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Abstract Objectives: This study reports on the feasibility of the SitLess with MS trial, an
intervention targeting sedentary behavior in individuals with multiple sclerosis (MS).
Design: Single group, pre-post intervention design.
Setting: Community.
Participants: Participants (NZ41) with mild to moderate disability from MS.
Intervention: The intervention was 15 weeks, with a 7-week follow-up, and included 2 stages:
SitLess and MoveMore. During the SitLess stage, participants were encouraged to break up pro-
longed sitting bouts over a 7-week period, whereas the MoveMore stage promoted increased
steps per day and interrupting sitting over a 7-week period. The intervention was delivered
through weekly one-on-one coaching sessions via telerehabilitation and an accompanying
newsletter based on social-cognitive theory. Activity was monitored throughout the program
using a Fitbit.
Main Outcome Measures: Process (eg, recruitment) and resource and management (eg,
personnel requirements) metrics were assessed, along with efficacy outcomes (eg, effect).
Progression criteria were set a priori and were related to safety, fatigue, satisfaction, and
attrition. Sedentary behavior, measured using the ActivPal, was reported pre- and postinter-
vention, as well as 7 weeks postintervention. Effect sizes (pre to post, pre to 7 weeks post)
were calculated for the sedentary behavior outcomes (eg, time sitting, transitions from sitting
to standing, number of long sitting bouts). Experiences with the intervention were explored
through an online survey.
Results: Forty-one participants enrolled, 39 of whom completed the intervention. All partici-
pants but 1 were satisfied with the experience. Pre-post intervention effect sizes for change in
disability status scale; FSS, Fatigue Severity Scale; MS, multiple sclerosis.
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total sedentary time, number of transitions from sit to stand, and number of long (>30 min)
sedentary bouts were 0.34, 0.02, and 0.39 respectively. All a priori progression criteria were
met.
Conclusions: The SitLess with MS program, a novel intervention that emphasized and facili-
tated sitting less and moving more, was feasible and resulted in small changes in sedentary
behavior in individuals with MS.
Crown Copyright ª 2020 Published by Elsevier Inc. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Multiple sclerosis (MS) occurs in nearly 2.5 million adults
worldwide and results in a broad range of symptoms such as
fatigue, pain, and depression, as well as balance and
walking disabilities. Physical activity is one of the primary,
nonpharmaceutical approaches for managing symptoms.1,2

Exercise training in particular slows the progression of the
disease and improves fatigue, depression, mobility, and
quality of life.3-8 Despite the evidence, individuals with MS
are less physically active than their nondisabled peers.9-11

They also demonstrate greater amounts of sedentary
behavior,11 which is defined by postural (sitting or lying)
and energy expenditure (energy expenditure equivalent to
that at rest) parameters,12 and has independent health
risks.13 Research on older adults and those with disability
show that more sitting is associated with frailty14 and
reduced mobility.15,16 Taken together, consistently low
levels of physical activity participation combined with the
problem of too much sitting support the consideration of a
new approach to activity promotion in individuals with MS.

We designed an intervention focused on reducing
sedentary behavior by breaking up sitting time and
encouraging light intensity activity.17 The intervention
starts with an emphasis on the sedentary end of the ac-
tivity continuum, which is the opposite of more traditional
exercise or physical activity programs that focus on
increasing moderate-to-vigorous physical activity. This
approach has been tested in individuals with stroke,18,19

who may have similar functional profiles as those with
MS. Significant reductions in sitting time were achieved
after the interventions.18,19 One study reported pre-
liminary improvements in function.19 Interventions that
target the reduction of sedentary behavior and inherently
incorporate the functional action of moving from sitting to
standing may be particularly applicable and beneficial for
those with mobility disability.16

The primary objectives of the study were to test the
feasibility (ie, process, management, resources, progres-
sion criteria) of the “SitLess with MS” intervention and to
provide preliminary information regarding the efficacy of
the intervention (ie, effect size) for changing sedentary
behavior.
Methods

Design and ethics

The SitLess with MS study was administered using a pre-
post, single-group, repeated measures intervention design.
The protocol has been published.17 The current report re-
ports feasibility outcomes (process and management, and
progression criteria) and efficacy results related to the
primary outcome (sedentary behavior). A subsequent
report will detail the efficacy of changes in all symptom and
physical performance outcomes. The study was approved
by the Institutional Health Research Ethics Board at the
University of Alberta (Pro000667657), the Northern Alberta
Clinical Trials and Research Centre, and the Alberta Health
Services Edmonton Zone (operational approval for recruit-
ment through the Northern Alberta MS Clinic).

Participants and recruitment

Participants were included based on the following criteria:
(1) diagnosis of MS confirmed by the patient’s neurologist,
(2) MS duration of at least 1 year, (3) mild or moderate
neurologic disability (Expanded Disability Status Scale
[EDSS] score of 1-6.5), (4) relapse-free over the previous 3
months, (5) stable use of disease modifying drugs and
rehabilitation over the previous 6 months, (6) physically
inactive (defined as insufficiently active by a Godin-
Shephard Leisure-Time Physical Activity Questionnaire
score of <14),20 (7) able to walk with or without a walking
aid for at least 10 meters, and (8) owned and used a
smartphone.

The assistance of staff neurologists was enlisted to help
with recruitment. Staff identified potential participants
who met the inclusion criteria and asked whether they gave
permission to be contacted by the research team. Those
who agreed were contacted directly by a member of the
research team who confirmed eligibility. Participants
signed the informed consent document before baseline
testing.

Intervention and procedures

The SitLess with MS intervention focuses on interrupting
prolonged sitting and replacing it with light physical activ-
ity. The procedures are described in detail in the protocol
report,17 but will be described briefly here. All participants
attended an in-person assessment session before, immedi-
ately after, and 7 weeks after intervention (fig 1). The
assessment sessions were the only in-person contact during
the intervention, with all other study activities conducted
remotely.

The intervention was 15 weeks in length with 2
stages: SitLess and MoveMore. During weekly coaching
sessions, conducted either through telerehabilitation

http://creativecommons.org/licenses/by-nc-nd/4.0/


SitLess MoveMore

W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 W13 W14 W15 Week 22

FitBit worn during waking hours in Weeks 1-15

Post-intervention 7 weeks post-intervention

W = Week

Week 0

Baseline Stage 1 Interim Stage 2

Fig 1 Timeline of the SitLess with MS intervention program. Each stage was 7 weeks in length, with 1 week at the interim to allow
transition to the MoveMore stage and interim physical activity measurement (not reported, as discussed in the Methods section).
Participants were seen in person only at baseline, immediately postintervention, and 7 weeks postintervention. Measurement of
symptoms and physical performance were completed during the in-person sessions. Weekly contact with the intervention coach
(weeks 1-15) was conducted remotely using videoconferencing or phone.
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(videoconferencing or phone), participants were
encouraged to break up prolonged sitting bouts (focus of
the SitLess stage) or promote increased steps per day, in
addition to interrupting sitting (focus of the MoveMore
stage). Weekly newsletters based on the core de-
terminants of social cognitive theory21 (ie, knowledge to
support behavior change, self-efficacy, goal setting, fa-
cilitators, and barriers) provided the foundation for
behavior change. The goal of the weekly sessions was to
facilitate the translation of knowledge and strategies for
activity behavior change and support accountability and
compliance with the intervention. A Fitbit One,a a valid
tool to measure activity,22 was worn throughout the
intervention as a self-monitoring tool. Both the partici-
pant and the intervention coach were able to view the
activity information (ie, steps per day or gaps in activity
analogous to sitting) and the results from the Fitbit were
used to discuss and support weekly goal setting.

There were 2 primary intervention coaches who were
both licensed physical therapists. Intervention coaches
were trained regarding the main messages of the inter-
vention, including use of scripts and general tips around
goal setting. Scripts guided the coaching sessions and
ensured that the same key messages were communicated
to each participant. Coaches made notes after every ses-
sion regarding general impressions, goals, and recorded
falls or other events that may have affected participation
(ie, medical or social support changes, planned vacations).
After the 15-week intervention was complete, the partici-
pant kept the Fitbit. There was no contact or support for
behavior change in between the postintervention data
collection session and the 7-weeks post data collection
session. Intervention fidelity was monitored through regular
discussion and debrief with one of the principal in-
vestigators (RM).

Feasibility outcomes

The feasibility of recruitment and retention throughout the
15-week intervention and 7-week follow-up period were
assessed from project coordinator records. Reasons for
decisions to withdraw were recorded. The program itself
was Internet-based and, therefore, most communications
(ie, requiring staff resources) related to scheduling of
coaching sessions were conducted by e-mail or phone.
Coaches recorded preparation and direct contact time
related to sessions. Coaches recorded the timing and
completion of weekly chats, which allowed reporting of the
length of time (d) to complete the intervention. The par-
ticipant’s experience of the program was assessed using an
online feedback survey that focused on perceptions of
specific components of the program (coaching sessions, use
of Fitbit, newsletters), as well as how the intervention
might be modified for future trials.

Progression criteria

Criteria that supported moving to the next phase (ie,
conduct a trial with a control group) were declared a priori
as follows:

(1) Safety, defined as no falls specifically attributable to
the intervention. The incidence of falls was self-
reported by participants on log sheets, and reported
and discussed with intervention coaches weekly.

(2) Minimal reported fatigue (pre- to postintervention),
defined as at least 80% of participants reporting no
increase in self-reported fatigue on the Fatigue
Severity Scale (FSS).23

(3) Participant satisfaction, as determined by responses
for 2 questions on the postintervention survey
regarding satisfaction and whether they would
recommend the program to others. The criterion was
that 80% of participants agree or strongly agree.

(4) Completion rates, with participant attrition of 20% or
lower.
Participant characteristics

Demographic and anthropometric information, including
age, sex, highest level of education, smoking history, medi-
cations, use of walking aids, walking distance, type of MS,



Assessed for eligibility (n = 57)

Excluded:

Ineligible (n=7)
Declined to parƟcipate (n=6)
No reason (n=3)

Enrolled in intervenƟon (n= 41)

Post-IntervenƟon (n=39)

Lost to follow-up at post-intervenƟon
(n=2)
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Fig 2 Participant flow diagram.
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dateofMSdiagnosis,weight, andheight,werecollected. The
EDSS score was used to characterize impairment.24

Sedentary behavior outcomes

Sedentary behavior (ie, total sitting time per day, number
of transitions from sit to stand per day, and mean number
of long [>30min] sedentary bouts per day) was measured
using ActivPAL325,26,b at baseline, postintervention, and
follow-up. The monitor was positioned and affixed by a
research assistant on the participant’s stronger thigh with
3M Tegaderm.c Participants wore the monitor for 7
consecutive days, after which it was returned via mail.

Data analysis

Feasibility metrics, including recruitment and retention (eg,
number of participants approached, number of participants
enrolled, number of participants retained) and communica-
tion (eg, frequency), were reported. Descriptive statistics
(mean � SD) were used to characterize the sample. The
analysis of the surveywasdescriptive, reporting frequencyof
responses. Outcomes related to sedentary behavior from
ActivPAL3 were generated using the R package (PAactiv-
pald).27 An unstructured linear effects model was used and
provided information about means and variances, as well as
changes in sedentary behavior outcomes. Effect sizes
(Cohen’s d ) specific to changes between baseline, post-
intervention, and 7 weeks postintervention were calculated
for each of the sedentary behavior outcomes. SPSSe was used
for all quantitative analysis.
Results

Participants

Forty-one participants were enrolled in the SitLess with MS
study, 39 (95%) of whom completed both the baseline and
immediate postintervention assessments (fig 2). Thirty-six
participants (88% of those enrolled at baseline) were
retained for the follow-up data collection session 7 weeks
after intervention completion. The flow of participants,
including reasons for loss to follow-up, are displayed in
figure 2. Participant characteristics are reported in table 1.
Participants were primarily women (90%) with varying
levels of impairment demonstrated by EDSS scores that
ranged between 1 and 6.5, reflecting mild to moderate
disability status.

Feasibility and participant experience

Intervention coaches worked with a maximum of 8 partic-
ipants per week. Intervention chat (ie, coaching sessions)



Table 1 Baseline characteristics of participants enrolled
in the SitLess with MS trial

Characteristics Mean � SD or n (%)

Age, y 50.5�10.3
Sex, women 37 (90.2)
Education level

High school and less 10 (24.4)
College/diploma 15 (36.6)
Bachelor degree 11 (26.8)
Master degree 5 (12.2)

Type of MS
Relapsing remitting 26 (63.4)
Primary progressive 4 (9.8)
Secondary progressive 11 (26.8)

Duration of diagnosis, y 14.3�11.3
Walking aid

None 18 (43.9)
Single cane 6 (14.6)
Double cane 6 (14.6)
Walker 9 (22.0)
Quad cane 2 (4.9)

BMI, kg/m2 28.4�6.2
EDSS

Median (IQR) 5.5 (3.7)
Range 1.5-6

Abbreviations: BMI, body mass index; IQR, interquartile range.
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length ranged between 10 and 35 minutes, with an average
of 21 minutes (SD, 6min). Preparation time for chats was
approximately 5 minutes per chat, involving review of Fitbit
data from the previous week, reading intervention coach
notes from the previous week, and reviewing the topic for
the current week. The time to complete the intervention
was, on average, 100 days (range, 91-118d), reflecting the
planned weekly contact with the intervention coaches over
the 15-week intervention period, with variation mainly
owing to participant vacation schedules.

On the postintervention survey, participants agreed or
strongly agreed with the majority of items (fig 3). Regarding
self-monitoring, 76% reported checking step counts on their
phone daily during the MoveMore stage, and 48% checked
the activity graphs daily during the SitLess stage. Login was
required during the SitLess stage as sedentary time and
breaks in sedentary time can only be interpreted from the
graphs on the Fitbit website (ie, not from the real-time
output on a phone). Ninety percent of participants agreed
or strongly agreed that they made activity behavior changes
during the intervention. Eighty percent disagreed or
strongly disagreed with the negatively worded question
asking whether fitting the weekly sessions in was
problematic.
Progression criteria

Intervention coaches and participants tracked adverse
events, including falls. Eight participants fell 1 time, 1
person fell twice, and 1 person fell 5 times (total of 15 falls
among 10 participants). From the participants’ perspective,
falls were not associated with the intervention itself. There
were no injuries, and no adverse events, aside from falls,
occurred.

FSS scores from pre- to immediate postintervention
indicated that 87% of participants (34 of 39) had a reduction
in self-reported fatigue. On average, scores on the FSS
decreased from preintervention (5.4�1.2) to immediate
postintervention (4.6�1.2). This change does not exceed
the reported minimal detectable change of 1.9 points.28

Participant responses to 2 questions on the survey were
identified as criteria to continue to a future trial. Thirty out
of 31 participants (97%) agreed or strongly agreed with the
statements “I am satisfied overall with the delivery of this
program” and “I would recommend this program to friends
if it was offered in the community.”

Forty-one participants started the SitLess with MS pro-
gram, 39 of whom completed the intervention. This rep-
resented an attrition rate of 12%, less than the identified
threshold of 20%.

Sedentary behavior outcomes

The total sedentary time and number of long (>30min)
bouts of sedentary time per day decreased significantly
(P<.05) from pre- to postintervention (table 2). There were
no other significant changes. Effect sizes for pre- to im-
mediate postintervention change in total sedentary time,
number of transitions, and number of long (>30min)
sedentary bouts were 0.34, 0.06, and 0.39, respectively.
From preintervention to 7 weeks postintervention, effect
sizes were 0.21, 0.02, and 0.20 for total sedentary time,
number of transitions, and number of long (>30min)
sedentary bouts, respectively.

Discussion

The SitLess with MS study tested a novel intervention that
shifts away from a singular focus on moderate-to-vigorous
intensity activity toward a broader, and perhaps more
feasible, approach that encourages reductions in sedentary
behavior and increases in light-intensity activity. The
intervention was feasible, acceptable, and yielded changes
in sedentary time. Participants were satisfied with the
experience of the intervention and the one-on-one delivery
through telerehabilitation. All progression criteria were
met for advancing toward a study design that incorporates
an appropriate control group. Future work will be informed
by our reported effect sizes related to sedentary behavior.

The effect sizes were small for baseline to post-
intervention change in total sedentary time (0.34) and
number of long (>30min) bouts (0.39). The number of
transitions from sit to stand did not change, indicating that
participants had longer bouts of standing when they did get
up. Our reported effect sizes specific to the reduction of
sitting time are similar to others. For example, in-
terventions focused on reduction of sedentary behavior in
those with chronic stroke (0.32)18 and chronic MS (0.41)29

also reported small effect sizes. A feasibility study testing
an 8-week intervention among individuals with subacute
stroke19 (ie, 3mo poststroke) found that participants
reduced their sitting time by 54 minutes daily, a change



Fig 3 Participant responses to feedback survey. Thirty-one out of 39 participants responded to the postintervention survey.
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that equates to a moderate effect size (0.59).19 These
findings suggest that time since diagnosis or event in-
fluences the potential magnitude of change, and that the
capacity for change is greater in the earlier stages of a
condition. This may be especially true for those with
stroke, which is a nonprogressive condition. For those with
MS, a progressive condition, the effect of chronicity on
capacity for activity behavior change is less clear but is
most likely related to level of disability. Differing disability
levels, program delivery (frequency, in person vs remotely),
and use and incorporation of feedback from a monitoring
device are elements that require more testing to identify
the active ingredient and appropriate intervention features
for maximizing behavior change.

The 3 studies discussed above,18,19,29 which generally
report small effect sizes, along with the work reported
herein provide some of the first evidence regarding
sedentary behavior interventions in people with conditions
causing disability. Although the changes are small, they
represent a substitution of sedentary time for movement.
Table 2 Baseline, immediate postintervention, and 7-week po
ActivPal

Variables Baseline (nZ40)

Mean (95% CI)

Sedentary time in minutes (per d) 626.4 (581.1-670.5)
Number of breaks (per d) 54.6 (48.6-60.7)
Number of sedentary bouts >30

minutes (per d)
5.8 (5.1-6.5)

NOTE. Reduction in sample size across sessions resulted from part
equipment malfunction).
Abbreviation: CI, confidence interval.
* Significantly different from baseline (P<.05).
Recent guidelines suggest that the greatest health benefits
come from moving from inactive to taking part in some
level of activity regularly.30 This is welcome news to those
with mobility disability who may find changing activity
behavior challenging. Successful behavior changes reducing
sedentary behavior, such as those we saw, may provide
success that could set the stage for sustained activity
behavior changes.

Researchers working with individuals with chronic
obstructive pulmonary disease have cautioned the
messaging of SitLess as challenging for those who have
good reasons for needing to sit (ie, to rest and enable
other activities).31 A priori, we were cognizant that an
intervention using messaging to break up sitting time
frequently was opposite to the energy conservation mes-
sage often delivered to individuals with MS.32 We report
reductions in fatigue with this intervention, thus our study
suggests that concerns of greater amounts of fatigue with
an intervention that focused on sitting less and moving
more were unwarranted. Nevertheless, clinicians must
stintervention sedentary behavior outcomes as measured by

Immediate Postintervention
(nZ37)

7 Weeks Postintervention
(nZ30)

Mean (95% CI) Mean (95% CI)

577.9 (544.5-630.8)* 596.5 (545.3-645.3)
55.8 (48.6-61.4) 54.1 (47.2-61.1)
5.0 (4.5-5.7)* 5.4 (4.6-6.3)

icipant attrition or other factors (eg, <4 valid days of output,
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recognize and communicate their understanding of the
reasons to sit, and help patients to set achievable goals
related to sitting less. Clinicians can also help patients to
recognize the link between the action of moving from
sitting to standing (ie, breaking up sitting time) and
meaningful opportunities moving may have for activities
that promote quality of life (such as getting out of the
house, visiting friends).

Study limitations

The design of this study did not include a control group.
Therefore, future research is needed to test the effect of
the intervention versus a group that does not receive the
intervention. In terms of safety reporting, the measure-
ment of falls was done weekly via self-report during the
coaching session. Although no participant stated that a fall
was related to the intervention, they were on their feet
more (ie, sitting less) and it is thus impossible to rule out
whether the intervention played a role in the fall. Anec-
dotally, the participants who fell told us that it was not
unusual for them, but we did not record a fall history,
which is a limitation.

Many participants suggested that future commercially
available activity monitoring devices should record sit to
stand transitions in real time. For some, particularly those
who had more challenges following directions or remem-
bering information between sessions, the Fitbit was chal-
lenging to synch with the phone and use effectively for
self-monitoring. The baseline data collection session
included time for set up and synching of the Fitbit. How-
ever, in some cases, this was not possible because the
appropriate devices were not available during those ses-
sions. In future trials, in-person set up and synching of
devices is strongly recommended. Finally, some partici-
pants were reasonably active throughout the day at the
outset of the study and reported that the SitLess stage was
not challenging enough. Our inclusion criteria with respect
to activity level were based on the Godin questionnaire,
which focuses on leisure time exercise habits in bouts of
activity 15 minutes in length. Future researchers may wish
to include a screening question specific to movement
throughout the day to more fully identify those who sit for
significant periods during the day.

Conclusions

This study demonstrates the feasibility of a novel tele-
rehabilitation intervention to encourage sitting less and
moving more among individuals with MS. Preliminary in-
formation regarding magnitude of change will help to
inform future work in this area.
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14. del Pozo-Cruz B, Mañas A, Martı́n-Garcı́a M, et al. Frailty is
associated with objectively assessed sedentary behaviour
patterns in older adults: evidence from the Toledo Study for
Healthy Aging (TSHA). PLoS One 2017;12:e0183911.
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