + 12.5
min), individual support calls (mean duration = 12 + 5.1 min), facili-
tator preparation time (mean = 32.3 + 15.2 min) and de-briefing time
(mean = 31.7 4+ 9.9 min).

The Zoom subscription cost for the group sessions and individual
support calls across both waves was $90.40 ($22.60/mo x 4 mo). In
addition, the cost of reproducing the facilitator manual was $13.10 (131
pages x $0.05 x 2 copies (for the facilitator and assistant)). The cost of
reproducing and mailing the participant manual to four participants
(two dyads) who requested a hard copy was $66.93. These costs were
related to photocopying (183 pages/manual x $0.05/page x 4 manuals),
purchasing envelopes ($0.09 x 4 envelopes) and courier charges for
mailing ($29.97). All costs are in Canadian Dollars.

Two technical issues occurred during intervention delivery. The first
issue, in wave 1, was related to a participant experiencing audio issues
during the first videoconference and subsequent individual support call.
The participant was able to use the phone call-in option in both in-
stances. The second issue, in wave 2, was related to a participant
experiencing problems with renaming themselves (for confidentiality)
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during the first videoconference session. The facilitator was able to
resolve this issue by manually renaming the participant.

Safety, satisfaction, adherence, and facilitator compliance: There were
no serious AEs reported over the 12-week intervention period. Two
participants (one person with MS and an unrelated care-partner) in the
intervention condition reported mild AEs - One injured back (grade 1,
unexpected, unrelated), and one rolled ankle (grade 1, unexpected,
unrelated). In both cases, participants were able to continue the program
sessions with modifications to chosen activities. Participant satisfaction
was high with the intervention content (median = 6, IQR = 1), facili-
tator (median = 7, IQR = 0), and delivery method (median = 5, IQR =
0). Participant adherence with the intervention was high (92% of the
group sessions (median = 6, IQR = 1); 83% of the individual support
calls (median = 4, IQR = 2); and 80% of the practice activities (median
= 5, IQR = 1) were completed). Compliance of the facilitator with the
protocol was high (96%) across all 6 group sessions.

Treatment effect: The effect sizes (nf,) associated with the time-by-
condition interaction for PA for both people with MS and their care-
partners are presented in Table 3. We found statistically significant
time-by-condition interactions on self-reported PA (F = 6.093, p =
0.027, ng = 0.303), minutes of sedentary behaviour (F = 10.468, p =
0.006, ng = 0.428) and moderate-to-vigorous PA (F = 7.905, p = 0.014,
nZ = 0.361), and steps/day (F = 6.657, p = 0.022, n2 = 0.322), with the
intervention condition reporting less sedentary behaviour and more
moderate-to-vigorous PA over time. Although there was no statistically
significant time-by-condition interaction on minutes of light PA (F =
1.428, p = 0.252, ng = 0.093), a moderate effect size (d = 0.47) was
reported for this outcome. There were also significant time-by-condition
interactions on %wear time in sedentary behaviour (F = 8.139, p =
0.013, n3 = 0.368), light (F = 5.345, p = 0.037, n? = 0.276), and
moderate-to-vigorous PA (F = 7.742, p = 0.015, nf, = 0.356), with the
intervention condition reporting less %wear time in sedentary behav-
iour and more %wear time in light and moderate-to-vigorous PA over
time. The effect sizes expressed as Cohen’s d demonstrate a medium-to-
large improvement for these outcomes, with the largest effect size for %
wear time in moderate-to-vigorous PA (d = 1.83).

4. Discussion

This study aimed to establish the feasibility of a definitive trial to
evaluate PAT-MS among persons with moderate-to-severe MS and their
care-partners. Progression criteria based on published recommendations
[47] were pre-set for recruitment, participant adherence, retention, and
safety. Throughout the COVID-19 pandemic, we implemented crucial
processes to ensure research integrity, progression, and participant and
staff safety. Our pilot findings suggest PAT-MS is feasible, safe, and
efficacious for PA promotion in MS dyads. Below, we discuss specific
results related to our progression criteria and the efficacy of PAT-MS.

Recruitment: We recruited and randomized 50% of the intended 20
dyads within 10 months, which does not fulfil the recruitment criteria
for progression. Given that recruitment was paused for 13 months dur-
ing the COVID-19 lockdown, recruitment rates may likely have been
higher if this disruption did not occur. Nevertheless, we must
acknowledge the inherent difficulties in recruiting dyads into this study.
We had seven people with MS who were interested and qualified, but not
enrolled because they had no care-partner (n = 1), their care-partner
was unavailable/unwilling to participate in the study (n = 1), or their
care-partner already participated in regular PA (n = 5). These diffi-
culties were not surprising, as various researchers have reported similar
issues during recruitment for dyadic studies [49-52]. Indeed, we had
incorporated several evidence-based strategies [50,51,53] (e.g., avoid-
ing the use of the term “caregiver” when talking with potential partic-
ipants, giving the care-recipient the choice to select their participating
care-partner then explaining the study and the importance of dyadic
participation to the care-partner, re-contacting potential dyads who
were not initially ready to enroll and reassessing their interest) to ensure
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Table 3
Physical activity outcomes at baseline and following PAT-MS intervention among the participants who completed the 12-week program.
Physical activity Baseline Post-intervention ng F-value Effect (d)
PAT-MS Mean (SD) Wait-list Mean (SD) PAT-MS Mean (SD) Wait-list Mean (SD)
Sedentary time
Minutes, n (SD) 630.0 (59.3) 611.1 (92.8) 570.1 (69.7) 638.2 (69.3) 0.428 10.468" 1.16
% wear time, n (SD) 74.2 (5.0) 72.0 (11.2) 67.2 (5.5) 72.6 (11.1) 0.368 8.139* 0.94
LPA
Minutes, n (SD) 212.8 (47.0) 223.6 (86.9) 260.7 (45.8) 240.1 (110.2) 0.112 1.762 0.47
% wear time, n (SD) 25.0 (5.2) 26.2 (11.2) 30.8 (5.1) 26.4 (11.0) 0.276 5.345* 0.68
MVPA
Minutes, n (SD) 6.3 (5.9) 15.9 (13.8) 17.3 (19.9) 9.3(6.2) 0.361 7.905* 1.78
% wear time, n (SD) 0.7 (0.7) 1.8(1.7) 2.1 (2.4) 1.0 (0.7) 0.356 7.742* 1.83
Steps/day, n (SD) 3020.1 (713.5) 3947.0 (1887.8) 4280.2 (1170.6) 3775.7 (1780.6) 0.322 6.657* 1.10
GLTEQ 10.3 (9.1) 19.8 (17.6) 28.0 (11.7) 20.9 (13.5) 0.303 6.093* 1.24

Note: ngz partial eta-squared. LPA: Light physical activity; MVPA; Moderate-to-vigorous physical activity; GLTEQ: Godin Leisure Time Exercise Questionnaire; * in-

dicates significance at p < 0.05, ' indicates significance at p < 0.01.

“buy-in” from care-partners, and to maximize recruitment. It is possible
that while increasing our reach across Canada, our online recruitment
strategy may have reduced our ability to make personal connections
with potential participants, thereby negatively influencing recruitment.

Onsite recruitment (e.g., potential participants are approached by an
onsite researcher during their routine clinic visits or clinic staff (“site
champion™) across participating sites providing recruitment letters to
potential participants) tends to yield higher recruitment rates than on-
line outlets [49,51]. However, we could not recruit onsite due to re-
strictions to in-person clinic visits during the COVID-19 lockdown.
Going forward, we will revisit our original plan to recruit through local
MS clinics in Canada. Here, we plan to incorporate strategies recom-
mended by Sygna et al. [49], and Whitlatch et al. [51], (e.g., having a
“clinical site champion” who would ensure internal commitment and
support the research team to meet the recruitment goals). We will also
consider peer-to-peer participant recruitment strategies by leveraging
study ambassadors who can share their positive experiences partici-
pating in this pilot study with their peers. In addition, we will increase
efforts to develop new connections and strengthen existing partnerships
with support organizations that provide services for people with MS
and/or their care-partners. Consideration will be given to using survey
panels (e.g., Qualtrics Panel or Survey Sampling International) for
recruitment. Such panels have been successfully used in previous
behavioural intervention research [54]. We believe that a multi-site and
multi-pronged strategy, ideally with solid partnerships, will provide a
significant opportunity to optimize community-based and clinic
recruitment [55,56].

Retention: Our retention rate was 80%, comparable to previous PA
studies in MS and dyads with other chronic health conditions [57,58]. Of
note, modifying assessment procedures, wherein participants completed
surveys online, and were sent accelerometers via postal services, may
have been more convenient, thus promoting retention. Other common
strategies, such as financial incentives and schedule flexibility, were also
included in this pilot study to encourage retention.

Safety: There were no serious AEs related to PAT-MS. Two partici-
pants reported mild AEs non-related to the intervention over the 12-
week study period. The overall rate, severity and characteristics of
both AEs reported in this study are consistent with findings from exer-
cise interventions for persons with MS [59]. This finding suggests that
PAT-MS is safe for people with advanced MS and their care-partners.

Participant satisfaction: Most participants were satisfied with the
intervention content, facilitator, and delivery method. Given that people
with MS and their care-partners, as well as health and social care pro-
viders, were involved in identifying, prioritizing and refining key con-
tent, delivery, and practical/logistical aspects of PAT-MS [42], this
finding is not surprising and highlights the importance of a
patient-informed approach to intervention development [60].

Participant adherence: Participant adherence to PAT-MS was slightly

higher than other PA interventions in the chronic disease [61] and aging
[62] literature, where 77% adherence, regardless of condition, has been
reported. Beyond apparent condition-specific differences across studies,
there are at least three possible reasons for the higher adherence rates in
the current study. First, the dyadic nature of PAT-MS may have influ-
enced adherence. We know that care-recipient care-partner dyads
participating in behavioural PA interventions support one another
(increasing perception of social support) [63] and hold one another
accountable (increasing intervention adherence) [64-66], while imple-
menting behaviour changes [65-67]. Second, we incorporated several
theoretically-grounded strategies (e.g., freedom to select an enjoyable
activity and set own goals for increasing participation, support in
engaging in chosen activity with advice and encouragement by a trained
facilitator) reported to promote participant adherence in behavioural PA
interventions for persons with disabilities [68-71]. Finally, restrictions
in other activities or areas of life during the COVID-19 pandemic may
have increased participant adherence to PAT-MS. The disruption to ac-
tivities, reduced access to services, and subsequent concerns about
physical and mental health deterioration due to reduced PA among
persons with MS and their care-partners [72,73] support this possibility.

Treatment effect: Exploration of within-group effect sizes demon-
strated improvement in self-reported and objective PA (moderate to
large effect sizes) from baseline to post-intervention in the intervention
condition. Thus, PAT-MS may be beneficial for reducing sedentary
behaviour and increasing moderate-to-vigorous PA and steps/day in
people with advanced MS and their care-partners. This finding is
important, given recent survey data indicating an overall global reduc-
tion in PA during the pandemic among people with MS, particularly
those with advanced disability [73]. Specifically, among 3725 survey
respondents across 11 countries, about 60% met MS guidelines for PA
before the pandemic (mild disability: 64.43%; moderate disability:
51.53%; advanced disability: 39.34%). During the pandemic, a ~10%
reduction in PA in all disability groups (mild disability: 54.76%; mod-
erate disability: 42.47%; advanced disability: 29.48%) was noted. These
data further support the efficacy of PAT-MS in this population, partic-
ularly in the post-COVID-19 pandemic era. However, given the small
sample size (n = 16 completed this study), our findings should be
considered exploratory.

4.1. Limitations

The present study had some limitations. First, because of the COVID-
19 pandemic, our sample size was smaller than initially planned.
Replicating our analyses in a larger sample may be necessary. Second,
we did not collect data on the race and/or ethnicity of our sample,
which, in addition to our small sample size, limits our ability to examine
the extent to which MS dyads from different racial and ethnic back-
grounds respond and/or adhere to PAT-MS. In addition, the online
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delivery approach may have made it difficult for older people or those
less familiar with e-health interventions to participate, which may have
introduced a bias. Finally, given the restrictions to in-person clinic visits,
we were unable to obtain physician-confirmed MS phenotype and dis-
ease severity, and captured this information through self-report. Thus,
we must acknowledge the inherent bias that is introduced with the use of
self-reported data.

5. Conclusion

We conducted a randomized controlled feasibility trial of PAT-MS,
the first dyadic behavioural intervention aimed at promoting PA in
persons with advanced MS and their care-partners. This trial provided
valuable information for the design of future studies and further
development of PAT-MS. A subsequent RCT will amend the intervention,
trial design and processes according to findings from this feasibility trial,
and allow us to test proposed methodologies and lessons learned.
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